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Abstract 

Objectives: This study linked Scottish education data to a number of administrative health 

datasets to explore associations between childhood chronic ill health and subsequent 

educational and health outcomes. Chronic conditions investigated were diabetes, asthma, 

epilepsy, attention deficit hyperactivity disorder (ADHD) and depression. Educational 

outcomes were number of days absent from school, number of school exclusions, special 

educational need (SEN), academic attainment and unemployment. Health outcomes were 

all-cause and cause-specific hospital admission, total number of hospital admissions, total 

length of hospital admission and all-cause mortality.  

Approach: Pupil census data and associated education records for all children attending 

primary and secondary schools in Scotland between 2009 and 2013 were linked to national 

prescribing data, hospital admissions, death records and retrospective maternity records 

enabling outcomes to be studied whilst controlling for socioeconomic, demographic and 

obstetric factors including birth outcomes and maternal antecedents. Specific medications 

are prescribed for some particular chronic conditions; therefore, children identified as 

receiving these medications whilst at school were assumed to have these conditions.  

Results: Children treated for each of the five conditions had more frequent absenteeism 

from school and were more likely than their peers to have SEN. However, only children 

treated for depression, epilepsy or ADHD experienced poorer academic attainment and 

increased odds of unemployment. Furthermore, children treated for depression or ADHD 

were significantly more likely to be excluded from school. Children treated for asthma 

experienced poorer academic attainment but no increased odds of unemployment and the 

association with attainment disappeared after adjusting for their increased absenteeism. 

Children treated for each of the five conditions had an increased risk of hospital admission 

and children treated for depression or epilepsy also had an increased risk of recurrent 

hospitalisation and longer stays in hospital. All of the chronic conditions, with the 

exception of ADHD, were associated with increased mortality. 

Conclusion: All five of the chronic conditions investigated in this thesis were associated 

with adverse educational and health outcomes. The number of outcomes affected varied by 

condition. Treated depression, epilepsy and ADHD were associated with the most wide-

ranging impacts. Children treated for depression fared worse than their peers across all 

nine outcomes, and children treated for epilepsy and ADHD across eight and six 



  iii 

respectively. In contrast, children treated for asthma and diabetes fared worse than their 

peers in respect of around half the outcomes investigated. Children with these chronic 

conditions at school appear to experience significant educational and health disadvantage; 

therefore further work is required to understand the underlying mechanisms and to develop 

effective interventions to reduce their risk.  
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1 Introduction 

The relationship between education and health is bidirectional. Well established modifiable 

risk factors for poor health include smoking, alcohol consumption, diet and physical 

activity whilst non-modifiable risk factors include age, gender and genetic predisposition 1. 

However, the determinants of health extend beyond just the health sector and also include 

a range of social and environmental determinants 2,3. Education is one such determinant 

which can impact health both directly and indirectly. Educating people on healthcare and 

healthy lifestyles can directly improve their health outcomes. However, wider and more 

general improvements in overall educational performance and attainment can indirectly 

impact a person’s future health, wellbeing and quality of life via subsequent benefits of 

increased employment, higher income, better working conditions, improved living 

conditions, greater access to healthcare and leisure activities, and better neighbourhoods. In 

this respect, school performance is critical to a person’s future prospects 4. However, many 

factors can impact on a child’s educational outcomes. Potential social and environmental 

barriers to a good education include poverty, a troubled home life or poor parental 

influence 5. Important health factors include childhood chronic disease and poor physical 

or mental health or disability. A chronic condition is defined as one which lasts for longer 

than three months. Whilst they can be treated by medication, they typically cannot be cured 

6. Indeed children with chronic conditions are among those most at risk of suffering poor 

education at school and previous studies have reported associations between a range of 

chronic conditions and poor school performance in addition to long lasting effects on 

health and wellbeing 7,8.  

Improving our understanding of the relationships between health and education is therefore 

a very important area of public health and cross-sectoral record linkage provides an 

invaluable resource for epidemiological research. Studies in other countries have identified 

negative effects of diabetes 9,10, epilepsy 11, asthma 12, attention deficit hyperactivity 

disorder 13 and depression 14,15 on school outcomes but there is a paucity of literature in 

Scotland and the wider UK and very few studies worldwide have analysed population-wide 

data. Population-wide Scottish pupil census data have previously been linked to obstetric 

records to demonstrate links between gestational age/low birth weight and increased risk of 

special educational need 16,17. My thesis built on these foundations by linking education 

records to a wider range of health datasets including prescribing, hospital admissions, 

maternity data and death records in order to investigate the impact of five particular 
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childhood chronic conditions on subsequent educational and health outcomes whilst 

adjusting for sociodemographic, maternity and health confounding factors. 

1.1 Study aims and objectives 

The overall aim of this thesis was to study the educational and health outcomes of children 

treated for chronic conditions compared with their peers. Specific medications are 

prescribed for some particular chronic conditions; therefore, children identified as 

receiving these medications whilst at school were assumed to have these conditions. 

Education and prescribing data were linked together to identify children treated for five 

specific chronic conditions whilst at school: diabetes; asthma; epilepsy; ADHD; 

depression. Educational data allowed specific school outcomes to be investigated: number 

of days absent; number of exclusions; special educational need; educational attainment; 

unemployment. Linkage to hospital admissions and death records enabled investigation of 

health outcomes: all-cause hospital admission; cause-specific hospital admission; all-cause 

mortality. Linkage to maternity data enabled all of the statistical models to be adjusted for 

maternal confounders in addition to sociodemographic confounders obtained from the 

education datasets. Children may experience more than one disease; therefore, final 

statistical models included all diseases together to investigate whether the effects of each 

disease were independent of the other conditions.    

In order to meet the research objectives above, early stages of the thesis included 

developing appropriate governance and obtaining relevant approvals to enable linkage of 

the relevant education and health datasets. Further early stages involved developing 

techniques to identify children with chronic conditions using prescribing data and 

developing methodology to create various outcome specific cohorts capable of answering 

the various research questions. An overall strategic aim was to demonstrate the feasibility 

and utility of linking a series of health sector and educational sector databases using the 

recent infrastructure and governance developments led by Farr Scotland. This included 

linking and accessing large volumes of data from more than one governmental sector 

within the national safe haven. 

Specific research objectives were:  

1. Develop governance documentation to obtain approval for linkage of health and 

education data 
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2. Perform a contextual review of the literature for each chronic condition 

3. Develop methods to identify children treated for each chronic condition whilst at 

school using linked prescribing data 

4. Develop methods to manipulate complex linked data and build specific datasets 

capable of answering the specific research questions. 

5. Investigate the association between each chronic condition and a range of 

educational and health outcomes 

Specific research questions were: 

1. Do children with diabetes, asthma, epilepsy, ADHD or depression have 

significantly more days absent per school year compared to peers 

2. Are children with diabetes, asthma, epilepsy, ADHD or depression significantly 

more likely to be excluded from school compared to peers 

3. Are children with diabetes, asthma, epilepsy, ADHD or depression significantly 

more likely to be recorded as having special educational need compared to peers 

4. Do children with diabetes, asthma, epilepsy, ADHD or depression have 

significantly poorer academic attainment compared to peers 

5. Are children with diabetes, asthma, epilepsy, ADHD or depression significantly 

more likely to be unemployed after leaving school compared to peers 

6. Do children with diabetes, asthma, epilepsy, ADHD or depression have 

significantly increased risk of all-cause and cause-specific hospital admission 

compared to peers 

7. Do children with diabetes, asthma, epilepsy, ADHD or depression have 

significantly increased risk of all-cause mortality compared to peers 

Relevant interactions were tested and sub-group analyses were performed where 

appropriate. Sensitivity and mediation analyses were performed whereby attainment and 
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unemployment were re-analysed after excluding children with SEN and adjusting for 

school absenteeism. This thesis investigated the overall impact of having each chronic 

condition on the full range of outcomes. It did not investigate disease specific factors such 

as disease severity, disease subtypes, age at diagnosis, or length of diagnosis. The thesis 

also did not investigate medication specific effects such as type or dose of medication. 

1.2 Thesis structure 

This thesis contains six chapters. This chapter included a brief introduction and set out the 

main aims and objectives of the study. Chapter 2 contains a separate literature review for 

each of the five chronic conditions of interest: diabetes, asthma, epilepsy, ADHD and 

depression. Each condition specific review critically appraises previous comparable studies 

investigating the educational and health outcomes relevant to this thesis. Chapter 3 

describes the datasets and data providers that were used in this thesis and provides 

background on the current linkage infrastructure in Scotland. It then describes the 

information governance and linkage processes that I put in place to enable data to be linked 

together and made available for analyses. Chapter 4 describes the various methods used in 

this thesis. Firstly, I describe primary linkage methods used to link education data to health 

data. I then present techniques used to clean the various datasets, manipulate them and 

append them together in order to create separate outcome specific cohorts capable of 

answering the various research questions of interest. I next summarise methods used to 

identify children with each chronic condition of interest based on prescription medications 

taken whilst at school. Finally I summarise the statistical methods used to investigate each 

of the educational and health outcomes of interest. Chapter 5 presents results from the 

various analyses. Some initial results are presented from the data cleaning stage and this is 

followed by tables of demographic characteristics. The main results for each outcome of 

interest are presented within separate sub chapters. Each sub chapter contains five 

condition-specific analyses relating to a particular outcome of interest. The outcomes of 

interest, in order, are: absences, exclusions, SEN, attainment, unemployment, hospital 

admissions and mortality. Finally, chapter 6 discusses the findings of the various analyses, 

puts these into a wider context, makes recommendations and discusses potential policy 

implications. I then discuss the strengths and limitations of this thesis, outline potential 

future work, and briefly discuss challenges and lessons learned.   
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2 Literature review 

A literature search using the Medline database was conducted for each chronic condition of 

interest to identify original articles reporting any of the educational or health outcomes 

relevant to my thesis: school absence, exclusion, special educational need, academic 

attainment, unemployment, hospital admissions or mortality. My thesis analysed a 

population of schoolchildren and compared outcomes for children with and without each of 

the five chronic conditions in turn. Therefore, within each condition-specific literature 

search, only articles which similarly compared cohorts of school aged children with and 

without that disease were identified and reviewed. Articles that solely analysed a 

chronically ill cohort or with no comparison group were not included in the review. In 

keeping with the main thesis outcomes, the review, where possible, identified articles 

reporting on all-cause admission and all-cause mortality as opposed to cause-specific 

health outcomes.  

With regard to academic attainment, the review only identified articles investigating 

academic outcomes rather than cognitive ability because the former were more pertinent to 

this thesis. Cognition refers to a group of specific mental processes, including memory, 

problem solving, decision-making, learning and attention all of which can contribute to 

academic ability. Cognitive assessments such as the Wechsler Intelligence Scale for 

Children (WISC-IV), the Differential Ability Scales (DAS-II), and the Stanford Binet 

Intelligence Scale (SB-V) provide information on cognitive strengths and weaknesses. 

Academic ability, by comparison, relies on broad skills developed across a number of 

cognitive and academic domains and, within a school setting, is most commonly monitored 

via performance in school exams. In the absence of school grades, however, academic 

achievement tests such as the Wide Range Achievement Test (WRAT), Wechsler 

Individual Achievement Test (WIAT), Woodcock Johnson Test of Achievement (WJ) and 

the Kaufman Test of Educational Achievement define academic ability with respect to 

reading, spelling, arithmetic and language skills and assess these competencies between 

children of similar age. Some previous studies reporting academic outcomes have used 

cognitive tests and vice versa. Articles were only included in this review if the title or 

abstract indicated investigation of academic rather than cognitive outcomes and final 

analyses were based on school grades, school performance or academic test scores rather 

than tests of cognition. Articles describing cognitive outcomes in their title were not 

included regardless of whether they used academic tests.  



2 Literature review  6 

2.1 Diabetes 

Diabetes mellitus is a chronic condition where the concentration of glucose in the blood is 

too high. Insulin is a hormone produced by the pancreas and regulates glucose in the 

bloodstream; however in people with diabetes, the pancreas either stops making insulin 

completely (known as type 1 diabetes or T1DM) or the body becomes resistant to insulin 

(known as type 2 diabetes or T2DM) 18,19. T1DM is an autoimmune condition which most 

often occurs in childhood whereas T2DM generally occurs much later in life and is linked 

to poor lifestyle and diet, obesity, lack of exercise and family history 18,20. Whilst T1DM is 

rarer than T2DM in the general population, it is by far the most common type found in 

children and adolescents 20. Risk factors for T1DM are not well understood; however, 

ethnicity and a variety of genetic and environmental factors are believed to be important 

18,20,21. 

2.1.1 Prevalence  

Despite a very small increase in T2DM in younger populations due to poor diet, reduced 

physical activity and rising prevalence of obesity 22, the vast majority of diabetic children 

have T1DM 18,20,23. Most people are diagnosed with T1DM in childhood with the incidence 

peaking between the ages of 10 to 14 and stabilising thereafter 18,20,21,23,24. The incidence of 

type 1 diabetes has been increasing worldwide, yet the reasons for this increase are 

unknown 19,21,24. The incidence of childhood onset T1DM varies greatly between countries. 

The highest incidence rates have been found in Finland (40 cases per 100,000) whilst the 

lowest incidence rates have been observed in Venezuela (0.1 per 100,000). Incidence in 

people younger than 15 years of age in England and Wales is between 22 and 26 cases per 

100,000 children per year 24,25 and prevalence is around 195 per 100,000 children 25. In 

2013 the incidence of T1DM in children under 19 in Scotland was 34 per 100,000. Whilst 

270,000 people in Scotland had diabetes, 30,000 had T1DM 23. Approximately 29,000 

children and young people in the UK have diabetes: 26,500 T1DM; 500 T2DM; 2,000 of 

unknown type 18. Elsewhere, prevalence of 0.39% within school aged children has been 

reported 9. 
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2.1.2 Treatment  

Diabetic patients must carefully balance food, medications, and physical activity to keep 

blood glucose levels as close to normal as possible 26. Type 1 diabetics receive insulin 

through either injections or an insulin pump and can experience wide fluctuations in blood 

glucose levels throughout the day ranging from very low (hypoglycaemia) to very high 

(hyperglycaemia) depending on the timing, type and dose of insulin administered, food 

ingested and amount of exercise 27. Type 2 diabetics may be able to control their disease 

through diet and exercise alone or may require oral medications and/or insulin injections. 

Over many years, high blood glucose levels can cause damage to the eyes, kidneys, nerves, 

heart, and blood vessels and those with diabetes suffer increased morbidity and mortality 

and increased hospitalisation 19,20. The long term goal of therapy is to prevent long term 

complications associated with chronic hyperglycaemia such as cardiovascular disease, 

nephropathy, retinopathy and neuropathy 19,20. However an excess of hospitalisation and 

mortality are also observed in young type 1 diabetic patients with a short duration of illness 

28. Therefore the short-term goal of therapy is to avoid potentially fatal fluctuations in 

blood sugar levels. 

2.1.3 Contextual review of the literature 

A Medline search using the search terms in Table 1 returned 524 articles of which 110 (30 

education and 80 health) remained after review of title and 55 (19 education and 36 health) 

remained after review of abstract. After full text review, 17 education papers and 9 health 

papers from the UK, USA, Sweden and Finland remained relevant to my thesis.  

Table 1 Search terms for diabetes literature review 
 

(((Diabet* or IDDM or DM or T1DM) 

AND 

(college or youth or juvenile or young or schol* or adolescent* or child* or student* or pupil*  or school) 

AND 

(school* or education* or attainment or academic or employment* or hospital* or death* or mortality or 

"learning difficulty" or "learning difficulties" or "learning disability" or "learning disabilities" or exclu* or 

"special need" or "special needs" or achievement or expulsion or suspension or detention or GPA or grade* 

or SEN or "assisted support needs" or attendance* or absen* or injur* or leav* or admission*)) 

NOT 

(trial* or intervention* or cross-sectional or "college hospital" or "college teaching hospital" or "absence 

of")).ti. 

**Filters applied: Title, Age 0-18 years, English language 
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2.1.3.1 School outcomes 

Identified studies either reported that children with diabetes experienced worse academic 

attainment compared with peers or siblings 9,10,29-33 or reported no difference 34-37. 

Academic attainment has been measured in several ways across different studies. Dalquist 

et al 9 linked a Swedish Childhood Diabetes Register to a Swedish Education Register and 

a National Birth Register and reported that 5,159 children diagnosed with diabetes before 

15 years of age had lower school grades on leaving compulsory school compared with 

1,330,968 healthy peers. They were more likely to fail exams in English, Swedish, Maths 

and Sport and were less likely to obtain high marks in English and Sport.  This was the 

only other population-wide study reporting educational outcomes identified. Diabetes cases 

and school outcomes, including subject specific grades, were attained from population-

wide national registers; therefore the large sample size and utilisation of detailed linked 

administrative data were significant strengths. Furthermore, linkage to birth records 

allowed adjustment for maternal confounders. Whilst the analyses were adjusted for year 

of birth, maternal age, maternal parity and maternal education, the investigators did not 

appear to adjust for socioeconomic status, gender, ethnicity or other potentially important 

maternity variables such as birthweight or gestational age. Additionally, school grades 

were not available for children with special educational needs or for those attending special 

schools. Diabetes has been associated with cognitive impairment therefore some diabetic 

children may have increased requirement for special education and poorer grades. Valuable 

information may have been lost through omission of this subgroup of children.  

Persson et al 10 used a subset of the same cohort and reported lower mean final grades in 

compulsory school (16 years) and secondary school (19 years) for 2,485 diabetic children 

compared with 9,940 peers matched by age and residence. Diabetic children were also less 

likely to be employed at age 29 years. Matching of controls and further adjustment for 

gender, socioeconomic background and parental country of birth were strengths of this 

study; however the authors failed to incorporate maternity data previously linked by 

Dalquist et al. The study was further limited by decreased power because the analyses of 

only numeric grades, as opposed to all grades, led to the loss of over half of the original 

diabetes cases.  

Two other studies analysed school reported grades; however, these were not national in 

coverage and used very small samples. Meo et al 32 reported that 36 diabetic students had 

worse mean grades compared with 36 peers matched by age, gender, ethnicity and 
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socioeconomic status. Mean grades were taken from written exams in English, maths, 

physics, chemistry, biology and humanities. Erkolahti et al 34 by contrast reported no 

difference in mean school recorded grades for diabetic children compared with two control 

groups matched for age, gender, social background and living environment. Only 69 pupils 

were included; however the study investigated both a matched healthy peer group and a 

matched group suffering from another chronic illness; in this case rheumatoid arthritis. It is 

possible that, in addition to the specific physiological effects of having particular chronic 

conditions, generic daily and mental burden of dealing with any form of ill health can 

independently impact educational outcomes 7,8. Comparing groups of chronically ill 

patients is potentially one way to determine if effects are specific to diabetes or common to 

other chronic conditions. 

Previous studies have compared diabetic children to sibling control groups 29,35,38. The 

rationale is that siblings have similar home lives, socioeconomic backgrounds, genetics, 

and parental influence; therefore matching to siblings can, in theory, control for multiple 

factors. The downside of this type of matching is that siblings can also be affected by the 

stress of having a brother or sister with a chronic condition. To circumvent such issues 

some studies have, therefore, matched diabetic subjects to both non-diabetic siblings and 

non-diabetic peers 29,35,38. McCarthy et al 35 used this approach, and a combination of the 

Iowa Test of Basic Skills (ITBS) and the Iowa Test of Educational Development (ITED) to 

assess academic ability but observed no significant difference in performance between 

those with diabetes and either control group. The authors did note, however, that poorer 

glycaemic control not only reduced performance of the affected child but that of their 

sibling too. The study was limited because formal school grades were not assessed and it 

was unclear how the ITBS and ITED correlated to other more well-known academic 

battery tests.  

In the absence of formal school grades, parent38, teacher 29 and individual 31,36,37 

questionnaires have been used by several studies to investigate perceived academic 

progress; however reported feedback is likely to be subjective and may introduce bias. 

Parent et al 29 observed lower academic skills reported by teachers, especially in writing, 

for diabetic pupils when compared with siblings. However, children with learning 

difficulties or those using special education services were not identified which is 

significant given that children were rated based on expected levels for their age. A further 

weakness concerned lack of generalisability because the cohort only included urban and 

suburban schools. Whilst Robinson et al 37 reported no difference in the number of self-
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reported GCSEs and A-levels obtained between 224 diabetic and 147 healthy children, the 

diabetic group experienced a significantly greater number of perceived health difficulties 

and problems at school which may have been attributable to lower self-esteem in those 

chronically ill pupils. Lloyd et al 36 also reported lower levels of self-perceived school 

competency in 40 children with diabetes; however the authors did not identify any actual 

differences in the number of vocational, ordinary, advanced, higher or university level 

awards attained 36 when compared to 40 matched peers. Both of these UK studies matched 

subjects by age, gender and, in the study by Lloyd et al, geography; however both were 

hindered by small samples and unadjusted univariate analyses despite gathering an array of 

useful information on parental confounders in their respective questionnaires.  

Additionally, Lloyd et al allowed diabetic children to choose their own controls; a friend or 

relative of similar age and gender in the same geographical area. Therefore, the results may 

have been biased by children naturally associating with, and choosing, friends who had 

educational and employment prospects similar to their own.  

Small sample size was a recurring theme within many studies 29,30,32,34,35 with the exception 

of Wennick et al 31 who observed lower self-reported levels of attained education for 106 

diabetic subjects identified within a cohort of over 20,000 individuals. Attainment was 

defined as reaching: 9th year of compulsory school; upper secondary school; college or 

university. Diabetic children had 7% lower probability of reaching college or university 

and 7% higher probability of leaving school at the minimum age allowed compared with 

non-diabetic peers. The cohort of 19-38 year old subjects was obtained from an existing 

general population-wide cross-sectional health survey of the Swedish population and 

subjects were classed as diabetic if they self-reported that they had been diagnosed with 

diabetes before 19 years of age. The study was limited because diabetes diagnoses were 

based on self-report and, additionally, those not diagnosed before 19 years of age were 

classed as non-diabetic regardless of whether they were diagnosed between 20 and 38 

years of age. Furthermore, the analyses were adjusted for marital status and whether 

parents were Scandinavian, but not for other important confounders such as other measures 

of individual and area socioeconomic status or levels of parental education. 

Yu et al 33 assessed a range of academic outcomes for 31 children with early onset diabetes 

(younger than five years of age) compared with 35 subjects with later onset diabetes and 

36 non diabetic controls. Outcomes included grade repetition, absence levels, general 

school experience and attainment; measured using the Peabody Individual Achievement 

Test (PIAT) and parental reports of grades in English, Maths, Social Studies and Science. 
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Children with diabetes had lower grades in English compared with non-diabetic children; 

however no differences in attainment were reported between those with early or late onset 

diabetes. Whilst parental reporting of some outcomes may be subjective, their direct 

reporting of school grades should be more accurate. Indeed the study demonstrated 

positive correlations between parental reports of attainment and PIAT test results. Whilst 

investigation of age at onset was an asset, the numbers in each group were small and the 

study participation rate was only 40%. Further, the main reason for non-participation was 

travel time to the clinic site; therefore the study may have been biased by including only 

those children worse affected or those parents more willing or able to travel.  

Several of the studies discussed already also reported absenteeism associated with diabetes. 

As part of their wider study, Yu et al 33 reported more absenteeism for diabetic children 

and observed poor diabetes control to be a strong factor. Absences, however, were only 

reported by parents for the previous month and then extrapolated back by the authors over 

the previous year and so may have lacked accuracy. McCarthy et al 35 and Parent et al 29 

reported that diabetic children had increased absence rates compared to peers and siblings 

based on school absence records.  Ryan et al 30 reported that diabetic children missed 

significantly more school, and that school attendance was the strongest predictor of poor 

test performance. However, in cross sectional studies, reverse causation may operate 

whereby pupils are absent because they are already experiencing school difficulty. 

Absence rates were reported by mothers; however, parents of children with chronic 

conditions may have better recalled absence histories due to increased vigilance therefore 

potentially biasing results. Glaab et al 38 and an earlier pilot study by Vetiska et al 39 

focussed entirely on absenteeism and demonstrated an increased absence rate for diabetic 

children compared with siblings and peers using data from school report cards. Glaab et al 

reported parental attitudes towards school attendance, poorer glycaemic control and shorter 

duration of diabetes to be associated with increased absenteeism. Diabetic children 

diagnosed within the last year were excluded to allow an adjustment period to illness and 

those with the poorest level of glycaemic control also dropped out during the study. 

Therefore, the most severely affected children with potentially higher absenteeism may not 

have been represented. The study by Glaab et al was large with almost 120,000 controls 

used; however, the number of diabetic cases and sibling controls was only 78 and 38 

respectively. Vetiska et al 39 observed a close correlation between absence rates for siblings 

suggesting that family attitudes play a role in absenteeism and that parents of diabetic 

children may have a tendency to over protect. Unlike other studies, Vetiska et al studied 
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absence rate once days missed due to diabetic clinic appointments had been subtracted 

from the total days absent, and an excess still existed in the diabetic group.   

To my knowledge, no published studies have exclusively investigated numbers of 

exclusions or enrolment in special education services for diabetic schoolchildren compared 

to peers. However, studies have reported adverse effects of diabetes on IQ 40,41 and specific 

areas of cognition such as spelling, reading and arithmetic 30,42-44, spatial and verbal 

intelligence 45, memory 40,46-49, and attention 46,47. As the brain cannot store glucose it 

requires a continuous supply from the vascular system. Children with diabetes are, 

therefore, at risk of impaired cognitive function due to constant exposure to fluctuating and 

abnormal levels of insulin and glucose that impact brain function 46 with cognitive deficits 

in diabetic children reported across most domains 41,49. Several meta-analyses have 

generalised these outcomes into broad domains with each made up of several sub-domains 

41,49,50. McCarthy et al 35 reported diabetic children to have more behavioural problems 

whilst Parent et al 29 reported increased attention difficulties. Increased grade repetition has 

also been observed 51,52.  

Studies observing school leaver outcomes have reported reduced attainment levels 31, less 

likelihood to proceed to college or university 31,53, higher dropout rates and fewer years of 

schooling, less likelihood of full time employment 10,53, more absence from work and 

lower earnings 53 and self-reported difficulties in the workplace 36,37. Fletcher et al 53 

followed approximately 15,000 pupils over four time points and reported lower self-

reported educational and employment outcomes in diabetic pupils.  

2.1.3.2 Health outcomes 

Diabetes is a chronic life-long condition and many of the health implications are observed 

later in life. Over many years, high blood glucose concentrations can cause damage to the 

eyes, kidneys, nerves, heart, and blood vessels and those with diabetes suffer increased 

morbidity and mortality and increased hospitalisation 19,20. Much of the excess is attributed 

to long term renal and cardiovascular complications however an excess of hospitalisation 

and mortality are also observed in young type 1 diabetic patients with a short duration of 

illness 28. A recent systematic review and meta-analysis by Morgan et al 54 identified 

thirteen population-wide studies observing mortality in patients diagnosed with diabetes 

before 19 years of age and reported an excess worldwide mortality in these subjects. A 

systematic review by Angus et al 55 evaluated literature assessing hospitalisation following 
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childhood diagnosis of diabetes (before 15 years of age) and demonstrated a three-fold risk 

of hospitalisation and a two-fold length of stay in hospital compared with children without 

diabetes. However, the majority of articles assessed specific diabetic related admissions 

and only four of the thirty-two studies reported all-cause admissions.  

Most studies investigating mortality associated with child and adolescent diagnosed 

diabetes compared deaths within a diabetic cohort against expected mortality in the same 

age and sex categories of the general population and calculated standardised mortality 

ratios (SMRs). Patterson et al 56 combined population-wide diabetes registers from 12 

countries and followed up almost 30,000 diabetic subjects diagnosed before the age of 

fifteen using record linkage methods and direct contact with doctors. The risk of death was 

two-fold for diabetic subjects across all countries and one third of the observed deaths were 

directly attributable to diabetes. However, country-specific SMRs varied and differences in 

follow-up methodology and accuracy and completeness of data between countries was 

evident. The absolute number of deaths did not differ between genders; however, the SMR 

was higher for diabetic girls due to their lower rate of death in the wider population.  

SMRs reported elsewhere ranged from 2.2 28 to 6.9 57 and these studies observed higher 

SMRs in girls 28,57,58 or no differences by gender 59,60. Contrary to findings by Patterson et 

al 56, declining SMRs over time have been observed and attributed to improvements in 

diabetic healthcare 57,59,61. Secrest et al 57 observed a seven-fold risk of death within a 

Pennsylvania diabetic cohort compared to the wider population and attributed this to US 

citizens having less access to free healthcare. However, analyses were adjusted for age, 

race and gender but not for other clinical or socioeconomic variables and 3% of the 

diabetic cohort were lost to follow up. O’Grady et al 58 observed a three-fold risk of death 

within 17,000 people diagnosed with childhood diabetes compared to the general 

population and reported that the risk was greater for girls and those aged between 10 and 

14 years of age. Whilst three quarters of deaths were directly related to diabetes, the 

numbers of non-diabetes related deaths were similar to that found within the general 

population. Gagnum et al 59 did not investigate causes of death but reported a 3.6 fold risk 

of all-cause mortality for those diagnosed with diabetes in childhood compared to the 

general population. Fewer deaths were observed in children most recently diagnosed; 

however, these children had a shorter follow up period and this may have biased the 

results.  
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Cause of death has been assessed by other investigators 28,60. Dalquist et al 28 demonstrated 

a two-fold risk of mortality for children with diabetes compared to those without and a 

greater risk of mortality for children aged between 10 and 14 years of age. The authors 

reported that children with diabetes were at particular risk of unexplained death during 

sleep. Skrivarhaug et al 60 observed that, in childhood diagnosed diabetic people, acute 

metabolic complications accounted for most deaths under 30 years of age and 

cardiovascular disease accounted for most deaths over 30 years of age.  

Icks et al 62 compared a diabetic cohort with the general population rather than a 

comparison group. The investigators compared hospital admissions for 5,784 children and 

adolescents younger than 20 years of age who were treated for diabetes in Germany in 

1997 with deaths in the same age group in the German general population. Diabetic 

subjects had a three-fold risk of hospital admission and stayed in hospital three times 

longer than their non-diabetic peers. Additionally, the cost of their hospital care amounted 

to 1% of the total amount spent on all hospital care within the same age group. The study 

included cases from 61 diabetes clinics covering approximately 25% of all diabetic people 

younger than 20 years of age in Germany; however, this clinic sample may not have been 

representative of people with diabetes in the general community. Actual costs of healthcare 

were not available and were estimated using mean costs per hospital day in Germany.  

Sayers et al 63 matched 1,577 Welsh children diagnosed with diabetes before 15 years of 

age against 7,800 unaffected individuals from the Welsh general population. Each diabetic 

child was matched to five non-diabetic children by age, gender, deprivation and county and 

the risk of follow up hospital admission, identified via record linkage, was six-fold for 

those with diabetes. The risk was highest in those diagnosed before the age of five and 

increased with deprivation. This study was nationally representative and utilised multilevel 

modelling to account for clustering at population level. By investigating all-cause 

admissions, these studies provided an insight into the total excess hospital care rather than 

only that attributable to diabetes related causes. 

2.1.3.3 Summary 

Schoolchildren with diabetes have added stresses compared to their peers when trying to 

perform well at school. On top of the physical burden of fluctuating blood sugar, and the 

mental burden of living with a chronic condition, they must inject insulin daily and 

vigilantly monitor their diet, level of exercise and blood glucose concentrations. Whilst 
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some previous studies have reported poorer academic performance compared to peers or 

siblings 9,10,29-33, others have reported no difference 34-37. Previous studies have also 

reported increased school absenteeism 29,30,33,35,38,39  and poorer educational and 

employment outcomes for diabetic children after leaving school. No previous studies 

comparing diabetic children to peers have investigated school exclusion or special 

educational need. Increased all-cause admission 62,63 and all-cause mortality 28,56-60 for 

diabetic children compared to the general population have been reported.  

Only two population-wide studies investigated educational outcomes 9,10 whilst others 

matched a small sample of diabetic children to one or more comparison cohorts 29,30,32-37,52. 

Furthermore all but two studies 9,10 recruited diabetes cases from hospital or research 

clinics which may not represent the wider population of diabetic individuals within the 

community. The population-wide studies focussed exclusively on academic attainment and 

none analysed the range of educational and health outcomes explored in this thesis. Only 

one study adjusted for maternal confounders 9 and none adjusted for as wide a range of 

obstetric factors considered in this thesis. Only two small sample studies have been 

undertaken in the UK 36,37. Whilst studies investigating health outcomes generally used 

larger cohorts, the majority contained limitations discussed previously.  
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2.2 Asthma 

Asthma is a condition where airways become chronically inflamed and irritated resulting in 

recurring bouts of wheezing, breathlessness, coughing and tightness in the chest. Asthma 

attacks occur when the airways narrow and obstruct airflow often in response to contact 

with irritants or allergens 64. Risk factors for onset of asthma include decreased lung 

function in infancy or presence of allergies, infection, antibiotic use, age, gender and 

socioeconomic status. Common triggers for an attack include exercise and exposure to 

irritants such as car fumes, pollen, dust, weather, animals or tobacco smoke. Prenatal risk 

factors include maternal stress, smoking, diet and use of antibiotics 65,66.  

2.2.1 Prevalence 

Asthma is one of the most common chronic conditions and is believed to affect around 300 

million people worldwide. Prevalence is thought to be 16.1% in the UK and 18.4% in 

Scotland 67. Other studies have reported UK prevalence of approximately 12,000 people 

per 100,000 with increased prevalence in females and highest prevalence in people aged 

16-20 years (20,000 per 100,000 people). Most new cases are diagnosed in children under 

the age of 5 years 68. Asthma prevalence reported in school aged children worldwide has 

ranged between 2% and 20% 69-77; however, methodology used to diagnose asthma varies 

greatly which accounts for the observed differences.  

2.2.2 Treatment 

The treatment protocol for asthma is well described in the British Thoracic Society (BTS) 

/NICE Guidelines 67. The pharmacological treatment of asthma is determined by symptom 

severity and moves through six pharmacological steps with each step indicating more 

severe and specific symptomatology.  Step one requires intermittent use of a short acting 

beta agonist (SABA) for the treatment of mild asthma or wheeze whereas step 2 requires 

regular use of a SABA and an inhaled corticosteroid (ICS) thus indicating a more severe 

and more specific asthma. The BTS/NICE guidelines are implemented throughout the UK 

in both primary and secondary care, and so prescription of asthma treatment is routinely 

used as a surrogate marker for the presence of asthma and for estimation of asthma 

severity.  By identifying all individuals prescribed step 2 and beyond medication it is 

possible to identify all children with a likely diagnosis of asthma with symptoms of 

sufficient severity to be troublesome. 
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2.2.3 Contextual review of the literature 

A Medline literature search using the search terms in Table 2 returned 1,302 articles of 

which 220 (47 education and 173 health) remained after review of title and 38 (30 

education and 8 health) remained after review of abstract. After full text review, 16 

education papers and 2 health papers remained relevant to my thesis. The vast majority of 

these studies were undertaken in the USA and the remainder were from the UK, New 

Zealand, Australia and Greece. 

Table 2 Search terms for asthma literature review 
 

(((asthma*) 

AND 

(college or youth or juvenile or young or schol* or adolescent* or child* or student* or pupil* or school)  

AND 

(school* or education* or attainment or academic or employment* or hospital* or death* or mortality or 

"learning difficulty" or "learning difficulties" or "learning disability" or "learning disabilities" or exclu* or 

"special need" or "special needs" or achievement or expulsion or suspension or detention or GPA or grade* 

or SEN or "assisted support needs" or attendance* or absen* or injur* or leav* or admission*)) 

NOT 

(trial* or intervention* or cross-sectional or "college hospital" or "college teaching hospital" or "absence 

of")).ti. 

**Filters applied: Title, Age 0-18 years, English language 

2.2.3.1 School outcomes 

Taras et al 12 conducted a review of 78 previous studies reporting the impact of asthma and 

various asthma related interventions on school absenteeism and academic or cognitive 

ability. Almost all studies evaluating school absence observed greater absenteeism for 

children with asthma. Around two thirds of studies assessing school performance reported 

no difference in academic outcomes of asthmatic children compared with non-asthmatic 

peers. The authors, however, noted varying rates of absenteeism and asthma prevalence 

across studies due to different definitions and methodology. For example, whilst some 

studies defined asthmatic children based on parental report, others used clinical diagnoses. 

The review included studies regardless of whether investigators had used a comparison 

group and several did not compare children with asthma against non-asthmatic peers. For 

this reason, my literature review conducted for this thesis identified a smaller number of 

articles.       
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Most of the articles identified in my review jointly reported both absenteeism and 

academic outcomes. With the exception of one study 78, the majority observed more 

absence among schoolchildren with asthma. Associations with educational achievement 

were more conflicting as some studies reported that children with asthma performed worse 

than healthy peers 70,79 and others 80,81 observed no difference. The majority of studies 

reported relatively small sample size with some exceptions. Moonie et al observed 

absenteeism and attainment of American children with asthma across three separate studies 

79,82,83 between 2006 and 2010. The 2006 study analysed 9,014 elementary, middle and 

high schoolchildren and reported 9.7% asthma prevalence and 1.3 additional absence days 

per year for asthmatic children compared with non-asthmatic peers (9.2 days versus 7.9 

days) 83 after adjusting for gender, race, grade level and days enrolled. A subset of the 

same sample in 2008 only included pupils who had completed the Missouri Assessment 

Program (MAP) standardised test during the sampling year 82. Ten percent of the sample, 

(397 of 3,812 pupils), were asthmatic and, unsurprisingly, children with asthma again 

experienced increased absenteeism compared to non-asthmatic peers (10.2 days versus 8.8 

days). However, there were no observed differences in standardised test scores despite 

children with asthma missing more school. Both of these studies sampled children from a 

predominately African American district of low socioeconomic status; therefore, 

generalisation to other populations may have been limited. Absence days were obtained 

directly from school records; however, asthma was diagnosed by a school nurse with no 

formal clinical examination. Therefore some children may have been misdiagnosed. 

Finally, analyses were not adjusted for parental or pregnancy factors.   

In 2010 Moonie et al 79 reported school recorded absence and academic grade point 

average using a much larger sample of 300,881 secondary school pupils across 372 

schools. The study compared 206,736 children with no chronic conditions against: 15,084 

children with asthma; 12,215 children with asthma and another chronic condition; and 

66,846 children with a chronic condition but without asthma. Absenteeism of greater than 

ten days per year was specifically assessed. Children with asthma (adjusted OR 1.5) or 

asthma and another comorbid chronic condition (adjusted OR 1.6) had significantly 

increased odds of experiencing yearly absence totalling greater than ten days compared to 

non-asthmatic peers. However, non-asthmatic children with another chronic condition 

experienced no increased odds compared to their non-asthmatic peers. These findings via 

indirect comparison between asthmatic pupils and those with another chronic condition 

may dispel the hypothesis that living with any chronic condition, regardless of type, can 

negatively impact school outcomes and increase absenteeism 7,8. Children with asthma also 
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had the lowest grade point average when compared with all of the other groups. Whilst it 

may be surprising that children with asthma received a significantly lower mean grade 

point average than those with asthma and a comorbid chronic condition, the differences 

across all groups were small in magnitude and several study design issues were apparent. 

Whilst absenteeism was analysed and adjusted for gender, ethnicity and grade level, these 

covariates did not appear to be included when analysing grade point average. Despite a 

negative correlation between absenteeism and grade point average, and differing absence 

rates within each chronic disease group, absenteeism was not included as a mediator. Other 

chronic conditions included cancer, seizure disorders, diabetes, genetic conditions, and 

hearing or visual impairment; however a definitive list was not provided and these chronic 

conditions were grouped together despite differing in type and severity. Therefore the 

disease specific impact on academic outcomes may have varied greatly for children with 

one of these other chronic conditions. Finally, all of the chronic conditions were reported 

by pupils or their parents at the start of the school year but not corroborated.  

Kohen et al 70 also compared children with asthma to non-asthmatic peers with and without 

another chronic condition and classified asthmatic children into mild, moderate and severe 

groups. The study sampled 8,914 children aged 7 to 15 years from Canada’s national 

longitudinal survey of children and youth (NLSCY) and reported 16% asthma prevalence. 

Compared to children with no chronic conditions, children with asthma had greater 

absence, increased use of education services, poorer standardised test scores and poorer 

maternal ratings of school performance. In particular, children with severe asthma had 

significantly increased odds (OR 3.53) of missing more than a week of school per year 

compared to children without a chronic condition. Non-asthmatic children with another 

chronic condition also experienced increased odds (OR 2.05); however, the effect size was 

smaller than that found in the severe asthma group. Therefore, consistent with the findings 

by Moonie et al (2010) 79, asthma had a greater effect on absenteeism than other chronic 

conditions. Introducing absenteeism as a mediator slightly attenuated the association 

between asthma and maths scores but not reading scores or mother rated school 

performance. Confounders included gender, age, household income, maternal age, 

maternal education, maternal employment status, and single parent household; however 

analyses were not adjusted for other potentially important maternal factors. Unlike Moonie 

et al (2010) 79, this study did not identify children with asthma and a comorbid chronic 

condition and this was a more notable limitation. Some asthmatic children may have had 

additional comorbid chronic conditions which could have inflated the observed effect size 
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within the asthma group. Finally, absences were recorded early in the school year and 

therefore numbers of missed days may have been underestimated. 

Not all authors that have identified children with other chronic conditions have used them 

in their analyses. Fowler et al 84 randomly sampled 10,362 children aged 5 to 17 years from 

the National Health Interview Survey on Child Health (NHIS-CH) and identified 4.9% 

asthma prevalence based on parental reporting of symptoms within the last 12 months. 

Children without asthma who had other chronic illnesses such as epilepsy, congenital heart 

disease and less severe conditions such as skin allergies or frequent headaches were 

identified and excluded from the analyses. Children with asthma had a higher mean 

number of days absent (7.6 days versus 2.5 days) and a 1.7 times higher odds of learning 

disability compared to the healthy peer group but there were no significant differences in 

grade failure or exclusion from school. Adjusted confounders included gender, age, race 

and maternal education level and the association between asthma and learning difficulty 

was attenuated after further adjusting for absenteeism. This suggested that increased 

absenteeism was an important contributing factor behind asthmatic pupils experiencing 

difficulty at school. The study identified and excluded non-asthmatic children with other 

chronic conditions; however children with asthma may also have had other chronic 

conditions and these children were not identified. Comorbid conditions may have 

independently contributed to increased absenteeism and learning difficulty; therefore this 

limitation in study design may have overestimated the effect sizes in the asthma group. 

Similar to Kohen et al, this study also relied on maternal report of asthma with no clinical 

diagnoses; therefore, asthma prevalence may have lacked accuracy or included less severe 

conditions such as wheeze. All of the academic outcomes were reported by parents. 

However, whilst asthmatic children were only diagnosed if symptoms occurred in the last 

year, exclusions, learning difficulty and grade repetition were reported if they had ever 

occurred. Therefore it is possible that not all of these events post-dated the asthma 

diagnosis. 

Other studies investigating both absenteeism and academic outcomes include those by 

Tsakiris et al 73, Krenitsky-Korn et al 85 and Silverstein et al 81. Tsakiris et al sampled 1,539 

pupils within 98 schools across 3 regions in Greece and observed 17% asthma prevalence 

based on parental questionnaire responses as to whether their child had received asthma 

medication within the last 2 years. The authors assessed grade point average across the last 

two years of elementary and middle school, number of days absent over the last 2 years, as 

recorded by parents and teachers, and independent parent and teacher  reports of academic 
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performance graded as excellent, very good, good or bad. Children with asthma had a 

higher mean number of days absent compared with non-asthmatic peers (6.2 days versus 

0.3 days); however, whilst children with asthma had poorer teacher rated performance, 

there was no significant association using parental ratings. Asthmatic children also 

experienced significantly lower grade point average in elementary but not middle school. 

The analyses were adjusted for age, gender, birth weight, gestational age, parental smoking 

status, education level and occupation of parents, and family size. Adjusting for gestational 

age and birthweight was a particular strength because, whilst obstetric factors can 

influence educational outcomes 16,17, they are rarely adjusted for in the literature. However, 

the authors did not consider absenteeism as a mediator for academic performance and this 

was a notable limitation.  

Silverstein et al 81 compared 92 asthmatic children with 92 age-sex matched controls and 

reported differences in school recorded absenteeism but no difference in school recorded 

grade point average, class rank, grade promotion or a range of standardised academic 

achievement tests measuring ability in maths, reading and language. Asthma was 

diagnosed via linkage to historic hospital data. Whilst this method was robust, these 

children may have had more severe asthma compared to children treated solely in the 

community. Other limitations were apparent in addition to the small sample size. The 

sample was drawn from a suburban population containing few pupils of low 

socioeconomic status or ethnic minority thus limiting generalisability.  Whilst absences 

were recorded every school term, and pupils contributed a mean of 6.6 school years of data 

to the analyses, repeated measures were no taken into account in order to correct for 

correlations between measures repeated on the same pupil. The analyses were adjusted for 

gender, grade and decade of school attendance, and attainment outcomes were further 

adjusted for absenteeism; however, the study did not provide details of specific 

multivariate analyses performed. Finally, it was unclear whether some of the outcomes 

analysed pre dated asthma diagnoses. 

Krenitsky–Korn et al 85 reported increased absence and poorer grades in maths but not 

English for 28 pupils with asthma compared with 29 sex-matched pupils without asthma; 

however the authors used a very small sample. Associations between asthma and pupil’s 

attitudes towards absenteeism, school health services and general support were also 

investigated. However, the analyses of absenteeism and attainment did not appear to be 

adjusted for any confounders.  
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Lindgren et al 80 and Liberty et al 71 both reported academic standardised test scores but not 

absenteeism. Lindgren at al 80 reported no significant differences in test scores between 

255 pupils, treated at an asthma clinic, and their non-asthmatic siblings who were not 

medicated and were within four years of age. Academic outcomes were assessed using the 

Iowa Test of Basic Skills (ITBS) for children in grades 1-8 and the Iowa Test of 

Educational Development (ITED) for children in grades 9-12. Matching cases to sibling 

controls has the unique advantage of controlling for family background and even some 

genetic factors. For example, family income, socioeconomic status, parental education and 

employment, parental influence, parenting style, home experiences and neighbourhood 

characteristics are common between young siblings living together. However, absenteeism 

was not explored as a potential mediator and siblings were not matched by age or gender 

resulting in an excess of boys in the asthma group which could have biased the results. It 

was unclear whether these were adjusted in the resulting analyses. Lack of power due to 

small sample size may have contributed to the non-significant findings. Finally, the study 

analysed a sample of children attending an asthma clinic who may have had more severe 

asthma than those in the wider population.  

Liberty et al 71 identified 18.5% (55 out of 298 children) asthma prevalence and measured 

academic achievement across two time points in a longitudinal design using the Wechsler 

Individual Achievement Test (WIAT) to explore baseline school readiness and 

achievement one year later. Asthmatic children lagged 6 months behind non-asthmatic 

peers in reading but not maths ability one year after starting school after adjusting for the 

potential mediating effect of absenteeism, and potential confounders including gender, 

socioeconomic status, initial academic ability, ethnicity and whether the child came from a 

single parent family. The sample was small and limited to children in their first year of 

primary school; therefore, these findings cannot be generalised to older children. Other 

studies reporting no difference in academic outcomes between children with asthma and 

healthy peers have included Rietveld et al 86 and Roder et al 87; however, both of these 

studies used small samples.  

Bonilla et al 88, Collins et al 69 and Millard et al 78 all reported associations between asthma 

and absenteeism. Bonilla et al 88 classified 1,490 children as known asthma if a parent 

reported past symptoms and the child had a previous clinical diagnosis, high probability 

asthma (HPA) if symptoms were reported but no previous clinical diagnosis had been 

made, or low probability asthma (LPA) if less severe symptoms were reported and no 

previous clinical diagnosis had been made. Those with known asthma missed two 
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additional days of school over the previous year compared with children in the other two 

groups and approximately 1.4 additional days were specifically attributable to respiratory 

issues. Investigating absences specifically due to respiratory symptoms set this study apart 

from others and was a noteworthy strength. Absences were obtained directly from school 

records; however, reasons for absence were initially reported to schools by parents and 

therefore had potential to be inaccurate. Further, generalisability was limited because the 

cohort contained mainly Hispanic subjects of low socioeconomic status. Finally, the survey 

response was only 34% and therefore the majority of the original sample was lost 

introducing the potential for further bias based on the demographics of responders and 

non-responders to the survey. For example, it might be the case that more proactive parents 

who took more of an interest in their child’s wellbeing responded to the questionnaire. 

These same parents may also have been more proactive in ensuring that their child 

attended school regardless of asthma status, thus decreasing the effect size between groups.  

Collins et al 69 conducted a telephone interview in households that contained at least one 

child aged 5-15 years. Of the 4,611 parents contacted, 18.6% reported their child to have 

asthma and these children were more likely to have missed at least one day of school in the 

previous month when compared with their non-asthmatic peers. Adjusted covariates 

included family income and child specific variables such as whether they had received any 

mental health treatment, were happy at school or whether they had friends to play with. 

However, analyses were not adjusted for age, ethnicity or socioeconomic status and this 

was a limitation. Parents who were ex-directory would not have been contactable for 

inclusion and this may have been a source of selection bias. Parents may also have reported 

asthma when in fact their child was suffering from coughing or wheezing which may 

explain the high percentage of asthmatic children identified in the study. Finally, absence 

was analysed as no days absent versus one or more days absent in the previous month. This 

provided a less accurate measure of absenteeism than the actual numbers of days absent 

over a longer duration.   

Contrary to other studies, Millard et al 78 did not observe any difference in absenteeism 

between children with and without asthma on univariate analyses; however some study 

design issues were apparent. Pupils in 4th to 6th grade across 19 schools, who were thought 

to have asthma, returned a questionnaire agreeing to an exercise challenge in order to 

formally diagnose the condition. However only 31% of 3,100 contacted pupils returned the 

questionnaire and only 80% of eligible children subsequently accepted further testing. This 

may have resulted in responder bias because the most severely affected asthmatic pupils 
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may have been less likely to accept an exercise challenge. Compared with overall absence 

rates across the 19 schools included in the project, and to overall absence rates of all 4 th to 

6th grade pupils throughout the district, children in both groups were reported to have a 

slightly lower rate of absence. It is also possible, therefore, that responders were generally 

more conscientious pupils who valued academic performance, class attendance and being 

informed about their health and had less absenteeism.  

Although no articles specifically assessing the risk of special educational need or exclusion 

from school for asthmatic children compared to peers were identified, Fowler et al 84 and 

Kohen et al 70 reported that children with asthma experienced increased use of educational 

services and increased learning difficulties compared to peers. No differences have been 

reported for grade repetition 80, grade failure 84, or risk of exclusion from school 84; 

however, a variety of other difficulties have been observed. For example, Bonilla et al 88 

demonstrated increased levels of distress and anxiety in children with asthma whilst 

Carpentier et al 89 observed poorer wellbeing, lower levels of happiness and increased 

mental health issues. Poorer health 70 and less participation in activities 70,85 have also been 

reported 

Previous studies investigating school leaver outcomes include Carpentier et al 89 and 

Sibbald et al 90. Carpentier et al 89 reported increased absenteeism but no difference in 

grade point average for 121 university students between the ages of 18 and 22 years and 

diagnosed with asthma in childhood compared with 121 age-sex matched non-asthmatic 

students. However, the results were limited because the analyses were not adjusted for any 

potential confounders. Additionally, the study may have experienced selection bias by only 

including higher achieving children who had entered university. These children may have 

had less severe asthma compared to the asthmatic children in the general population. 

Sibbald et al 90 reported an increased risk of unemployment at age 23 years for individuals 

with either current or previous asthma or wheeze compared to peers without. The previous 

asthma group included people who had not suffered any symptoms within the previous 

twelve months. Analyses were adjusted for gender, paternal social class, birth region and 

the subjects’ level of education which was particularly important because level of 

education strongly influences a person’s likelihood of employment. However, two main 

limitations were apparent. Firstly, this study was not limited to people with asthma as it 

also included those diagnosed with wheeze. Secondly, the final asthma assessment 

occurred at age 23, therefore some subjects may have been diagnosed with asthma after the 

age of 18 years. Contrary to these findings, Mazurek et al 72 reported children diagnosed 
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with asthma in childhood to have slightly higher levels of education but observed them to 

be more likely to work in particular types of occupation.  

2.2.3.2 Health outcomes 

Children with asthma can experience adverse health outcomes 91-93 and there is a wealth of 

literature describing temporal trends and regional variability in asthma hospitalisation and 

mortality 94-98. Several studies have investigated asthma diagnoses within hospitalised or 

deceased cohorts. Others have assessed risk of admission or death within an asthma only 

cohort with no comparison to healthy peers. Very few studies, however, have reported on 

risk of subsequent hospitalisation or mortality for children with asthma compared to non-

asthmatic peers 99 100. Schwebel et al 99 obtained data on 878 children aged 4.5 years of age 

(54 months) and assessed subsequent risk of injury admission 2.5 years later. Sixty-seven 

children were diagnosed with asthma and they experienced an increased risk of parent 

reported injury compared to children without an asthma diagnosis. Outcomes were 

modelled using Poisson regression adjusted for a range of confounders including gender, 

delinquency or hyperactivity, home environment, household smoking, family income and 

maternal depression. In contrast with previous cross-sectional studies, Schwebel et al used 

a longitudinal study. This was a notable strength because it ensured that all injuries 

occurred after diagnosis of asthma. However, the study only included children aged 4.5 

years old, used a relatively short follow up period, and did not assess type of injury or 

severity of asthma.  

Kuo et al 100 investigated all-cause mortality and suicide in a 12 year follow up study 

comparing children with self and parent reported current or previous asthma against peers 

who had never had asthma. The asthma status of over 160,000 pupils aged between 11 and 

16 years was assessed via parental and self-report. Children were classed as having 

previous asthma if they had not experienced any symptoms within the previous year. The 

investigators reported no significant difference in risk of all-cause death or death due to 

natural causes between any of the three groups in the follow up period. However, a 

significantly increased risk of suicide was reported for children with asthma compared to 

children without asthma after adjusting for age, gender, allergic rhinitis and smoking status 

of individuals and their families. The risk increased with asthma severity; however, other 

confounders such as socioeconomic status and ethnicity did not appear to be considered. 

An increased risk was also observed for children with previous asthma however this 

disappeared after adjustment for confounders. The authors used a novel approach to pupil 
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self-reporting. Having not previously discussed asthma, children were asked to watch five 

separate video clips of an asthmatic person suffering a particular symptom of asthma and 

they were then asked if they had ever experienced this symptom themselves. Students who 

answered yes to any of the five questions were classed as asthmatic. Using visual methods 

rather than more complicated written descriptions may have enabled students to more 

easily identify their symptoms and therefore provide more accurate answers. The study 

further included baseline levels of depression within the three groups and this did not 

attenuate any of the observed results.  

2.2.3.3 Summary 

Most of the previous studies investigating outcomes for asthmatic children compared to 

peers have reported absenteeism 69,78,88, attainment 71,80 or both outcomes 70,73,79,81,82,84,85. 

All but one 78 of the previous comparable studies reported children with asthma to miss 

more days of school compared to peers 69,70,73,79,81-85,88. Whilst some previous studies have 

reported poorer attainment for asthmatic children 70,79, others have reported no difference 

in performance compared to healthy peers 80-82,85. To my knowledge, no studies have 

exclusively investigated SEN or school exclusion for asthmatic children compared to 

peers. However, limited research has reported increased use of special education services 

70, increased learning disability 84 and even increased risk of school exclusion in asthmatic 

pupils 84. Reports, from a limited number of studies, on whether or not asthmatic pupils 

have poorer leaver outcomes are mixed 72,89,90. No studies exploring all-cause hospital 

admission were identified. However, increased injury admission 99 and mortality due to 

suicide 100 have been reported. To my knowledge, no studies have previously investigated 

any of these outcomes for asthmatic children compared to peers on a national scale either 

worldwide or in the UK. Only one adjusted for maternal confounders 73 and some 70,71 but 

not all 73,80 have explored absenteeism as a possible mediator. Previous studies have 

encountered limitations including small sample size 71,78,80,81,85,89 and limitations in case 

ascertainment 69,78,81,84.  
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2.3 Epilepsy 

Epilepsy is a relatively common neurological condition whereby abnormal brain electrical 

activity predisposes the person to recurrent seizures 101. The brain constantly experiences 

normal electrical activity; however, sudden bursts of intense electrical activity can result in 

seizure 102. Isolated seizures can occur for many reasons; therefore epilepsy is normally 

only diagnosed if at least two unprovoked seizures have occurred in the past and more are 

likely to occur 101. Epilepsy is not a singular condition. Over 40 different types of epilepsy 

have been defined based on their varying symptoms and underlying causes and these have 

been classed into clinically distinct groups. Furthermore, individuals can suffer from more 

than one seizure type 103. Seizures can occur in two broad categories: generalised seizures 

affect large parts of both sides of the brain often resulting in loss of consciousness and 

partial (focal) seizures affect localised regions of the brain. Generalised seizures include 

absence, tonic-clonic, tonic or atonic, and myoclonic seizures 102,104,105. Status epilepticus, 

where a seizure lasts for more than thirty minutes, is the most serious type and requires 

medical attention 104.  Risk factors for epilepsy include brain injury or trauma due to severe 

head injury, stroke, encephalitis or oxygen deprivation occurring, for example, due to 

asphyxia at the time of birth. Other possible causes are tumours in the brain, chemical or 

hormone imbalances, or conditions such as cerebral palsy 102,104. Epilepsy is referred to as 

symptomatic epilepsy when the underlying causes are known whereas idiopathic epilepsy 

describes epilepsy where the cause is not understood.  

2.3.1 Prevalence 

Epilepsy is most commonly diagnosed in childhood or over the age of 65 106. 

Approximately 1% of children and adolescents are thought to have epilepsy 106,107. In 

developed countries worldwide, the prevalence ranges between 3.2 and 5.5 per 1,000 

children and incidence is consistently higher in the first year of life 108.  At present 

approximately 600,000 people in the UK have epilepsy and are prescribed anti-epileptic 

drugs, equating to 1 person in every 103. Approximately 63,000 children under the age of 

18 in the UK have epilepsy; roughly 1 in every 220 children. In Scotland, 54,000 are 

affected equating to 1 person in every 97 106.  
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2.3.2 Treatment 

Around two thirds of people with epilepsy can control their seizures via use of anti-

epileptic drugs (AEDs). AEDs do not cure epilepsy or its underlying causes; however, they 

stop seizures from occurring by reducing the excess electrical activity in the brain. 

Alternative treatments include surgery, vagal nerve stimulation and a ketogenic diet 109.  

2.3.3 Contextual review of the literature 

A Medline search using the search terms in Table 3 returned 355 articles of which 110 (74 

education and 36 health) remained after review of title and 57 (30 education and 27 health) 

remained after review of abstract. After full text review, 18 education papers and 18 health 

papers remained relevant to my thesis. These studies were from Nigeria, Holland, Japan, 

Brazil, USA, Indian and Austria. 

Table 3 Search terms for epilepsy literature review 
 

(((Epilep*) 

AND 

(college or youth or juvenile or young or schol* or adolescent* or child* or student* or pupil* or school)  

AND 

(school* or education* or attainment or academic or employment* or hospital* or death* or mortality or 

"learning difficulty" or "learning difficulties" or "learning disability" or "learning disabilities" or exclu* or 

"special need" or "special needs" or achievement or expulsion or suspension or detention or GPA or grade* 

or SEN or "assisted support needs" or attendance* or absen* or injur* or leav* or admission*)) 

NOT 

(trial* or intervention* or cross-sectional or "college hospital" or "college teaching hospital" or "absence 

of")).ti. 

**Filters applied: Title, Age 0-18 years, English language 

2.3.3.1 School outcomes 

Reilly et al 11 conducted a review of the literature investigating low academic achievement 

or underachievement and identified fifteen studies all of which used small clinic based 

samples. These compared performance of epileptic children with one or more control 

group or population mean scores and two also explored underachievement based on IQ and 

cognitive ability 110,111. Many studies used academic battery tests despite describing 

cognitive and behavioural outcomes in their title and the review highlighted a paucity of 

literature using officially recorded school grades. My review only included articles which 
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mentioned academic outcomes in their title and which compared epileptic children to one 

or more comparison groups.  

Adewuya et al 112 identified 73 epileptic children and reported poorer mean school 

recorded grades across all subjects, and specifically in maths and English, over the 

previous school year compared with 82 controls matched by age, sex, socioeconomic 

background and comorbid mental disorders. Matching groups together by mental disorders 

can theoretically control for the possibility of children with epilepsy having worse 

attainment due to increased prevalence of comorbid difficulties. However, the study did 

not expand on the nature of identified mental disorders or describe how groups were 

matched. Further, children with learning impairment who were still able to attend normal 

school were not identified or excluded and may have contributed to poorer performance in 

the epilepsy group. Number of days absent was obtained from school records; however, it 

was not analysed as an outcome or as a potential mediator to explore whether epileptic 

children had poorer grades due to greater absenteeism. Finally, the sample size was very 

small and the analyses were not adjusted for additional confounders such as parental or 

maternity factors or ethnicity.  

Nuhu et al 113 and Singh et al 114 both investigated parent and adolescent reported academic 

performance. Nuhu et al reported poorer performance over the previous three school terms 

for 77 epileptic children compared with 76 age-sex matched controls. However, the 

analyses were not adjusted for any other confounders and the sample size was small. 

Performance was only reported as good or impaired whilst general absence levels were 

reported as regular or irregular. However, these labels may have been applied 

inconsistently and it was unclear whether these measures were clearly defined and 

originally self-reported in this format, or later dichotomised by the researchers. Further, 

poor performance was adjusted for condition specific variables and absenteeism in 

subsequent analyses within the epilepsy group; however, absenteeism was not compared or 

used as a mediator for performance between groups. Finally epilepsy was diagnosed based 

on eye witness accounts of two or more seizures occurring; therefore, diagnoses may have 

lacked a sound clinical basis.   

Singh et al investigated academic performance, reported by parents and teachers as normal, 

failed or decreased, and attendance, reported by teachers as decreased or not. This study 

compared 100 children with epilepsy to 50 healthy siblings and 50 unrelated children with 

asthma. The rationale behind matching cases to siblings is to control for common shared 
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factors such as family background, home conditions or parental influence. Similarly, 

matching to a group with another chronic condition such as asthma can control for 

potential deficits in academic outcomes occurring due to the generic difficulties of dealing 

with chronic condition. Epileptic children had more educational problems compared to 

both control groups: increased absence, more school dropout, poorer performance across 

all subjects and more failed performance across one or more subjects. However, the groups 

were compared using univariate analysis with no adjustment for confounders and the 

authors did not confirm whether the different groups were matched. There appeared to be 

differences in the demographic profile of each group, for example an excess of boys in the 

epilepsy group compared to healthy controls, which could have biased the results. Finally, 

the study sampled from an urban area which limited generalisability to other settings. 

Austin et al 115 also compared academic achievement between children with epilepsy and a 

control group of children with asthma and observed lower academic achievement in the 

epilepsy group. However, this study did not include a healthy comparison group without a 

chronic condition.  

Singh et al 114 and Suurmeijer et al 116 limited their epileptic cohorts to children currently in 

receipt of anti-epileptic medication. Suurmeijer et al assessed the educational outcomes of 

109 epileptic children compared with 109 controls at 11 and 16 years of age via parental 

questionnaires and observed poorer academic outcomes in the epileptic group. Whilst the 

analysis was not adjusted for confounders, the groups were matched on a number of 

variables: gender, age, socioeconomic status, degree of urbanisation of family residence, 

family size and the ordinal position of the child within the family.  

Whilst most studies have reported worse academic attainment for children with epilepsy 

compared to controls, some have observed no corresponding deficits in IQ. Melbourne et 

al 117 reported that 33 children with epilepsy had poorer academic and cognitive test scores 

but similar IQ compared with 33 age-sex matched controls. Epileptic children achieved 

lower scores on cognitive tests of attention, language and memory and had poorer 

mathematical ability assessed via the Wide Range Achievement Test (WRAT). Analyses 

were adjusted for cognitive function, socioeconomic status and home environment and all 

pupils were selected from the same class which had the further advantage of controlling for 

any effects of classroom dynamics or class size. Despite this, the study was underpowered 

due to small sample size and it included children with various types of epilepsy making it 

hard to generalise to other studies. By comparison, Oliveira et al 118 and Miziara et al 119 

observed outcomes for children with specifically rolandic epilepsy and benign childhood 
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epilepsy with centro-temporal spikes (BECTS) respectively. Oliviera et al observed similar 

IQ but poorer reading, maths and writing scores, measured on the Educational 

Achievement Test (EAT), for 19 epileptic children compared to 19 non-epileptic peers 

matched by age, sex and socioeconomic background. Epilepsy cases were identified via 

clinical examination and electroencephalogram (EEG); however univariate analyses were 

employed with no adjustment for additional confounders. This limitation was shared by 

Miziara et al 119 who reported that 40 epileptic children had lower reading, writing and 

maths scores, measured using the School Performance Test (SPT), compared with 40 

controls matched by age, sex and school level. Additionally, the study was underpowered 

and utilised a clinic sample likely including more severe epilepsy cases not representative 

of epileptic children in the community.  

Previous studies matched children with epilepsy to sibling controls. Dunn et al 120 assessed 

reading, maths and writing ability at baseline and 36 months after study entry for 219 

children with epilepsy aged 6-14 years and 131 un-matched siblings aged 2-18 years using 

the Woodcock-Johnson (WJ) test of achievement. Similar reading and maths scores but 

poorer writing ability was reported for epileptic children at baseline whilst deficits were 

evident across all domains for children with epilepsy after 36 months. This study defined 

epileptic children if they had at least one seizure in the previous 3 months whereas the 

majority of other studies only diagnosed children experiencing at least two seizures. 

Therefore some of these children may only ever have experienced one seizure and may not 

have had epilepsy. It is also worth noting that, whilst sibling controls are useful, secondary 

emotional and physical effects of witnessing and aiding seizures of a loved one may be 

experienced by close family members including siblings which may adversely impact their 

outcomes. Berg et al 121 reported increased grade retention, more academic problems and 

increased placement in special education for 142 epileptic children compared with 142 

siblings matched as closely as possible by age. However, the outcomes were not well 

defined and analyses were not adjusted for additional covariates post matching.  

Contrary to the vast majority of literature, Ibekwe et al 122 reported no difference in 

academic performance between 50 epileptic cases and 50 controls matched by gender, age 

and socioeconomic status. Children with epilepsy had increased absence compared with 

their matched counterparts (mean 15.3 days per year versus mean 9.4 days). Academic 

performance was classed as low, average or high; however, the investigators did not 

explain how, or by whom, the data were collected or how the categories were defined. 
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Additionally, similar to other studies, these conclusions were based on univariate analyses 

with no adjustment for potential confounders.  

No studies directly investigating absenteeism, school exclusion or school leaver prospects 

were identified in this review. However, higher rates of school dropout 114 and more school 

absenteeism 114,122 for epileptic pupils has been reported previously.  Only Berg et al 

exclusively investigated special educational placement; however, epilepsy has been 

associated with cognitive impairment,  increased learning difficulty 114,117,123, more 

behavioural problems 114,124,125, lower self-esteem 126,127, reduced psychosocial function 128 

and comorbid conditions such as ADHD, conduct disorder, depression and anxiety 114. 

Studies have reported either lower IQ in children with epilepsy 122 or no significant 

difference compared with peers 117,118,129. Whilst academic underachievement with respect 

to age and IQ has been observed 110,111,130,131, epileptic children more commonly 

experience low achievement due to reduced cognitive function 11,111 with deficits in 

attention 117,123,126,132, memory 117,123,124,133, language 117,123, psychomotor speed 124,132, 

dexterity 123,132, perception 123, verbal function 134, auditory processing 119, response 

inhibition 132 and executive function 119,133 all observed. Earlier seizure onset and comorbid 

ADHD can increase risk for some types of learning difficulty 110 and comorbid depression 

can lead to low school performance 135. Children with epilepsy have been reported to have 

reduced intelligence 114,124, more grade retention 136, increased placement in special 

education classes 121,136 and increased occurrence of comorbid conditions such as 

depression, ADHD, anxiety and conduct disorder 114. Melbourne et al 117 reported more 

learning difficulty but no increase in absenteeism or grade repetition. In order to exclude 

the most severely affected epileptic children with complex needs, previous studies have 

excluded children with cerebral palsy, sensory impairment, speech disorders, epileptic 

syndromes, low IQ or comorbid psychiatric disorders or neurological deficits 113,114. 

2.3.3.2 Health outcomes 

Children with epilepsy have poorer health outcomes than their peers and suffer an 

increased risk of mortality. Many previous studies have identified and analysed deaths 

attributed to epilepsy within a wider cohort of deceased subjects whilst some have 

specifically observed sudden unexpected deaths in epileptic patients (SUDEP). Whilst 

some of the previous studies investigating associations with hospital admission and 

mortality compared groups of epileptic and non-epileptic children 137-139, most compared 

epileptic children with the wider population 140-143.  
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Christensen et al 143 investigated mortality by 30 years of age within a Danish birth cohort 

of over 1.8 million people, over twenty five thousand of whom were diagnosed with 

epilepsy in childhood. Approximately eleven thousand people died in the follow up period 

including eight hundred epileptic subjects and this equated to a fifteen-fold risk of death 

among those with epilepsy compared to the general population. The mortality rate ratio 

(MRR) of 14.9 reduced to 4.2 after omitting children with adverse birth outcomes and 

comorbid neurological disorders. Mortality was higher in younger children, boys and for 

those diagnosed with epilepsy before the age of five. The main strength of this study was 

the very large population-wide cohort and the long follow up period. However, epileptic 

children were identified via hospital admissions; therefore, children treated in private 

clinics or those managed solely by a general practitioner would not have been identified 

and this was a limitation.  

Ackers et al 140 used a nationwide UK database to identify 6,190 children prescribed anti-

epileptic medication and 151 died during follow up which equated to a crude mortality rate 

(CMR) of 56.2 per 10,000 person years. The standardised mortality ratio (SMR) compared 

to the general population was 22.4 demonstrating a twenty-fold risk of death for children 

who had been treated for epilepsy. The prescribing database covered 430 general practices 

nationwide across England and Wales; however, this only represented 5% of the 

population. Furthermore the study only explored deaths occurring before the age of 18 

years; therefore, deaths in adulthood were not counted.  

Berg et al 144 and Harvey et al 145 were limited by inability to calculate SMRs in their 

respective studies. Berg et al combined cohorts across Canada, USA and Holland to 

identify 2,229 children experiencing two or more epileptic seizures before the age of 

seventeen and followed them for an average of 14 years. The combined CMR was 228 per 

100,000 people and was greater for those with epilepsy complicated by underlying brain 

injury or significant intellectual disability compared to uncomplicated epilepsy (743 versus 

36 per 100,000). However, comparable age-sex specific death rates in the general 

population could not be calculated because four different cohorts, across three different 

countries, comprising different ages and overlapping time periods, were merged together. 

Therefore, crude death rates were merely compared against those observed within cohorts 

of children younger than 30 years of age in the USA, Canada and Holland. Harvey et al 

identified 1,095 deaths before the age of 14 including 93 in children with epilepsy. 

Identifying epileptic children within a deceased cohort meant that the researchers could not 

calculate prevalence of epilepsy within the wider population. The MRR was 13.2 for 



2 Literature review  34 

children with epilepsy compared to children without epilepsy. However, the measure 

lacked accuracy because the authors could not determine the number of epilepsy cases 

within the general population having only identified epilepsy deaths within a cohort of 

deceased children. Therefore, denominator rates of epilepsy in children younger than 14 

years of age were merely estimated from five other studies.  

Callenbach et al 141 and Camfield et al 142 both identified children who had two or more 

unprovoked seizures before the age of 16 and excluded those with only neonatal epilepsy 

or who had acute provoking factors for their seizures. Camfield et al assessed mortality 

outcomes of 692 children with epilepsy compared to the general population of Nova 

Scotia. Death rates in children with epilepsy were five times higher compared to an age-

sex matched reference population in the 1980’s and almost nine times higher compared to 

a similar reference population in the 1990’s. However, on further analysis of epilepsy type, 

only those with a severe underlying neurological disorder were at an increased risk of 

death compared to the general population. This particular study undertook survival analysis 

and demonstrated that 6% of the epileptic children had died after 20 years compared to less 

than 1% of the reference population. These findings agree with two other studies 141,146. 

Callenbach et al 141 reported a seven-fold risk of death in epileptic children compared to 

the general population. However, after splitting the population by epilepsy type, the study 

reported an SMR of 20 for children with symptomatic epilepsy and no deaths were 

identified for children with non-symptomatic epilepsy. Nickels et al 146 also only reported 

increased mortality in children with epilepsy where they had neurological complications. 

The authors compared 467 children with epilepsy, identified over a 30 year period and 

followed up for an average of 7 years, with the general paediatric population and found no 

increased risk of death for those with uncomplicated epilepsy. Silanpaa et al 147 used a 

particularly long follow up period of 40 years and reported a three-fold risk of death in 

children diagnosed with epilepsy before 16 years of age compared to age-sex adjusted 

mortality in the general population.  

The majority of literature investigating hospital admissions focussed on admission due to 

various types of injury. To my knowledge, no studies have investigated risk of all-cause 

admission for children with epilepsy compared to peers. Kirsch et al 138 reported no 

increased risk in various types of injury for 25 children diagnosed with epilepsy between 5 

and 16 years of age compared to 25 age-sex matched friends. This study differed from 

others because all of the children with epilepsy were classed as cognitively normal. 

However, this limited generalisation of the findings to other studies. The study also lacked 
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power which may have accounted for the lack of any observed association with specific 

type of injury admission. Finally, children in this study had epilepsy for at least a year; 

however all previous injuries were included and some of these may have predated the onset 

of epilepsy.  

Some of these study limitations were also experienced by Baca et al 137. The authors 

assessed injuries pertaining to 613 people nine years after diagnosis of epilepsy. Outcomes 

for those with complicated (133 people) and uncomplicated (368 people) epilepsy were 

compared; however, only 210 of those with uncomplicated epilepsy were matched and 

subsequently compared to non-epileptic siblings within 3 years of age. With the exception 

of head injury, children with uncomplicated epilepsy did not experience excess injury 

admission compared to siblings; however, the analyses did not appear to be adjusted for 

any confounders. Children were asked to recall injuries that required medical attention; 

therefore, recall bias may have occurred. Additionally, the recall did not distinguish 

between numbers of accidents and numbers of injuries. Finally, lifetime injuries were 

assessed for all children with epilepsy despite diagnoses occurring between 1 month and 

15 years of age. Therefore, some of the injuries may have predated epilepsy diagnosis. 

By comparison, Prasad 139 utilised a much larger study cohort and followed children until 

their first admission following diagnosis of epilepsy. Primary care data pertaining to 

almost 12 million people across 625 GP practices covering 8% of the UK population were 

analysed and people receiving more than two prescriptions for antiepileptic medication 

were defined to have epilepsy. The authors demonstrated greater risk of bone fracture (HR 

1.23), thermal injury (HR 1.49) and medicinal poisoning (HR 2.5) for 11,934 people 

diagnosed with epilepsy between 1987 and 2009 compared to 46,598 peers matched by GP 

practice and five year age band. Furthermore, a greater risk of medicinal poisoning was 

observed for males and those in higher age groups. This study had several additional 

strengths. Participants with prevalent epilepsy or who experienced injury prior to diagnosis 

were omitted and analyses were adjusted for age, sex, region, deprivation and presence of 

comorbid ADHD, behavioural disorder, learning disability or cerebral palsy. Finally, 

participants were aged between 1 year and 24 years of age at diagnosis; however, the 

results remained after excluding people older than 21 at diagnosis and after using a tighter 

definition of epilepsy.  
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2.3.3.3 Summary 

To the best of my knowledge, there have not been any previous population based studies 

investigating the impact of epilepsy on school outcomes. Furthermore no studies have been 

conducted in the UK. Indeed previous studies have used very small samples 114,117-120,122 

and many have used clinic based samples 112,116,117,122 which may have included only the 

most severe cases. Most comparable studies have reported children with epilepsy to have 

poorer academic attainment compared to peers 112-120 Compared to the general population, 

several studies have also reported a strong association between epilepsy and risk of 

mortality 140-147. To my knowledge, no studies have previously investigated leaver 

prospects, absenteeism, exclusion or all-cause hospital admission for children with 

epilepsy compared to peers. However, within small studies, increased absenteeism of 

epileptic pupils has been reported 114,122. Only one study investigated SEN and reported 

increased risk for children with epilepsy 121. However, other studies have observed a range 

of cognitive difficulties in epileptic children 114,117,123-127. 
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2.4 Attention deficit hyperactivity disorder 

Attention deficit hyperactivity disorder (ADHD) is a common neuro-behavioural disorder 

among children and adolescents and is characterised by persistent and developmentally 

inappropriate levels of hyperactivity, impulsivity and inattention 148,149. According to the 

Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V), for a 

diagnosis to be made several inattentive or hyperactive-impulsive symptoms must be 

present before 12 years of age, have persisted for more than 6 months and occurred in two 

or more settings such as at home and at school. Symptoms must also interfere with 

development and negatively impact on social, academic or occupational functioning 150. 

Three types of ADHD occur: inattentive type, where inattentive symptoms predominate 

over all others; hyperactive-impulsive type, where individuals present with predominately 

hyperactivity and impulsivity; and combined type, where all three symptoms play a role. 

ADHD can also be classed as mild, moderate or severe depending on the number and 

severity of symptoms present 148-150. 

In the UK a diagnosis of ADHD must be made by a qualified psychiatrist/clinician, 

however there are no specific laboratory tests for this condition 151 with initial referral and 

final diagnosis often relying heavily on reports of behaviour patterns from teachers and 

parents. Initial signs can be more formally evaluated using behaviour rating scales and 

cognitive tests and physical and neurological examination should be assessed in a 

developmental context in relation to children of the same age and cognitive level 152. 

ADHD can be classified using criteria based on either DSM or the International 

Classification of Diseases (ICD).  Individuals with ADHD have an increased risk of 

experiencing comorbid disorders 153. It can therefore present alone or alongside other 

psychiatric conditions such as depression, bipolar, anxiety or learning disorders, or other 

disruptive behaviour disorders such as oppositional defiant or conduct disorder 154. 

Comorbidities including learning disability, Tourette’s syndrome and borderline 

personality disorder have also been reported 153. Many of these comorbid conditions result 

in similar behaviour patterns to ADHD and can therefore complicate diagnoses and even 

inflate estimated prevalence 151.  
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2.4.1 Prevalence 

In 2013 the World Health Organisation estimated that ADHD affected about 39 million 

people 155. However the prevalence of ADHD in published literature varies significantly 

due to documented methodological differences in case ascertainment 151,156,157. Differences 

in diagnostic criteria, impairment criterion and source of information contribute to 

geographical heterogeneity of prevalence estimates, which have been shown to largely 

disappear after taking into account these methodological differences 156. Skounti et al 

157attributed varying worldwide prevalence rates ranging from 2% to 17%, to differences in 

diagnostic methodology and estimated prevalence between 4% and 10% after taking these 

differences into account 157. Meta-analyses following systematic reviews of the literature 

estimated pooled worldwide prevalence, using only DSM-IV criteria158, to be 5.29%159; 

ranging from 5% to 7%. An updated review of 135 studies in 2014 156 reported no increase 

in numbers of children being diagnosed with ADHD over the last three decades. Childhood 

prevalence in Scotland is around 5% but treated ADHD ranges between 0.2% and 1.2% 149. 

Prevalence of ADHD is four times higher in boys than girls 152,160 and, whilst rends by 

socioeconomic status have not been widely reported, some studies have observed increased 

incidence in white children compared to other ethnic groups161.  

2.4.2 Treatment 

ADHD can be treated using medication or cognitive behavioural therapy, or both. Though 

medication does not permanently cure ADHD it can aid concentration in affected 

individuals, reducing feelings of impulsivity and promoting calmness 162. Medications 

licensed in the UK for treatment of ADHD at the time of writing include methylphenidate 

hydrochloride, dexamfetamine sulfate, lisdexamfetamine dimesylate, atomoxetine and 

guanfacine hydrochloride. Methylphenidate is the first drug of choice used almost 

exclusively to treat ADHD symptoms - others drugs may be added or used instead for 

children who do not respond to first line therapy. Between 1992 and 2008, ADHD 

medication use amongst children under 16 years of age increased 34 fold but has since 

stabilised 163. Whilst the long term impact of ADHD medication is still not well 

understood, improvements in some health and social outcomes have been documented 162. 

Medication has been reported to produce short term relief of symptoms with short term 

impact on academic outcomes, however whilst medication does improve academic 

outcomes, it does not completely bridge the attainment gap between children with and 

without ADHD 164,165 
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2.4.3 Contextual review of the literature 

A Medline search using the search terms in Table 4 returned 425 articles of which 141 

(105 education and 36 health) remained after review of title and 44 (24 education and 20 

health) remained after review of abstract. After full text review, 19 education papers and 9 

health papers remained relevant to my thesis. The vast majority of these studies were 

undertaken in the USA with the remainder were from Sweden, Finland, Denmark, Taiwan, 

Greece, Israel and Holland. 

Table 4 Search terms for attention deficit hyperactivity disorder literature review 
 

(((ADHD or (attention and deficit and hyperactivity and disorder) or (attention and deficit and disorder) or 

"hyperkinetic disorder") 

AND 

(college or youth or juvenile or young or schol* or adolescent* or child* or student* or pupil* or school)  

AND 

(school* or education* or attainment or academic or employment* or hospital* or death* or mortality or 

"learning difficulty" or "learning difficulties" or "learning disability" or "learning disabilities" or exclu* or 

"special need" or "special needs" or achievement or expulsion or suspension or detention or GPA or grade* 

or SEN or "assisted support needs" or attendance* or absen* or injur* or leav* or admission*)) 

NOT 

(trial* or intervention* or cross-sectional or "college hospital" or "college teaching hospital" or "absence 

of")).ti. 

**Filters applied: Title, Age 0-18 years, English language 

2.4.3.1 School outcomes 

To the best of my knowledge no studies have investigated ADHD and educational 

outcomes on a national population-wide scale. Indeed most studies have compared a small 

number of children with ADHD against a small number of controls 166-170 and many of 

these have used clinic based samples 168,171. A larger study by Barbaresi et al 172 followed 

370 children with ADHD and 740 age and sex matched controls without ADHD from 5 

through to 18 years of age to compare academic attainment, absenteeism, grade retention 

and school dropout. Children with ADHD were three times more likely to be retained a 

grade and 2.7 times more likely to drop out of high school before graduation compared 

with matched controls. These pupils also experienced increased school absence and lower 

reading test scores. The academic measure only comprised reading ability, tested using the 

California Achievement Test (CAT); however the other outcomes were obtained from 

school records gathered across several years’ of follow up. Additional strengths included 
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the population-based sample and robust five-stage methodology used to identify children 

with ADHD by combining school and medical records, teacher and parent reports, clinical 

diagnoses and medication information. Comorbid learning disabilities and psychiatric 

disorders can often be the driving force behind poor outcomes; however these were not 

identified or investigated. Further, the predominantly white middle class sample limited 

generalisability and 43% of the original sample was lost to follow up. 

Wu et al 173 compared pupil, parent and teacher questionnaire responses for 333 children 

with persistent ADHD,166 children with non-persistent ADHD and 266 children without 

ADHD. Children with ADHD had poorer attitudes towards schoolwork, poorer school 

interactions, more behavioural problems and lower overall and subject specific (English, 

maths, Chinese, social science and natural science) school grades which were reported as 

above average, average, below average or failing. The authors identified a clear gradient 

effect whereby children with persistent ADHD performed the worst. Questionnaire 

responses may be subjective, inaccurate or biased and should be treated with caution; 

however two things were of note in this study. Firstly, children with ADHD had poorer 

outcomes regardless of which questionnaire responses were used. Secondly, correlations 

between pupil and parental responses regarding academic attainment were high. Analyses 

were adjusted for age, sex, comorbidity and pupil IQ; however, the study encountered 

limitations. The predominately male sample limited generalisability and diagnoses of 

ADHD based solely on child and parental responses may have been inaccurate. ADHD 

was classed as non-persistent, for example, if a parental response indicated presence of 

ADHD whereas a child response did not or vice versa.  

Only a few studies have used school grades to measure academic attainment. Ek et al 174 

reported that Swedish children with ADHD had lower mean grades, based on sixteen 

different subjects, at the age of 16 years, compared with controls. They were less likely to 

qualify for secondary school by passing exams in English, Maths and Swedish and also 

underachieved in relation to their cognitive capacity – a finding also reported by De Shazo 

et al 168. Powers et al 175 analysed school records and reported a lower grade point average 

and greater class retention for children with ADHD.  Similar to Wu et al, these studies both 

used two comparison groups. Ek et al compared 39 children with ADHD to 80 with 

behavioural and learning problems and 417 healthy controls because children with ADHD 

often have comorbid behavioural and learning difficulties which can independently impact 

educational outcomes. Matching children with ADHD to an ADHD free group with these 

difficulties can help determine to what extent poorer outcomes are directly attributable to 
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ADHD. Unfortunately the authors did not report how the comparison groups were matched 

to children with ADHD. Powers et al compared 48 medicated and 42 non-medicated 

children with ADHD against 80 healthy controls and additionally measured attainment 

using the Weschler Individual Achievement Test (WIAT). The medicated group had better 

outcomes than the non-medicated group; however both ADHD groups had lower grades 

and greater class retention when compared to healthy controls. The results of this small 

study suggest that whilst medication may help to improve school outcomes it does not fully 

bridge the achievement gap. Furthermore, it is possible that the improved outcomes in the 

medicated group were due to greater parental involvement and proactivity in seeking 

treatment and care. This study did utilise an ethnically diverse school based sample and the 

mean length of follow up of 9.13 years was longer than has been reported in other studies.  

Bussing et al 167, Faraone et al 176 and McConaughy et al 170 have also utilised more than 

one control group. Bussing et al 167 reported that 87 children with ADHD had a lower 

school recorded grade point average, poorer reading, writing and maths scores as measured 

on the Florida Comprehensive Assessment Test (FCAT), increased placement in special 

education classes and more class retention and were less likely to graduate compared with 

112 healthy controls and 23 children with sub-clinical ADHD who had some ADHD 

symptoms but not enough for a full diagnosis. Compared to healthy peers, the observed 

poorer outcomes in the ADHD group remained after adjusting for gender, race and 

poverty. Children with ADHD had five-fold odds of school dropout and three-fold odds of 

grade retention. However, these associations disappeared after accounting for children’s 

placements in special education. Faraone et al 176 also reported increased use of special 

education, more repeated grades and increased learning disability for children with ADHD; 

however the sample only included boys. The study compared 140 boys with ADHD to 120 

controls and 303 siblings. 

In the absence of school recorded grades, studies have assessed academic attainment using 

standardised academic battery tests. Whilst these provide insight into specific reading, 

writing and mathematical ability, school recorded grades have the advantage of providing a 

more practical measure of attainment drawing on a wider range of skills. McConaughy et 

al 170 matched 101 children diagnosed with ADHD to 24 healthy controls and 53 children 

with behaviour and learning problems who had been referred to an ADHD clinic but did 

not meet the criteria for a full diagnosis. Compared to both comparison groups, children 

with ADHD had poorer teacher and parent reported academic outcomes and poorer 

reading, writing and maths scores measured via the Weschler Individual Achievement Test 
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(WIAT). Similar to the study by Ek et al, including a comparison group with behavioural 

and learning difficulties demonstrated that the poorer performance of the ADHD cohort 

was not wholly attributable to these children having comorbid learning problems.  

Barkley et al 166 used the Wide Range Achievement Test (WRAT) to assess school 

attainment whilst De Shazo et al 168 used the Mini Battery of Achievement (MBA) and 

both reported that children with ADHD had poorer academic attainment and increased 

special educational need compared with peers. Barkley et al 166 additionally reported that  

children with ADHD had increased grade retention and more behavioural problems. They 

were three times more likely to have comorbid oppositional defiant disorder and four times 

more likely to have comorbid conduct disorder compared with peers who were matched by 

age and IQ and by their parents’ age, socioeconomic status and education level. 

Conclusions were however limited because the investigators only compared outcomes for 

children with and without ADHD regardless of comorbid disorders which may have 

independently influenced the poor outcomes observed. 

De Shazo et al additionally reported that children with ADHD had lower IQ and increased 

learning disability and underachieved compared to their predicted levels after adjusting for 

IQ. The authors observed that poorer attainment remained after excluding children with 

learning difficulties thus demonstrating that deficits could not be wholly attributed to 

comorbid learning disability. Unfortunately, it was not clear whether the comparison group 

was matched or how information on learning difficulties and special education placements 

was obtained. Similar to Babaresi et al 172, these studies sampled within completely 168 or 

predominately 166 Caucasian cohorts thus limiting generalisability to other ethnic groups. 

Additionally they were limited by small sample size. Finally it has been hypothesized that, 

where standardised tests have a long duration, mental fatigue, rather than cognition, may 

adversely affect results 177 and this could be particularly important for students with 

ADHD. 

Taanila et al 178 investigated mean overall school grades and those obtained in maths and 

Finnish for children with ADHD, ADHD and specific learning difficulty (SLD), SLD only 

and healthy controls. The authors reported that children with comorbid ADHD/SLD 

performed the worst, healthy controls performed the best, and children diagnosed solely 

with ADHD performed poorer than children diagnosed with SLD. Children were followed 

from birth and assessed, via teachers’ reports, for SLD at age 7 and, via parental report, for 

ADHD at age 15. However, teenagers may experience behavioural issues during 
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adolescence which may have been mistaken for ADHD symptoms thus inflating numbers. 

The analyses, however, were adjusted for gender, socioeconomic status, family type and 

parental education and this was a strength. 

Increased placement in special education and increased grade retention for children with 

ADHD has been reported across several studies including those by Le Fever et al 179 and 

Rhode et al 180 who both identified ADHD cases within a sample of children and 

additionally reported increased exclusion from school. Le Fever et al analysed a sample of 

808 pupils within an urban, ethnically and economically diverse district covering three 

schools and reported that children with ADHD were 3.4 times more likely to repeat a 

grade, 6.7 times more likely to be excluded and 4.1 times more likely to be placed in 

special education services. ADHD diagnoses and school outcomes were ascertained from a 

parental survey; however the response rate was only 63% and academic outcomes were not 

clearly defined. Whilst analyses were adjusted for gender, race and possession of health 

insurance, other confounders such as age were not included and neither inclusion criteria 

nor ages of the children sampled were disclosed. Finally, 17% ADHD prevalence was 

observed, which exceeded figures reported elsewhere. For example, Rhode et al randomly 

sampled 1,022 12-14 year old children across 64 state schools and observed 5% ADHD 

prevalence. This study diagnosed ADHD using a screening instrument and pupils and 

parents specifically reported on school exclusion and grade repetition. In addition to poorer 

observed academic outcomes, 50% of children with ADHD also had comorbid 

oppositional defiant disorder or conduct disorder. These findings, however, were limited 

due to small sample size, univariate analyses with no adjustment for potentially 

confounding variables, and lack of matching of groups which resulted in the ADHD cohort 

having more boys than the non ADHD cohort. Whilst Le fever et al and Rhode et al 180 

specifically investigated exclusions, Wu et al 173 reported that children with ADHD had 

worse behaviour, poorer school interaction and poorer attitudes to school. Similarly, 

Barkley et al 166 reported more antisocial behaviour and Kuriyan et al 181 reported more 

disciplinary problems in children with ADHD.  

Few studies have investigated school absenteeism related to ADHD 172,182. Kent et al 182 

observed an increased absenteeism and lower grade point average for 326 children with 

ADHD compared with 213 matched controls. However, whilst this was a larger sample 

compared with other studies, it only included boys. Grade point average was derived using 

results in English, maths, social science and science.  
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Kuriyan et al 181 investigated self-reported educational outcomes at age 19-22 years and 

employment outcomes between ages 23 and 32 years for 364 subjects diagnosed with 

ADHD in childhood, compared with 240 matched controls. Subjects with ADHD had 

lower occupational and educational attainment, were less likely to go to college or obtain a 

degree, were more likely to be unemployed or be in an unskilled job and were more likely 

to be unemployed and not in education after leaving school. Matching ensured that the 

groups were similar in age, race and parental education levels; however, only boys were 

included in the study which limited generalisability because ADHD may affect boys and 

girls in different ways. Whilst 30% of the ADHD cohort was lost to follow up, 

significantly reducing the sample size, the study reported that the demographics of this 

group were not different compared with subjects that did agree to follow up and therefore 

this should not have biased the results. 

2.4.3.2 Health outcomes 

ADHD has been associated with poorer health outcomes. Those affected suffer an 

increased risk of mortality,  in particular suicide183, and are more likely to inflict self-

harm184. Dalsgaard et al 185 linked 1.92 million population-wide Danish births between 

1981 and 2011 to death records and identified 32,021 children with ADHD based on their 

admission to a psychiatric hospital. The overall MRR for subjects with ADHD compared 

to those without was 2.07. Whilst the authors demonstrated a larger effect size for those 

diagnosed in adulthood (MRR 4.25), increased mortality was also observed for subjects 

diagnosed before 6 years old (MRR 1.86) or between 6 and 17 years of age (MRR 1.58).  

Strengths of this study were the large population size and long duration of follow up (32 

years); however, diagnosing ADHD based on psychiatric hospital admission is likely to 

have identified more severe cases and excluded children treated privately, by general 

practitioners or as outpatients. The analyses were adjusted for sex, age, history of 

psychiatric illness, maternal and paternal age, and parental employment and education. 

Whilst observed differences remained after excluding ADHD subjects with oppositional 

defiant disorder, conduct disorder or substance abuse disorder, these comorbidities may 

have been under-reported within hospital data.  

Barbaresi et al 186 reported an increased risk of suicide (SMR 4.83) in 367 people with 

ADHD diagnosed in childhood compared with 4,946 age-sex matched controls but did not 

observe differences in all-cause mortality or accidental death. This study used robust 

methodology to diagnose ADHD using questionnaires, medical and school records and 
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clinical diagnoses. However, the sample was 95% Caucasian thus limiting generalisability 

to other ethnic groups. Schellerman et al 187 compared healthy controls against three age-

sex matched cohorts of medicated children receiving prescriptions to treat ADHD: 

atomoxetine; amphetamine; or methylphenidate. No excess risk of all-cause death was 

reported for any of the medicated groups compared with healthy peers and no differences 

in risk of sudden, non-accidental or non-suicidal death or a range of cardiovascular events 

were identified. Though the study used a large diverse population, a small number of 

events were observed which meant that many analyses, especially of subgroups, could not 

be undertaken. 

Children with ADHD suffer more injuries188. The nature of these injuries are more severe 

compared to peers without ADHD 184 and injuries are more likely to occur in boys184. 

Affected individuals use significantly more healthcare resources and have higher 

healthcare costs 189-191. Few studies have investigated all-cause admission and most have 

focussed on injury admission instead. Hurtig et al 192 followed approximately 450 children 

with ADHD and 300 controls from birth until 18 years of age. Children were assessed, by 

teachers, at 7-8 years of age for signs of hyperactivity, by parents, at 15-16 years of age, 

for signs of ADHD, and formally for ADHD at 16-18 years of age. The authors reported 

more admissions due to injury, fractures and intoxication for children presenting with 

ADHD symptoms at 15 years of age and increased injury admission for those clinically 

diagnosed between 16-18 years of age. Analyses were adjusted for gender, number of 

children in the family, family structure, social status and medication use at age 15 years. 

ADHD was diagnosed between 15 and 18 years of age; however, lifetime hospital 

admissions were examined. Therefore, many of the hospital admissions may have occurred 

before children were diagnosed with ADHD and this was a notable limitation of the study. 

Additionally, children were assessed for ADHD symptoms at 15 years of age when they 

may have increased behavioural problems due to adolescence. Therefore it is possible that 

some may have been incorrectly diagnosed as having ADHD. Van Den Ban et al 188 also 

followed a birth cohort until 18 years of age and identified 1,289 children with ADHD 

based on receipt of prescriptions for methylphenidate or atomoxetine. These children had a 

two-fold risk of injury admission compared with 7,332 age-sex matched, non-medicated 

controls (6 controls per case). The highest risk occurred for children diagnosed between the 

ages of 12 and 18 years after adjusting for other psychotropic drug use. The authors 

investigated injury admissions before and after diagnosis of ADHD and utilised a large 

linked population cohort with up to 10 years follow up; however, some limitations were 

evident. Diagnoses were only based on prescription dispensing and there was no way of 
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ascertaining whether medication was taken. Secondly injuries were identified from hospital 

records; therefore, those treated at accident and emergency or at a general practice would 

not have been included resulting in potential under-reporting. 

Shilon et al 193 and Pastor et al 194 also observed higher risk of admission for injury among 

children with ADHD but were hindered by limitations in their respective study designs. 

Shilon et al used a small sample of 29 ADHD cases and 29 controls and only followed 

subjects for nine months. Furthermore, the outcome was based on parental reporting of 

injuries requiring medical attention. Whilst the cohorts did not differ demographically, 

they were not formally matched and the analyses were not adjusted for other confounders. 

Pastor et al identified 3,741 children with ADHD within a larger survey cohort of 51,984 

children aged 6–17 years of age and reported that children with ADHD had two-fold odds 

of injury compared to non ADHD peers. Analyses were adjusted for age, sex, race and 

health insurance but not for the presence of comorbid conditions. ADHD was diagnosed 

via parental report rather than formally by a clinician. Furthermore, injuries were identified 

by asking parents to recall the number of injuries during the preceding three months and 

then extrapolating this figure backwards across the previous full year. Therefore, recall 

bias may have occurred.  

2.4.3.3 Summary 

A systematic review and meta-analysis by Frazier et al in 2007 13 investigated academic 

achievement but included studies on adults and pre-school children and discussed wider 

cognitive outcomes. Other notable reviews include those by Rowland et al 151, Loe et al 195 

and Daley et al 196. Previous studies have reported poorer academic performance  166-

168,170,172-175, attendance 172,182 and leaver outcomes 167,172,181 and associations with SEN 166-

168,176,179,180, learning disability 168,176 and  school exclusion have also been observed 179,180. 

Few studies have reported on all-cause mortality 185 or injury-related hospital admission 

188,192-194 but those that have demonstrated increased risk for children with ADHD. Few of 

the identified studies relied exclusively on medication use to identify children with ADHD 

188. Community and school-based samples have been used 169,172-174,178-180; however, most 

studies analysed a clinical sample of ADHD referred children 166,168,171,181, potentially 

limiting findings to more severely affected children. These may not be representative of 

children in the community who are likely to be better controlled. Many previous studies 

have also been limited by small sample size 166-170. To the best of my knowledge no 

previous population-wide studies have investigated educational and health outcomes for 
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children with ADHD compared to peers and no studies of this type have previously been 

conducted in the UK. 

2.5 Depression 

Depression is a common mental health disorder which presents with depressed mood, 

fatigue and a loss of interest or pleasure in daily activities. Associated symptoms include 

low confidence or self-esteem, inappropriate guilt, disturbed sleep, changes in appetite, 

poor concentration, feeling sad, angry or withdrawn and suicidal thoughts 197. However 

depression in young people may also present with behavioural disorders such as irritability, 

aggression and poor conduct, poor academic attainment and substance abuse. Young, 

schoolchildren frequently present with irritability, restlessness and hyperactivity, which 

may lead healthcare professionals to suspect ADHD rather than depression 198. The most 

common signs and symptoms in adolescents and young adults are suicidal thoughts, 

hopelessness, social isolation, drug or alcohol use, overeating, oversleeping, and rage 199. 

Depression can be classed as mild, moderate or severe and different types of depressive 

disorder exist, for example, recurrent or persistent depressive disorder or bipolar disorder 

197,200. Symptoms may significantly impair many aspects of life including general health, 

schooling, academic attainment and employment performance and are associated with risk 

of morbidity and suicide 201. Main risk factors for depression include family history of the 

condition and exposure to psychological stress 197. 

2.5.1 Prevalence 

Depression is common, affecting around 16% of adults at some point in their lifetime 202. 

However, the disorder is also relatively common in children and adolescents, with 

prevalence reported to be 2.6% worldwide 203. Exact prevalence of depression is difficult 

to ascertain due to differences in diagnostic methodology and because many of those 

affected are not receiving active treatment. The condition is often unrecognised in adult 204 

and paediatric 199 populations; however, methods of assessment for prevalence and 

treatment have improved dramatically 205. Prevalence of depression is lower in childhood 

but increases sharply in adolescence, particularly in girls 197. Worldwide prevalence of 

2.8% in children under the age of 13 years of age and of 5.6% in adolescents (aged 13 to 

18 years of age) has been observed and prevalence in adolescence is higher in girls than 

boys (5.9% v 4.6%) 206. Indeed prevalence of depression is thought to be twice as high in 
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girls compared to boys 207. Prevalence increased in adolescents and young adults between 

2005 and 2014 208.  

2.5.2 Treatment 

Depression can be treated with anti-depressant medication or via cognitive behavioural 

therapy (CBT) or interpersonal psychotherapy (IPT). However, concerns about the use of 

antidepressants in people younger than 18 years of age mean that treatment choices are not 

the same for children and adolescents compared to adults 197. Typical medications include 

selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine reuptake 

inhibitors (SNRIs) or tricyclic medications 209. A combination of pharmacological and 

psychotherapeutic interventions is often used to treat depression 210. People suffering from 

severe depression may also require electroconvulsive therapy (ECT) or hospitalisation 

209,211. 

2.5.3 Contextual review of the literature 

The Medline search using the search terms in Table 5 returned 561 articles of which 69 (55 

education and 14 health) remained after review of title and 40 (36 education and 14 health) 

remained after review of abstract. After full text review, 20 education papers and 2 health 

papers remained relevant to my thesis. The majority of these studies were undertaken in 

the USA and Canada and the remainder were from China, Holland, Sweden and New 

Zealand. 

Table 5 Search terms for depression literature review 
 

(((depress*) 

AND 

(college or youth or juvenile or young or schol* or adolescent* or child* or student* or pupil* or school)  

AND 

(school* or education* or attainment or academic or employment* or hospital* or death* or mortality or 

"learning difficulty" or "learning difficulties" or "learning disability" or "learning disabilities" or exclu* or 

"special need" or "special needs" or achievement or expulsion or suspension or detention or GPA or grade* 

or SEN or "assisted support needs" or attendance* or absen* or injur* or leav* or admission*)) 

NOT 

(trial* or intervention* or cross-sectional or "college hospital" or "college teaching hospital" or "absence 

of")).ti. 

**Filters applied: Title, Age 0-18 years, English language 
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2.5.3.1 School outcomes 

Previous literature suggests that the association between depression and educational 

outcomes may be bidirectional. Whilst depression can adversely impact school 

performance through reduced ability to concentrate or lack of motivation to study, 

academic difficulties may equally lead to feelings of failure and eventual depressed mood 

212. Studies which only investigated relationships in the latter direction were not included 

in this review.   

Previous studies have used longitudinal designs to investigate associations between 

depression and school leaver outcomes 14,15,213-215. Three 14,15,214 analysed sub samples from 

the National Longitudinal Study of Adolescent to Adult Health (Add Health), a school 

based assessment of adolescents, their families, and their schools which was nationally 

representative of schools in the USA with respect to type, region, size, urbanisation and 

ethnicity. Needham et al 15 assessed  self-reported depressive symptoms of 14,232 pupils 

with a mean age of 15 years using the Centre for Epidemiological Studies Depression 

Scale (CES-D) and evaluated self-reported completion of high school and entry to college 

approximately 6 years later. Children were classed as having high as opposed to low 

depressive symptoms, if they scored above a certain threshold on the scale (above 23 for 

girls and 21 for boys). No differences in school outcomes were reported between children 

with high and low symptoms after adjusting for gender, race/ethnicity, ability, age, parental 

education level, household income, family structure and previous pregnancy. However, 

analysed on a continuous scale, incremental increases in depression score were 

significantly associated with modest 2% increases in odds of failure to complete high 

school and failure to enter college. Whilst self-report of high school graduation and college 

entry should have been relatively robust, self-reported depressive symptoms may have 

been less accurate, particularly as children were interviewed during adolescence, when 

mood and behaviour can be particularly variable 216. Secondly, the study did not 

investigate alternatives to college enrolment such as employment or commencement of 

trades or technical schools. Thirdly, presence of commonly occurring comorbid conditions, 

such as anxiety or obsessive compulsive disorder, which can independently impact 

academic outcomes, were not considered. Finally, limitations in data collection ensured 

that children who successfully entered college but dropped out within their first year were 

recorded as never having entered college which may have inflated the number of children 

observed with that particular outcome.  
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Using the same cohort and adjusting for additional community covariates, Fletcher (2008) 

14 investigated the impact of dichotomous depression status on high school dropout and 

post high school enrolment in college including specifically two and four year college 

courses. Depressed girls were 3.5% less likely to graduate from school compared to girls 

without depression; however, there was no significant association within boys. The 8% of 

children classed as depressed were 6% less likely to be enrolled in college, specifically a 

four year course, after leaving school. A strength of this study was the adjustment for 

children’s grade point average at study entry which was observed to have a negative 

relationship with depression. Each unit increase in grade point average reduced the odds of 

depression by nearly 40%. By taking into account innate baseline academic ability, the 

authors were able to investigate changes in grade point average associated with depression. 

Another noteworthy attribute was the inclusion of additional community variables in the 

analyses allowing further adjustment for socioeconomic background by taking account of 

circumstances specific to different neighbourhoods. This included data on the percentage 

of people unemployed, in poverty and without a diploma in the area where each pupil 

resided. Though both of these studies reported no overall association between depression 

and high school graduation, both did demonstrate significant associations within girls but 

not boys in subgroup analyses. Other studies have also demonstrated gender specific 

effects in subgroup analyses 215,217,218  

Fletcher (2010) 214 further assessed school dropout, college entry and years of schooling 214 

after restricting the Add Health sample to 2,432 siblings and adjusting for family specific 

confounders, school specific characteristics, children’s health behaviours and comorbid 

health outcomes. Similar to Needham et al 15, depression was investigated both as a 

dichotomous outcome and as a continuous scale of increasing symptoms. Depression was 

significantly associated with fewer years of schooling after adjusting for school specific 

characteristics; however this was not significant following further adjustment for family 

specific confounders, children’s health behaviours and comorbid health outcomes. When 

depression was analysed as a continuous scale, increased depressive symptoms were 

significantly associated with increased school dropout after adjustment for both school 

specific characteristics and family specific confounders but not after adjustment for 

additional health behaviours and comorbid conditions. Increased depressive symptoms 

were not significantly associated with reduced entry. This study had several strengths. 

Firstly, adjusting for school specific characteristics took into account the fact that some 

schools have better outcomes than others. Similarly, adjusting for family specific 

confounders accounted for family and neighbourhood characteristics common to siblings, 
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including neighbourhood crime, family resources, parental influence and genetic 

similarities. Finally, the authors adjusted for additional child and health characteristics 

including marijuana, tobacco and alcohol use, teen pregnancy and sexual behaviour, 

obesity and other chronic conditions such as asthma, ADHD and diabetes. By using the 

“Add Health” sample, these studies experienced similar study limitations as those by 

Needham et al. A large number of different confounders were used across various models 

in the 2010 study. Whilst this was a strength, it is also possible that some of the analyses 

were over adjusted by adjusting for mediators on the causal pathway.  

Smaller studies have also reported leaver outcomes. Fergusson et al 213 analysed 964 

children who had complete follow up data of interest within the Christchurch Health and 

Development Study, a longitudinal study of a birth cohort followed until 21 years of age. 

Thirteen percent of children were diagnosed as depressed between the ages of 14-16 years 

based on separate parent and child interviews using the Diagnostic Interview Schedule for 

Children. The authors did not report any significant differences between depressed and 

unaffected subjects as regards their likelihood, by 21 years of age, to have left school with 

no qualifications or entered a university course, or equivalent training, post high school. 

Adjusted confounders included maternal education, socioeconomic status, previous sexual 

abuse, exposure to parental change, intellectual ability, neuroticism, comorbid anxiety or 

conduct disorder and behaviour patterns such as delinquency, smoking and alcohol and 

substance abuse. Prevalence of depression between the ages of 16 and 21 years was 

reported as 33.5% which seems very high compared with other studies. It is therefore 

possible that prevalence was over-estimated by parents and pupils and this may have 

biased the findings.   

Jonsson et al 215 initially screened a cohort of 2,465 adolescents aged 16-17 years for 

depressive symptoms and classified them as depressed if they: had ever attempted suicide; 

scored > 16 on the Beck Depression Inventory (BDI); or scored > 11 on the BDI and at 

least 30 on the Centre for Epidemiological Studies Depression Scale for Children (CES-

DC). On follow up, at 30 years of age, 345 depressed subjects had significantly lower 

levels of graduation from higher education compared with 243 unaffected sex-matched 

subjects. The association, however, was only significant for boys after adjusting for 

socioeconomic status, maternal education and final grade point average on leaving 

compulsory school. The diagnostic methods appeared to be robust particularly as 

additional diagnostic interviews were used to confirm the depressed status of subjects 

using DSM-III criteria. Subjects, however, were sampled from a Swedish university town 
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with higher levels of attainment compared to the general Swedish population. Furthermore, 

only higher education courses obtained in Sweden were recorded. Given the observed 

higher education levels, children in this sample may have been more likely to have 

attended university abroad and these courses would not have been identified.   

Several cross sectional 219-222 and longitudinal studies 217,218,223-225 reported on attained 

academic grades of children with and without depression. Using a longitudinal design, 

Shahar et al 224 assessed 499 children in 6th and 7th grade using the Beck Depression 

Inventory (BDI) and reported that a higher score was significantly associated with lower 

mean grade point average two years later, based on school recorded grades in English, 

maths, social studies and science. Depressive symptoms were also negatively correlated 

with grade point average derived at the start of the study; therefore, adjustment for baseline 

grade point average, gender and self-criticism was a notable strength. However, the sample 

only included children in 6th and 7th grade which limited generalisability to other age 

groups. Lundy et al 225 demonstrated that 335 white and Hispanic children, aged 6 to 11 

years of age who scored 60 or above in the anxious/depressed and withdrawn scales of the 

Childhood Behavioural Checklist (CBCL), had poorer reading, writing and maths scores, 

measured one month later by the Woodcock-Johnson test of Achievement, compared to 

children who scored below this clinical threshold. This study, however, did not appear to 

be adjusted for any confounders. Further, only white and Hispanic children were sampled 

thus limiting generalisability to other ethnic groups. Depression was diagnosed using only 

two subscales of the CBCL: anxious/depressed and withdrawn. It is possible that some 

children were classed as depressed despite only presenting anxious or withdrawn 

symptoms thus inflating depression prevalence and observed associations.  

Whilst Shahar et al and Lundy et al measured depressive symptoms at one point in time 

and outcomes at a singular follow-up point; other longitudinal studies measured them 

across multiple time points in order to explore changes in depressive symptoms and 

associated changes in academic function. Marcotte (2006) 226 measured the same 

depression symptoms and outcomes at three separate time points and assessed differences 

in school recorded grades in maths and French between students who were always 

depressed, never depressed, became depressed and stopped being depressed. Pupils classed 

as always depressed had significantly worse academic grades; however, there was no 

association between temporal changes in depressive symptoms and temporal variations in 

academic outcomes. The study included 644 pupils; however, they were grouped and 

analysed in sub-categories based on gender and temporal pathways of depressive 
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symptoms. Therefore, small sample sizes within each category reduced the power of the 

study which may have hindered the authors’ ability to identify small effect sizes. This 

limitation was shared by other studies stratifying across several trajectories 217,218,223. 

Dekker et al 218, for example, sampled 2,076 children between 4 and 16 years of age from 

the general population of one Dutch province and measured their depressive symptoms at 

six time points across fourteen years via parental interviews using the Childhood 

Behavioural Checklist (CBCL). Semi-parametric growth mixture models described 

trajectories of depressive symptoms across childhood and associations with final 

educational attainment dichotomised as low (ranging from school dropout to a lower 

vocational level) or high (ranging from completion of high school to higher education). 

Children were categorised into six trajectory paths and boys with more severe depression 

in childhood had a significantly lower educational level by the final stage of follow up 

compared to boys with depressive symptoms classed as low to moderate. There was little 

difference observed in girls; however, girls with more severe depression did experience 

increased mental healthcare usage compared to girls with less severe depression.  

Briere et al 223 also used growth mixture models to assess self-reported depressive 

symptoms, using the Centre for Epidemiological Studies Depression Scale (CES-D), and 

self-reported mean grades in maths and language, for 6,910 secondary schoolchildren. 

Self-reports were made annually between the ages of 12 and 16 years and children were 

grouped based on trajectories of their depressive symptoms: stable-low; increasing; 

decreasing; transient; or stable-high. Children who had severe but stable depressive 

symptoms had significantly lower mean grades compared to those with stable but less 

severe depressive symptoms. Furthermore, academic outcomes at each time point closely 

mirrored the trajectory of depressive symptoms. However, the results may have been 

compromised by common or shared method variance because depressive symptoms and 

academic grades were both self-reported by pupils every year. Pupils were asked to rate 

their current grades between 0% and 100 % to the best of their knowledge; therefore it is 

not inconceivable that students may have provided lower ratings when they were more 

depressed and vice versa. Additionally, most of the sample resided in disadvantaged areas 

therefore these results may not be generalisable to the wider population.  

Rather than investigating relationships in one direction, Verboom et al 217 recorded data on 

2,230 children every two years over a six year period and used structural equation 

modelling to investigate whether teacher and pupil reported depressive symptoms were 

predictive of teacher reported academic performance or vice versa. Within each set of 
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observations, more severe depression was correlated with lower academic performance for 

boys and girls. A temporal bi-directional relationship also existed for girls whereby 

increased depression was predictive of future reduced academic performance and vice 

versa. Therefore, in girls, whilst increased depression negatively impacted future 

attainment, poor academic performance also increased the risk of subsequent depression. 

There was, however, no temporal relationship between depression and academic ability in 

either direction for boys. However, several limitations regarding quality, accuracy and 

consistency of data collected across the three time points were apparent in the study 

design. Firstly, while academic performance at the first time point was reported by a 

teacher, performance at later time points was reported by a school mentor who spent less 

time with pupils. Secondly, reports were initially based on maths and language, however 

performance in geography, history, chemistry and biology were later incorporated. Finally, 

the teacher questionnaire completion rate was initially 86%; however, this fell to 70% at 

the second time point and 42% at the last data collection point.  

When measuring depression and educational outcomes at the same point in time it is not 

possible to decipher whether depression has adversely impacted educational outcomes, 

poor educational performance have contributed to depression or whether both are true. 

Therefore, whilst earlier cross-sectional studies adopted simpler analyses, they were 

limited by potential reverse causation and tended to use smaller samples 219-222. Hamilton et 

al 220 compared 15 children hospitalised with depression against 14 children hospitalised 

with schizophrenia disorders and 20 healthy controls. Compared with controls, children 

with depression had similar academic attainment; categorised on a scale of one (poor) to 

five (excellent), based on school report cards, standardised tests and teacher evaluation. 

However, all of the depressed children had been hospitalised and therefore were likely to 

have severe depression not representative of children diagnosed with depression in the 

wider community. The authors did not confirm whether analyses were adjusted for 

confounders and measured academic attainment in the six-month period before 

hospitalisation. The non-significant results were likely due to lack of power due to the very 

small sample size. 

Brumback et al 219 demonstrated no difference in academic test scores between depressed 

and unaffected children based on univariate analysis, using the Wide Range Achievement 

Test (WRAT). However, the study lacked power due to small sample size and 62 children 

were diagnosed as depressed within a cohort of 100 children described as having school 

problems. The study did not define these school problems or explain how depression was 
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diagnosed; however, these children were most likely not representative of the wider school 

population. Their problems may have contributed to the high prevalence of depression 

observed and may have underestimated the impact of depression.  

Vincenzi et al 221 and Tesiny et al 222 investigated correlations between depression scores 

and academic scores. Vincenzi et al reported depression scores to be negatively correlated 

with reading level, monitored via teacher reports and standardised test scores from the 

California Achievement Test (CAT), and grade point average, derived using grades in 

reading, maths, science and social studies. The sample, however, only included 139 black 

students in 6th grade from an urban area thus limiting generalisability to other settings and 

ethnic groups. Tesiny et al analysed a larger school sample of 452 boys and 492 girls aged 

8-12 years and reported negative correlations between depression and academic outcomes 

based on standardised test scores and teacher ratings of work, study habits and 

achievement. The authors used an unconventional method to classify children’s depressive 

symptoms by allowing pupils to rate their classmates on how depressed they perceived 

them to be using the Peer Nomination Inventory (PNID). This allowed pupils to nominate 

particular classmates who they thought were most depressed. Whilst this was a novel 

approach, it lacked clinical input and may have been prone to potential bias or inaccuracy.  

My literature search did not identify any studies that exclusively investigated associations 

between depression and school absenteeism, exclusion or special educational need in a 

school setting. Several studies, however, reported associations between depression and 

behavioural, cognitive and social outcomes. Lower levels of social competence 220 and 

poorer social outcomes 217 have been reported for depressed children and behavioural 

outcomes have been observed to mirror the course of depressive trajectories 223. Whilst 

Brumback et al 219 reported no difference in IQ between depressed and unaffected pupils, 

Lundy et al 225 reported that children with increased depressive symptoms experienced 

deficits in general intellectual functioning, language, visual construct, attention, processing 

speed, executive function, aspects of learning and memory and psychomotor speed. Dekker 

et al 218 reported that children diagnosed with depression at school had an increased risk of 

mental health problems in young adulthood and that depressed girls were more likely to 

use future mental health care services. Fergusson et al 213 observed that depressed children 

had increased future risk of major depression or anxiety disorder in young adulthood. 

Behavioural and social problems, neuropsychological impairment and comorbid mental 

health conditions may all potentially impact absenteeism, risk of exclusion and risk of SEN 

in addition to academic attainment and leaver prospects.  
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2.5.3.2 Health outcomes 

Depressive symptoms in childhood can also negatively impact subsequent health outcomes 

in adolescence and beyond 227. However, very few studies have investigated hospital 

admissions and mortality following child and adolescent diagnosed depression. Whilst 

there are associations between child and adolescent depression and increased risk of 

suicide 201, the majority of studies have reported on suicidal ideation rather than suicide 228. 

Previous literature has demonstrated increased risk of child and adolescent depression 

following injury admission 229; however, few have reported relationships in the opposite 

direction. Other studies have assessed screening tools and interventions for future risk of 

self-harm and suicide in depressed cohorts. The Medline literature search did not identify 

any previous studies assessing risk of all-cause mortality or all-cause hospital admission 

for depressed children compared to children without depression or the general population. 

However, two studies assessed future risk of injury 230,231.  

Asbridge et al 230, reported an increased risk of violence related, traffic related and 

unintentional injuries in depressed schoolchildren aged between 14 and 18 years. Analyses 

were adjusted for gender, school grade level, weekly spending money, smoking status, past 

year heavy drinking and marijuana use, sexual behaviour, absenteeism, school grade point 

average and participation in team sports. However, depression, self-reported via the Centre 

for Epidemiological Studies Depression Scale (CES-D), was only diagnosed based on 

depressive symptoms in the past week and injuries were self-reported over the previous 

six-months. The study was cross-sectional in design and measurements were taken at the 

same point in time; therefore, whilst crude associations between depression and injury 

could be investigated, longitudinal relationships in either direction could not. It is also 

possible that some injuries may have occurred before symptoms of depression became 

apparent. Children were classed as depressed if they exceeded a cut-off score on the 

depression scale; however, without clinical diagnoses, some of these cases may have been 

misclassified. Finally the study did not include other confounders potentially predictive of 

later injury such as socioeconomic status.  

You et al 231 reported depressed secondary schoolchildren aged between 11 and 19 years to 

have an increased risk of non-suicidal self-injury (NSSI). However, this study was also 

hindered by study design issues. Depressed and unaffected children were followed up one 

year later to assess self-injuries; however, these were self-reported if they occurred at any 

point in the last two years and this window period pre-dated the initial self-reported 
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measure of depression one year earlier. Therefore, it is possible that several of these NSSI 

events predated depressive symptoms. 

2.5.3.3 Summary 

The majority of previous comparable depression studies have reported poorer attainment 

224-226 and poorer school leaver outcomes 14,15,213-215 for depressed children compared to 

peers. To the best of my knowledge, no previous studies have investigated school 

absenteeism, exclusion or special educational need of depressed children compared to 

peers. Similarly, no studies have investigated all-cause admission or all-cause mortality; 

however, increased risk of injury admission for depressed children compared to peers has 

been reported 230,231. To the best of my knowledge, no studies comparing educational or 

health outcomes for depressed children and unaffected peers have analysed population-

wide data or adjusted for maternal confounders or increased absenteeism. Furthermore no 

previous studies have investigated multiple educational and health outcomes and none 

have previously been conducted in the UK. Additionally several previous studies have 

experienced limitations such as small sample size 219-221.
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3 Data providers, data sources and governance 

3.1 Linkage infrastructure in Scotland 

Record linkage techniques enable multiple records, pertaining to the same individual but 

held across multiple datasets, to be brought together 232. Where common unique identifiers 

relating to an individual exist across each dataset, records can be easily combined using 

exact matching. However, in the absence of unique identifiers, probability matching 

techniques are employed using person identifiers in order to calculate the likelihood that 

records across different datasets belong to the same person 233-235. Typical identifiers used 

are name, date of birth, sex and postcode; therefore, holding identifiable information 

enables record linkage to produce rich datasets for research purposes and patient based 

analyses with wide applications in epidemiological research and public health 234-236.  

Scotland has some of the best health data compared to other countries and an excellent 

infrastructure for performing record linkage due to historic and ongoing collection of 

routinely collected, high quality and well-maintained national administrative datasets and 

continually evolving linkage methodology 236. Whilst record linkage has historically 

brought together health datasets, recent developments have focussed on linking health data 

to data held across other sectors 237. The determinants and outcomes of health extend 

beyond the health sector 2,3 and therefore linking data across different sectors provides an 

invaluable resource for epidemiological research.  

3.1.1 Farr Scotland 

This PhD was undertaken under the auspices of the Farr (Scotland) Institute which is part 

of the Farr Institute of Health Informatics Research 238. The Farr Institute is a UK research 

collaboration that is comprised of 21 institutions within academia and various other health 

partners. It aims to put the UK at the forefront of health informatics by delivering high 

quality and cutting edge research.  Farr (Scotland) is one of the four main Farr centres 

located across the UK and led by University of Dundee, University College London, 

University of Manchester and Swansea University. Farr (Scotland) is a joint collaboration 

between six Scottish Universities (Aberdeen, Dundee, Glasgow, Edinburgh, St Andrews 

and Strathclyde) and NHS National Services Scotland. It comprises a number of different 

work streams including one specifically on cross-sectoral record linkage and one on 

pharmaco-epidemiology. The cross-sectoral work stream aims to establish a number of 

novel cross-sectoral linkages and use these to undertake exemplar projects to demonstrate 

http://www.farrinstitute.org/centre/Scotland/3_About.html
http://www.farrinstitute.org/centre/London/6_About.html
http://www.farrinstitute.org/centre/CIPHER/34_About.html
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the feasibility and utility of research based on cross-sectoral data. The linkage of education 

data to prescribing data supported collaborative research between the Farr cross-sectoral 

linkage and pharmaco-epidemiology work streams. 

3.1.2 NHS National Services Scotland 

NHS National Services Scotland (NSS) is a non-departmental government body which 

provides national strategic support services and expert advice to NHS Scotland 239. NSS 

works closely with other NHS organisations, particularly the fourteen health boards, in 

order to deliver effective healthcare to patients and the public and it is accountable to the 

Scottish Government. Information Services Division (ISD) is part of NHS NSS and 

collects a wide range of health related administrative data on its behalf. It supports NHS 

Scotland and the Scottish Government by providing health information and intelligence 

and statistical services. Nationally collected, high quality and well-maintained national 

administrative datasets and the ability to link these together using sophisticated record 

linkage techniques ensure that Scotland has excellent health data resources. ISD has played 

a pivotal role in record linkage related research over many years with a service dedicated 

to linking data for research purposes. The electronic Data Research and Innovation Service 

(eDRIS) is the current name for ISD’s record linkage service which assists the research 

community by providing expert advice, linking data and providing data access in a secure 

environment.  

3.2 Data sources 

All of the education data for the project were held by ScotXed (Scottish Exchange of 

Educational Data) 240 which is part of the Education Analytical Services Division within 

the Learning and Justice Directorate of the Scottish Government. Health data of interest for 

the project were held within ISD. The key datasets that were used in the study are 

described in sections 3.2.1 and 3.2.2. 

3.2.1 Education data 

ScotXed holds national level education data across various datasets including pupil census 

data, exam results, attendance (absence and exclusion) data and school leaver data. All 

datasets contain a pupil specific Scottish candidate number (SCN) and a range of pupil 

identifiers. Pupil census data are collected annually, in September, to coincide with the 

start of each new school year, by all local authority maintained primary, secondary and 
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special schools in Scotland 241. It includes individual level data for all children who are 

currently at school from first year of primary school (P1) through to final year of 

secondary school (S6). The pupil census contains various data including whether each 

pupil has a special educational need (SEN) during a particular school year. The Scottish 

Qualifications Authority (SQA) 242 holds examination attainment data for all 

schoolchildren sitting exams at Scottish schools and these data can be linked to the pupil 

census using the Scottish Candidate Number for each pupil. ScotXed’s pupil leaver 

destination dataset contains information on pupils’ employment or educational status 6 

months after leaving school 243,244. Attendance (absence and exclusion) data are submitted 

at the end of each school year and contain full attendance histories for each pupil over the 

previous academic year. Numbers of authorised and unauthorised absences and reasons for 

absence are recorded. Similarly, numbers of exclusions and length of exclusion are 

recorded where children have been excluded from school for unacceptable behaviour. 

Children attending private schools are not included: however, less than 5% of Scottish 

schoolchildren attend private schools 245. Therefore the pupil census achieves more than 

95% coverage of children attending school in Scotland. These datasets are summarised in 

Table 6. 
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Table 6 Summary of education datasets 
 

 

3.2.2 Health data 

Information Services Division (ISD) 246 holds information relating to all medicines 

dispensed in the community in Scotland within its prescribing database known as the 

Prescribing Information System (PIS). Prescribing information is supplied to ISD by the 

Practitioner Services Division (PSD) which is responsible for the processing and pricing of 

all prescriptions in Scotland. Most drugs on PIS are prescribed by general practitioners, 

with the remainder prescribed by other authorised healthcare professionals such as nurses 

and dentists. Drug prescriptions issued in hospitals and dispensed in the community are 

included; however prescriptions dispensed within hospitals are not. These data are 

augmented with information on prescriptions written in Scotland and dispensed elsewhere 

in the UK. Prescribing data have been collected since 1993 however PIS data have only 

become linkable to other datasets from 2009 onwards when CHI recording on the 

prescribing data exceeded 90%. The Community Health Index (CHI) database is a register 

of all patients in NHS Scotland; CHI numbers are recorded on health datasets, are unique 

Dataset 

name

Purpose/Description Years collected Typical data provided

Pupil Census Collected annually for 

all local authority 

maintained primary, 

secondary and special 

schools in Scotland

2006 onwards Individual data for all children who are 

currently at school from first year of 

primary (P1) through to final year of 

secondary (S6) including children in 

special schools. Includes demographic 

and personal details, school attended, 

stage of education, looked after status, 

free school meals, special educational 

need, level of English.

Scottish 

Qualifications 

Authority 

(SQA)

Examination attainment 

data for all school 

children in Scotland

2006 onwards Exam results from fourth year (S4) 

through to sixth year (S6) of 

secondary school. Course subject and 

grade awarded.

Pupil leaver 

destination

Information on pupils’ 

destination 6 months 

after leaving school

2006 onwards Employed or unemployed, in higher 

education or training.

Attendance 

(absence and 

exclusion)

Full attendance, 

absence and exclusion 

history for each pupil 

over the previous 

academic year

2006 - 2010 and 

2012

Number of days absent, reason for 

absence, number of exclusions, reason 

for exclusion, length of exclusion.
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to each patient, and enable patient records to be linked together across different health 

databases 247. 

ISD’s Scottish Morbidity Database holds permanently linked datasets relating to acute 

hospital admissions, psychiatric admissions and death registrations in Scotland from 1981 

onwards. Records pertaining to the same person are permanently linked together to form 

groups of records relating to the same patient across all datasets. The Acute and Inpatient 

Day Case dataset, known as Scottish Morbidity Record 1 (SMR01), collects episode level 

data on all inpatient and day case discharges from acute specialities in Scottish hospitals. 

The Mental Health Inpatient and Day Case dataset (SMR04) collects episode level data on 

patients that are receiving care at psychiatric hospitals. Finally, National Records of 

Scotland (NRS) death registrations are submitted to ISD and contain an up to date record 

of all deaths occurring in Scotland. All deaths must be registered within eight days by a 

Local Registrar. 

ISD holds a number of linked maternity and neonatal datasets within its Maternity and 

Neonatal Linked Database. This contains obstetric histories relating to all mothers giving 

birth in Scotland from 1975 onwards together with linked records relating to all of her 

offspring. Records pertaining to the same mother and all of her offspring are permanently 

linked together in patient groups. The Maternity Inpatient and Day Case dataset (SMR02) 

collects episode level data every time a mother is admitted for any type of obstetric event 

including giving birth and admissions for pregnancy related morbidity such as pre-

eclampsia. It includes information on both the mother and her offspring. These datasets are 

summarised in Table 7. 
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Table 7 Summary of health datasets 
 

 

3.3 Governance and approvals 

Education data have previously been linked to SMR02 obstetric data to investigate the 

association between birth outcomes such as birth weight and gestational age and risk of 

SEN 16,17. Previous studies have also sought approval to link PIS prescribing data to 

SMR01 and SMR02. This study, however, was the first in Scotland to link education 

records to PIS prescribing data. Furthermore, additional linkage of these datasets to acute 

and psychiatric hospital admissions, maternity data and deaths ensured that this linkage 

Dataset name Purpose/Description Years collected Typical data provided

Maternity 

Inpatient and Day 

Case dataset 

(SMR02)

Episode level data on 

all maternity events 

within obstetric 

specialties in Scotland. 

Contains data relating 

to mother and baby.

1975 onwards Mother’s data includes identifiable information (date of 

birth, name, postcode, CHI number), episode 

management information (date of admission/discharge, 

admission reason, admission type, discharge location, 

specialty), clinical information (diagnosis codes, 

operative procedure codes and dates), information on 

previous pregnancies and antecedents (parity, previous 

abortions, smoking status), pregnancy outcomes (mode 

of delivery, induced, duration of labour, stillborn, 

abortion) and demographic data (health board of 

residence/treatment, socioeconomic status).  Baby data 

includes gender, birth weight, gestational age, APGAR 

score, presentation.

Prescribing 

Information 

System (PIS)

Information relating to 

all medicines 

prescribed and 

dispensed in the 

community in 

Scotland.

1993 however PIS 

data only linkable 

from 2009 

onwards when 

CHI completeness 

exceeded 90%.

Patient identifiable information (date of birth, CHI 

number, sex), prescriber and dispenser details 

(location, organisation, geography), practice 

information, costs and drugs information (date 

prescribed/dispensed/paid, BNF drug codes) and 

information on prescribed items (drug name, 

formulation, strength, description, type, dose, quantity).

National Records 

of Scotland 

(NRS) Death 

Registrations

Record of all deaths in 

Scotland

1981 onwards Identifiable information (date of birth, name, postcode, 

CHI number), all main and secondary causes of death, 

date of death, date of registration and demographic 

data (health board, socioeconomic status).

Acute and 

Inpatient Day 

Case dataset 

(SMR01)

Episode level data on 

all inpatient and day 

case discharges from 

acute specialities in 

hospitals in Scotland

1981 onwards Identifiable information (date of birth, name, postcode, 

CHI number), episode management information (date 

of admission/discharge, admission reason, admission 

type, discharge location, specialty), clinical information 

(diagnosis codes, operative procedure codes and dates) 

and demographic data (health board of 

residence/treatment, socioeconomic status).

Mental Health 

Inpatient and Day 

Case dataset 

(SMR04)

Episode level data on 

patients receiving care 

at psychiatric hospitals 

in Scotland

1981 onwards Identifiable information (date of birth, name, postcode, 

CHI number), episode management information (date 

of admission/discharge, admission reason, admission 

type, discharge location, specialty), clinical information 

(diagnosis codes, operative procedure codes and dates) 

and demographic data (health board of 

residence/treatment, socioeconomic status).
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was the first of its kind, enabling associations between childhood chronic disease and 

health and educational outcomes to be studied whilst controlling for a range of potential 

confounding socioeconomic, demographic, obstetric and maternal factors.  

Research projects requiring linkage of data to NSS health datasets or release of patient 

identifiable information must be approved by an appropriate governance panel. At the time 

of the study application, the NHS National Services Scotland Privacy Advisory Committee 

(PAC) was an advisory committee to the Board of NHS National Services Scotland (NSS) 

and to the Registrar General and provided advice on requests for the release of patient 

identifiable information held by Information Services Division (ISD) or National Records 

Scotland (NRS). PAC advised ISD and NRS on the correct balance between protecting 

personal data and making data available for research, audit and other important uses and 

ensured that any information releases were carefully controlled. The PAC has since 

merged with several other governance panels, such as National Caldicott Guardians and 

the Community Health Index Advisory Group (CHIAG), to form a new overarching Public 

Benefit and Privacy Panel (PBPP) for Health and Social Care 248. In addition to PAC, now 

PBPP, approval, several other governance measures need to be in place particularly for 

large scale complex research projects which involve multiple linked datasets. The various 

approvals that were needed for this project are explained next. 

3.3.1 Privacy Advisory Committee approval 

An application to the NHS National Services Scotland Privacy Advisory Committee (PAC) 

seeking permission for the linkage of education data held by ScotXed to health data held 

by NHS National Services Scotland (SMR01/02/04, deaths and prescribing) was approved 

in September 2014 (Reference: 51/13). PAC requires permission from all data controllers 

to be granted before it considers linkages to health data and also requires approval from an 

appropriate ethics body where deemed necessary.  

3.3.2 NHS ethics approval 

This PhD was an extension to a previous linkage of ScotXed pupil census data, SQA 

examination data and SMR02 data which examined the association between obstetric 

practice and pregnancy complications and subsequent educational outcomes 16,17. The NHS 

West of Scotland Research Ethics Service confirmed that NHS ethics approval was not 

required previously, or for this thesis, as no identifiable data were transferred to the 
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University of Glasgow. Since this study involved linkage of routinely collected data with 

an acceptably negligible risk of identification, PAC approval was all that was required.   

3.3.3 Data sharing agreement 

This study linked patient information held across several administrative health datasets 

within ISD with externally held data controlled by the Scottish Government (ScotXed 

education). Whilst the application to PAC could approve the overall study, it could only 

authorise Glasgow University to receive data controlled and held by ISD Scotland within 

NSS. The PAC approval could not authorise Glasgow University to receive ScotXed data 

without permission from ScotXed as these data were controlled by the education 

department of the Scottish Government (SG). Additional data sharing agreements were 

therefore put in place. A data sharing agreement with ScotXed was developed to allow: 

education linkage identifiers to be provided to ISD; linkage to the CHI database; and 

education payload data to be released thereafter into the national safe haven for analyses.  

3.3.4 Data processing agreement 

ISD linked education data to health data on Glasgow University’s behalf and subsequently 

processed and stored the payload data in the national safe haven for me to analyse. 

Therefore a second data processing agreement was developed between Glasgow University 

and ISD.  

3.4 Safe haven, data storage and security 

Data were not transferred directly to Glasgow University. Instead, the eData Research and 

Innovation Service (eDRIS) 249 stored the data within the national safe haven for me to 

access and analyse remotely. Storing in a safe haven environment ensures that research can 

be done on sensitive data with minimum risk of disclosure by controlling who can have 

access, what data can be analysed and what outputs can be taken away. This provides a 

secure environment for the linkage, storage and analysis of personal data. Only approved 

researchers and the eDRIS research coordinator assigned to a study have access to data 

within the safe haven. The safe haven was accessed remotely via Cisco Systems VPN 

(virtual private network) Client; a software application for connecting to a network in a 

secure way. This was hosted by Citrix 250. The Citrix platform was configured to remove 

any functions not needed by end users e.g. internet access or uploading and downloading 

files. This meant that I essentially worked at a dummy terminal where no data could be 
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removed, copied or stored. All researchers with access to data are required by eDRIS to be 

named on the study’s PAC application form and to hold a current certificate of training in 

information governance, to be employed by or sponsored by an approved organisation and 

to complete and sign an eDRIS user agreement. This agreement specifies eDRIS user 

responsibilities along with sanctions and penalties for any breaches. 

All analyses were completed within the safe haven and outputs were disclosure checked 

for anonymity prior to release. An eDRIS research coordinator accessed the safe haven to 

carry out statistical disclosure control on all outputs in order to prevent any accidental 

disclosure and to ensure that individual level data or results with small frequencies, 

typically less than five, were not released. Only disclosure controlled outputs were 

transferred to me. The national safe haven environment was initially provided by NSS via 

Atos Origin Alliance (AOA) which provided the secure environment for NHS Scotland 

applications at the time. ISD provided the indexing service and all study data were 

transferred from data providers to the safe haven using ISD’s secure file transfer protocol 

(SFTP) facility. Approximately half way through the study, the Edinburgh Parallel 

Computing Centre (EPCC) 251 based at Edinburgh University assumed responsibility for 

the safe haven environment and provided this service in place of AOA. 
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4 Methods 

4.1 Creating the study cohort using linked data 

Whilst education data were available from 2006 onwards, prescribing data were only 

available for linkage from 2009 onwards. Therefore only education records from 2009 

onwards were considered for analyses. The ScotXed school census therefore provided data 

on all children attending local authority schools (including special schools) in Scotland 

between 2009 and 2013. These children were predominately between the ages of 5 and 18 

years and the majority of pupils had data across more than one school year. In order to 

study the association between childhood chronic disease and subsequent educational and 

health outcomes, all children on the school census were linked to the PIS, SMR01, SMR04 

and NRS deaths. By linking pupils to their mothers’ SMR02 maternity records, the cohort 

was limited to children born in Scotland and attending school in Scotland.      

Chronic conditions of interest were identified by linkage to cashed medications recorded 

on the PIS. Whilst many medications can have multiple indications, some are used 

primarily or exclusively to treat one condition. For example, children with type 1 diabetes 

are treated exclusively with insulin whilst children with ADHD are treated with central 

nervous system (CNS) stimulants. Other examples are anti-epileptic medication and 

antidepressants, used to treat epilepsy and depression respectively, and bronchodilator and 

steroid inhalers, which are used to treat asthma. Whilst various caveats apply, and these 

will be discussed in due course, in theory children in receipt of these drugs can be reliably 

assumed to have these conditions. Furthermore, all of the above childhood conditions can 

plausibly be expected to have a negative impact on one or more health or educational 

outcomes such as attainment, absence, exclusion, SEN and unemployment. I aimed to 

identify children with epilepsy, asthma, ADHD, depression and diabetes through PIS 

records of relevant cashed drugs. PIS provided good CHI coverage from 2009, therefore 

investigation of medications taken by children as a proxy for disease were limited to 

prescriptions cashed from 2009 onwards. For children receiving prescriptions, only 

prescriptions of interest were requested from the PIS database: drugs prescribed for 

diabetes, asthma, epilepsy, ADHD or depression. Children were linked to hospital 

admissions (SMR01/SMR04) and deaths to investigate non-fatal and fatal health outcomes. 

SMR01 and SMR04 provided information on any childhood morbidity resulting in acute or 

psychiatric hospital admissions. Linkage to SMR02 provided information on obstetric and 

birth outcomes and maternal antecedents allowing the analyses to be adjusted for potential 
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or known pregnancy and maternal confounders. The outcomes available as a result of the 

above linkages included:  

 ScotXed/SQA – SENs and reason for this; absence, and exclusion; examination 

attainment; unemployment  

 SMR01/04 – acute hospital admissions / psychiatric hospital admissions 

 Death certificates – cause-specific and all-cause mortality     

In addition to limitations set by the availability of particular datasets (e.g. PIS data only 

available from 2009 onwards), some of the outcomes of interest were also limited to 

particular subgroups. For example, school exams are only undertaken by older pupils in 

S4, S5 or S6.  Similarly, assessment of unemployment was limited to school leavers.  The 

main associations of the chronic conditions of interest were analysed adjusting for potential 

confounders, such as socioeconomic and demographics factors, outcomes at birth and 

maternal factors. Relevant interactions were tested and sub-group analyses were performed 

where appropriate. Sensitivity and mediation analyses were performed whereby attainment 

and unemployment were re-analysed after excluding children with SEN and adjusting for 

absenteeism. Final models were run including all diseases together to investigate whether 

the effects of each disease were independent of the other conditions.    

4.2 Primary linkage methodology  

Individual level education records held by ScotXed were linked to individual level health 

records held by NHS National Services Scotland (SMR01/02/04, deaths and prescribing). 

All of the health datasets contained patient Community Health Index (CHI) number. The 

CHI database is a register of all patients in NHS Scotland; the CHI number is a ten digit 

number unique to each patient and is only recorded on health datasets. No single body has 

responsibility for CHI and the fourteen health boards are the data controllers. The health 

sector uses the patient CHI number as a unique identifier which enables different health 

databases to be linked to each other, at an individual level, using exact matching.  

The education sector uses a different unique identifier, the pupil index, known as the 

Scottish Candidate Number (SCN), by which different education databases can be linked. 

At present, the two identifiers are not linked to each other therefore probabilistic matching 
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was used to link the education databases to the CHI register in order to attach a CHI 

number to each education record. ScotXed held full names for each pupil on their pupil 

census however they were not permitted to release them to a third party for linkage 

purposes. Pupil records from ScotXed were therefore probability matched against the CHI 

database using date of birth, sex and postcode of residence. This methodology has 

previously been validated and shown to be 99% accurate for singleton births 237.  

The linkage of education and health data was a two stage process. The initial probabilistic 

stage of the linkage was performed by eDRIS and produced a lookup file of each pupil’s 

Scottish Candidate Number (from education) and their corresponding CHI number (from 

health). This was subsequently used to obtain relevant health and education data via exact 

(deterministic) matching using CHI number and pupil SCN. The CHI-SCN lookup was 

held by the eDRIS indexer (indexing is a commonly used term for linking data together 

either deterministically or probabilistically). The full linkage process is shown in Figure 1 

and described in seven stages. 

Figure 1 Flow diagram for linkage of education to health data  
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Based on the diagram above, the specific linkage process for the project was as follows. 

1. ScotXed sent pupil specific linking identifiers (date of birth, sex, postcode of 

residence) and their corresponding Scottish candidate number to eDRIS to 

probability match against the CHI database. 

2. An eDRIS indexer probability-matched each pupil record against the CHI database 

to obtain a CHI number for each pupil where possible.  

3. The eDRIS indexer returned to ScotXed a list of the Scottish candidate numbers 

which had successfully linked to the CHI database along with a unique ID for each 

pupil. The Scottish candidate numbers were returned to allow ScotXed to append 

previously requested educational outcome variables, known as the payload data, 

from several different data schemes namely the pupil census (including record of 

SEN), SQA exam results, school leaver destination and absence and exclusion data. 

Similarly, the eDRIS indexer returned a list of the linked CHI numbers to the 

various health data providers (various analytical teams within ISD) along with a 

unique ID for each child. The CHI numbers were sent to each data provider to 

allow requested health payload data to be appended using CHI number. Health 

payload data included prescribing data (PIS), acute (SMR01) and psychiatric 

(SMR04) hospital admissions, deaths (NRS) and maternity records (SMR02). 

These IDs were unique for each pupil and unique for each data provider, for 

example different IDs were sent to ScotXed and to each of the data providers 

within ISD. 

4. Having used SCN to match the relevant education data to the unique IDs, ScotXed 

deleted the SCN’s and sent the unique IDs and education variables to the eDRIS 

Research Coordinator. Similarly, having used CHI number to match the relevant 

health data to the unique IDs, each health data provider deleted the CHI number 

and sent the unique IDs and health variables to the eDRIS Research Coordinator.   

5. A linkage key, held only by the eDRIS indexer, maintained all data provider 

specific IDs and an overarching study ID for each unique individual; known as the 

study index number. This linkage key was sent to the eDRIS linkage agent (a Java 

script within ATOS origin). Meanwhile, the eDRIS research coordinator forwarded 



4 Methods  71 

all education and health payload data and associated unique IDs to the eDRIS 

linkage agent.  

6. Health and education data were merged together by the eDRIS linkage agent using 

the various unique IDs and the overarching study IDs (study index numbers) within 

the linkage key forwarded by the eDRIS indexer.  

7. The data were then stored in the national safe haven in order for me to access and 

analyse. All submissions at each step were done via secure file transfer. I had 

remote access to the final linked health and education datasets held within the 

national safe haven.  

These steps ensured that all of the parties involved in the project could only access certain 

parts of the data and that no parties involved could ever access all of the data linked 

together. Table 8 illustrates which parties had access to which parts of the data. 

Table 8 Study involvement and access to data 
 

Data
Education data 

provider

Health data 

providers
eDRIS  indexer

eDRIS linkage 

agent
Researcher

SCN / unique ID key Yes No Yes No No

CHI / unique ID key No Yes Yes No No

unique IDs / overall study ID key  No No Yes Yes No

Health payload data No Yes No Yes No

Education payload data Yes No No Yes No

Linked health and education 

dataset with overall study IDs
No No No No Yes

 

Linkage was performed using probability matching techniques; therefore each pupil record 

was able to match to several different CHI records, with different linkage scores assigned 

to each potential match depending on how well identifiers agreed between the two records 

in question. In probabilistic matching, records are assigned overall linkage scores based on 

the level of agreement between individual identifying information on each record. A record 

linking with the highest linkage score is always accepted as the best match by the linkage 

algorithm and the next best match is called a ‘rival’ to that best link. Each pupil census 

record was assigned an ‘optimal linkage’ marker (0=unlinked; 1=linked) and a partition 

code (Table 9) during the linkage stage. The optimal marker described whether the pupil 
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census record had successfully linked to the CHI database. Records which didn’t link to 

the CHI database had no health information to analyse and were immediately discarded.  

The partition code was based on the linkage score and described the strength and quality of 

each match against the CHI database by providing information on the quality of each 

individual link and verifying how ‘close behind’ the next rival link lay. These codes 

allowed poorer quality rival links to the CHI database to be investigated and, where 

appropriate, be omitted. Partitions A-E described instances where a pupil record linked to a 

record on the CHI database with exactly the same date of birth, sex and postcode. Similarly 

partitions F-H described records that matched exactly by sex and date of birth and by the 

first six characters of postcode. Partitions I–J described records that matched exactly on 

sex and postcode but differed slightly on date of birth. Whilst rival matches to the main 

accepted link could vary in proximity from close to distant, in some cases there was no 

rival match at all, resulting in for example, assignment of partition matches A or F. 

Probability matching also allowed the possibility of two different pupil records linking to 

the same CHI record with exactly the same linkage score. In the case of tied matches, the 

first occurring CHI match was accepted as the true match and the second CHI match was 

discarded. An appropriate partition score was then assigned to the first linking record to 

highlight that a rival CHI at the same score existed. Such cases were highlighted by 

partitions E, H and K which represented tied matches. The absence of full pupil names or 

even initials reduced the quality of the linkage and increased the possibility of different 

pupils erroneously linking to the same CHI number during probability matching if they had 

identical or very similar dates of birth, postcode and sex. The most obvious case where 

pupils had identical dates of birth, postcode and sex was twins of the same gender living at 

the same address. Pupils linking to the same CHI resulted in additional, seemingly 

duplicate, records where two different pupils were given the same CHI number, and 

therefore subsequently the same study index number. Unique study index numbers were 

given to each pupil following the linkage of education data to health data and this study 

index number was common to each pupil across all of their education and health datasets.  
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Table 9 Partition code and description 
 

A Exact match, Unrivalled (next best score > 13 points below)

B Exact match, Rivalled (Distant: next best score 5.5 to 13 points below)

C Exact match, Rivalled (Intermediate: next best score 2.5 to 5.5 points below)

D Exact match, Rivalled (Close: next best score > 0 to 2.5 points below)

E Exact match, Rivalled (Tied match with another UPI)

F Close match (6 character postcode match), Unrivalled (next best score > 12 points below)

G Close match (6 character postcode match), Rivalled (next best score > 0 to 12 points below)

H Close match (6 character postcode match), Rivalled (Tied match with another UPI)

I Close match (match in 2 out of 3 DD/MM/YY), Unrivalled (next best score > 5.5 points below)

J Close match (match in 2 out of 3 DD/MM/YY), Unrivalled (next best score > 0 to 5.5 points below)

K Close match (match in 2 out of 3 DD/MM/YY), Rivalled (Tied match with another UPI)

L Match on link weight > 24 points, Unrivalled (next best score > 9 points below)

M Unlikely matches  

4.3 Data and secondary linkage methodology 

4.3.1 Education data 

Education records were provided by ScotXed as seven separate files which could be 

matched to each other and to the supplied linked health data using study index number. 

Pupil census data contained individual pupil records across five school census years; 2009 

to 2013. The other education datasets provided data pertaining to those census years. 

Attendance and exclusions data were not recorded in 2011 or 2013 due to a policy change, 

whereby from 2010 onwards these data were only collected every second year. Data on 

special educational needs (SEN) were recorded slightly differently prior to 2010 (section 

4.3.1.2.3) and were therefore provided as two separate datasets, namely (i) Reason for 

Support and (ii) Student Need. Attainment data from SQA and leaver destination data 

made up the collection of education datasets provided.  

The pupil census data formed the spine of the study cohort; therefore, records within all of 

the other datasets (both health and education) were appended onto the pupil census data. 

All of the datasets, including the pupil census data, were initially quality checked and, 

where necessary, de-duplicated to allow data to be re-matched together in an appropriate 

way. Once this process was complete, the various education and health datasets were 

manipulated to include either one record per pupil overall or alternative ly one record per 

pupil within each school census year. These were then appended onto the pupil census data 

in a series of one-to-many matches using common study index number, or one-to-one 

matches using both the study index number and school census year. This process is 

explained in more detail in sections 4.3.1.1 and 4.3.1.2. Much of the initial data cleaning, 
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data manipulation and re-linkage of data files were undertaken using SPSS version 21. 

Later data manipulation, recoding and analyses were undertaken using Stata MP version 

14. 

4.3.1.1 Cleaning the pupil census data and matching of linked education 
data  

Pupil records which failed to link to the CHI database (i.e. optimal=0) were supplied as 

part of the pupil census dataset but were immediately excluded from the analyses because 

they had no corresponding linked health information to analyse. Records which did link to 

the CHI database but which did not have an associated SMR02 birth record were also 

excluded. These steps limited the analyses to only children born in Scotland. Records 

without an SMR02 were excluded because final models were adjusted for a number of 

obstetric factors and this was not possible in the absence of those variables. Each pupil 

census record also had a corresponding ‘partition score’ produced during the linkage 

detailing the strength of the match against the CHI database. This was required to enable 

investigation of duplicate records within the pupil census data and potential bad links to the 

CHI database. 

The pupil census is recorded annually, in September, at the start of every new school year 

and produces one record for each pupil currently attending a local–authority primary, 

secondary or special school in Scotland. Whilst each census year should contain one record 

per pupil, several duplicate records were present within census years in the supplied pupil 

census data. Some of these records were identical duplicates where all data items were the 

same on each record. Other duplicate pairs had the same study index number, census year 

and date of birth but had different values across other variables. These duplicates occurred 

for two reasons: 

1. Records with duplicated study index number, census year and date of birth most 

likely occurred due to different pupils erroneously linking to the same CHI number 

if they had same sex and identical or very similar dates of birth and postcode. 

Identical study index numbers, for example, were present for same sex twins living 

at the same address. 

2. Records duplicated on all data items, could also occur for the reason above but 

were more likely records that were erroneously duplicated on the original recording 

of the pupil census data. 
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The pupil census dataset was de-duplicated before proceeding with any analyses. The 

majority of pairs of duplicate records had partition scores E or H indicating that these 

records most likely belonged to sets of twins. In the absence of full names, each of these 

records would have simultaneously linked to two different CHI numbers at the same 

linkage score in the CHI database. However, in both cases, the first CHI number, and 

therefore the same CHI number, on the CHI file, would have been accepted by the linkage 

algorithm as being the correct match.  The second of the two CHI numbers in each case, 

the tied rival CHI match, would have been discarded therefore leaving each twin linking to 

the same CHI but with only one link being correct. In the absence of full names, and in 

light of the resultant inability to accurately match same sex twins or higher order multiples 

living at the same address, I restricted the study cohort to singleton births. This was done 

by selecting all school records where the corresponding linked SMR02 maternity record 

indicated a singleton birth child. Residual records with partition score E or H were then 

excluded, regardless of whether they were part of a duplicate pair, as there was no way of 

deciphering which of these remaining twins had been assigned the correct CHI number and 

which one had been wrongly assigned.  

All other instances where duplicated records contained the same partition were also deleted 

because it was impossible to choose the correct link. Occurrence of these duplicate 

partition scores similarly indicated residual twins, siblings or alternatively different 

children with very similar identifiers matching to the same CHI number with varying 

quality of rival matches being flagged. For duplicates that had different partitions, the 

record with the best partition was retained and the remaining duplicates were deleted. This 

scenario occurred where two different pupil records linked to the same CHI record but one 

linked at a higher score than the other. Finally, some residual exact duplicates were 

deleted. The pupil census data provided information on pupils’ school stage and this 

ranged from P1 (first year of primary school) through to S6 (final year of secondary 

school) with stage coded as SP for children attending special schools. In order to strictly 

limit the cohort to pupils between first year of primary school and final year of secondary 

school and those attending special schools, a small number of pupils with the following 

additional codes were excluded from the cohort: AD (adult learner), S7 and S9. Finally 

some of the pupils on the school census were older than 18 years or younger than 5 years. 

Whilst most children start school at five years it is not uncommon for a child to start school 

aged four. Similarly, whilst most pupils have left school by 17 or 18 years of age, it is 

possible that some, through perhaps grade retention, may leave at 19. Records with ages 

less than 4 years or greater than 19 years were omitted.  
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All records relating to the same pupil were given the same study index number during the 

linkage process. However, several records with the same index number had more than one 

date of birth recorded across different school census years. These discrepancies either 

occurred due to: residual bad links, where two different pupils on the school census had 

linked to the same CHI number and been given the same study index number; or due to a 

legitimate link where the pupil had one or more erroneous dates of birth recorded within 

their set of school census records. In cases where different dates of birth existed for the 

same pupil across different school census years I cross referenced the date of birth on each 

pupil census record against the date of birth recorded on the corresponding linked SMR02 

record. The SMR02 record goes through regular quality checks and is deemed to be very 

accurate 252; therefore, in cases where the dates of birth differed, but were within one year, 

the birth date on the pupil census was replaced with the SMR02 date of birth. Records 

where the dates of birth were more than a year apart were deemed to be residual poor links 

and were excluded.   

All of the measures described above aimed to make the final datasets as clean and free of 

linkage errors as possible though some imperfections remained. For example, a few pupils 

had gaps in their recorded school census years between 2009 and 2013. Whilst some of 

these gaps may have been genuine, others could be attributed to inconsistencies within 

large scale administrative data. Pupils who had gaps in their recorded school census years 

were not treated differently and their records were analysed similarly to other pupils in the 

cohort. 

4.3.1.2 Cleaning and matching the linked education data files 

After removing duplicates and erroneous links to reduce the pupil census cohort to one 

record per pupil per census year, the next step involved creating a file of study index 

number, census year and unique record ID to be matched against all of the other education 

datasets. Whereas unique pupil IDs were created at the linkage stage and were used to 

create a study index number for each pupil, unique record IDs, supplied by ScotXed, were 

unique for every single record in the pupil census dataset regardless of whether or not they 

pertained to the same pupil. This step enabled pupil records, deleted from the pupil census 

file, to be deleted from the other education files too, thus reducing duplicate records and 

bad links in these datasets. Each of the other education files were then further cleaned and 

manipulated before being matched back to the full pupil census file. This process is 

illustrated in Figure 2. 
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Figure 2 Cleaning the pupil census data and associated health and education data file  
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was expected that this would significantly reduce the number of duplicate records in these 

datasets. Whilst this was indeed the case, a small number of residual duplicate records had 

to be deleted.  

After removing duplicate records and bad links, each education dataset went through 

further data manipulation to make them suitable for appending to the pupil census. The 

absence, exclusion and SEN data were reduced to summarised datasets containing one 

record per pupil per census year and then appended onto the pupil census using study index 

number and census year. Similarly, the attainment and leaver data were reduced to 

summarised datasets containing one record per pupil and appended onto the pupil census 

using study index number (Figure 2). This matching process is described in sections 

4.3.1.2.1 through 4.3.1.2.5. 

4.3.1.2.1 Absence data 

Attendance data were recorded at the time and then collated at the end of every school year 

by the school. Absence data used to be recorded annually; however following a policy 

change by the Scottish Government in 2010, these data were recorded every two years 

thereafter but only for the second year 253. Absence data were therefore only recorded in 

census years 2009, 2010 and 2012. Despite this limitation, three years of absence data were 

still available for this project. The cleaned absence dataset contained one record per pupil 

per census year and each record consisted of several attendance and absence categories 

with a corresponding number of half days recorded against them. The absence data 

contained: authorised absences such as late starts, sickness, work experience and 

authorised family holidays; and unauthorised absences such as truancy, temporary 

exclusion and unauthorised family holidays. Guidance says that absence should be 

recorded as unauthorised until an explanation, for example an appropriate sick note, is 

given. All types of authorised and unauthorised absence were included in this thesis. The 

data also contained a summary of the total number of half days attended and the total 

number of half days which could possibly have been attended by the pupil throughout the 

whole census year.  

On discussion with ScotXed it was agreed that late starts and half days spent on work 

experience should be added to recorded attendances and that external leave which occurred 

with parental and school consent should be deducted from the number of possible 

attendances. The total number of full day absences per census year was the outcome of 
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interest and was calculated for each pupil as: Number of days absent = (Number of 

possible half day attendances – Number of actual half day attendances) /2 

Whilst the absence data contained several duplicates, none of these remained after 

matching the cleaned pupil census lookup file to the absence data to limit it to pupils on the 

cleaned version of the pupil census. Once the absence data were appended onto the full 

pupil census, an absence cohort was produced by firstly selecting only census years 2009, 

2010 and 2012 and then further selecting census records with a linked absence record 

(those with a non-blank attendance year). Attendance records are submitted for all 

children; therefore, only a small number of census records did not have a corresponding 

absence record and this was attributed to linkage limitations. Finally a small number of 

records which had the number of possible attendances recorded as zero were excluded 

from the analyses.  

4.3.1.2.2 Exclusion data 

Exclusion data were recorded at the time and then collated along with attendance data by 

the school at the end of every school year. Similar to attendance data, changes in policy 

meant that from 2010 exclusion data were also recorded every two years but only for the 

second year. Exclusion data were therefore only available for census years 2009, 2010 and 

2012. The dataset contained records pertaining to all children who had received one or 

more exclusions from school during census years 2009, 2010 or 2012 and provided start 

and end dates for each exclusion. The total number of exclusions within each census year 

was calculated for each pupil by aggregating the file by study index number and census 

year. Similarly the total length of exclusion throughout each census year was calculated by 

summing all individual exclusion lengths together for each pupil within each census year. 

After matching the pupil census look-up file to the exclusions data, the exclusions data 

were aggregated to contain one record per pupil per census year. Once the exclusions data 

were appended onto the full pupil census by study index number and census year, an 

exclusions cohort was produced by firstly reselecting only census years 2009, 2010 and 

2012 and then further selecting records with a linked exclusion record (a non-blank 

attendance year). Exclusion data and absence data were both recorded as part of the 

attendance dataset therefore including only those records with a non-blank attendance year 

ensured that pupils with no exclusions were genuinely non-excluded pupils as opposed to 

pupils on the census who just had not linked to their corresponding attendance record. 

Records with numbers of possible attendances recorded as zero were excluded. 
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4.3.1.2.3 Special educational need data 

Special educational need (SEN) data are recorded within the school census and children 

can be recorded as having more than one SEN in any given census year. SENs were 

recorded under a variable called ‘Reason for Support’ until 2010 and thereafter they were 

recorded under a variable called ‘Student Need’. The codes used were broadly consistent 

over the study period; however, some additional SEN codes were introduced post 2010 

which were not previously available. The SEN data were provided by ScotXed as two 

separate datasets in line with this change.  

Children have SEN if they are unable to benefit fully from school education without help 

beyond that normally given to schoolchildren of the same age 254. Both schools and local 

authorities have a statutory duty to identify children with SEN and provide support. 

Several recorded SEN codes were excluded from my definition because they were not 

relevant for the purposes of this particular study. Reasons for additional support excluded 

from the definition included interrupted learning, English as an additional language, looked 

after or more able pupils, young carer, bereavement, substance misuse, family issues, risk 

of exclusion, and reasons classed as other or not-disclosed. I included SEN attributed to 

learning disability, learning difficulty, sensory impairment, physical motor impairment, 

communication problems, autism, physical and mental health problems and social, 

emotional or behavioural difficulties. The full range of codes is shown in Table 10 

including those that classified the child as having a SEN and those that did not meet the 

definition. 
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Table 10 List of special educational need (SEN) categories, codes and descriptions 
 

 

The reason for support and student need datasets were merged to create one dataset 

containing all SEN codes between 2009 and 2013 and the pupil census lookup file was 

matched to this to include only those pupils on the cleaned pupil census file. The majority 

of the codes which were only recorded after 2010 were not relevant and were excluded 

from the dataset. However, children classed as having communication support needs were 

included in the analyses despite this reason only being incorporated into the data collection 

post 2010. Several duplicate records were initially present; however, these disappeared 

after matching the pupil census lookup file to the SEN data. Before the SEN data were 

appended onto the full pupil census data, the SEN data were reduced and manipulated to 

contain one record per pupil per census year. Having re-classified SEN codes as described 

above, the SEN data were aggregated by study index number and census year. The data 

were further manipulated to contain one row of data per pupil per census year with all SEN 

codes recorded in that year listed horizontally. The SEN data were appended onto the full 

pupil census by study index number and census year.  

SEN code SEN description Derived SEN group

10 Learning disability Learning disability

11 Dyslexia Learning difficulty

12 Other specific learning difficulty (eg  numeric)

13 Other moderate learning difficulty

20 Visual impairment Sensory impairment

21 Hearing impairment

22 Deafblind

23 Physical or motor impairment Physical motor impairment

24 Language or speech disorder Communication problems

44 Communication support needs*

25 Autistic spectrum disorder ASD

26 Social, emotional and behavioural difficulty Social, emotional and behavioural difficulty 

27 Physical health problem Physical health problem

28 Mental health problem Mental health problem

40 Interrupted learning Not classed as SEN

41 English as an additional language

42 Looked after

43 More able pupil

45 Young carer*

46 Bereavement*

47 Substance misuse*

48 Family issues*

49 Risk of exclusion*

98 Not disclosed/declared

99 Other
* code only included in student need dataset from 2010 onwards 
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Children were simply classed as having a SEN for the main analyses if they had a record of 

any of the SENs of interest in a given census year. Pupils with no SEN data or whose SEN 

code had been excluded were classed as not having a SEN. Specific SEN groups were also 

derived for subsequent analyses as highlighted in Table 10. Each SEN description was 

grouped into a broader SEN category to allow specific types of SEN to be investigated 

against each chronic condition. Children were classed as having each specific type of SEN 

if they had a record of any of the SENs of interest within that category in a given census 

year. Children with each of those types of SEN were compared against children who did 

not have any eligible SEN.  

4.3.1.2.4 Leaver destination data 

The leaver destination dataset contained data between 2009 and 2013. The pupil census 

lookup file was matched to the leaver destination dataset in order to omit pupils that had 

been deleted from the pupil census dataset; however, some duplicated records remained 

after this step. These were not exact duplicates as they differed either by leaving date, 

leaver status or both. Both records were deleted within all of these duplicated pairs as it 

was impossible to determine which record contained the correct information. The data 

were then aggregated by study index number to ensure that the dataset included one record 

per pupil. The data contained various codes classifying each pupil’s destination six months 

after leaving school. These were derived in order to form more manageable grouped codes 

as shown in Table 11. On discussion with ScotXed it was agreed to treat leaver status as a 

dichotomous variable detailing whether pupils had successfully moved into either 

education, employment or training. Failure to move into education, employment or training 

is described by the education sector as having NEET status 255. Leaver status was therefore 

categorised into two categories: 0= in education, employment or training (EET); 1= not in 

education, employment or training (NEET). 
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Table 11 Leaver destination category and associated NEET status 
 

sldr_status group NEET status

Activity Agreement Activity Agreement No

Employed Employed No

Employed - with Training Employed - with Training No

Employed - without Training Employed - without Training No

FE Further Education No

Further Education

Get Ready For Work Training No

HE Higher Education No

Higher Education

Part-time Employment Part-time Employment No

Training Training No

Voluntary Work Voluntary Work No

Voluntary work

Unknown Unknown Yes

Unemployed Unemployed Yes

Unemplyed Not Seeking Unemployed Not Seeking Yes

Unemployed - not seeking

unemployed - not seeking

Unemployed Seeking Unemployed Seeking Yes

Unemployed - seeking

Economically Inactive Economically Inactive Yes

Excluded Unknown - Exclude omitted from analyses

Moved Outwith Scotland Unknown - Exclude omitted from analyses

Unavailable - Ill Health Unavailable - Ill Health omitted from analyses  

4.3.1.2.5 Attainment data 

The attainment data provided by ScotXed contained exam information for a range of full 

exams, modules, sub-modules, single unit awards and group awards for all pupils attending 

school between 2009 and 2013. The data contained course codes, course names and overall 

course results including results for every course module and sub module. Group awards 

and single unit awards were also included. Only some of these records were needed; 

therefore, the first task involved deciding which course codes were of significance and 

which could be omitted from the data. The second task involved deciding how best to 

summarise each pupil’s attainment. For example, attainment could either have been 

analysed on a yearly basis or at the point of leaving school. The third task involved 

deciding how best to prepare a summarised attainment file from the original attainment 

dataset which could then be appended onto the full pupil census data. These tasks were all 
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inter-related as decisions on how best to structure and analyse the attainment data impacted 

how it would be cleaned and vice versa.     

Pupils normally sit exams in fourth, fifth and sixth year of secondary school, abbreviated 

as school stages S4, S5 and S6. Therefore, only pupils who reached these stages were 

included in the analyses. A small number of records in the attainment dataset had student 

stage coded as S3 (third year of secondary school); however, these records were excluded 

from the attainment dataset. Pupils in special schools were also omitted from the analyses 

because their actual stage at school could not be identified. These children had their school 

stage recorded as SP and therefore were easily identified within the census data. I could 

have analysed the attainment data on a yearly basis, assessing each pupil’s attainment at 

the end of each school term. Analysing the data in this way would have resulted in a 

longitudinal design and repeated measures on each pupil, whereby they would have 

contributed a minimum of one year and a maximum of three years of exam results to the 

analyses. An advantage of analysing the data in this way was that every year of exam data 

between 2009 and 2013 would have been eligible for analysis, regardless of school stage; 

therefore no additional data would have been omitted. The attainment measures that I 

planned to use, however, were designed to measure attainment on leaving school. These 

measures were provided by ScotXed and, on discussion, it was deemed that analysing 

attainment as a final measure on leaving school was a more relevant method.     

A second option involved analysing attainment as a summation of all attainment on leaving 

school. This option reduced the dataset to a one record per pupil cohort. Data were 

available until 2013; therefore, attainment for all pupils who had left school by this point 

would have been summarised. Analysing attainment on leaving school had a limitation 

whereby valid attainment records belonging to pupils who had not yet left school by 2013 

would not have been included in the analyses. A further limitation was apparent for earlier 

school leavers in the cohort. Pupils in S5 and S6 who left school in 2009 had attainment 

data pre-dating 2009 and this was not included in the dataset; therefore, these pupils were 

unable to contribute their full attainment data to the analyses. Similarly, pupils in S6 who 

left school in 2010 had attainment data pre-dating 2009. These particular subsets of pupils 

therefore would have to have been omitted from the analyses. Finally, a small number of 

pupils who had reached S6 did not have an accompanying leaver record. Solely basing the 

analyses on school leavers would have excluded these pupils from the analyses. The 

biggest limitation was that S4 and S5 leavers were not available for analyses in 2013 due to 
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the introduction of Curriculum for Excellence (a new examination system introduced 

across Scotland) 256. 

The favoured option involved analysing each pupil’s final summarised attainment at 2013. 

This also reduced the cohort to a one record per pupil model but had the advantage of 

including records for all pupils between S4 and S6 regardless of whether they had an 

official school leaver record. Records for S5/S6 pupils in 2009 and S6 pupils in 2010 still 

had to be omitted for the reasons given above. It also became apparent that I would have to 

omit some additional pupils to ensure that every child had the same opportunity to progress 

to S6 by 2013. This enabled them to contribute the same number of attainment years so as 

not to bias overall attainment. For example, pupils progressing through to S6 by 2013 

could contribute 3 years of attainment data whilst pupils in S4 or S5 in 2012 could only 

contribute one or two years respectively with naturally lower attainment as a result. The 

exposure for each pupil was therefore adjusted by excluding particular stage and year 

combinations. As a result, S4 pupils in 2012 and 2013 and S5 pupils in 2013 were omitted 

from the analyses. Many of the excluded records pertaining to S4 pupils in 2012 included 

valid school leavers and this was a limitation; however, I decided that this was the most 

consistent and unbiased analysis plan out of the three discussed. The full range of census 

years and school stages that contributed to the final attainment measures are described in 

Table 12.  

Table 12 Inclusion of pupils in attainment cohort by school stage and census year 
 

Census Year Stage

S4 S5 S6

2009 yes no no

2010 yes yes no

2011 yes yes yes

2012 no yes yes

2013 no no yes  

The pupil census look-up file was matched to the attainment data in order to omit pupils 

that had been deleted from the census dataset. Subject names (English, maths etc.) and 

Scottish Qualifications Authority (SQA) course level descriptions (standard grade, higher 

etc.) were then appended onto the attainment data using a look-up file as these were not 

provided by ScotXed. The ultimate aim was to produce a one record per pupil dataset 

containing an overall summarised attainment score for each pupil and this process is 

illustrated in Figure 3.  
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In order to create this file, the data were initially cleaned by selecting relevant attainment 

codes. The first stage involved limiting the data to include only pupils in S4, S5 and S6. 

Pupils in particular stages not permitted to contribute to the attainment calculation were 

then excluded from the attainment dataset.  The following pupils were omitted: S5/S6 

pupils in 2009; S6 pupils in 2010; S4 pupils in 2012; S4/S5 pupils in 2013. The data from 

ScotXed contained all examination information for all pupils sitting exams including main 

exam modules, sub modules, administrative examination codes, individual awards and 

group awards. Only some of the records provided were needed to enable the relevant 

attainment information to be derived. Several other records were excluded because they 

only provided attainment relating to, for example, sub-modules or components of main 

exam modules or administrative information on exams taken. Retaining these records 

would have resulted in erroneous counting of additional non-relevant attainment. Standard 

grade exams, for example, were recorded using four-character numeric codes but resulted 

in five separate pupil records, only one of which was relevant to this thesis. Records with 

codes ending in zero contained attainment information relating to the main exam of interest 

(e.g. 0300 biology) and were retained whilst records containing other numeric codes (e.g. 

0301-0304) related to attainment within exam components such as problem solving, 

knowledge and understanding and practical skills and were excluded from the attainment 

dataset. The other types of exam followed a similar pattern. Relevant course codes for all 

other types of exam (Intermediate 2 through to Advanced Higher) began with the letter C 

and these records were retained since they provided information on attainment from the 

main exam of interest. Records containing attainment within additional sub modules for 

these exam types began with the letters D, F and H and were deleted from the attainment 

data. Additionally, all records containing exam codes beginning with the letter X were 

deleted as these were external assessment codes for administration purposes and were not 

of interest for this project. A few records with course codes beginning with the letter ‘G’ 

remained and these related to group awards called Baccalaureate awards. The introduction 

of Curriculum for Excellence meant that a number of new Baccalaureate awards were 

introduced in 2013. To maintain consistency, I only retained Baccalaureate awards which 

were available across all of the census years during the study period. I therefore retained 

course codes relating to Baccalaureate awards in languages (G9CW), sciences (G9CX), 

social sciences (GE9W) and expressive arts (GE9X).     
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Figure 3 Process to clean the attainment data and create a summarised attainment dataset 
 

 

In order to identify successfully attained grades rather than failed exam results, only 

records with results which related to passes were retained. Pupils who passed their 

attainment were therefore flagged in the attainment dataset. Results which constituted a 

pass were represented by grades 1, 2, 3, 4, 5, 6, 77 (grade D at higher), P (pass) and D 

(distinction). Some records had exam result codes relating to failed attainment: 7 (grade 7 

for standard grade), 8 and 9 (no award), 999 (no attempt) and E (no result). A very small 

percentage of records (0.1%) had no corresponding result recorded for the exam and these 

records were omitted from the attainment data. All pupils who appeared on the attainment 

dataset and who had passed an exam in one or more relevant full courses (standard grade, 

higher etc.) were coded into four categories of attainment based on their number of awards 

attained and the quality of those awards. The quality of academic award was derived based 

on the result of each exam and the corresponding SQA level of the particular course. SQA 

levels included Standard Grade, Access 1-3, Intermediate 1-3, Higher and Advanced 

Higher. Each pupil’s exam results and the corresponding SQA levels for these results were 

combined to obtain a corresponding Scottish Credit Qualifications Framework (SCQF) 257 
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level for each award. SQA levels and results mapped to corresponding SCQF levels as 

shown in Table 13. The SCQF level of each award was used in a final algorithm to obtain 

an overall attainment score for each pupil. The file was then aggregated by study index 

number to produce one summarised attainment record for each pupil. Several variables 

were retained and new ones derived for use in this one record per pupil summarised 

dataset. The aggregated dataset contained the total number of attainments at each SCQF 

level for each pupil. This was used to derive an ordinal four-category attainment variable: 

1 (high); 2 (general/broad); 3 (basic); 4 (low). Children with more than one attainment at 

level SCQF 7 or three or more attainments at SCQF level 6 were coded as having high 

attainment. Children with more than seven attainments at SCQF level 4 or more than five 

attainments at SCQF level 5 or less than three attainments at SCQF level 6 were coded as 

having general/broad attainment. Children with five or more attainments at SCQF level 3 

or two or more attainments at SCQF level 4 or four or less attainments at SCQF level 5 

were coded as having basic attainment. Finally, children with one or more attainments at 

SCQF level 2 or less than five attainments at SCQF level 3 or less than two attainments at 

SCQF level 4 were coded as having low attainment. This mapping is summarised in Table 

13. 

Table 13 Algorithm to map SQA level and result to SCQF level and final four category 

attainment level 
 

 

The four-category measure of attainment was calculated based on pupils’ number of passed 

attainments within relevant courses as described above. This attainment measure therefore 

did not include pupils who had either failed all of the exams they had sat or had only 

passed very low attainment courses such as a single module. In order to identify pupils 

who had failed all of their exams, the final one record per pupil attainment dataset was 

appended onto an earlier version of the attainment data which contained all relevant 

SQA level code SQA level (result) SCQF level low basic broad high

8 Access 2 2 >=1

9 Access 3 3 <5 >=5

1 Standard Grade (foundation 5 or 6) 3

10 Intermediate 1 4 <2 >=2

1 Standard Grade (general 4 or 5) 4 >7

11 Intermediate 2 5 <=4 >=5

1 Standard Grade (credit 1 or 2) 5

12 Higher 6 <3 >=3

13 Advanced Higher 7 >=1

47 Baccalaureate 7

Attainment Level
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attainments regardless of result. Pupils with relevant attainment but without any passes 

were identified and given an attainment value equal to 9 and a summarised one record per 

pupil dataset was created. Both of these files were then appended onto the full original 

attainment dataset to identify remaining pupils who only had attainment records of a 

standard below those deemed to be relevant. These pupils were assigned an attainment 

category of 5 to highlight that they failed to achieve even the lowest level attainment. 

These three datasets each contained one record per pupil and were added together and 

appended onto the full pupil census dataset using study index number. Pupils with passed 

relevant attainment, failed relevant attainment and no relevant attainment were initially 

coded separately in order to allow me to discuss the number of pupils in each category with 

ScotXed and therefore sense check the data and decide how best to deal with pupils falling 

into the latter two categories. 

Once the summarised attainment data had been appended onto the pupil census, the 

specific census year and student stage combinations described in Table 12 were re-

selected. The census data contained one record per pupil per census year whereas the 

attainment data contained one summarised record per pupil. This introduced the problem 

of which values to use for variables such as age and deprivation category which could 

change across different census years as pupils grew older or moved house. The last census 

record for each pupil was selected and therefore the last recorded age and deprivation 

category was used in the analyses. Selecting the cohort in this way meant that pupils in 

special schools were omitted from the analyses as their specific stage at school could not 

be identified. Children who had relevant attainment but had failed all exams were excluded 

from the analyses. Children who had passed low levels of attainment were recoded into the 

lowest attainment category. Remaining children without any form of attainment record 

were excluded from the attainment analyses. Residual pupils who had no attainment 

records despite being of the correct age to sit exams possibly occurred for four reasons.  

1. Pupil was present on the initial September school census but left throughout the 

year and before sitting exams in the following May.  

2. Pupil had attainment records which were not recorded on the SQA dataset. This 

could occur where a pupil was present on the September school census but moved 

to a private non-local authority school during the school year before sitting exams 

within that setting. 
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3. Pupil had attainment which did not link to the census due to linkage limitations. 

4.  Pupil truly had no attainment because they did not sit any exams. 

4.3.2 Prescribing data 

4.3.2.1 Cleaning the prescribing data 

Prescribing data were provided by eDRIS and contained information on all medications 

prescribed from 2009 onwards for the chronic conditions of interest for this project namely 

diabetes, asthma, epilepsy, ADHD and depression. Only prescriptions pertaining to 

children present on the school census between 2009 and 2013 who had linked to the CHI 

database were provided. Furthermore prescibing data were only provided for medications 

likely to be prescribed for the chronic conditions specified above. Drugs likely to be 

prescribed for each of the chronic illnesses appeared in different sections of the British 

National Formulary (BNF) and children issued prescriptions within those BNF drug groups 

were defined as having those chronic conditions. After discussion with a pharmacist and 

clinical pharmacologist, all prescriptions within each of the following groups were 

provided by eDRIS. 

1. BNF Chapter 6 (Diabetes) 

2. BNF Chapter 3 (Asthma) 

3. BNF section 4.8 (Epilepsy) 

4. BNF section 4.4 (ADHD) 

5. BNF section 4.3 (Depression) 

The pupil census formed the spine of the cohort and, similar to the education datasets, the 

prescribing data were appended onto the cleaned pupil census data after duplicates had 

been removed and the data had been summarised in an appropriate way. The census look-

up file was linked to the PIS data to select only prescriptions relating to those children on 

the cleaned version of the school census. For this project, children were defined as having 

a chronic disease of interest in a particular census year if they received medication within 

the relevant BNF chapter/section during that census year and satisfied additional condition 
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specific criteria (section 4.3.2.2). Each prescription had a corresponding prescribing date 

and this was used to derive the calendar year in which the medication was prescribed. The 

school census is taken in September every year, therefore, for each census year, 

medications prescribed between the preceding January and the following December of the 

same year were used to identify children with a chronic illness of interest. The first and last 

census years that each pupil was present on the school census between 2009 and 2013 were 

calculated. Children’s first and last census years were compared against the calendar year 

of all of their respective prescription dates. Only prescriptions taken by pupils whilst at 

school were of relevance; therefore, medications prescribed before a pupil had started 

school or after a pupil had left school between the years 2009 and 2013 were excluded 

from the analyses. 

The prescribing data contained several prescribing records per pupil within each census 

year. Therefore the data were reduced to a one record per pupil per census year summary 

dataset before being appended onto the pupil census data by study index number and 

census year. This summarised dataset contained derived counts of numbers of relevant 

disease-specific prescriptions received by each pupil within each census year. Children 

who met the criteria outlined in section 4.3.2.2 were defined as having each chronic 

condition. This dataset also included yearly counts of other less-relevant medications 

prescribed to pupils within the same disease specific BNF chapters. Pupils who only 

received these types of medications were excluded from the study because it was hard to 

decipher whether or not they had the chronic condition of interest. This was done to ensure 

that children with each chronic condition were compared against a cohort of children not 

receiving any drugs prescribed for that condition. The process is explained in more detail 

in the relevant chronic disease sections (4.3.2.2.1 to 4.3.2.2.5). 

Prescribing data were appended onto the pupil census data using study index number and 

census year. Some pupils appeared to have a chronic illness marker in one year but not the 

next and vice versa. This occurred either because they truly had not received medications 

in certain years or due to linkage limitations. The chronic disease specific flags were 

therefore prospectively or prospectively and retrospectively assigned to pupil records for 

other census years as explained in section 4.3.2.2. 



4 Methods  92 

4.3.2.2 Identifying chronic illness using prescribing data 

4.3.2.2.1 Diabetes 

Children were defined as having diabetes in a given school census year if they cashed at 

least one prescription for insulin during the calendar year containing their school census 

date (yellow highlight in Table 14). Diabetes diagnoses were prospectively applied to all 

census years following a pupil’s first insulin prescription in the period 2009-2013. 

Children who were not issued with a prescription for insulin across any of the census years 

but who were prescribed metformin or ‘other’ drugs from BNF section 6.1.2 in at least one 

census year were excluded from the analyses comparing children receiving diabetes 

medication against children not receiving diabetes medication.  

Table 14 Prescriptions used to define diabetes  
 

 

BNF section Category Drug

6.1.1 Insulin Insulin Aspart

Insulin Detemir

Insulin Glargine

Biphasic Isophane Insulin

Biphasic Insulin Aspart

Insulin Lispro

Soluble Insulin (Neutral Insulin)

Isophane Insulin

Biphasic Insulin Lispro

Insulin Glulisine

6.1.2 Metformin Metformin Hydrochloride

6.1.2 Other not commonly used Pioglitazone And Metformin Hydrochloride

Vildagliptin And Metformin Hydrochloride

Gliclazide

Liraglutide

Glibenclamide

Exenatide

Sitagliptin

Pioglitazone

Glimepiride

Dapagliflozin

Repaglinide

Lixisenatide

Glipizide

Saxagliptin

Linagliptin

Tolbutamide

1
 received medications included in the definition of diabetes are highlighted in yellow
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4.3.2.2.2 Asthma 

Children were defined as having asthma in a given census year if they cashed either 

1. More than one prescription during the calendar year containing their school census 

date for an inhaled steroid prescribed with either an inhaled long acting or short 

acting beta agonist (yellow highlight in Table 15) 

2. More than one prescription during the calendar year containing their school census 

date for an inhaled steroid (green highlight in Table 15) and more than one 

prescription during the same calendar year for either an inhaled long acting or short 

acting beta agonist (blue highlight in Table 15) 

Asthma diagnoses were prospectively applied to all census years following the first year in 

the period 2009-2013 where conditions 1 or 2 above were met. Children who were issued 

with one or fewer prescriptions in 1 or 2 above in a given school census year or who 

received only leukotriene receptor antagonists (LTRA) or drugs within the ‘other not 

commonly used’ category in Table 15 were not defined as having asthma in that year. 

Children who did not satisfy conditions 1 or 2 in any of the census years but who were 

prescribed LTRAs or ‘other not commonly used’ drugs in at least one census year were 

excluded from the analyses comparing children receiving asthma medication against 

children not receiving asthma medication.  
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Table 15 Prescriptions used to define asthma 
 

 

  

BNF section Category Drug

3.1 Bronchodilators Short acting beta agonist Salbutamol

Terbutaline Sulfate

Salbutamol With Ipratropium

Fenoterol Hydrobromide

Long acting beta agonist Salmeterol

Formoterol Fumarate

Bambuterol Hydrochloride

Indacaterol

3.2 Corticosteroids Steroid Beclometasone Dipropionate

Fluticasone Propionate

Ciclesonide

Mometasone Furoate

Budesonide

Steroid with long acting beta agonist Budesonide With Formoterol Fumarate

Beclometasone Dipropionate And Formoterol

Fluticasone Propionate And Formoterol

Fluticasone Furoate And Vilanterol

Salmeterol With Fluticasone Propionate

3.3 Leukotriene receptor antagonist (LTRA) Montelukast

Zafirlukast

3.1 - 3.3 Other not commonly used Theophylline
1

Ipratropium Bromide
1

Tiotropium
2

Orciprenaline Sulfate
2

Ephedrine Hydrochloride
2

Aminophylline
2

Aclidinium Bromide
3

Glycopyrronium Bromide
3

Sodium Cromoglicate
4

Nedocromil Sodium
4

1
 received medications included in the definition of asthma are highlighted in blue, green and yellow

2
 from section 3.1 but not commonly used so classed as other

3
 from section 3.2 although not a corticosteroid 

4
 from section 3.3 but not commonly used so classed as other
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4.3.2.2.3 Epilepsy 

Children were defined as having epilepsy in a given census year if they cashed at least one 

prescription from BNF section 4.8 during the calendar year containing their school census 

date (yellow highlight in Table 16). Epilepsy diagnoses were prospectively applied to all 

census years following a pupil’s first prescription from BNF section 4.8 in the period 

2009-2013. No pupils were excluded from the analyses comparing children receiving 

epilepsy medication against children not receiving epilepsy medication.  

Table 16 Prescriptions used to define epilepsy 
 

 

 

BNF section Category Drug

4.8 All Sodium Valproate

Lamotrigine

Carbamazepine

Levetiracetam

Topiramate

Gabapentin

Clobazam

Pregabalin

Clonazepam

Ethosuximide

Phenytoin

Oxcarbazepine

Lacosamide

Midazolam Hydrochloride

Zonisamide

Phenobarbital

Rufinamide

Vigabatrin

Perampanel

Primidone

Stiripentol

Eslicarbazepine

Retigabine

Tiagabine

1
 received medications included in the definition of epilepsy are highlighted in yellow
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4.3.2.2.4 Attention deficit hyperactivity disorder 

Children were defined as having ADHD in a given census year if they cashed at least one 

prescription from BNF section 4.4 during the calendar year containing their school census 

date (yellow highlight in Table 17). ADHD diagnoses were prospectively and 

retrospectively applied to all census years in the period 2009-2013 if a pupil received at 

least one prescription from BNF section 4.4 in any census year. No pupils were excluded 

from the analyses comparing children receiving ADHD medication against children not 

receiving ADHD medication.  

Table 17 Prescriptions used to define attention deficit hyperactivity disorder 
 

 

4.3.2.2.5 Depression 

Children were defined as having depression in a given census year if they cashed at least 

one relevant prescription during the calendar year containing their school census date: a 

tricyclic antidepressant from BNF section 4.3.1; a selective serotonin reuptake inhibitor 

(SSRI) from BNF section 4.3.3; one of the serotonin norepinephrine reuptake inhibitors 

(SNRI) commonly classed alongside SSRIs namely mirtazapine or venlafaxine from BNF 

section 4.3.4 (yellow highlight in Table 18). Depression diagnoses were applied 

prospectively and retrospectively to all census years in the period 2009-2013 if a pupil 

satisfied the definition for depression in any census year. Children who did not satisfy the 

definition above across any of the census years but who were prescribed alternative 

medications from BNF sections 4.3.2 or 4.3.4 in at least one census year were excluded 

from the analyses comparing children receiving medication for depression against children 

not receiving medication for depression.  

  

BNF section Category Drug

4.4 Atomoxetine Atomoxetine

4.4 Stimulant Methylphenidate Hydrochloride

Dexamfetamine Sulfate

Lisdexamfetamine Dimesylate

1 
received medications included in the definition of ADHD are highlighted in yellow
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Table 18 Prescriptions used to define depression 
 

 

4.3.3 Maternity, hospital admission and death data 

4.3.3.1 Cleaning and matching maternity data to the pupil census 

Maternity records (SMR02) were provided by eDRIS for all pupils who had successfully 

linked to the CHI database and these were appended onto the cleaned pupil census data 

using study index number. The SMR02 data did not contain any duplicate records therefore 

no additional data cleaning was required to enable the data to be correctly appended onto 

the pupil census data. SMR02 records are generated every time a mother is admitted to an 

obstetric ward either to deliver a baby or for events pre and post-delivery. The SMR02 

records provided by eDRIS included maternity records for pupils on the pupil census. One 

SMR02 record is generated for each delivery regardless of the number of babies born; 

therefore twins and multiple births are presented on the same SMR02 record. Whilst 

BNF section Category Drug

4.3.1 Tricylic drugs Amitriptyline

Trazodone Hydrochloride

Nortriptyline

Imipramine Hydrochloride

Clomipramine Hydrochloride

Lofepramine

Dosulepin Hydrochloride

Doxepin

Trimipramine

Amitriptyline Hydrochloride With Perph

Mianserin Hydrochloride

4.3.3 Selective Serotonin Reuptake Inhibitors (SSRI) Citalopram

Fluoxetine

Sertraline

Escitalopram

Paroxetine

Fluvoxamine Maleate

Mirtazapine
2

Venlafaxine
2

4.3.2 and 4.3.4 Monoamine oxidase inhibitors and other Duloxetine

Flupentixol

Moclobemide

Reboxetine

Agomelatine

Phenelzine

Tranylcypromine

Tryptophan

1
 received medications included in the definition of depression are highlighted in yellow

2
 Serotonin Norepinephrine Reuptake Inhibitor (SNRI) from section 4.3.4 but commonly classed as an SSRI
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linking twins and multiple births to other datasets can sometimes be problematic, the pupil 

census data had been limited to singleton births during the original de-duplication process; 

therefore, the SMR02 records could easily be appended using study index number.  

Information from the SMR02 maternity records allowed the various multivariate analyses 

to be adjusted for a number of obstetric and birth factors and maternal antecedents. 

Maternity variables used in the multivariate analyses were maternal age, estimated 

gestational age, birthweight, maternal smoking during pregnancy, Apgar score, parity and 

mode of delivery. Several of these covariates were recoded and re-categorised and missing 

values were managed where appropriate. Maternal age at delivery was categorised into 

four groups namely: aged less than 25; 25-29; 30-34; and over 34 years. The definition of 

maternal parity is the number of times that a woman has previously delivered a live or 

stillborn foetus with an estimated gestational age greater than 24 weeks. Women who have 

never previously given birth are described as nulliparous. Parity was categorised as: 

0=nulliparous; 1=parous; 2=multiparous. Apgar score measured at 5 minutes evaluates the 

physical condition of a new born infant and is an acronym for: appearance, pulse, grimace, 

activity and respiration. Scores range between 1 and 10 and healthier babies have higher 

scores. This variable was categorised as 1-3, 4-6 or 7-10. Birthweight, gestational age and 

baby gender were used to derive age and sex specific birthweight centiles for the study 

population. Gestational ages less than 24 weeks were grouped together as were gestational 

ages greater than 43 weeks. Maternal smoking described whether the mother smoked at 

any point during her pregnancy and this was coded as yes, no or not known. Mode of 

delivery was categorised on SMR02 as: spontaneous vaginal delivery; cephalic delivery; 

assisted vaginal delivery; breech delivery; elective caesarean section; emergency caesarean 

section; other. Sociodemographic covariates used in the various multivariate models were 

recorded on the pupil census data. Demographic confounders included pupils’ age in each 

census year, pupil ethnicity and area deprivation derived from postcode of residence using 

the Scottish Index of Multiple Deprivation (SIMD) 258 for 2012 whereby pupils were 

allocated into general population quintiles. The SIMD is derived from 38 indicators across 

7 domains (income, employment, health, housing, geographic access, crime and education, 

and skills and training) using information collected for data zones of residence (median 

population, 769). Pupil age was categorised into three groups namely <11, 11-14 and >14 

years. Ethnic group was categorised into white, Asian, black/African/Caribbean, mixed, 

other and not known.  
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4.3.3.2 Cleaning and matching acute and psychiatric hospital admissions 
and deaths to the pupil census 

Acute hospital admissions (SMR01), psychiatric hospital admissions (SMR04) and 

mortality (NRS) data were provided by eDRIS for all children who had successfully linked 

to the CHI database. These datasets were used to provide health outcomes over follow up 

for pupils on the school census. School census data were available between 2009 and 2013; 

therefore mortality and admission data were also limited to include only data post 2009. 

The dataset supplied by eDRIS, referred to as the morbidity and mortality file from this 

point onwards, contained all acute and psychiatric admissions and deaths from 2009 

onwards.  

The school census look-up was matched to the morbidity and mortality file to identify 

subsequent admissions and deaths for pupils within the final de-duplicated and cleaned 

school census dataset. A series of files containing study index numbers and corresponding 

dates of first prescriptions within each chronic disease group were produced using linked 

pupil census and prescribing data and these were appended onto the morbidity and 

mortality file. This was done to enable identification of admissions and mortality for each 

child following their first relevant prescription in the period 2009-2013. First prescription 

dates were identified where pupils had received medication meeting the criteria for a 

diagnosis of diabetes, asthma, epilepsy, ADHD or depression based on the definitions 

contained in section 4.3.2.2. Children with no such diagnoses had no prescription dates and 

so admissions and mortality following their first school census date between the years 

2009-2013 were identified instead. The earliest school census date was 21st September 

2009 therefore admissions and deaths were censored on 21st September 2014 to produce a 

maximum follow up period of 5 years.   

Flags were produced to identify whether a pupil had been admitted to hospital or died over 

the follow up period and, where applicable, the date of their first admission and date of 

death were identified. The total number of all-cause acute (SMR01) and psychiatric 

(SMR04) hospital admissions were summed over the duration of the follow up period and 

added together for each child to produce a count of the total number of admissions to 

hospital. Similarly the total length of stay in hospital over the follow up period pertaining 

to all-cause acute and psychiatric admissions was calculated for each child.  Length of stay 

on SMR is coded as zero days if a patient is admitted and discharged on the same day; 

therefore, one day was added to each recorded length of stay in order to count day case 

admissions and hospital stays of less than one day.  
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This process was repeated to investigate risk of selected cause-specific admissions relating 

to each condition. This was done by identifying the most common cause of admission for 

each condition and following the same process for all-cause admissions described above. 

SMR01 and SMR04 record primary and secondary causes of admission using the 

International Statistical Classification of Diseases, 10th Revision (ICD10) 259 and include 

up to six diagnostic codes per episode. The primary diagnostic code is used as the indicator 

for cause of admission. The main causes of admission were investigated for pupils who 

had been defined as having each of the five chronic conditions. Each condition was then 

investigated to assess its impact on risk of cause-specific admission most commonly 

associated with that condition. The most common ICD10 recorded cause of admission for 

pupils defined as having each of the five chronic conditions were as follows: 

Diabetes: E00-E99 - Endocrine, nutritional and metabolic diseases; R00-R99 - Symptoms, 

signs and abnormal clinical and lab findings not elsewhere classified 

Asthma: J00-J99 - Diseases of the respiratory system 

Epilepsy: G00-G99 - Diseases of the nervous system 

ADHD: S00-T98 - Injury, poisoning and certain other consequences of external causes 

Depression: S00-T98 - Injury, poisoning and certain other consequences of external 

causes; F00-F99 - Mental and behavioural disorders 

Admissions related to abnormal clinical and lab findings not elsewhere classified (R00-

R99) were combined with admissions related to endocrine, nutritional and metabolic 

diseases (E00-E99). This was done because these types of admission often occur for 

diabetic children when they experience complications related to diabetic control.  

  



4 Methods  101 

4.4 Statistical methods 

4.4.1 Yearly educational outcomes (absences, exclusions and 
special educational need) 

After appending all of the education datasets to the main pupil census dataset by study 

index number or a combination of study index number and census year, five initial 

analyses files were produced, one for each educational outcome of interest from absences 

through to attainment. These contained all of the variables necessary and were in the 

appropriate format to conduct the various multivariate analyses. Pupil outcomes that were 

analysed on a yearly basis included number of absences, number of exclusions and record 

of SEN. These longitudinal datasets contained repeated measures on the same pupil across 

several census years dependant on how many years they attended school between 2009 and 

2013. Therefore appropriate analytical methods were chosen to account for the correlations 

between observations relating to the same pupil repeated across different years. 

Generalised estimating equations (GEE) were used because they accurately analyse 

longitudinal data by suitably accounting for within-subject correlation using a user-defined 

correlation structure and enable population averaged effects to be investigated 260-262. 

Residual clustering can be adjusted for using robust standard errors and I incorporated 

these into each of my analyses. 

4.4.1.1 Correlation structure 

Before performing the various generalised estimating equation models, the user written 

quasi-likelihood under the independence model criterion (QIC) 263 statistic was used to 

determine the most appropriate correlation structure between repeated measures for the 

same pupil. Several correlation structures were investigated namely stationary, non-

stationary, fixed, autoregressive, exchangeable and independent. Only independent, 

exchangeable and unstructured correlations were suitable descriptors of the datasets in this 

project because some pupils had less than two observations and observations were 

unequally spaced throughout time 260. The most appropriate correlation structure for each 

of the datasets was an independent structure. This was used when running the longitudinal 

generalised estimating equations for each of the yearly outcomes.  
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4.4.1.2 Generalised Estimating Equations 

Associations between sociodemographic and maternal characteristics of pupils and their 

chronic disease status (yes/no) were investigated via cross tabulations and p values. One of 

the assumptions of chi-square tests is that all observations or measurements are 

independent of each other. Therefore, chi-squared tests could not be used to investigate 

relationships within any of the longitudinal cohorts used in this thesis because they 

included repeated measurements on the same pupil across multiple census years. A series 

of univariate longitudinal generalised estimating equations were therefore employed to 

investigate associations between sociodemographic and maternal characteristics and 

chronic disease (yes/no). The chronic disease outcomes were dichotomous (yes/no) 

therefore I used generalised estimating equations with a binomial distribution and logit link 

function. Univariate generalised estimating equations with an appropriate correlation 

structure and an appropriate distribution were then performed to investigate the association 

between sociodemographic and maternity characteristics and each of the yearly outcomes 

(absences, exclusions and SEN). The distribution chosen was dependant on the nature of 

the outcome as described in sections 4.4.1.3 and 4.4.1.4. Univariate associations between 

sociodemographic and maternal characteristics and number of days absent from school 

were investigated using generalised estimating equations with a negative binomial 

distribution and log link function. For the purposes of creating initial demographic tables, I 

summarised exclusions by whether children had ever been excluded (yes/no) as opposed to 

summarising the number of exclusions per year. This was done because only 2% of the 

cohort had ever been excluded (section 4.4.1.3). Therefore, univariate associations between 

sociodemographic and maternal characteristics and whether pupils’ had any record of SEN 

or were ever excluded at school were investigated using generalised estimating equations 

with a binomial distribution and logit link function. 

Univariate longitudinal generalised estimating equations with an appropriate correlation 

structure and an appropriate distribution were next performed to investigate the impact of 

each chronic condition (yes/no) on each of the yearly outcome measures (absences, 

exclusions and SEN) as explained in sections 4.4.1.3 and 4.4.1.4. These models were next 

adjusted for sociodemographic confounders: age category, sex, SIMD 2012 quintile and 

ethnicity. I further adjusted the models for maternal confounders: maternal age, sex and 

gestation specific birth weight centile, estimated gestational age, mode of delivery, Apgar 

score, maternal smoking during pregnancy and parity. Univariate interactions with age 

category, sex and SIMD 2012 deprivation quintile were investigated for each chronic 
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disease status against each outcome. Where interactions existed, univariate and 

multivariate subgroup analyses by age category, sex and SIMD 2012 deprivation quintile 

were performed. Categories of variables believed to be at less risk of adverse outcomes 

were chosen as the reference category in all analyses. Children may experience more than 

one condition; therefore, I reran the final multivariate models including all conditions 

together. Each chronic condition specific analysis was therefore finally adjusted for 

presence of any of the other identified chronic conditions in addition to sociodemographic 

and maternal confounders. Where appropriate, output was tabulated and presented 

graphically in the form of forest plots. 

4.4.1.3 Absence and Exclusion 

The final absence and exclusion datasets each contained one record per pupil per census 

year. The predictors were presence of any of the five conditions of interest in turn. The 

outcomes were the number of days absent and the number of exclusions during a given 

census year. Both of these outcomes were count variables and therefore could be modelled 

using count data methods such as Poisson or negative binomial regression. Histograms of 

the number of days absent and the number of exclusions per census year were both 

observed and summary statistics were produced. It was apparent from these that the 

outcomes were more appropriately modelled by a negative binomial distribution because 

the mean and variance were not equal. Different pupils contributed different numbers of 

census years of data to the models depending on how many years they had attended school 

between 2009 and 2013. Children who contributed more census years of data had more 

opportunity to be absent or be excluded. Similarly, within each census year, pupils who 

had more possible attendances recorded had potential to have higher numbers of absences 

and more exclusion. An offset variable was therefore used in order to adjust for the 

exposure time for each pupil. The number of possible attendances per school term was 

used as an appropriate offset variable since absences and exclusions were analysed on a 

yearly basis and this adjusted for differing exposure times for each pupil within each 

census year. Generalised estimating equations with an independent correlation structure, a 

negative binomial distribution and a log link were employed using the xtgee command in 

Stata to investigate each chronic condition against the respective outcomes of number of 

absences per census year and number of exclusions per census year.  

Around 98% of the cohort had never been and excluded and therefore, given the very high 

percentage of children with no exclusions, alternative methods of analysing the exclusions 
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data were considered. These included using a zero-inflated Poisson (ZIP) or zero-inflated 

negative binomial (ZINB) model. Both of these models can be used to describe count data 

with a large number of zero counts but cannot be used when employing GEE analyses 

within a repeated measures framework. I also considered whether to re-categorise 

exclusions into a dichotomous variable detailing whether a pupil had ever been excluded 

(yes/no) during a particular census year. I finally considered analysing the number of 

exclusions as a categorised ordinal variable with an upper cut off: 0, 1, 2, 3, 4, or 5 or more 

exclusions. However, I concluded that re-categorising exclusions in both of those ways 

would lose valuable information on the distribution of exclusions. Secondly, whilst only a 

small percentage of pupils had ever been excluded, the number of excluded pupils was still 

large due to the very large population cohort. Finally, the bigger issue, above zero 

inflation, was to adjust for within-subject correlation. The approach has been 

recommended by experts in the count data field 264. Therefore, despite the zero inflation, 

the exclusions data could be validly analysed using a negative binomial model. 

4.4.1.4 Special Educational Need 

Pupils were classed as having a SEN in a given school year if any SEN had been recorded 

on their school census record for that year. SEN was therefore analysed as a yearly 

dichotomous binomial outcome (yes/no). Generalised estimating equations with an 

independent correlation structure, binomial distribution and logit link function were 

employed using the xtgee command in Stata to investigate each chronic condition against 

the outcome of SEN. The same analyses were repeated for different types of SEN: learning 

disability, learning difficulty, sensory impairment, physical motor impairment, 

communication problems, autism, physical and mental health problems and social, 

emotional or behavioural difficulties. SEN categories were not mutually exclusive 

therefore children could exist across multiple categories and be diagnosed with more than 

one SEN in the same census year. Pupils with each respective type of SEN were, therefore, 

identified and compared against pupils without any type of SEN. This enabled the impact 

of each type of SEN to be investigated against a common comparison group.   

4.4.2 Overall educational outcomes (attainment and 
unemployment) 

Pupil’s academic attainment and unemployment were analysed as one-off overall final 

outcomes across the full time period 2009-2013. The final leaver and attainment datasets 

contained one summary record per pupil; therefore repeated measures were not an issue 
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and standard data analyses were employed rather than longitudinal generalised estimating 

equations. Similarly, whereas the longitudinal datasets described in sections 4.4.1.3 and 

4.4.1.4, defined pupils’ chronic disease status on a yearly basis, pupils within the leaver 

and attainment datasets were defined as having a chronic disease if they were prescribed 

relevant drugs (section 4.3.2.2) at any point between 2009 and 2013. 

Chi squared tests for trends were performed to investigate the association between 

sociodemographic and maternity characteristics and unemployment. Spearman correlations 

and chi square tests for trends were performed to investigate the association between 

sociodemographic and maternity characteristics and attainment. Univariate logistic 

regression models were used to investigate the impact of each chronic condition (yes/no) 

on each of the one off outcome measures (attainment and unemployment). Unemployment 

was recorded as a dichotomous outcome: 0= in education, employment or training (EET); 

1= not in education, employment or training (NEET). Therefore binomial logistic 

regression was used to assess the impact of each chronic condition on unemployment. 

Attainment was analysed as an ordinal four-category measure: 1=high attainment; 

2=general/broad attainment; 3=basic attainment; 4=low attainment. Therefore, generalised 

ordinal logistic regression was used to assess the impact of each chronic condition on the 

level of final grade attainment 265. Ordinal logistic regression performs a series of binary 

logistic regressions at each ordered category, each time calculating the odds of higher 

categories occurring compared to that category combined with all lower categories for a 

given predictor variable or set of predictor variables. In the case of a four-category ordered 

outcome variable, the model returns the respective odds of: categories 2 or above occurring 

compared to category 1; categories 3 or above occurring compared to categories 2 or 

below; category 4 occurring compared to categories 3 or below. When the proportional 

odds assumption is met, these odds are all the same; however, when they differ the 

assumption is violated. The generalised ordinal logistic regression model therefore allows 

partial proportional odds to be fitted whereby proportional odds are met for some variables 

but not for others. I ran partial proportional odds models for each chronic condition using 

the gologit2 command in Stata and utilised the autofit option in order to formally test the 

parallel odds assumption for all variables in the models. I defined higher numbered 

categories to represent poorer attainment; therefore, a higher odds ratio within each 

attainment category represented worse attainment outcomes.  

The respective models were adjusted for sociodemographic confounders: age, sex, SIMD 

2012 quintile and ethnicity. Age categories (<11, 11-14 and >14 years) were included in 
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longitudinal models investigating absence, exclusion and risk of SEN because pupil ages 

ranged between 4 and 18 years. However, school leavers and children of attainment age 

only ranged between 14 and 18 years. Therefore these outcomes were adjusted using 

alternative measures of pupil age. Models were investigated including age in years as a 

continuous or discrete measure and the potential non-linearity of age was investigated 

using a quadratic age squared term. All of these models were assessed using the Akaike 

information criterion (AIC) and Bayesian information criterion (BIC) statistics in order to 

ascertain which model provided the best fit 266. Unemployment was most appropriately 

modelled using age as a discrete variable. Attainment was most adequately modelled using 

age as a continuous variable. I further adjusted the models for maternal confounders: 

maternal age, sex and gestation specific birth weight centile, estimated gestational age, 

mode of delivery, Apgar score, maternal smoking during pregnancy and parity.  

Univariate interactions with sex and SIMD 2012 deprivation quintile were investigated for 

each chronic disease status against each outcome. Where interactions existed, univariate 

and multivariate subgroup analyses by sex and SIMD 2012 deprivation quintile were 

performed. I did not investigate interactions with age because, whilst the full population of 

schoolchildren had ages ranging between 4 and 19 years, school leavers and children of 

attainment age only ranged between 14 and 18 years.  

Sensitivity analyses were performed whereby pupils with a recorded SEN were omitted 

from both the leaver destination and attainment cohorts and the various analyses were 

repeated. This enabled me to investigate whether any associations with poorer attainment 

and unemployment were due to the chronically ill children who also had SEN or whether 

associations also existed in chronically ill children even if they did not have a SEN.  

Furthermore, attainment and unemployment were investigated again after adjusting for 

number of days absent. This investigated whether absenteeism was a possible mediator in 

the association between each chronic condition and attainment and unemployment.  

Children may experience more than one condition; therefore, I reran the final multivariate 

models including all conditions together. Each chronic condition specific analysis was 

therefore finally adjusted for presence of any of the other identified chronic conditions in 

addition to sociodemographic and maternal confounders. Where appropriate, output was 

tabulated and/or presented graphically in the form of forest plots. 
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4.4.3 Health outcomes 

Children were followed up for a maximum of 5 years from 21st Sept 2009 until 21st Sept 

2014 for the following outcomes:  

1. First all-cause acute or psychiatric hospital admission 

2. First cause-specific acute or psychiatric hospital admission 

3. Total number of all-cause acute and psychiatric hospital admissions 

4. Total length of stay in hospital 

5. All-cause mortality  

The earliest possible entry date to the study for any child was the date of the 2009 school 

census (21st Sep 2009). However, the specific entry date and the age at entry were 

different for each pupil. Children without one of the five defined chronic conditions and 

children with ADHD and depression entered the study on the pupil census date of their 

first known school census year. Children with diabetes, asthma or epilepsy entered on the 

date of their first known prescription if this was after their first known census date. The 

maximum follow up period was five years until 21st Sept 2014 regardless of whether a 

pupil had left school within this period. Some children may have left school between 2009 

and 2013 with no prescriptions for any of the chronic conditions but subsequently received 

medications in the post school period. This study only investigated outcomes for pupils 

who received medication whilst at school therefore children who left school with no record 

of treatment for one of the chronic conditions were defined as not suffering from the 

condition. The follow up period varied for each pupil and ranged from one year to five 

years.  

4.4.3.1 Risk of admission and death over follow up 

Univariate and multivariate Cox proportional hazards models were initially used to 

investigate the impact of each chronic illness on risk of all-cause hospital admission, 

cause-specific hospital admission and all-cause mortality. Survival models typically use 

time from study entry as the time scale and adjust for age at study entry. However, age can 

be used as an alternative time scale 267. The latter is less commonly used; however, it is 



4 Methods  108 

increasing in popularity and the pros and cons of both methods have been discussed 

elsewhere with respect to investigating subjects entering a follow up study at different ages 

and different time points 268,269. 

Cox proportional hazards models require proportional hazards to hold if the point estimates 

and standard errors are to be robust. I ran univariate and multivariate Cox proportional 

hazards models for each chronic condition using time from study entry adjusted for age 

and then again using age and tested the proportional hazards assumption each time using 

the estat phtest command within Stata. For models investigating risk of admission, I 

initially defined time from study entry as the period elapsed between each pupils first 

school census date (for pupils who didn’t receive any prescriptions of interest) or first 

prescription date (for pupils who did receive a prescription of interest) during the study 

period, and the date of their first subsequent hospital admission within 5 years of follow up 

or the censor date of the study. Models investigating risk of death used the same methods; 

however, date of death was used instead of first subsequent date of admission if a death 

occurred over the follow up period. I adjusted for pupil age at entry each time to take into 

account pupils entering the study at different ages. I then reran the models using pupil age 

at admission, death or censor date as the time scale. Models which satisfied the 

proportional hazards assumption were accurately described in this way. They described a 

constant hazard ratio over the follow up period and gave similar results regardless of 

whether time was modelled as time on study or age at event. Therefore, I presented output 

from proportional hazards models using time on study adjusted for age as this is the more 

common method.  

Alternative models are required to describe hazard ratios which do not satisfy the 

proportional hazards assumption because the hazard ratio varies over different periods of 

time or at different ages. Alternative models include Poisson piecewise regression models 

with time dependent effects 267 and extended Cox regression models with heaviside step 

functions for time dependent variables 270. Both of these models manually split the follow 

up time into various small subsections and assume the equivalent of proportional hazards 

within each section rather than over the full follow up period. Whilst the Cox models 

define excess risk in terms of hazard ratios, the Poisson models define it as incidence rate 

ratios. However these can be interpreted in the same way 267. Both models yield similar 

results; however, I chose to use Poisson piecewise regression models in my analyses 

because these models also provide baseline incidence rate ratios within each category. Cox 

regression models with time varying covariates (tvc) analysed continuously over follow up 
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rather than within defined subsections were also investigated using stcox with the tvc 

option. However, they were not feasible to use in this study due to the large population size 

which resulted in an extremely long computation time for each model. 

Chronic conditions which violated the proportional hazards assumption on Cox regression 

modelling were therefore re-run using Poisson piecewise regression models with time 

dependent effects. Similar to the Cox regression models, these were run using firstly time 

from study entry adjusted for age and then using actual age at event. These measures were 

defined in exactly the same way as for the Cox regression models described above. 

However, this time I chose to split the time from study entry (first school census date or 

first relevant prescription date in the study period) until admission or death into categories: 

>= 0 and < 1; >= 1 and < 2; >= 2 and < 3; >= 3 and < 4; >= 4 and <= 5 years. For models 

using pupil age (at admission, death or censor date) as the time scale, I split age at event 

into categories: 4-6, 7-8, 9-10, 11-12, 13-14, 15-16 and 17-23 years. These models allowed 

the hazard ratios to be described within different portions of the follow up period and again 

for different age categories at the event of interest. 

All of the Cox proportional hazards and Poisson piecewise models were adjusted for 

sociodemographic and maternity confounders: sex, SIMD 2012 quintile, ethnicity, 

maternal age, sex and gestation specific birth weight centile, estimated gestational age, 

mode of delivery, Apgar score, maternal smoking during pregnancy and parity. The 

survival models using time from study entry as the time scale were additionally adjusted 

for age category (<11, 11-14 and >14 years) at time of study entry.  

Univariate interactions with sex were investigated for each chronic disease status against 

each outcome. Where interactions existed, subgroup analyses by gender were performed to 

investigate time to first all-cause and cause-specific admission. These were not performed 

for all-cause mortality due to an insufficient number of deaths. Several survival plots were 

produced for each model. Where appropriate, output was tabulated and presented 

graphically in the form of forest plots to show hazard ratios and incidence rate ratios across 

follow up time and for different ages at event. Children may experience more than one 

disease; therefore, I reran the final multivariate models including all diseases together. 

Each chronic condition specific analysis was therefore finally adjusted for presence of any 

of the other identified chronic conditions in addition to sociodemographic and maternal 

confounders. 
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4.4.3.2 Total admissions and total length of hospital stay 

The impact of each chronic condition on the outcomes of total number of admissions and 

total length of hospital stay over the follow up period were analysed via recommended 

count models 264. The specific number of days followed up was used as the offset exposure 

variable for each child since children with longer available follow up had increased chance 

of more admissions. Around 80% of pupils had no admissions and zero length of stay in 

hospital over the follow up period and both distributions were skewed with large amounts 

of dispersion. Whilst Poisson regression count models assume that the mean and variance 

are equal, negative binomial regression models allow for greater dispersion. Two variants 

of the negative binomial model are used depending on how the dispersion varies according 

to the mean. A quadratic negative binomial model (NB2) is more commonly used however 

there are times when a linear negative binomial model (NB1) fits the data better. In both 

cases, the variance is constant for all observations. However a third variant, the NB-P 

model, provides even further flexibility by allowing the dispersion to vary for different 

observations. I additionally considered models which would specifically take into account 

the zero inflation aspect of the data. All three variants of the negative binomial model 

(NB1, NB2 and NB-P), a zero inflated negative binomial model (ZINB) and a zero inflated 

Poisson model (ZIP) were therefore investigated and compared using AIC and BIC 266 

statistics. The most suitable model was a negative binomial with varying dispersion (NB-

P) 264.  
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5 Results 

5.1 Linkage, data cleaning and producing analyses files 

5.1.1 Education data 

Education records were provided by ScotXed as seven separate datasets. The number of 

records and the number of pupils within each of the originally supplied datasets is shown 

in Table 19. The SEN data were supplied as two separate files with one containing data for 

2009 and the other containing data from 2010 onwards. These were collated after cleaning 

each file; therefore the SEN data have been summarised as one dataset. Table 19 also 

shows the number of records and the number of pupils after de-duplicating and cleaning 

each file. The cleaning process is explained in more detail in the following sections. 

Table 19 Education records pre and post data cleaning 
 

 

5.1.1.1 Cleaning the pupil census data 

Using date of birth, sex and postcode as linkage identifiers in the probability match, eDRIS 

managed to link 98.4% of all schoolchildren on the pupil census between 2009 and 2013 to 

the CHI database. These links were deemed to have a precision of 98% and sensitivity of 

99.5%. There were 3,368,837 records on the full census file pertaining to 961,382 pupils 

across five census years and 3,315,699 records (98.4%) successfully linked to the CHI 

database and were retained (908,244 pupils). The cohort was further restricted to include 

only 2,909,149 records which had an associated linked SMR02 maternity record. I deleted 

406,539 records which did not have a corresponding SMR02 record and then deleted 

80,680 records pertaining to non-singleton births. After limiting the cohort to exclusively 

pupil records which had linked to the CHI database and records which had an associated 

SMR02, I found that 15,918 records within the reduced cohort of 2,828,480 records had a 

mismatch between the pupil census date of birth and the date of birth recorded on SMR02. 

Dataset Census Years Records Pupils Records Pupils

Pupil Census 2009 - 2013 3,368,837 961,382 2,793,185 766,244

Attendance 2009/10/12 1,919,318 856,565 1,597,433 702,225

Exclusions 2009/10/12 71,949 32,222 60,422 26,917

SEN 2009 - 2013 839,806 189,378 659,291 141,640

Attainment 2009 - 2013 11,226,244 532,698 9,318,995 297,471

Leaver 2009 - 2013 263,736 259,597 219,958 219,366

supplied data cleaned data
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Furthermore 1,236 of these pupils had more than one date of birth recorded across their 

groups of school records. The school census date of birth was replaced with the 

corresponding SMR02 date of birth for 15,907 records where the two dates did not match 

but where the difference was less than one year. This was done because the SMR02 date of 

birth was deemed to be more accurate than the pupil census date of birth. The remaining 

eleven records where the dates were more than a year apart were deemed to be poor links 

and these were omitted from the cohort. No discrepancies in recorded date of birth 

remained after this step and each pupil had only one recorded date of birth across all of 

their records.  

Following these steps, 15,392 records were deleted because they had a partition code equal 

to E or H and a further 2,047 were deleted because they were duplicated by partition where 

the partition was not equal to E or H. Several records also had a duplicated record where 

the partitions were different. In those cases, the record with the worst partition was 

excluded from the analysis and this resulted in 17,213 records being deleted (section 4.2). 

No further duplicates remained after these exclusions. The dataset went through two final 

cleaning stages. I deleted 64 records where the pupil age was recorded as greater than 19 

years or less than 4 years. Finally, 568 records were deleted where stage of school was 

recorded as AD (adult learner), S7 or S9 in order to restrict the cohort to children aged 

between 4 and 19 years old and in P1 through to S6 or in special schools (SP). The final 

cleaned pupil census data contained 2,793,185 records pertaining to 766,244 pupils across 

five census years 2009-2013.  

The pupil census file was aggregated by study index number and census year to contain 

one record per pupil per census year. There were 2,793,185 records in this lookup file 

which was matched against all of the other education datasets to ensure that pupils 

excluded from the census file were also excluded from these datasets. Figure 4 is a flow 

diagram illustrating each step of data cleaning performed on the school census data and 

shows how many records remained at each cleaning stage. Table 20 shows the number of 

pupil records per census year in the census file after deleting erroneous links and duplicate 

records. 
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Figure 4 Data cleaning performed on ScotXed school census data 
 

 

  

Records in dataset Records excluded

916,382 pupils 3,368,837

53,138 did not link to CHI database

3,315,699

406,539 did not link to SMR02

2,909,160

80,680 twin or higher order multiple births on SMR02

2,828,480

11 additional identified bad links 

2,828,469

15,392 duplicate records with the same partition (E or H)

2,813,077

2,047 duplicate records with the same partition (any other partition)

2,811,030

17,213 duplicate records with a poorer partition

2,793,817

64 age < 4 or age > 19 

2,793,753

568 school stage AD, S7 or S9 

766,244 pupils 2,793,185
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Table 20 Cleaned pupil census data – number of pupils per school year 
 

 

5.1.1.2 Cleaning the linked education datasets 

The remaining education datasets also contained duplicate records; however, the majority 

of these disappeared after matching the pupil census lookup file to each dataset by index 

number, census year and record ID and then only selecting records pertaining to those 

pupils on the final cleaned version of the pupil census. Table 19 in section 5.1.1 presents 

the number of records and the number of pupils in each of the education datasets after 

initially cleaning them by matching them against the pupil census lookup file. A residual 

number of duplicates remained and these were removed. This process is explained in the 

following sections. 

5.1.1.3 Absence data 

The absence dataset contained 1,919,318 records which reduced to 1,597,433 records after 

matching to the pupil census lookup. This matching process removed all of the duplicate 

records within the absence dataset. The data contained one record per pupil per census year 

and so this was already in a suitable format to be matched back onto the pupil census data 

without further manipulation. 

The absence data were matched by index number and census year to the 2,793,185 pupil 

records within the full pupil census 2009-2013. Absence data were only available for 2009, 

2010 and 2012; therefore 1,681,356 pupil records remained after selecting census records 

in those years. 83,923 records were deleted because they had no absence data and a further 

36 records were deleted because they had a value of zero days possibly attended. The final 

absence dataset contained 1,597,397 records pertaining to 702,210 pupils across census 

years 2009, 2010 and 2012.  

Year Number of records

2009 565,269

2010 560,488

2011 556,315

2012 555,599

2013 555,514

Total 2,793,185
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5.1.1.4 Exclusions data 

The exclusion dataset contained 71,949 records which reduced to 60,422 records after 

matching to the pupil census lookup. The dataset contained a record for every exclusion 

episode; therefore the data had to be manipulated before being matched on to the full pupil 

census file. A summarised exclusions dataset containing 33,254 pupil records was 

produced. This contained a maximum of one record per pupil per census year. The 

exclusion data were matched by index number and census year to the 2,793,185 pupil 

records within the full pupil census 2009-2013. Exclusion data were only available for 

2009, 2010 and 2012 therefore 1,681,356 pupil records remained after selecting records in 

those years. 83,923 records were deleted because they had no attendance data and a further 

36 records were deleted because they had a value of zero days possibly attended. The final 

exclusions dataset contained 1,597,397 records pertaining to 702,210 pupils across census 

years 2009, 2010 and 2012.  

5.1.1.5 Special educational need data 

The Reason for Support dataset contained 68,588 SEN records in 2009 relating to 51,799 

pupils. This reduced to 53,765 records after matching against the pupil census lookup file.  

The dataset contained no further duplicate records. Several recorded SEN codes did not 

fulfil my definition of SEN and were therefore excluded. 47,003 records of interest 

remained. The file was aggregated by index number and census year to provide 36,020 

records each containing a yearly summary of SEN records for each pupil. The maximum 

number of different SEN recorded in a year for a single pupil was nine. 

Similarly the Student Need dataset contained 771,218 SEN records between 2010 and 

2013 relating to 181,013 pupils. This reduced to 605,526 records after matching to the 

pupil census lookup. Several remaining duplicate records were deleted to leave 601,131 

records. 501,955 records remained after retaining only eligible SEN codes. The file was 

aggregated by index number and census year to provide 267,219 records each containing a 

yearly summary of SEN recorded for each pupil. The maximum number of different SEN 

recorded in a year for a single pupil was eleven. The two datasets were then combined to 

provide 303,239 records. The SEN data were matched by index number and census year to 

the 2,793,185 pupil records within the full pupil census 2009-2013. 
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5.1.1.6 Leaver status data 

The leaver dataset contained 263,736 records between 2009 and 2013. 219,958 records 

remained after matching the leaver data to the pupil census lookup file in order to omit 

pupils that had been deleted from the census dataset. 1,184 duplicates (592 pairs) remained 

in the leaver dataset. With the exception of one pair, these were not exact duplicates but 

instead differed either on leaving date, leaver status or both. As there was no way of telling 

which record was the correct one both records were deleted in these 591 duplicated pairs. 

One of the records was retained in the remaining exact duplicate pair. This resulted in a 

further 1,183 records being deleted. Finally 851 records were deleted where leaver status 

was recorded as either excluded, moved outwith Scotland or unavailable due to ill health. 

The remaining 217,924 records were matched by index number to the 2,793,185 pupil 

records within the full pupil census. The final census record, with appended leaver data, 

was then selected for each pupil to enable demographic variables at time of leaving to be 

retained. 

5.1.1.7 Attainment data 

Figure 5 shows the number of records within the attainment file at each stage of data 

cleaning as previously explained in section 4.3.1.2.5. There were 11,226,244 records 

within the original attainment dataset and this reduced to 9,318,995 records after matching 

against the pupil census lookup file in order to omit pupils that had been deleted from the 

census dataset. The attainment data were further reduced to include only records pertaining 

to pupils in stages S4, S5 and S6 who attended school in particular years (Table 12 in 

section 4.3.1.2.5). The dataset was reduced to 4,974,684 records (139,349 pupils) after 

omitting pupils in S5 and S6 in 2009, S6 in 2010, S4 in 2012, and S4 and S5 in 2013. Only 

attainments of interest were retained (namely numeric, C and specific G codes) which 

further reduced the dataset to 1,726,648 records (139,205 pupils). 1,574,794 records 

pertaining to 138,304 pupils related to attainment at pass level or above and these were 

summed in order to derive an attainment level (1=high; 2=general/broad; 3=basic; 4=low) 

for each pupil. The remaining 151,854 attainment records (901 pupils) related to failed 

attainment. These pupils were classed as having low attainment. Summarised attainment 

relating to 139,205 pupils was therefore included in the final attainment cohort. These 

records were matched by index number to the 2,793,185 pupil records within the full pupil 

census. The last available census record, with appended attainment data, was then selected 

for each pupil to enable relevant demographic variables to be retained. A very small 

percentage of pupils (2.3%) of attainment age had no linked attainment data and this was 
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most likely due to linkage limitations or those pupils leaving school midway through term 

whereby they appeared on the September school census but left school before sitting any 

end of year exams (section 4.3.1.2.5) 

Figure 5 Data cleaning performed on ScotXed attainment data  
 

 

 

  

Records in dataset Records excluded

916,382 pupils 11,226,244

1,907,249 corresponding records excluded from census data

9,318,995

4,344,311 records not in particular stage and year combinations

139,349 pupils 4,974,684

3,248,036 non-relevant attainments (144 pupils)

139,205 pupils 1,726,648

151,854 relevant attainment but no passed attainment (901 pupils)

138,304 pupils 1,574,794

Datasets aggregated to pupil level

138,304 

pupils

901   

pupils

139,205 

pupils 
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5.1.2 Prescribing data 

The prescribing dataset provided by eDRIS contained 4,511,428 prescription records 

pertaining to 292,490 pupils. This reduced to 3,094,548 records after selecting only 

prescriptions pertaining to those pupils on the cleaned school census data. The dataset 

contained all prescriptions between 2009 and 2013 for each child who had attended school 

at any point between 2009 and 2013. Therefore several prescriptions related to drugs taken 

either before starting or after leaving school. Since only drugs taken whilst at school were 

of interest, prescription records were only retained in the dataset if they were prescribed 

during any calendar year in which the pupil actually attended school. This reduced the 

dataset to contain 1,936,853 records. Table 21 shows the total number of prescriptions 

specific to each chronic condition present on the PIS dataset. The first column shows the 

total number of prescriptions between 2009 and 2013 within BNF chapter 6 (diabetes), 

BNF chapter 3 (asthma), BNF section 4.8 (epilepsy), BNF section 4.4 (ADHD) and BNF 

section 4.3 (depression). The second column shows the number of prescriptions cashed 

whilst at school i.e. medications prescribed before children had started or after they had left 

school during the period are not counted. Finally the third column shows the number of 

prescriptions whilst at school for each chronic condition after including only specific BNF 

codes of interest previously outlined in methods section 4.3.2.2. 

Table 21 Total number of prescriptions specific to each chronic condition 
 

 

The prescriptions data were aggregated by index number and census year and summarised 

as a one record per pupil per census year dataset before then being matched by index 

number and census year to the 2,793,185 pupil records within the full pupil census across 

years 2009 to 2013. Diabetes medication was prescribed during the year for 10,604 of the 

pupil census records. 716 pupil census records linked to ineligible diabetes prescriptions 

and were excluded from the diabetes analyses (section 4.3.2.2.1). Similarly, asthma 

medication was prescribed for 148,727 census records and 320,387 pupil census records 

linked to ineligible asthma prescriptions and were excluded from asthma specific analyses 

Chrionic condition Total prescriptions* Total prescriptions at school** Total eligible prescriptions at school***

Diabetes 234,434 142,782 140,973

Asthma 2,111,481 1,391,092 1,275,121

Epilepsy 252,205 144,609 144,609

ADHD 319,607 229,342 229,342

Depression 176,821 29,028 28,986

*
Prescription within original BNF section (see methods section 4.3.2.1) prescribed between 2009 and 2013

**
Prescription within original BNF section (see methods section 4.3.2.1) prescribed whilst at school between 2009 and 2013

***
Perscription within tighter definition (see methods section 4.3.2.2) prescribed whilst at school between 2009 and 2013 
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(section 4.3.2.2.2). Epilepsy medication and ADHD medication was prescribed during the 

year for 15,295 and 30,168 pupil census records respectively (sections 4.3.2.2.3 and 

4.3.2.2.4). Finally, anti-depressant medication was prescribed during the year for 20,328 of 

the pupil census records and 28 census records linked to ineligible anti-depressant 

prescriptions and were excluded from depression specific analyses (section 4.3.2.2.5). The 

full school census dataset held records across 2009-2013 pertaining to 766,244 pupils. 

3,330 pupils received at least one relevant diabetes prescription during at least one of their 

school years and were therefore classed as diabetic whilst 197 pupils were excluded from 

the diabetes analyses because they were ineligible. Therefore diabetes prevalence was 

0.43%. The same criteria were used to diagnose children as having epilepsy, ADHD and 

depression. 5,314 children were classed as having epilepsy (0.69%) and 7,413 were classed 

as having ADHD (0.97%). 5,342 were classed as depressed whilst 7 pupils were excluded 

from the depression analyses. Therefore depression prevalence was 0.70%. 45,900 pupils 

received more than one relevant asthma prescription during at least one of their school 

years and were therefore classed as asthmatic (section 4.3.2.2.2) whilst 82,528 pupils were 

excluded from asthma specific analyses. Therefore asthma prevalence was 5.99%. 

5.1.3 Maternity, hospital admission and death data 

953,410 linked SMR02 maternity records were originally provided by eDRIS. However, 

after matching this to the pupil census lookup file, and omitting several records as 

described in section 5.1.1.1, 766,244 records remained. Only children who had a linked 

SMR02 maternity recorded were included in the final analysis cohort. Similarly 655,786 

hospital admission and 1,213 death records were provided by eDRIS, of which 464,600 

and 561 remained respectively after matching to the pupil census lookup file. 

5.2  Characteristics of children by chronic disease status 

Children with diabetes were not significantly different to those without in terms of 

deprivation, gender, mode of delivery, 5 minute Apgar score, gestational age, maternal age 

and maternal parity. In contrast, children with diabetes were significantly older, had 

significantly higher sex-gestation-specific birthweight centiles and their mothers were 

significantly more likely to have smoked during pregnancy. They were also significantly 

more likely to be of white descent and less likely to be of black or Asian descent (Table 

22). 
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Significantly more boys than girls had asthma. Children with asthma were significantly 

older, more deprived and had significantly lower 5 minute Apgar scores, sex-gestation-

specific birthweight centiles and gestational ages. Their mothers were significantly 

younger and significantly more likely to have smoked during pregnancy and been 

nulliparous. Children with asthma were significantly more likely to be of Asian descent 

and significantly less likely to be white. Finally, they were significantly more likely to 

have been delivered by caesarean section or assisted vaginal delivery and significantly less 

likely to have been delivered by spontaneous vaginal delivery (Table 23). 

Children with epilepsy were not significantly different to those without in terms of gender, 

ethnicity or maternal parity. However, children with epilepsy were significantly older, 

more deprived, and had significantly lower Apgar scores, gestational ages and sex-

gestation-specific birthweight centiles. Their mothers were significantly younger and 

significantly more likely to have smoked during pregnancy. Finally, children with epilepsy 

were significantly more likely to have been delivered by caesarean section and 

significantly less likely to have been delivered by spontaneous vaginal delivery (Table 24). 

Children with ADHD were not significantly different to those without in terms of mode of 

delivery. Significantly more boys than girls had ADHD. Children with ADHD were 

significantly more deprived and had significantly lower 5-minute Apgar scores, gestational 

ages and sex-gestation-specific birthweight centiles. They were more likely to have been 

born to mothers who were younger than 25 years of age, multiparous, and who smoked 

during pregnancy. Children with ADHD were significantly more likely to be aged between 

11 and 14 years. This was explained by the fact that children with ADHD left school 

earlier. 64.3% of children with ADHD left school before 16 years of age compared with 

28.4% of children without ADHD (Table 25).  

Children with depression were not significantly different to those without in terms of 5-

minute Apgar score or maternal parity. Significantly more girls than boys had depression 

and depressed children were significantly more likely to be white and significantly less 

likely to be of Asian or black descent. Children with depression were significantly older, 

had significantly lower sex-gestation specific birthweight centiles and their mothers were 

significantly more likely to have smoked during pregnancy and given birth between 25 and 

29 years of age. Finally depressed children were significantly less likely to reside in the 

most deprived areas, had significantly lower gestational age and were significantly less 

likely to have been born by emergency caesarean section (Table 26). 
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Table 22 Characteristics of children with and without diabetes 
 

                  

    No Diabetes  Diabetes Total   

    N=2,781,865 N=10,604 N=2,792,469   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,416,247 50.9 5,343 50.4 1,421,590 50.9 0.586 

  female 1,365,618 49.1 5,261 49.6 1,370,879 49.1   

  Missing 0   0   0     

Age category                 

  <11 1,395,183 50.2 3,099 29.2 1,398,282 50.1 <0.001 

  11-14 671,028 24.1 3,258 30.7 674,286 24.1   

  >14 715,654 25.7 4,247 40.1 719,901 25.8   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 623,841 22.5 2,131 20.1 625,972 22.4 0.131 

  2 556,100 20.0 2,270 21.4 558,370 20.0   

  3 538,476 19.4 2,098 19.8 540,574 19.4   

  4 545,375 19.6 2,117 20.0 547,492 19.6   

  5 (least deprived) 514,232 18.5 1,980 18.7 516,212 18.5   

  Missing 3,841   8   3,849     

Ethnic group                 

  White 2,633,184 96.4 10,322 98.2 2,643,506 96.4 0.002 

  Asian 61,453 2.2 85 0.8 61,538 2.2   

  Black 5,372 0.2 1 0.0 5,373 0.2   

  Mixed 23,861 0.9 82 0.8 23,943 0.9   

  Other 7,760 0.3 19 0.2 7,779 0.3   

  Missing 50,235   95   50,330     

Maternity factors               

Maternal age (years)               

  <=24 748,816 26.9 2,612 24.6 751,428 26.9 0.525 

  25-29 800,888 28.8 3,334 31.4 804,222 28.8   

  30-34 809,310 29.1 3,120 29.4 812,430 29.1   

  >=35 422,798 15.2 1,538 14.5 424,336 15.2   

  Missing 53   0   53     

Maternal smoking               

  No 1,809,176 72.2 7,305 77.4 1,816,481 72.2 <0.001 

  Yes 697,096 27.8 2,133 22.6 699,229 27.8   

  Missing 275,593   1,166   276,759     

Parity                 

  0 1,250,176 45.2 4,897 46.4 1,255,073 45.2 0.346 

  1 961,456 34.8 3,567 33.8 965,023 34.8   

  >1 554,099 20.0 2,092 19.8 556,191 20.0   

  Missing 16,134   48   16,182     

 

 

 

 

 

 

 

               



5 Results  122 

                  

    No Diabetes  Diabetes Total   

    N=2,781,865 N=10,604 N=2,792,469   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 1,802,207 64.8 6,865 64.7 1,809,072 64.8 0.643 

  Cephalic 69,105 2.5 267 2.5 69,372 2.5   

  Assisted VD 332,531 12.0 1,333 12.6 333,864 12.0   

  Breech Delivery 7,941 0.3 26 0.2 7,967 0.3   

  Elective Caesarean 210,248 7.6 802 7.6 211,050 7.6   

  Emergency Caesarean 359,314 12.9 1,306 12.3 360,620 12.9   

  Other Delivery 514 0.0 5 0.0 519 0.0   

  Missing 5   0   5     

Gestation (weeks)               

  <24 100 0.0 0 0.0 100 0.0 0.076 

  24-27 4,120 0.1 10 0.1 4,130 0.1   

  28-32 25,909 0.9 99 0.9 26,008 0.9   

  33-36 129,644 4.7 507 4.8 130,151 4.7   

  37 136,915 4.9 607 5.7 137,522 4.9   

  38 351,340 12.6 1,482 14.0 352,822 12.6   

  39 574,531 20.7 2,061 19.4 576,592 20.7   

  40 832,831 30.0 3,352 31.6 836,183 30.0   

  41 627,548 22.6 2,166 20.4 629,714 22.6   

  42 95,090 3.4 298 2.8 95,388 3.4   

  43 1,996 0.1 9 0.1 2,005 0.1   

  >43 469 0.0 9 0.1 478 0.0   

  Missing 1,372   4   1,376     

Sex-gestation-specific birthweight centile             

  1-3 114,889 4.1 342 3.2 115,231 4.1 <0.001 

  4-10 249,978 9.0 820 7.7 250,798 9.0   

  11-20 331,924 11.9 1,095 10.3 333,019 11.9   

  21-80 1,633,154 58.8 6,296 59.4 1,639,450 58.8   

  81-90 237,005 8.5 1,018 9.6 238,023 8.5   

  91-97 150,138 5.4 715 6.8 150,853 5.4   

  98-100 62,104 2.2 305 2.9 62,409 2.2   

  Missing 2,673   13   2,686     

5 min Apgar                 

  1-3 12,557 0.5 62 0.6 12,619 0.5 0.776 

  4-6 25,997 0.9 81 0.8 26,078 0.9   

  7-10 2,713,873 98.6 10,386 98.6 2,724,259 98.6   

  Missing 29,438   75   29,513     
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Table 23 Characteristics of children with and without asthma 
 

                  

    No Asthma Asthma Total   

    N=2,324,071 N=148,727 N=2,472,798   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,158,074 49.8 88,141 59.3 1,246,215 50.4 <0.001 

  female 1,165,997 50.2 60,586 40.7 1,226,583 49.6   

  Missing 0   0   0     

Age category               

  <11 1,165,279 50.1 65,867 44.3 1,231,146 49.8 <0.001 

  11-14 553,813 23.8 41,629 28.0 595,442 24.1   

  >14 604,979 26.0 41,231 27.7 646,210 26.1   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 510,710 22.0 39,964 26.9 550,674 22.3 <0.001 

  2 458,412 19.8 32,407 21.8 490,819 19.9   

  3 449,201 19.4 28,737 19.4 477,938 19.4   

  4 462,014 19.9 25,823 17.4 487,837 19.8   

  5 (least deprived) 440,511 19.0 21,579 14.5 462,090 18.7   

  Missing 3,223   217   3,440     

Ethnic group                 

  White 2,202,662 96.5 139,780 95.4 2,342,442 96.5 <0.001 

  Asian 49,178 2.2 4,445 3.0 53,623 2.2   

  Black 4,393 0.2 344 0.2 4,737 0.2   

  Mixed 19,337 0.8 1,438 1.0 20,775 0.9   

  Other 6,423 0.3 453 0.3 6,876 0.3   

  Missing 42,078   2,267   44,345     

Maternity factors               

Maternal age (years)               

  <=24 613,910 26.4 44,390 29.8 658,300 26.6 <0.001 

  25-29 669,640 28.8 43,586 29.3 713,226 28.8   

  30-34 683,812 29.4 40,252 27.1 724,064 29.3   

  >=35 356,661 15.3 20,499 13.8 377,160 15.3   

  Missing 48   0   48     

Maternal smoking               

  No 1,521,803 72.7 92,704 69.2 1,614,507 72.5 <0.001 

  Yes 571,578 27.3 41,177 30.8 612,755 27.5   

  Missing 230,690   14,846   245,536     

Parity                 

  0 1,032,161 44.7 70,468 47.7 1,102,629 44.8 <0.001 

  1 808,818 35.0 49,203 33.3 858,021 34.9   

  >1 470,004 20.3 28,182 19.1 498,186 20.3   

  Missing 13,088   874   13,962     
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    No Asthma Asthma Total   

    N=2,324,071 N=148,727 N=2,472,798   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 1,516,045 65.2 92,085 61.9 1,608,130 65.0 <0.001 

  Cephalic 57,367 2.5 4,050 2.7 61,417 2.5   

  Assisted VD 275,435 11.9 18,246 12.3 293,681 11.9   

  Breech Delivery 6,535 0.3 489 0.3 7,024 0.3   

  Elective Caesarean 174,639 7.5 11,985 8.1 186,624 7.5   

  Emergency Caesarean 293,604 12.6 21,840 14.7 315,444 12.8   

  Other Delivery 444 0.0 32 0.0 476 0.0   

  Missing 2   0   2     

Gestation (weeks)               

  <24 51 0.0 10 0.0 61 0.0 <0.001 

  24-27 2,823 0.1 611 0.4 3,434 0.1   

  28-32 19,731 0.8 2,420 1.6 22,151 0.9   

  33-36 103,945 4.5 9,165 6.2 113,110 4.6   

  37 111,828 4.8 8,525 5.7 120,353 4.9   

  38 291,512 12.5 19,698 13.3 311,210 12.6   

  39 480,906 20.7 30,269 20.4 511,175 20.7   

  40 700,966 30.2 42,305 28.5 743,271 30.1   

  41 528,531 22.8 30,976 20.8 559,507 22.6   

  42 80,530 3.5 4,520 3.0 85,050 3.4   

  43 1,699 0.1 111 0.1 1,810 0.1   

  >43 407 0.0 37 0.0 444 0.0   

  Missing 1,142   80   1,222     

Sex-gestation-specific birthweight centile             

  1-3 94,515 4.1 6,977 4.7 101,492 4.1 <0.001 

  4-10 207,484 8.9 13,823 9.3 221,307 9.0   

  11-20 275,916 11.9 18,033 12.1 293,949 11.9   

  21-80 1,367,277 58.9 86,066 57.9 1,453,343 58.8   

  81-90 198,902 8.6 12,184 8.2 211,086 8.5   

  91-97 125,805 5.4 8,161 5.5 133,966 5.4   

  98-100 52,000 2.2 3,286 2.2 55,286 2.2   

  Missing 2,172   197   2,369     

5 min Apgar                 

  1-3 10,380 0.5 783 0.5 11,163 0.5 <0.001 

  4-6 20,951 0.9 1,800 1.2 22,751 0.9   

  7-10 2,268,367 98.6 144,534 98.2 2,412,901 98.6   

  Missing 24,373   1,610   25,983     
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Table 24 Characteristics of children with and without epilepsy 
 

                  

    No Epilepsy Epilepsy Total   

    N=2,777,890 N=15,295 N=2,793,185   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,413,986 50.9 7,811 51.1 1,421,797 50.9 0.830 

  female 1,363,904 49.1 7,484 48.9 1,371,388 49.1   

  Missing 0   0   0     

Age category                 

  <11 1,393,194 50.2 5,202 34.0 1,398,396 50.1 <0.001 

  11-14 670,400 24.1 4,092 26.8 674,492 24.1   

  >14 714,296 25.7 6,001 39.2 720,297 25.8   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 622,145 22.4 4,012 26.3 626,157 22.4 <0.001 

  2 555,284 20.0 3,253 21.3 558,537 20.0   

  3 537,737 19.4 2,963 19.4 540,700 19.4   

  4 544,828 19.6 2,776 18.2 547,604 19.6   

  5 (least deprived) 514,080 18.5 2,253 14.8 516,333 18.5   

  Missing 3,816   38   3,854     

Ethnic group                 

  White 2,629,665 96.4 14,475 96.1 2,644,140 96.4 0.948 

  Asian 61,218 2.2 396 2.6 61,614 2.2   

  Black 5,350 0.2 23 0.2 5,373 0.2   

  Mixed 23,813 0.9 134 0.9 23,947 0.9   

  Other 7,748 0.3 31 0.2 7,779 0.3   

  Missing 50,096   236   50,332     

Maternity factors               

Maternal age (years)               

  <=24 746,994 26.9 4,610 30.1 751,604 26.9 <0.001 

  25-29 799,744 28.8 4,677 30.6 804,421 28.8   

  30-34 808,718 29.1 3,930 25.7 812,648 29.1   

  >=35 422,381 15.2 2,078 13.6 424,459 15.2   

  Missing 53   0   53     

Maternal smoking               

  No 1,807,483 72.2 9,455 69.6 1,816,938 72.2 <0.001 

  Yes 695,283 27.8 4,134 30.4 699,417 27.8   

  Missing 275,124   1,706   276,830     

Parity                 

  0 1,248,370 45.2 7,032 46.2 1,255,402 45.2 0.253 

  1 960,061 34.8 5,213 34.2 965,274 34.8   

  >1 553,338 20.0 2,989 19.6 556,327 20.0   

  Missing 16,121   61   16,182     
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    No Epilepsy Epilepsy Total   

    N=2,777,890 N=15,295 N=2,793,185   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 1,800,091 64.8 9,396 61.4 1,809,487 64.8 <0.001 

  Cephalic 68,996 2.5 406 2.7 69,402 2.5   

  Assisted VD 332,154 12.0 1,767 11.6 333,921 12.0   

  Breech Delivery 7,911 0.3 66 0.4 7,977 0.3   

  Elective Caesarean 209,983 7.6 1,170 7.6 211,153 7.6   

  Emergency Caesarean 358,237 12.9 2,484 16.2 360,721 12.9   

  Other Delivery 513 0.0 6 0.0 519 0.0   

  Missing 5   0   5     

Gestation (weeks)               

  <24 96 0.0 4 0.0 100 0.0 <0.001 

  24-27 3,999 0.1 135 0.9 4,134 0.1   

  28-32 25,659 0.9 349 2.3 26,008 0.9   

  33-36 129,203 4.7 992 6.5 130,195 4.7   

  37 136,648 4.9 949 6.2 137,597 4.9   

  38 350,713 12.6 2,193 14.4 352,906 12.6   

  39 573,513 20.7 3,222 21.1 576,735 20.7   

  40 832,211 30.0 4,178 27.3 836,389 30.0   

  41 627,148 22.6 2,716 17.8 629,864 22.6   

  42 94,872 3.4 526 3.4 95,398 3.4   

  43 1,987 0.1 18 0.1 2,005 0.1   

  >43 478 0.0 0 0.0 478 0.0   

  Missing 1,363   13   1,376     

Sex-gestation-specific birthweight centile             

  1-3 114,353 4.1 947 6.2 115,300 4.1 <0.001 

  4-10 249,341 9.0 1,515 9.9 250,856 9.0   

  11-20 331,223 11.9 1,884 12.3 333,107 11.9   

  21-80 1,631,173 58.8 8,686 56.9 1,639,859 58.8   

  81-90 236,924 8.5 1,152 7.5 238,076 8.5   

  91-97 150,128 5.4 755 4.9 150,883 5.4   

  98-100 62,087 2.2 331 2.2 62,418 2.2   

  Missing 2,661   25   2,686     

5 min Apgar                 

  1-3 12,367 0.4 256 1.7 12,623 0.5 <0.001 

  4-6 25,735 0.9 343 2.3 26,078 0.9   

  7-10 2,710,430 98.6 14,541 96.0 2,724,971 98.6   

  Missing 29,358   155   29,513     
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Table 25 Characteristics of children with and without attention deficit hyperactivity disorder 
(ADHD) 
 

                  

    No ADHD ADHD Total   

    N=2,763,017 N=30,168 N=2,793,185   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,396,225 50.5 25,572 84.8 1,421,797 50.9 <0.001 

  female 1,366,792 49.5 4,596 15.2 1,371,388 49.1   

  Missing 0   0   0     

Age category                 

  <11 1,384,628 50.1 13,768 45.6 1,398,396 50.1 0.001 

  11-14 665,313 24.1 9,179 30.4 674,492 24.1   

  >14 713,076 25.8 7,221 23.9 720,297 25.8   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 616,528 22.3 9,629 32.0 626,157 22.4 <0.001 

  2 551,140 20.0 7,397 24.6 558,537 20.0   

  3 535,277 19.4 5,423 18.0 540,700 19.4   

  4 543,024 19.7 4,580 15.2 547,604 19.6   

  5 (least deprived) 513,258 18.6 3,075 10.2 516,333 18.5   

  Missing 3,790   64   3,854     

Ethnic group                 

  White 2,615,068 96.4 29,072 98.8 2,644,140 96.4 <0.001 

  Asian 61,526 2.3 88 0.3 61,614 2.2   

  Black 5,354 0.2 19 0.1 5,373 0.2   

  Mixed 23,789 0.9 158 0.5 23,947 0.9   

  Other 7,693 0.3 86 0.3 7,779 0.3   

  Missing 49,587   745   50,332     

Maternity factors               

Maternal age (years)               

  <=24 737,997 26.7 13,607 45.1 751,604 26.9 <0.001 

  25-29 796,503 28.8 7,918 26.2 804,421 28.8   

  30-34 806,826 29.2 5,822 19.3 812,648 29.1   

  >=35 421,638 15.3 2,821 9.4 424,459 15.2   

  Missing 53   0   53     

Maternal smoking               

  No 1,802,785 72.4 14,153 52.0 1,816,938 72.2 <0.001 

  Yes 686,336 27.6 13,081 48.0 699,417 27.8   

  Missing 273,896   2,934   276,830     

Parity                 

  0 1,241,856 45.2 13,546 45.4 1,255,402 45.2 <0.001 

  1 956,004 34.8 9,270 31.0 965,274 34.8   

  >1 549,281 20.0 7,046 23.6 556,327 20.0   

  Missing 15,876   306   16,182     

Mode of delivery               

  SVD 1,790,256 64.8 19,231 63.7 1,809,487 64.8 0.705 

  Cephalic 67,989 2.5 1,413 4.7 69,402 2.5   

  Assisted VD 330,685 12.0 3,236 10.7 333,921 12.0   

  Breech Delivery 7,895 0.3 82 0.3 7,977 0.3   

  Elective Caesarean 209,105 7.6 2,048 6.8 211,153 7.6   

  Emergency Caesarean 356,567 12.9 4,154 13.8 360,721 12.9   

  Other Delivery 515 0.0 4 0.0 519 0.0   

  Missing 5   0   5     
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    No ADHD ADHD Total   

    N=2,763,017 N=30,168 N=2,793,185   

    n % n  % n  % P value 

Maternity factors  

Gestation (weeks)               

  <24 100 0.0 0 0.0 100 0.0 <0.001 

  24-27 3,987 0.1 147 0.5 4,134 0.1   

  28-32 25,448 0.9 560 1.9 26,008 0.9   

  33-36 127,977 4.6 2,218 7.4 130,195 4.7   

  37 135,647 4.9 1,950 6.5 137,597 4.9   

  38 348,644 12.6 4,262 14.1 352,906 12.6   

  39 570,638 20.7 6,097 20.2 576,735 20.7   

  40 828,395 30.0 7,994 26.5 836,389 30.0   

  41 623,869 22.6 5,995 19.9 629,864 22.6   

  42 94,508 3.4 890 3.0 95,398 3.4   

  43 1,959 0.1 46 0.2 2,005 0.1   

  >43 474 0.0 4 0.0 478 0.0   

  Missing 1,371   5   1,376     

Sex-gestation-specific birthweight centile             

  1-3 113,621 4.1 1,679 5.6 115,300 4.1 <0.001 

  4-10 247,694 9.0 3,162 10.5 250,856 9.0   

  11-20 329,204 11.9 3,903 12.9 333,107 11.9   

  21-80 1,622,841 58.8 17,018 56.4 1,639,859 58.8   

  81-90 235,829 8.5 2,247 7.5 238,076 8.5   

  91-97 149,371 5.4 1,512 5.0 150,883 5.4   

  98-100 61,785 2.2 633 2.1 62,418 2.2   

  Missing 2,672   14   2,686     

5 min Apgar                 

  1-3 12,383 0.5 240 0.8 12,623 0.5 <0.001 

  4-6 25,653 0.9 425 1.4 26,078 0.9   

  7-10 2,695,989 98.6 28,982 97.8 2,724,971 98.6   

  Missing 28,992   521   29,513     
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Table 26 Characteristics of children with and without depression 
 

                  

    No Depression Depression Total   

    N=2,772,829 N=20,328 N=2,793,157   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,415,013 51.0 6,781 33.4 1,421,794 50.9 <0.001 

  female 1,357,816 49.0 13,547 66.6 1,371,363 49.1   

  Missing 0   0   0     

Age category                 

  <11 1,396,081 50.3 2,315 11.4 1,398,396 50.1 <0.001 

  11-14 668,063 24.1 6,425 31.6 674,488 24.1   

  >14 708,685 25.6 11,588 57.0 720,273 25.8   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 622,240 22.5 3,912 19.3 626,152 22.4 0.001 

  2 554,415 20.0 4,108 20.2 558,523 20.0   

  3 536,288 19.4 4,407 21.7 540,695 19.4   

  4 543,503 19.6 4,097 20.2 547,600 19.6   

  5 (least deprived) 512,569 18.5 3,764 18.6 516,333 18.5   

  Missing 3,814   40   3,854     

Ethnic group                 

  White 2,624,459 96.4 19,653 97.6 2,644,112 96.4 0.004 

  Asian 61,342 2.3 272 1.4 61,614 2.2   

  Black 5,368 0.2 5 0.0 5,373 0.2   

  Mixed 23,784 0.9 163 0.8 23,947 0.9   

  Other 7,736 0.3 43 0.2 7,779 0.3   

  Missing 50,140   192   50,332     

Maternity factors               

Maternal age (years)               

  <=24 746,269 26.9 5,335 26.2 751,604 26.9 0.027 

  25-29 798,007 28.8 6,396 31.5 804,403 28.8   

  30-34 806,749 29.1 5,889 29.0 812,638 29.1   

  >=35 421,751 15.2 2,708 13.3 424,459 15.2   

  Missing 53   0   53     

Maternal smoking               

  No 1,804,453 72.2 12,468 69.4 1,816,921 72.2 <0.001 

  Yes 693,912 27.8 5,494 30.6 699,406 27.8   

  Missing 274,464   2,366   276,830     

Parity                 

  0 1,246,276 45.2 9,117 44.9 1,255,393 45.2 0.747 

  1 958,016 34.8 7,246 35.7 965,262 34.8   

  >1 552,385 20.0 3,935 19.4 556,320 20.0   

  Missing 16,152   30   16,182     

Mode of delivery               

  SVD 1,795,891 64.8 13,578 66.8 1,809,469 64.8 0.006 

  Cephalic 69,037 2.5 365 1.8 69,402 2.5   

  Assisted VD 331,511 12.0 2,410 11.9 333,921 12.0   

  Breech Delivery 7,909 0.3 68 0.3 7,977 0.3   

  Elective Caesarean 209,571 7.6 1,582 7.8 211,153 7.6   

  Emergency Caesarean 358,386 12.9 2,325 11.4 360,711 12.9   

  Other Delivery 519 0.0 0 0.0 519 0.0   

  Missing 5   0   5     
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    No Depression Depression Total   

    N=2,772,829 N=20,328 N=2,793,157   

    n % n  % n  % P value 

Maternity factors  

Gestation (weeks) 

  <24 100 0.0 0 0.0 100 0.0 0.040 

  24-27 4,093 0.1 41 0.2 4,134 0.1   

  28-32 25,767 0.9 241 1.2 26,008 0.9   

  33-36 129,212 4.7 978 4.8 130,190 4.7   

  37 136,608 4.9 989 4.9 137,597 4.9   

  38 350,173 12.6 2,727 13.4 352,900 12.6   

  39 572,596 20.7 4,130 20.3 576,726 20.7   

  40 830,170 30.0 6,214 30.6 836,384 30.0   

  41 625,629 22.6 4,232 20.8 629,861 22.6   

  42 94,667 3.4 731 3.6 95,398 3.4   

  43 1,976 0.1 29 0.1 2,005 0.1   

  >43 474 0.0 4 0.0 478 0.0   

  Missing 1,364   12   1,376     

Sex-gestation-specific birthweight centile             

  1-3 114,416 4.1 882 4.3 115,298 4.1 0.015 

  4-10 248,909 9.0 1,947 9.6 250,856 9.0   

  11-20 330,401 11.9 2,706 13.3 333,107 11.9   

  21-80 1,628,258 58.8 11,587 57.1 1,639,845 58.8   

  81-90 236,365 8.5 1,707 8.4 238,072 8.5   

  91-97 149,849 5.4 1,026 5.1 150,875 5.4   

  98-100 61,966 2.2 452 2.2 62,418 2.2   

  Missing 2,665   21   2,686     

5 min Apgar                 

  1-3 12,490 0.5 133 0.7 12,623 0.5 0.182 

  4-6 25,902 0.9 176 0.9 26,078 0.9   

  7-10 2,704,981 98.6 19,962 98.5 2,724,943 98.6   

  Missing 29,456   57   29,513     
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5.3 Number of days absent from school 

The final absence dataset contained 1,597,397 pupil records after retaining only census 

years 2009, 2010 and 2012. The histograms in Figure 6 below show the distribution of the 

number of days absent and the possible number of days attended per year for all 702,210 

pupils included in the final analyses. The number of days absent during a census year 

ranged from 0 to 190 days. The mean was 11.71 days (SD 13.90) and the median was 8 

days (IQR 11.5). The number of possible attendances ranged from 0.5 to 206 days. The 

mean was 178.84 days (SD 21.20) and the median was 186 days (IQR 9.5). 

Figure 6 Number of days absent and number of possible day attendances per census year 
 

 

The absence and possible attendance distributions were very over dispersed because the 

variances were much higher than would be expected for a Poisson distribution where the 

mean and variance should be roughly equal. The mean number of absences was 11.71 and 

the variance was 193.14 whilst the mean number of possible days attended was 178.84 and 

the variance was 449.52. Therefore these were best described via a negative binomial 

distribution. 

  



5 Results  132 

5.3.1 Characteristics of children by number of days absent 

Diabetes, asthma, epilepsy, ADHD and depression were all significantly associated with an 

increase in median annual number of days absent from school (Table 27). The median 

number of days absent was significantly greater amongst girls, older pupils, more deprived 

pupils and those with lower 5-minute Apgar scores, lower sex-gestation-specific 

birthweight centiles and gestational ages less than 27 weeks or greater than 43 weeks. 

Children whose mothers were younger, smoked during pregnancy and had increased 

maternal parity also had a significantly greater median number of days absent. Children of 

black descent had a lower median number of days absent whilst children of Asian descent 

had increased absenteeism.  Finally children born by caesarean section or assisted vaginal 

delivery had a significantly lower median number of days absent (Table 28).  

Table 27 Number of days absent from school by presence or absence of chronic conditions 
 

                

    N mean SD median IQR P value 

                

Diabetes               

  No  1,591,411 11.7 13.9 8.0 11.5 <0.001 

  Yes 5,986 16.4 17.8 11.0 15.5   

  Missing 0           

Asthma               

  No  1,517,852 11.5 13.8 7.5 11.5 <0.001 

  Yes 79,545 14.8 15.9 10.0 14.5   

  Missing 0           

Epilepsy               

  No  1,589,164 11.7 13.8 7.5 11.5 <0.001 

  Yes 8,233 18.8 23.3 11.0 18.5   

  Missing 0           

ADHD               

  No  1,580,137 11.7 13.8 7.5 11.5 <0.001 

  Yes 17,260 15.6 18.4 10.0 16.0   

  Missing 0           

Depression               

  No  1,584,916 11.6 13.7 7.5 11.5 <0.001 

  Yes 12,481 25.0 28.5 15.5 24.5   

  Missing 0           
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Table 28 Characteristics of children by number of days absent 
 

                

    N mean SD median IQR P value 

Sociodemographic factors             

Sex               

  male 812,566 11.5 13.8 7.5 11.5 <0.001 

  female 784,831 11.9 14.0 8.0 11.5   

  Missing 0           

Age category               

  <11 799,224 9.0 9.4 6.5 9.0 <0.001 

  11-14 390,450 13.1 15.5 8.5 13.0   

  >14 407,723 15.6 18.0 10.5 15.5   

  Missing 0           

Deprivation quintile             

  1 (most deprived) 365,474 16.2 17.5 11.0 16.0 <0.001 

  2 317,814 13.1 14.8 9.0 13.0   

  3 307,128 11.0 12.6 7.5 10.5   

  4 312,826 9.4 11.0 6.5 9.0   

  5 (least deprived) 291,879 7.8 9.4 5.5 8.0   

  Missing 2,276           

Ethnic group               

  White 1,509,679 11.7 13.9 7.5 11.5 <0.001 

  Asian 34,732 12.5 12.1 9.5 12.5   

  Black 2,535 9.0 10.1 6.0 9.5   

  Mixed 13,341 11.3 13.4 7.5 11.5   

  Other 5,162 15.1 18.9 9.5 15.0   

  Missing 31,948           

Maternity factors             

Maternal age (years)             

  <=24 430,791 14.8 15.9 10.5 14.0 <0.001 

  25-29 467,530 11.6 13.7 8.0 11.5   

  30-34 464,329 9.9 12.3 6.5 9.5   

  >=35 234,715 9.9 12.5 6.5 9.5   

  Missing 32           

Maternal smoking             

  No 1,030,586 9.8 11.7 6.5 9.5 <0.001 

  Yes 404,236 15.7 17.0 11.0 15.5   

  Missing 162,575           

Parity               

  0 716,017 10.9 12.6 7.5 11.0 <0.001 

  1 553,754 11.3 13.5 7.5 11.5   

  >1 318,965 14.3 16.8 9.5 14.5   

  Missing 8,661           

Mode of delivery             

  SVD 1,044,081 12.2 14.5 8.0 12.0 <0.001 

  Cephalic 38,457 12.4 14.7 8.0 12.0   

  Assisted VD 189,934 10.3 12.2 7.0 10.0   

  Breech Delivery 4,623 12.6 14.9 8.0 12.0   

  Elective Caesarean 118,293 11.0 13.0 7.5 11.0   

  Emergency Caesarean 201,728 10.7 12.6 7.0 11.0   

  Other Delivery 279 11.2 12.3 8.0 11.0   

  Missing 2           
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    N mean SD median IQR P value 

Maternity factors  

Gestation (weeks) 

  <24 51 10.7 13.5 6.0 11.0 <0.001 

  24-27 2,337 12.5 14.9 9.0 12.0   

  28-32 14,791 12.5 14.5 8.0 12.5   

  33-36 74,142 12.7 14.9 8.5 13.0   

  37 78,813 12.7 15.0 8.5 12.0   

  38 202,450 12.2 14.4 8.0 12.0   

  39 327,339 11.6 13.9 7.5 11.5   

  40 480,730 11.6 13.8 7.5 11.5   

  41 358,511 11.2 13.2 7.5 11.0   

  42 55,900 11.5 14.0 7.5 11.0   

  43 1,172 11.9 14.0 8.0 12.0   

  >43 285 12.3 13.3 9.0 11.5   

  Missing 876           

Sex-gestation-specific birthweight centile           

  1-3 66,428 14.2 16.2 9.5 14.5 <0.001 

  4-10 144,204 13.1 15.1 9.0 13.0   

  11-20 191,088 12.5 14.7 8.0 12.0   

  21-80 937,290 11.5 13.6 7.5 11.0   

  81-90 135,550 10.6 12.7 7.0 10.5   

  91-97 85,974 10.6 12.7 7.0 10.5   

  98-100 35,278 10.5 12.4 7.0 10.5   

  Missing 1,585           

5 min Apgar               

  1-3 7,375 13.6 17.0 8.5 13.0 <0.001 

  4-6 14,922 12.3 14.6 8.0 12.0   

  7-10 1,559,816 11.7 13.9 8.0 11.5   

  Missing 15,284           
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5.3.2 Association between diabetes and number of days absent 

The diabetes analysis dataset contained 1,596,954 pupil census records after excluding 443 

where ineligible diabetes drugs had been prescribed (section 4.3.2.2.1). Children with 

diabetes had significantly higher numbers of days absent from school on univariate 

analysis (IRR 1.42, 95% CI 1.36-1.47) and after adjusting for sociodemographic (IRR 

1.31, 95% CI 1.27-1.36) and maternity (IRR 1.34, 95% CI 1.30-1.39) confounders. In the 

fully adjusted model, diabetic pupils had a 1.34 fold risk of absence (34% increased risk) 

compared to pupils without diabetes. There were significant univariate interactions 

between diabetes and both age (p=0.036) and deprivation (p=0.043) but not with gender 

(p=0.187). On subgroup analyses the association between diabetes and absence was 

stronger for younger and less deprived pupils; however, the interactions of diabetes with 

age (p=0.126) and deprivation (p=0.189) were no longer significant after adjusting for 

sociodemographic and maternity confounders. Table 29 presents incidence rate ratios and 

confidence intervals from univariate and multivariate analyses; overall and within age and 

deprivation subgroups. The fully adjusted multivariate incidence rate ratios and confidence 

intervals are summarised visually in Figure 7.  

 

Table 29 Association between diabetes and absence from school by age and area 

deprivation 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.42*** 1.36-1.47 1.31*** 1.27-1.36 1.34*** 1.30-1.39

< 11 years 1.36*** 1.28-1.44 1.39*** 1.32-1.46 1.40*** 1.33-1.48

11 - 14 years 1.28*** 1.21-1.36 1.31*** 1.23-1.39 1.35*** 1.27-1.43

> 14 years 1.23*** 1.16-1.29 1.25*** 1.19-1.32 1.30*** 1.23-1.37

1 - most deprived 1.32*** 1.22-1.42 1.21*** 1.12-1.29 1.27*** 1.18-1.36

2 1.40*** 1.30-1.52 1.26*** 1.17-1.36 1.29*** 1.19-1.39

3 1.54*** 1.43-1.67 1.39*** 1.29-1.49 1.40*** 1.30-1.50

4 1.51*** 1.39-1.65 1.40*** 1.29-1.53 1.44*** 1.32-1.57

5 - least deprived 1.45*** 1.33-1.60 1.31*** 1.20-1.43 1.33*** 1.22-1.45

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 7 Forest plot of the fully adjusted multivariate association between diabetes and 
absence from school by age and area deprivation 
 

 

 

5.3.3 Association between asthma and number of days absent 

The asthma analysis dataset contained 1,415,923 pupil census records after excluding 

181,474 where ineligible asthma drugs had been prescribed (section 4.3.2.2.2). Asthma 

was significantly associated with the number of days absent from school on univariate 

analysis (IRR 1.30, 95% CI 1.28-1.31) and after adjusting for sociodemographic (IRR 

1.25, 95% CI 1.24-1.26) and maternity (IRR 1.25, 95% CI 1.24-1.26) confounders. Pupils 

with asthma had a 1.25 fold risk of absence (25% increased risk) compared to pupils who 

did not have asthma. There was a significant univariate interaction with gender (p=0.003) 

whereby the association between asthma and absence was stronger in girls than boys; 

however the interaction was no longer significant after adjusting for sociodemographic and 

maternity confounders (p=0.447). There were significant univariate and multivariate 

interactions between asthma and age category (both p<0.001) and deprivation (both 

p<0.001) and significant trends whereby the associations between asthma and absenteeism 

was stronger for younger and less deprived pupils. Within the subgroup of pupils over 14 

years of age, on fully adjusted analyses, children with asthma had a 15% increased risk of 

school absence compared to children without asthma. However, the risk of school absence 
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for asthmatic versus non asthmatic children was 26% higher and 32% higher in the 11-14 

and <11 age groups respectively. Similarly, within the most deprived 20% of the 

population, asthmatic children had a 21% increased risk of school absence (IRR 1.21) 

compared to non-asthmatic children which was significantly lower than the corresponding 

increased risk found within the less deprived subgroups. The relative impact of asthma on 

absenteeism was smaller for pupils who lived in more socioeconomically deprived areas 

because, among unaffected children, they already experienced higher absenteeism 

(medians, 11.0 and 5.0 days in the most and least deprived quintiles, respectively). Among 

asthmatic children, absences were still more common in the most deprived quintile 

(medians, 14.0 vs. 7.0 days). Similarly, the relative impact was smaller for older children 

because, among unaffected pupils, they already had more absence. Table 30 presents 

incidence rate ratios and confidence intervals from univariate and multivariate analyses; 

overall and within sex, age and deprivation subgroups. The fully adjusted multivariate 

incidence rate ratios and confidence intervals are summarised visually in Figure 8. 

Table 30 Association between asthma and absence from school by sex, age and area 

deprivation 

 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.30*** 1.28-1.31 1.25*** 1.24-1.26 1.25*** 1.24-1.26

Boys 1.28*** 1.27-1.30 1.24*** 1.23-1.26 1.25*** 1.23-1.26

Girls 1.32*** 1.30-1.35 1.26*** 1.24-1.28 1.26*** 1.24-1.28

< 11 years 1.38*** 1.36-1.40 1.32*** 1.31-1.34 1.32*** 1.30-1.33

11 - 14 years 1.29*** 1.26-1.31 1.24*** 1.22-1.26 1.26*** 1.24-1.28

> 14 years 1.17*** 1.15-1.19 1.14*** 1.12-1.16 1.15*** 1.13-1.17

1 - most deprived 1.19*** 1.17-1.21 1.19*** 1.17-1.21 1.21*** 1.19-1.23

2 1.25*** 1.23-1.28 1.26*** 1.23-1.28 1.26*** 1.23-1.28

3 1.26*** 1.24-1.29 1.26*** 1.23-1.29 1.25*** 1.23-1.28

4 1.30*** 1.27-1.33 1.29*** 1.26-1.32 1.28*** 1.25-1.31

5 - least deprived 1.32*** 1.28-1.36 1.31*** 1.27-1.35 1.29*** 1.26-1.33

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 8 Forest plot of the fully adjusted multivariate association between asthma and 
absence from school by sex, age and area deprivation 
 

 

5.3.4 Association between epilepsy and number of days absent 

The epilepsy analysis dataset contained 1,597,397 records. Children with epilepsy had 

significantly higher numbers of days absent from school on univariate analysis (IRR 1.62, 

95% CI 1.56-1.67) and after adjusting for sociodemographic (IRR 1.50, 95% CI 1.45-1.56) 

and maternity (IRR 1.50, 95% CI 1.45-1.55) confounders. In the final multivariate 

analyses, pupils with epilepsy had a 1.5 fold risk of absence (50% increased risk) 

compared to pupils without epilepsy. There were significant univariate and multivariate 

interactions between epilepsy and gender (both p<0.001), age category (both p<0.001) and 

SIMD deprivation category (both p<0.001).  On fully adjusted subgroup analyses, the 

association between epilepsy and absence was stronger in girls than boys (IRR 1.61 versus 

IRR 1.39). Girls with epilepsy experienced a 61% increased risk of absence compared to 

girls without epilepsy whereas the corresponding increased risk for epileptic boys was only 

39%. Absolute absenteeism was higher in girls than boys both in unaffected children 

(medians, 8.0 vs. 7.5 days) and in those with epilepsy (medians, 12.0 vs. 11.0 days). There 

were clear trends whereby the association between epilepsy and school absence was 

stronger for younger and less deprived pupils. Within the subgroup of pupils younger than 

11 years of age, children with epilepsy experienced a 66% increased risk of absence (IRR 
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1.66) compared to children without epilepsy. This was significantly greater than the 

corresponding increase in risk found within pupils older than 14 years of age (IRR 1.37). 

The increase in risk of absence associated with epilepsy was 23% (IRR 1.23) for children 

in the most deprived 20% of the population which was significantly lower than the 

corresponding increase in risk observed within less deprived subgroups. The relative 

impact of epilepsy on absenteeism was smaller for pupils who lived in more 

socioeconomically deprived areas because, within unaffected children, they already 

experienced higher absenteeism (medians, 11.0 and 5.5 days in the most and least deprived 

quintiles, respectively). Among epileptic children, absences were still more common in the 

most deprived quintile (medians, 13.5 vs. 8.5 days). Similarly, the relative impact was 

smaller in older pupils because, among unaffected children, they had higher absolute rates 

of absenteeism compared to younger pupils. Table 31 presents incidence rate ratios and 

confidence intervals from the univariate and multivariate analyses; overall and within sex, 

age and deprivation subgroups. The fully adjusted multivariate incidence rate ratios and 

confidence intervals are summarised visually in Figure 9. 

Table 31 Association between epilepsy and absence from school by sex, age and area 
deprivation 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.62*** 1.56-1.67 1.50*** 1.45-1.56 1.50*** 1.45-1.55

Boys 1.52*** 1.45-1.59 1.40*** 1.33-1.47 1.39*** 1.33-1.46

Girls 1.72*** 1.64-1.81 1.60*** 1.53-1.69 1.61*** 1.53-1.69

< 11 years 1.70*** 1.61-1.79 1.67*** 1.57-1.77 1.66*** 1.56-1.76

11 - 14 years 1.49*** 1.40-1.58 1.49*** 1.41-1.58 1.51*** 1.42-1.60

> 14 years 1.36*** 1.29-1.43 1.37*** 1.30-1.44 1.37*** 1.30-1.45

1 - most deprived 1.29*** 1.22-1.37 1.21*** 1.14-1.28 1.23*** 1.16-1.30

2 1.51*** 1.40-1.62 1.42*** 1.33-1.52 1.44*** 1.35-1.54

3 1.77*** 1.63-1.91 1.64*** 1.51-1.78 1.61*** 1.48-1.75

4 1.83*** 1.68-1.99 1.65*** 1.53-1.79 1.63*** 1.50-1.77

5 - least deprived 2.01*** 1.82-2.21 1.83*** 1.66-2.02 1.81*** 1.64-1.99

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 9 Forest plot of the fully adjusted multivariate association between epilepsy and 
absence from school by sex, age and area deprivation  
 

 

5.3.5 Association between attention deficit hyperactivity disorder 
and number of days absent 

The ADHD analysis dataset contained 1,597,397 records. Children with ADHD had 

significantly higher numbers of days absent at school on univariate analysis (IRR 1.37, 

95% CI 1.33-1.40) and after adjusting for sociodemographic (IRR 1.29, 95% CI 1.26-1.31) 

and maternity (IRR 1.18, 95% CI 1.16-1.21) confounders. In the final multivariate 

analyses, pupils with ADHD had a 1.18 fold risk of absence (18% increased risk) 

compared to pupils without ADHD. There was no significant univariate interaction with 

gender (p=0.221); however, there were significant univariate and multivariate interactions 

between ADHD and age (both p<0.001) and deprivation (both p<0.001). On fully adjusted 

subgroup analyses, within children younger than eleven years of age, those who had 

ADHD experienced an 8% increased risk of absence compared to children without ADHD. 

This was significantly lower than the corresponding increase in risk observed within older 

age groups. There was no clear trend across different categories of deprivation; however, 

the association between ADHD and absence was significantly weaker for children in the 

most deprived 20% of the population than for children in the least deprived 20% (10% 

versus 31% increased risk of absence respectively). The relative impact of ADHD on 

absenteeism was smaller for pupils who lived in more socioeconomically deprived areas 

univariate model
multivariate1
overall

boys
girls

< 11
11-14
> 14

simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Incidence Rate Ratio (IRR)

.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
 

 



5 Results  141 

because, within unaffected children, they already experienced higher absenteeism 

(medians, 11.0 and 5.5 days in the most and least deprived quintiles, respectively). Among 

children with ADHD, absences were still more common in the most deprived quintile 

(medians, 12.0 vs. 6.5 days). One possible explanation of the greater relative impact of 

ADHD on absenteeism in older pupils may be that pupils with ADHD who are older are 

more likely to miss school through truancy or school refusal compared to younger pupils 

with ADHD whose attendance may be more closely monitored by their parents. Table 32 

presents incidence rate ratios and confidence intervals from univariate and multivariate 

analyses; overall and within age and deprivation subgroups. The fully adjusted multivariate 

incidence rate ratios and confidence intervals are summarised visually in Figure 10. 

Table 32 Association between attention deficit hyperactivity disorder and absence from 
school by age and area deprivation 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.37*** 1.33-1.40 1.29*** 1.26-1.31 1.18*** 1.16-1.21

< 11 years 1.24*** 1.21-1.28 1.18*** 1.14-1.21 1.08*** 1.05-1.11

11 - 14 years 1.49*** 1.44-1.54 1.38*** 1.33-1.43 1.27*** 1.22-1.31

> 14 years 1.42*** 1.36-1.48 1.37*** 1.32-1.44 1.26*** 1.21-1.32

1 - most deprived 1.16*** 1.11-1.20 1.15*** 1.11-1.19 1.10*** 1.06-1.14

2 1.27*** 1.21-1.33 1.27*** 1.22-1.32 1.16*** 1.11-1.21

3 1.42*** 1.35-1.51 1.41*** 1.34-1.48 1.27*** 1.21-1.34

4 1.28*** 1.20-1.36 1.33*** 1.26-1.41 1.19*** 1.12-1.26

5 - least deprived 1.47*** 1.36-1.59 1.48*** 1.38-1.59 1.31*** 1.22-1.41

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 10 Forest plot of the fully adjusted multivariate association between attention deficit 
hyperactivity disorder and absence from school by age and area deprivation 

 

 

5.3.6 Association between depression and number of days 
absent 

The depression analysis dataset contained 1,597,379 pupil census records after excluding 

18 where ineligible anti-depressant drugs had been prescribed (section 4.3.2.2.5). Children 

with depression had significantly higher numbers of days absent at school on univariate 

analysis (IRR 2.23, 95% CI 2.17-2.29) and after adjusting for sociodemographic (IRR 

1.91, 95% CI 1.86-1.96) and maternity (IRR 1.95, 95% CI 1.90-2.00) confounders. In the 

fully adjusted model, pupils with depression had a 1.95 fold risk of absence (95% 

increased risk) compared to pupils without depression. There was no significant univariate 

interaction between depression and gender (p=0.762); however, there were significant 

univariate and multivariate interactions with age (both p<0.001) and deprivation (both 

p<0.001). Subsequent subgroup analyses demonstrated trends whereby the association 

between depression and absence was stronger for older and less deprived pupils. In the 

fully adjusted analyses children with depression in the <11 age group experienced a 61% 

increased risk of absence compared to similarly aged children without depression and this 

was significantly lower than the corresponding increased risk observed within older age 

groups. Within the least deprived 20% of the population, depressed children experienced a 
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2.44 times greater risk of absence compared to children without depression which was 

significantly higher than that observed within more deprived subgroups. The relative 

impact of depression on absenteeism was smaller for pupils who lived in more 

socioeconomically deprived areas because, among unaffected children, they already 

experienced higher absenteeism (medians, 11.0 and 5.5 days in the most and least deprived 

quintiles, respectively). Among depressed children, absences were still more common in 

the most deprived quintile (medians, 20.0 vs. 12.5 days). One possible explanation of the 

greater relative impact of depression on absenteeism in older pupils may be that older 

depressed pupils are more likely to miss school through truancy or school refusal 

compared to younger depressed pupils whose attendance may be more closely monitored 

by their parents. Table 33 presents incidence rate ratios and confidence intervals from 

univariate and multivariate analyses; overall and within age and deprivation subgroups. 

The fully adjusted multivariate incidence rate ratios and confidence intervals are 

summarised visually in Figure 11. 

 

Table 33 Association between depression and absence from school by age and area 

deprivation 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 2.23*** 2.17-2.29 1.91*** 1.86-1.96 1.95*** 1.90-2.00

< 11 years 1.56*** 1.45-1.68 1.60*** 1.49-1.73 1.61*** 1.50-1.74

11 - 14 years 1.80*** 1.73-1.87 1.89*** 1.81-1.96 1.91*** 1.83-1.99

> 14 years 1.90*** 1.84-1.96 1.98*** 1.92-2.05 2.05*** 1.98-2.12

1 - most deprived 1.85*** 1.76-1.95 1.53*** 1.45-1.61 1.59*** 1.50-1.68

2 2.12*** 2.01-2.24 1.71*** 1.62-1.80 1.76*** 1.67-1.86

3 2.29*** 2.17-2.41 1.87*** 1.77-1.97 1.90*** 1.81-2.01

4 2.59*** 2.45-2.74 2.12*** 2.00-2.24 2.14*** 2.02-2.27

5 - least deprived 2.97*** 2.78-3.18 2.41*** 2.25-2.58 2.44*** 2.28-2.61

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 11 Forest plot of the fully adjusted multivariate association between depression and 
absence from school by age and area deprivation 
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5.4 Number of school exclusions 

The final exclusion dataset contained 1,597,397 pupil census records after retaining only 

census years 2009, 2010 and 2012. As expected, the vast majority of children (97.9%) had 

no exclusions; therefore, to produce a clearer distribution of numbers of exclusions a 

histogram was produced only for those children who had one or more exclusions in a 

census year (Figure 12). The distribution was skewed with 60% of children experiencing 

only one exclusion episode within a school census year. The number of exclusions ranged 

from 1 to 18 per year. The mean was 1.82 exclusions per year (SD 1.49) and the median 

was 1 per year (IQR 1). The exclusion distribution was very over dispersed because the 

variance was higher than would be expected for a Poisson distribution where the mean and 

variance should be roughly equal. The mean number of exclusions was 1.82 per year and 

the variance was 2.22 per year therefore exclusions were most accurately modelled using a 

negative binomial distribution. 

Figure 12 Histogram of number of exclusions for children excluded from school  
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5.4.1 Characteristics of children by whether or not they were 
excluded 

Each chronic condition, with the exception of diabetes, was significantly associated with 

exclusion from school. Children with asthma, epilepsy, ADHD or depression were more 

likely to be excluded from school (Table 34). Significantly more boys than girls were 

excluded from school. Children who were excluded from school were significantly older, 

more deprived and significantly more likely to be of white ethnicity. They had significantly 

lower sex-gestation-specific birthweight centiles, 5-minute Apgar scores and gestational 

ages and their mothers were significantly more likely to have been younger than 25 years 

of age, multiparous and to have smoked during pregnancy. Children born via spontaneous 

vaginal delivery were also more likely to be excluded (Table 35). 

Table 34 Exclusion from school by presence or absence of chronic conditions 
 

  

                  

    Not Excluded Excluded Total   

    N=1,564,143 N=33,254 N=1,597,397   

    n % n  % n  % P value 

                  

Diabetes                 

  No  1,558,292 99.6 33,119 99.6 1,591,411 99.6 0.407 

  Yes 5,851 0.4 135 0.4 5,986 0.4   

  Missing 0   0   0     

Asthma                 

  No  1,486,578 95.0 31,274 94.0 1,517,852 95.0 <0.001 

  Yes 77,565 5.0 1,980 6.0 79,545 5.0   

  Missing 0   0   0     

Epilepsy                 

  No  1,556,120 99.5 33,044 99.4 1,589,164 99.5 0.010 

  Yes 8,023 0.5 210 0.6 8,233 0.5   

  Missing 0   0   0     

ADHD                 

  No  1,549,572 99.1 30,565 91.9 1,580,137 98.9 <0.001 

  Yes 14,571 0.9 2,689 8.1 17,260 1.1   

  Missing 0   0   0     

Depression                 

  No  1,552,134 99.2 32,782 98.6 1,584,916 99.2 <0.001 

  Yes 12,009 0.8 472 1.4 12,481 0.8   

  Missing 0   0   0     
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Table 35 Characteristics of children by whether or not they were excluded from school  
 

                  

    Not Excluded Excluded Total   

    N=1,564,143 N=33,254 N=1,597,397   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 787,200 50.3 25,366 76.3 812,566 50.9 <0.001 

  female 776,943 49.7 7,888 23.7 784,831 49.1   

  Missing 0   0   0     

Age category                 

  <11 794,993 50.8 4,231 12.7 799,224 50.0 <0.001 

  11-14 375,346 24.0 15,104 45.4 390,450 24.4   

  >14 393,804 25.2 13,919 41.9 407,723 25.5   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 351,131 22.5 14,343 43.2 365,474 22.9 <0.001 

  2 309,692 19.8 8,122 24.5 317,814 19.9   

  3 301,994 19.3 5,134 15.5 307,128 19.3   

  4 309,255 19.8 3,571 10.8 312,826 19.6   

  5 (least deprived) 289,860 18.6 2,019 6.1 291,879 18.3   

  Missing 2,211   65   2,276     

Ethnic group                 

  White 1,477,589 96.4 32,090 98.1 1,509,679 96.4 <0.001 

  Asian 34,429 2.2 303 0.9 34,732 2.2   

  Black 2,511 0.2 24 0.1 2,535 0.2   

  Mixed 13,146 0.9 195 0.6 13,341 0.9   

  Other 5,058 0.3 104 0.3 5,162 0.3   

  Missing 31,410   538   31,948     

Maternity factors               

Maternal age (years)               

  <=24 414,665 26.5 16,126 48.5 430,791 27.0 <0.001 

  25-29 458,594 29.3 8,936 26.9 467,530 29.3   

  30-34 458,592 29.3 5,737 17.3 464,329 29.1   

  >=35 232,260 14.8 2,455 7.4 234,715 14.7   

  Missing 32   0   32     

Maternal smoking               

  No 1,018,238 72.4 12,348 42.8 1,030,586 71.8 <0.001 

  Yes 387,761 27.6 16,475 57.2 404,236 28.2   

  Missing 158,144   4,431   162,575     

Parity                 

  0 703,458 45.2 12,559 37.9 716,017 45.1 <0.001 

  1 543,004 34.9 10,750 32.4 553,754 34.9   

  >1 309,100 19.9 9,865 29.7 318,965 20.1   

  Missing 8,581   80   8,661     
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    Not Excluded Excluded Total   

    N=1,564,143 N=33,254 N=1,597,397   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 1,019,619 65.2 24,462 73.6 1,044,081 65.4 <0.001 

  Cephalic 37,548 2.4 909 2.7 38,457 2.4   

  Assisted VD 187,057 12.0 2,877 8.7 189,934 11.9   

  Breech Delivery 4,513 0.3 110 0.3 4,623 0.3   

  Elective Caesarean 116,542 7.5 1,751 5.3 118,293 7.4   

  Emergency Caesarean 198,590 12.7 3,138 9.4 201,728 12.6   

  Other Delivery 272 0.0 7 0.0 279 0.0   

  Missing 2   0   2     

Gestation (weeks)               

  <24 49 0.0 2 0.0 51 0.0 <0.001 

  24-27 2,308 0.1 29 0.1 2,337 0.1   

  28-32 14,477 0.9 314 0.9 14,791 0.9   

  33-36 72,317 4.6 1,825 5.5 74,142 4.6   

  37 76,851 4.9 1,962 5.9 78,813 4.9   

  38 197,961 12.7 4,489 13.5 202,450 12.7   

  39 320,643 20.5 6,696 20.1 327,339 20.5   

  40 470,625 30.1 10,105 30.4 480,730 30.1   

  41 351,773 22.5 6,738 20.3 358,511 22.5   

  42 54,851 3.5 1,049 3.2 55,900 3.5   

  43 1,155 0.1 17 0.1 1,172 0.1   

  >43 279 0.0 6 0.0 285 0.0   

  Missing 854   22   876     

Sex-gestation-specific birthweight centile             

  1-3 64,631 4.1 1,797 5.4 66,428 4.2 <0.001 

  4-10 140,735 9.0 3,469 10.4 144,204 9.0   

  11-20 186,706 11.9 4,382 13.2 191,088 12.0   

  21-80 918,234 58.8 19,056 57.4 937,290 58.7   

  81-90 133,093 8.5 2,457 7.4 135,550 8.5   

  91-97 84,479 5.4 1,495 4.5 85,974 5.4   

  98-100 34,715 2.2 563 1.7 35,278 2.2   

  Missing 1,550   35   1,585     

5 min Apgar                 

  1-3 7,168 0.5 207 0.6 7,375 0.5 0.001 

  4-6 14,598 0.9 324 1.0 14,922 0.9   

  7-10 1,527,265 98.6 32,551 98.4 1,559,816 98.6   

  Missing 15,112   172   15,284     
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5.4.2 Association between diabetes and number of exclusions 

The diabetes analysis dataset contained 1,596,954 pupil census records after excluding 443 

where ineligible diabetes drugs had been prescribed (section 4.3.2.2.1). Diabetes was not 

significantly associated with number of exclusions from school on univariate analysis (IRR 

0.97, 95% CI 0.78-1.22) or after adjusting for sociodemographic (IRR 0.78, 95% CI 0.62-

0.97) or maternity (IRR 0.89, 95% CI 0.71-1.11) confounders.  

5.4.3 Association between asthma and number of exclusions 

The asthma analysis dataset contained 1,415,923 pupil census records after excluding 

181,474 where ineligible asthma drugs had been prescribed (section 4.3.2.2.2). Asthma 

was significantly associated with number of exclusions at school on univariate analysis 

(IRR 1.16, 95% CI 1.08-1.24) and after adjusting for sociodemographic (IRR 0.90, 95% CI 

0.84-0.96) and maternity (IRR 0.91, 95% CI 0.85-0.97) confounders. Asthma seemed to 

have a protective effect whereby asthmatic pupils were 9% less likely to be excluded from 

school compared to children without asthma after adjusting for sociodemographic and 

maternity confounders. There was no significant univariate interaction between asthma and 

either gender (p=0.510) or age category (p=0.317); however, there was a significant 

univariate interaction between asthma and deprivation (p=0.012). Only children in the 

bottom two deprivation categories experienced a significant association; however, the 

interaction of asthma with deprivation disappeared after further adjustment for 

sociodemographic and maternity confounders (p=0.056). It was unclear why children with 

asthma had fewer exclusions compared to healthy peers even after adjusting for 

sociodemographic and maternal confounders; however, on subgroup analyses, the findings 

were only significant within boys and those aged between 11 and 14 years and within the 

most deprived 40% of the population. Unaffected children within these groups already had 

the highest rates of exclusion; therefore it is possible that small differences, large sample 

size and residual confounding played parts in these findings. Table 36 shows incidence rate 

ratios and confidence intervals from univariate and multivariate analyses; overall and 

within sex, age and deprivation subgroups. The fully adjusted multivariate incidence rate 

ratios and confidence intervals are summarised visually in Figure 13. 
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Table 36 Association between asthma and exclusion from school by sex, age and area 
deprivation 
 

 

Figure 13 Forest plot of the fully adjusted multivariate association between asthma and 
exclusion by sex, age and area deprivation  

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.16*** 1.08,1.24 0.90** 0.84,0.96 0.91** 0.85,0.97

Boys 1.04 0.96,1.12 0.90** 0.84,0.97 0.90** 0.84,0.97

Girls 1.10 0.95,1.27 0.89 0.77,1.02 0.94 0.82,1.09

< 11 years 1.18 0.99,1.42 0.91 0.76,1.09 0.87 0.72,1.05

11 - 14 years 1.03 0.94,1.13 0.85*** 0.78,0.94 0.89** 0.81,0.97

> 14 years 1.10* 1.00,1.21 0.96 0.87,1.05 0.95 0.87,1.05

1 - most deprived 0.98 0.89,1.09 0.84*** 0.76,0.93 0.87** 0.79,0.96

2 1.05 0.92,1.20 0.90 0.78,1.03 0.87* 0.77,0.99

3 1.13 0.95,1.34 0.96 0.81,1.14 0.96 0.81,1.13
4 1.12 0.92,1.36 0.93 0.77,1.13 0.93 0.76,1.13

5 - least deprived 1.59*** 1.23,2.05 1.32* 1.02,1.70 1.29 1.00,1.67

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1
overall

boys
girls

< 11
11-14
> 14

simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Incidence Rate Ratio (IRR)

.6 .7 .8 .9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
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5.4.4 Association between epilepsy and number of exclusions 

The epilepsy analysis dataset contained 1,597,397 records. Epilepsy was not significantly 

associated with number of exclusions from school on univariate analysis (IRR 1.19, 95% 

CI 0.98-1.44) or after adjusting for sociodemographic (IRR 0.90, 95% CI 0.74-1.09) and 

maternity (IRR 0.89, 95% CI 0.73-1.09) confounders.  

5.4.5 Association between attention deficit hyperactivity disorder 
and number of exclusions 

The ADHD analysis dataset contained 1,597,397 records. ADHD was significantly 

associated with number of exclusions from school on univariate analysis (IRR 10.30, 95% 

CI 9.73-10.90) and after adjusting for sociodemographic (IRR 7.01, 95% CI 6.61-7.43) and 

maternity (IRR 5.82, 95% CI 5.47-6.18) confounders. Pupils with ADHD had a 5.82 times 

greater risk of exclusion compared to pupils who did not have ADHD. There were 

significant univariate and multivariate interactions between ADHD and gender (p<0.001), 

age category (p<0.001) and deprivation category (p<0.001). On fully adjusted subgroup 

analyses the association between ADHD and exclusion from school was stronger in girls 

than boys (IRR 9.52 versus 5.42). Girls with ADHD experienced a 9.52 times greater risk 

of exclusion compared to girls without ADHD whereas the corresponding increased risk 

for boys with ADHD was 5.42. There were trends whereby the multivariate association 

between ADHD and exclusion was stronger for younger and less deprived children. Within 

the >14 age group, children with ADHD had a 3.88 times greater risk of exclusion 

compared to children without ADHD. However, the increased risk of exclusion for 

children with ADHD was 5 fold and 11 fold within the 11-14 year and <11 year age groups 

respectively. The risk of exclusion steadily increased with each decreasing category of 

deprivation. Within the least deprived 20% of the population (category 5), children with 

ADHD experienced a 10.49 times greater risk of exclusion compared to children without 

ADHD and this was significantly higher than the corresponding increased risk found 

within any of the categories representing the most deprived 60% of the population 

(categories 1-3). The relatively smaller impact of ADHD on risk of exclusion from school 

for boys and pupils from more socioeconomically deprived areas can be explained 

because, among unaffected children, they had higher absolute rates of exclusion. Among 

unaffected children, 10,569 (6.7%) vs. 1,578 (1.2%) in the most and least deprived 

quintiles, respectively, were excluded. Among children with ADHD, 780 (33.3%) vs. 124 

(17.4%) in the most and least deprived quintiles, respectively, were excluded. 
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The greater relative impact of ADHD on exclusion for younger pupils may be due to 

teachers being less aware of the condition early on. They may more frequently exclude 

younger children with ADHD because they label them as bad pupils rather than pupils with 

a chronic condition. As these pupils pass through school, their condition may become more 

apparent to school services resulting in less exclusion. Younger children with ADHD may 

also possibly have less truancy or school refusal and therefore be in school more than older 

students with ADHD and have more opportunity for exclusion. Table 37 presents 

incidence rate ratios and confidence intervals from univariate and multivariate analyses; 

overall and within sex, age and deprivation subgroups. The fully adjusted multivariate 

incidence rate ratios and confidence intervals are summarised visually in Figure 14. 

Table 37 Association between attention deficit hyperactivity disorder and exclusion from 
school by sex, age and area deprivation 
 

 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 10.30*** 9.73,10.90 7.01*** 6.61,7.43 5.82*** 5.47,6.18

Boys 7.20*** 6.77,7.65 6.47*** 6.09,6.89 5.42*** 5.08,5.78

Girls 14.49*** 12.22,17.18 11.99*** 10.12,14.19 9.52*** 7.97,11.3

< 11 years 23.97*** 21.41,26.84 13.08*** 11.64,14.69 10.84*** 9.61,12.23

11 - 14 years 8.76*** 8.11,9.46 5.91*** 5.45,6.40 5.02*** 4.62,5.46

> 14 years 7.23*** 6.57,7.95 4.80*** 4.35,5.28 3.88*** 3.51,4.29

1 - most deprived 6.66*** 6.10,7.28 5.28*** 4.82,5.79 4.78*** 4.34,5.27

2 8.90*** 8.00,9.90 6.51*** 5.85,7.25 5.33*** 4.78,5.96

3 11.52*** 10.03,13.22 9.10*** 7.89,10.50 6.82*** 5.87,7.92

4 13.67*** 11.66,16.03 10.69*** 9.07,12.60 7.51*** 6.31,8.95

5 - least deprived 23.09*** 18.41,28.96 16.56*** 13.15,20.86 10.49*** 8.24,13.36

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 14 Forest plot of the fully adjusted multivariate association between attention deficit 
hyperactivity disorder and exclusion from school by sex, age and area deprivation  

 

5.4.6 Association between depression and number of exclusions 

The depression analysis dataset contained 1,597,379 pupil census records after excluding 

18 where ineligible anti-depressant drugs had been prescribed (section 4.3.2.2.5). 

Depression was significantly associated with number of exclusions from school on 

univariate analysis (IRR 1.86, 95% CI 1.63-2.13) and after adjusting for sociodemographic 

(IRR 1.63, 95% CI 1.43-1.86) and maternity (IRR 1.65, 95% CI 1.45-1.88) confounders. 

Pupils on anti-depressant medication had a 1.65 fold risk of exclusion (65% increased risk) 

compared to pupils who were not on anti-depressant medication. There were no significant 

univariate interactions with deprivation (p=0.068) or gender (p=0.776). However there 

were significant univariate and multivariate interactions with age (p<0.001 and p=0.002 

respectively). On multivariate subgroup analyses, the association between depression and 

exclusion was stronger for children under 11 years of age. Depressed children in this age 

category experienced a 3.5 times greater risk of exclusion compared to unaffected peers 

and this was significantly higher than the corresponding increased risk observed within 

older children. For unaffected pupils, children younger than 11 years of age had fewer 

exclusions compared to older children which explains the greater relative impact of 

depression on risk of exclusion. Table 38 presents incidence rate ratios and confidence 

intervals from univariate and multivariate analyses; overall and by age category. The fully 

univariate model
multivariate1
overall

boys
girls

< 11
11-14
> 14

simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Incidence Rate Ratio (IRR)
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5 Results  154 

adjusted multivariate incidence rate ratios and confidence intervals are summarised 

visually in Figure 15. 

Table 38 Association between depression and exclusion from school by age  
 

 

Figure 15 Forest plot of the fully adjusted multivariate association between depression and 
exclusion from school by age  
 

 

 

IRR 95% CI IRR 95% CI IRR 95% CI

Overall 1.86*** 1.63,2.13 1.63*** 1.43,1.86 1.65*** 1.45,1.88

< 11 years 3.60*** 2.33,5.56 3.64*** 2.37,5.58 3.50*** 2.29,5.37

11 - 14 years 1.25* 1.04,1.52 1.61*** 1.33,1.95 1.63*** 1.35,1.98

> 14 years 1.07 0.90,1.28 1.42*** 1.20,1.70 1.44*** 1.21,1.72

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1
overall

< 11
11-14
> 14

Analysis performed

Incidence Rate Ratio (IRR)

.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6
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5.5 Special educational need 

5.5.1 Characteristics of children by record of special educational 
need 

The final SEN dataset contained 2,793,185 pupil records across census years 2009 through 

to 2013. Diabetes, asthma, epilepsy, ADHD and depression were all associated with 

increased SEN (Table 39). Boys were significantly more likely than girls to have a SEN. 

Children with a SEN were significantly more deprived and had significantly lower Apgar 

scores, sex-gestation-specific birthweight centiles and gestational ages. Their mothers were 

significantly more likely to have been younger than 25 years of age, multiparous and to 

have smoked during pregnancy. Children with SEN were more likely to be aged 11 to 14 

years, more likely to be white and less likely to be of Asian descent and more likely to 

have been delivered by emergency caesarean section (Table 40). 

Table 39 Special educational need by presence or absence of chronic conditions 
 

                  

    No SEN SEN Total   

    N=2,489,946 N=303,239 N=2,793,185   

    n % n  % n  % P value 

                  

Diabetes                 

  No  2,481,704 99.7 300,877 99.2 2,782,581 99.6 <0.001 

  Yes 8,242 0.3 2,362 0.8 10,604 0.4   

  Missing 0   0   0     

Asthma                 

  No  2,363,085 94.9 281,373 92.8 2,644,458 94.7 <0.001 

  Yes 126,861 5.1 21,866 7.2 148,727 5.3   

  Missing 0   0   0     

Epilepsy                 

  No  2,482,891 99.7 294,999 97.3 2,777,890 99.5 <0.001 

  Yes 7,055 0.3 8,240 2.7 15,295 0.5   

  Missing 0   0   0     

ADHD                 

  No  2,477,512 99.5 285,505 94.2 2,763,017 98.9 <0.001 

  Yes 12,434 0.5 17,734 5.8 30,168 1.1   

  Missing 0   0   0     

Depression                 

  No  2,473,562 99.3 299,295 98.7 2,772,857 99.3 <0.001 

  Yes 16,384 0.7 3,944 1.3 20,328 0.7   

  Missing 0   0   0     
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Table 40 Characteristics of children by whether or not they had a special educational need 
 

                  

    No SEN SEN Total   

    N=2,489,946 N=303,239 N=2,793,185   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 1,218,591 48.9 203,206 67.0 1,421,797 50.9 <0.001 

  female 1,271,355 51.1 100,033 33.0 1,371,388 49.1   

  Missing 0   0   0     

Age category                 

  <11 1,259,384 50.6 139,012 45.8 1,398,396 50.1 <0.001 

  11-14 588,486 23.6 86,006 28.4 674,492 24.1   

  >14 642,076 25.8 78,221 25.8 720,297 25.8   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 537,546 21.6 88,611 29.3 626,157 22.4 <0.001 

  2 492,494 19.8 66,043 21.8 558,537 20.0   

  3 482,666 19.4 58,034 19.2 540,700 19.4   

  4 495,713 19.9 51,891 17.1 547,604 19.6   

  5 (least deprived) 478,208 19.2 38,125 12.6 516,333 18.5   

  Missing 3,319   535   3,854     

Ethnic group                 

  White 2,353,839 96.3 290,301 97.3 2,644,140 96.4 <0.001 

  Asian 56,702 2.3 4,912 1.6 61,614 2.2   

  Black 4,827 0.2 546 0.2 5,373 0.2   

  Mixed 21,887 0.9 2,060 0.7 23,947 0.9   

  Other 7,124 0.3 655 0.2 7,779 0.3   

  Missing 45,567   4,765   50,332     

Maternity factors               

Maternal age (years)               

  <=24 648,462 26.0 103,142 34.0 751,604 26.9 <0.001 

  25-29 721,552 29.0 82,869 27.3 804,421 28.8   

  30-34 738,258 29.7 74,390 24.5 812,648 29.1   

  >=35 381,628 15.3 42,831 14.1 424,459 15.2   

  Missing 46   7   53     

Maternal smoking               

  No 1,648,602 73.5 168,336 61.4 1,816,938 72.2 <0.001 

  Yes 593,403 26.5 106,014 38.6 699,417 27.8   

  Missing 247,941   28,889   276,830     

Parity                 

  0 1,131,728 45.7 123,674 41.0 1,255,402 45.2 <0.001 

  1 864,758 34.9 100,516 33.3 965,274 34.8   

  >1 479,108 19.4 77,219 25.6 556,327 20.0   

  Missing 14,352   1,830   16,182     
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    No SEN SEN Total   

    N=2,489,946 N=303,239 N=2,793,185   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 1,612,033 64.7 197,454 65.1 1,809,487 64.8 0.003 

  Cephalic 61,194 2.5 8,208 2.7 69,402 2.5   

  Assisted VD 302,126 12.1 31,795 10.5 333,921 12.0   

  Breech Delivery 6,766 0.3 1,211 0.4 7,977 0.3   

  Elective Caesarean 188,581 7.6 22,572 7.4 211,153 7.6   

  Emergency Caesarean 318,766 12.8 41,955 13.8 360,721 12.9   

  Other Delivery 475 0.0 44 0.0 519 0.0   

  Missing 5   0   5     

Gestation (weeks)               

  <24 82 0.0 18 0.0 100 0.0 <0.001 

  24-27 2,476 0.1 1,658 0.5 4,134 0.1   

  28-32 20,398 0.8 5,610 1.9 26,008 0.9   

  33-36 110,836 4.5 19,359 6.4 130,195 4.7   

  37 119,761 4.8 17,836 5.9 137,597 4.9   

  38 310,865 12.5 42,041 13.9 352,906 12.6   

  39 514,884 20.7 61,851 20.4 576,735 20.7   

  40 752,191 30.2 84,198 27.8 836,389 30.0   

  41 568,919 22.9 60,945 20.1 629,864 22.6   

  42 86,095 3.5 9,303 3.1 95,398 3.4   

  43 1,816 0.1 189 0.1 2,005 0.1   

  >43 424 0.0 54 0.0 478 0.0   

  Missing 1,199   177   1,376     

Sex-gestation-specific birthweight centile             

  1-3 97,870 3.9 17,430 5.8 115,300 4.1 <0.001 

  4-10 219,720 8.8 31,136 10.3 250,856 9.0   

  11-20 295,663 11.9 37,444 12.4 333,107 11.9   

  21-80 1,470,084 59.1 169,775 56.1 1,639,859 58.8   

  81-90 213,735 8.6 24,341 8.0 238,076 8.5   

  91-97 135,079 5.4 15,804 5.2 150,883 5.4   

  98-100 55,498 2.2 6,920 2.3 62,418 2.2   

  Missing 2,297   389   2,686     

5 min Apgar                 

  1-3 10,466 0.4 2,157 0.7 12,623 0.5 <0.001 

  4-6 21,887 0.9 4,191 1.4 26,078 0.9   

  7-10 2,431,875 98.7 293,096 97.9 2,724,971 98.6   

  Missing 25,718   3,795   29,513     
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5.5.2 Association between diabetes and special educational need 

The diabetes analysis dataset contained 2,792,469 pupil census records after excluding 716 

where ineligible diabetes drugs had been prescribed (section 4.3.2.2.1). Diabetes was 

significantly associated with SEN on univariate analysis (OR 2.36, 95% CI 2.19-2.55) and 

after adjusting for sociodemographic (OR 2.36, 95% CI 2.18-2.55) and maternity (OR 

2.45, 95% CI 2.26-2.66) confounders. Pupils with diabetes had a 2.45 times greater odds of 

SEN compared to pupils who did not have diabetes. There were significant univariate and 

multivariate interactions between diabetes and gender (both p<0.001), age (both p<0.001) 

and deprivation (univariate p=0.013, multivariate p=0.043). On fully adjusted subgroup 

analyses the association between diabetes and SEN was stronger for girls than boys (OR 

3.00 versus 2.12). Girls with diabetes experienced three-fold odds of SEN compared to 

girls without diabetes whereas the corresponding increase in odds was only two-fold for 

boys. There was a visible trend whereby the association between diabetes and SEN was 

stronger within younger age categories. For children younger than 11 years of age, those 

with diabetes experienced a 3.73 times greater odds of SEN compared to children without 

diabetes and this was significantly higher than the corresponding increased odds observed 

within the older age groups. The odds of SEN was higher in the least deprived 40% of the 

population compared to the most deprived 40% after adjusting for sociodemographic and 

maternity confounders.  Among non-diabetic children, 32,045 (19.7%) in the most 

deprived quintile had SEN compared with 14,548 (10.4%) in the least-deprived quintile. 

Among diabetic children, 235 (35.1%) in the most deprived quintile had SEN compared 

with 165 (26.7%) in the least deprived quintile. The relative impact of diabetes on the odds 

of SEN was greater for girls and children younger than 11 years of age because, among 

unaffected children, they had lower absolute rates of SEN than boys and older pupils. 

Table 41 presents odds ratios and confidence intervals from univariate and multivariate 

analyses; overall and within sex, age and deprivation subgroups. The fully adjusted 

multivariate odds ratios and confidence intervals are summarised visually in Figure 16. 
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Table 41 Association between diabetes and special educational need by sex, age and area 
deprivation 
 

 

Figure 16 Forest plot of the fully adjusted multivariate association between diabetes and 
special educational need by sex, age and area deprivation  
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 2.36*** 2.19-2.55 2.36*** 2.18-2.55 2.45*** 2.26-2.66

Boys 2.10*** 1.89-2.33 2.06*** 1.85-2.29 2.12*** 1.90-2.36

Girls 2.94*** 2.62-3.29 2.85*** 2.54-3.20 3.00*** 2.66-3.38

< 11 years 3.42*** 3.04-3.84 3.58*** 3.18-4.05 3.73*** 3.28-4.23

11 - 14 years 2.06*** 1.83-2.31 2.13*** 1.89-2.40 2.24*** 1.98-2.53

> 14 years 1.82*** 1.62-2.04 1.83*** 1.62-2.06 1.90*** 1.68-2.14

1 - most deprived 2.07*** 1.76-2.42 2.03*** 1.72-2.39 2.17*** 1.83-2.56

2 2.19*** 1.87-2.56 2.12*** 1.80-2.50 2.18*** 1.84-2.58

3 2.31*** 1.95-2.75 2.28*** 1.91-2.72 2.30*** 1.92-2.76

4 2.80*** 2.37-3.32 2.80*** 2.36-3.33 2.94*** 2.47-3.50

5 - least deprived 2.93*** 2.44-3.53 2.88*** 2.38-3.48 2.95*** 2.42-3.60

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1
overall

boys
girls

< 11
11-14
> 14

simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Odds Ratio (OR)

.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4
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5.5.3 Association between asthma and special educational need 

The asthma analysis dataset contained 2,472,798 pupil census records after excluding 

320,387 where ineligible asthma drugs had been prescribed (section 4.3.2.2.2). Asthma 

was significantly associated with SEN at school on univariate analysis (OR 1.47, 95% CI 

1.43-1.50) and after adjusting for sociodemographic (OR 1.31, 95% CI 1.28-1.35) and 

maternity (OR 1.28, 95% CI 1.25-1.32) confounders. Pupils with asthma had 1.28 times 

greater odds of SEN (28% increased odds) compared to pupils who did not have asthma. 

There was no significant univariate interaction between asthma and deprivation (p=0.097); 

however, there were significant univariate and multivariate interactions between asthma 

and sex (both p<0.001) and age (both p<0.001). On fully adjusted subgroup analyses the 

association between asthma and SEN was stronger for girls than boys (OR 1.39 versus 

1.24). Girls with asthma experienced a 39% increase in odds of SEN compared to girls 

without asthma. The corresponding increase in odds was only 24% for boys. Over 14 years 

of age children with asthma experienced a 40% increase in the odds of SEN compared to 

children without asthma. This was significantly higher than the corresponding increased 

odds observed within younger age groups. The relative impact of asthma on the odds of 

SEN was greater for girls and children older than 14 years of age because, among 

unaffected children, they had lower absolute rates of SEN compared to boys and younger 

children. Table 42 presents odds ratios and confidence intervals from univariate and 

multivariate analyses; overall and within sex and age subgroups. The fully adjusted 

multivariate odds ratios and confidence intervals are summarised visually in Figure 17. 

Table 42 Association between asthma and special educational need by sex  and age 
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 1.47*** 1.43-1.50 1.31*** 1.28-1.35 1.28*** 1.25-1.32

Boys 1.33*** 1.29-1.37 1.27*** 1.23-1.31 1.24*** 1.20-1.28

Girls 1.50*** 1.43-1.57 1.42*** 1.36-1.49 1.39*** 1.33-1.46

< 11 years 1.44*** 1.39-1.49 1.29*** 1.25-1.34 1.25*** 1.20-1.29

11 - 14 years 1.38*** 1.33-1.43 1.25*** 1.20-1.30 1.23*** 1.18-1.28

> 14 years 1.54*** 1.48-1.60 1.43*** 1.37-1.49 1.40*** 1.35-1.46

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 17 Forest plot of the fully adjusted multivariate association between asthma and 
special educational need by sex and age 
 

 

 

5.5.4 Association between epilepsy and special educational need 

The epilepsy analysis dataset contained 2,793,185 records. Epilepsy was significantly 

associated with SEN at school on univariate analysis (OR 9.83, 95% CI 9.29-10.40) and 

after adjusting for sociodemographic (OR 10.25, 95% CI 9.65-10.88) and maternity (OR 

10.11, 95% CI 9.51-10.75) confounders. Pupils with epilepsy had a ten-fold odds of SEN 

compared to pupils who did not have epilepsy. There were significant univariate and 

multivariate interactions between epilepsy and gender (both p<0.001), age (both p<0.001) 

and deprivation (both p<0.001). On fully adjusted subgroup analyses the association 

between epilepsy and SEN was stronger for girls than boys (OR 11.68 versus 8.76). Girls 

with epilepsy experienced 11.68 times greater odds of SEN compared to girls without 

epilepsy. The corresponding increase in odds was only 8.76 fold for boys. The association 

between epilepsy and SEN was stronger within younger and less deprived groups of 

children. Children younger than 11 years of age with epilepsy experienced 13.5 times 

greater odds of SEN compared to children in the same age group without epilepsy. This 

was significantly higher than the corresponding increased odds observed within older age 

groups. Similarly, within the least deprived 20% of the population, children with epilepsy 
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had 15.45 times greater odds of SEN compared to children without epilepsy. This was 

significantly higher than the corresponding odds within the more deprived subgroups. The 

relative impact of epilepsy on the odds of SEN was greater for girls, children younger than 

11 years of age and children in the least deprived 20% of the population. This can be 

explained because, among unaffected pupils, these groups of children had lower absolute 

rates of SEN compared to boys, more deprived children and pupils aged between 11 and 14 

years of age. Among children without epilepsy, 33,475 (19.4%) in the most deprived 

quintile had SEN compared with 14,325 (10.2%) in the least-deprived quintile. Among 

children with epilepsy, 827 (60.3%) in the most deprived quintile had SEN compared with 

395 (49.9%) in the least deprived quintile. Epilepsy can be more severe in younger 

children 271 and this may also explain the greater relative impact of epilepsy on SEN in 

children younger than 11 years of age. Table 43 presents odds ratios and confidence 

intervals from univariate and multivariate analyses; overall and within sex, age and 

deprivation subgroups. The fully adjusted multivariate odds ratios and confidence intervals 

are summarised visually in Figure 18. 

 

Table 43 Association between epilepsy and special educational need by sex, age and area 
deprivation 
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 9.83*** 9.29-10.40 10.25*** 9.65-10.88 10.11*** 9.51-10.75

Boys 9.10*** 8.40-9.86 8.81*** 8.11-9.56 8.76*** 8.05-9.53

Girls 11.99*** 11.07-12.99 11.92*** 10.98-12.95 11.68*** 10.73-12.71

< 11 years 13.16*** 12.0-14.3 13.71*** 12.46-15.08 13.52*** 12.25-14.91

11 - 14 years 8.44*** 7.71-9.23 8.91*** 8.11-9.80 8.96*** 8.13-9.87

> 14 years 8.20*** 7.60-8.86 8.75*** 8.07-9.47 8.61*** 7.94-9.34

1 - most deprived 7.90*** 7.10-8.79 7.88*** 7.05-8.81 7.91*** 7.05-8.87

2 9.45*** 8.38-10.65 9.94*** 8.77-11.28 9.74*** 8.57-11.06

3 9.90*** 8.75-11.21 10.64*** 9.34-12.11 10.44*** 9.15-11.91

4 9.90*** 8.70-11.27 10.73*** 9.39-12.26 10.30*** 8.98-11.83

5 - least deprived 14.33*** 12.39-16.57 15.30*** 13.16-17.80 15.45*** 13.23-18.05

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 18 Forest plot of the fully adjusted multivariate association between epilepsy and 
special educational need by sex, age and area deprivation  
 

 

5.5.5 Association between attention deficit hyperactivity disorder 
and special educational need 

The ADHD analysis dataset contained 2,793,185 records. ADHD was significantly 

associated with SEN at school on univariate analysis (OR 12.38, 95% CI 11.91-12.86) and 

after adjusting for sociodemographic (OR 9.63, 95% CI 9.25-10.00) and maternity (OR 

8.77, 95% CI 8.40-9.15) confounders. Pupils with ADHD had 8.77 times greater odds of 

SEN compared to pupils who did not have ADHD. There were significant univariate and 

multivariate interactions between ADHD and gender (both p<0.001), age (both p<0.001) 

and deprivation (both p<0.001). On fully adjusted subgroup analyses the association 

between ADHD and SEN was stronger for girls than boys (OR 12.85 versus 8.15). Girls 

with ADHD experienced 12.85 times greater odds of SEN compared to girls without 

ADHD. The corresponding increase in odds was only 8.15 fold for boys. There were 

visible trends whereby the association between ADHD and SEN was stronger for older and 

less deprived pupils. In children over 14 years of age, those with ADHD had 10.85 times 

greater odds of SEN compared to children without ADHD. The odds ratio decreased to 

8.80 within the 11-14 years group and again to 7.82 within children younger than 11 years 

of age. Within the most deprived 20% of the population, children with ADHD had 7.17 

times greater odds of SEN compared to children without ADHD which was significantly 
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lower than the corresponding increased odds found within the other deprivation subgroups. 

For unaffected children, girls and pupils from less deprived backgrounds had lower 

absolute rates of SEN which explains the greater relative impact of ADHD on SEN within 

these subgroups. Among children without ADHD, 32,461 (18.9%) in the most deprived 

quintile had SEN compared with 14,185 (10.1%) in the least-deprived quintile. Among 

children with ADHD, 1,841 (76.9%) in the most deprived quintile had SEN compared with 

535 (70.8%) in the least deprived quintile. The relative impact of ADHD on SEN was 

greater in older children because, for those unaffected by ADHD, older children had lower 

absolute rates of SEN compared to children aged between 11 and 14 years of age. Children 

start secondary school between 11 and 14 years of age and this transition could 

theoretically be one reason why absolute rates of SEN are higher in this age group. Table 

44 presents odds ratios and confidence intervals from univariate and multivariate analyses; 

overall and within sex, age and deprivation subgroups. The fully adjusted multivariate odds 

ratios and confidence intervals are summarised visually in Figure 19. 

Table 44 Association between attention deficit hyperactivity disorder and special 

educational need by sex, age and area deprivation 
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 12.38*** 11.91-12.86 9.63*** 9.25-10.0 8.77*** 8.40-9.15

Boys 9.52*** 9.12-9.93 8.93*** 8.56-9.33 8.15*** 7.79-8.53

Girls 15.14*** 13.73-16.70 14.20*** 12.84-15.71 12.85*** 11.54-14.29

< 11 years 11.06*** 10.51-11.63 8.62*** 8.18-9.10 7.82*** 7.38-8.28

11 - 14 years 12.25*** 11.54-13.00 9.60*** 9.03-10.22 8.80*** 8.25-9.39

> 14 years 15.08*** 14.08-16.15 12.00*** 11.18-12.88 10.85*** 10.09-11.68

1 - most deprived 9.24*** 8.65-9.88 7.49*** 7.00-8.01 7.17*** 6.68-7.70

2 11.79*** 10.92-12.72 9.54*** 8.82-10.32 8.70*** 8.02-9.45

3 12.23*** 11.21-13.36 10.12*** 9.25-11.08 8.85*** 8.05-9.74

4 14.02*** 12.74-15.44 11.52*** 10.44-12.72 10.05** 9.05-11.15

5 - least deprived 17.74*** 15.73-20.02 14.55*** 12.85-16.48 12.39*** 10.83-14.18

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 19 Forest plot of the fully adjusted multivariate association between attention deficit 
hyperactivity disorder and special educational need by sex, age and area deprivation  
 

 

5.5.6 Association between depression and special educational 
need 

The depression analysis dataset contained 2,793,157 pupil census records after excluding 

28 where ineligible anti-depressant drugs had been prescribed (section 4.3.2.2.5). 

Depression was significantly associated with SEN on univariate analysis (OR 1.99, 95% CI 

1.87-2.12) and after adjusting for sociodemographic (OR 2.23, 95% CI 2.09-2.38) and 

maternity (OR 2.24, 95% CI 2.10-2.39) confounders. Pupils with depression had a 2.24 

fold odds of SEN compared to pupils who did not have depression. There were significant 

univariate and multivariate interactions between depression and gender (both p<0.001), age 

(both p<0.001) and deprivation (both p<0.001). On fully adjusted subgroup analyses the 

association between depression and SEN was stronger for boys than girls (OR 2.66 versus 

1.93). Boys with depression experienced 2.66 times greater odds of SEN compared to boys 

without depression. The corresponding increase in odds was only 1.93 fold in girls. Among 

children without depression, 75,413 (19.4%) boys had SEN compared with 39,368 (10.6%) 

girls. Among depressed children, 709 (40.5%) boys had SEN compared with 754 (21.0%) 

girls. On fully adjusted subgroup analysis by age category the odds ratio was significantly 

lower in the middle age group (11-14 years) compared to the other two groups. Children in 

the 11 to 14 year age group with depression experienced a 78% increase in odds of SEN 
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compared to children in the same age group without depression. This was significantly 

lower than the corresponding odds ratios within the younger and older age groups. There 

was a visible trend whereby the strength of the association between depression and SEN 

steadily increased with decreasing deprivation. Within the least deprived 20% of the 

population, depressed children had 2.93 times greater odds of SEN compared to children 

without depression. This was significantly higher than the corresponding odds within 

categories representing the most deprived 60%. The relative impact of depression on odds 

of SEN was less for more deprived pupils and children aged between 11 and 14 years of 

age because, among unaffected children, these subgroups of children already experienced 

higher absolute rates of SEN. Among children without depression, 33,990 (19.7%) in the 

most deprived quintile had SEN compared with 14,489 (10.4%) in the least-deprived 

quintile. Among depressed children, 312 (30.7%) in the most deprived quintile had SEN 

compared with 231 (23.3%) in the least deprived quintile. Depressed boys may present 

more obvious symptoms than depressed girls perhaps due to presence of more comorbid 

conditions, increased disease severity or differences in behaviour patterns. Therefore, girls 

may be less likely to be identified as depressed by their school and receive less help. This 

may explain the greater relative impact of depression on risk of SEN observed in boys. 

Table 45 presents odds ratios and confidence intervals from univariate and multivariate 

analyses; overall and within sex, age and deprivation subgroups. The fully adjusted 

multivariate odds ratios and confidence intervals are summarised visually in Figure 20. 
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Table 45 Association between depression and special educational ne ed by sex, age and 
area deprivation 
 

 

Figure 20 Forest plot of the fully adjusted multivariate association between depression and 
special educational need by sex, age and area deprivation  
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 1.99*** 1.87-2.12 2.23*** 2.09-2.38 2.24*** 2.10-2.39

Boys 2.71*** 2.47-2.97 2.64*** 2.40-2.91 2.66*** 2.42-2.94

Girls 2.02*** 1.86-2.20 1.93*** 1.77-2.11 1.93*** 1.77-2.11

< 11 years 2.74*** 2.36-3.19 2.74*** 2.35-3.20 2.73*** 2.32-3.20

11 - 14 years 1.52*** 1.39-1.67 1.77*** 1.61-1.94 1.78*** 1.62-1.96

> 14 years 2.00*** 1.86-2.15 2.45*** 2.28-2.63 2.46*** 2.29-2.65

1 - most deprived 1.60*** 1.40-1.83 1.69*** 1.48-1.93 1.73*** 1.51-1.98

2 1.86*** 1.63-2.13 2.06*** 1.80-2.35 2.05*** 1.79-2.35

3 1.94*** 1.70-2.21 2.17*** 1.90-2.48 2.19*** 1.91-2.50

4 2.40*** 2.09-2.75 2.76*** 2.41-3.16 2.72*** 2.37-3.13

5 - least deprived 2.70*** 2.32-3.13 2.98*** 2.57-3.46 2.93*** 2.51-3.42

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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5.5.7 Association between each chronic condition and specific 
type of special educational need 

Table 46 provides univariate and multivariate odds ratios for analyses of each of the 

chronic conditions against each of the SEN categories. There was a significant association 

between diabetes and some but not all types of SEN. Those significantly associated with 

diabetes included learning difficulty (adjusted OR 1.19, 95% CI 1.03-1.38, p<0.05), 

physical motor disability (adjusted OR 1.55, 95% CI 1.13-2.12, p<0.01) and physical 

health condition (adjusted OR 24.08, 95% CI 21.83-26.57, p<0.001). The strongest 

association occurred between diabetes and SEN attributed to a physical health condition. 

Children with diabetes experienced 24-fold odds of SEN due to a physical health condition 

compared to non-diabetic children. 

All of the other chronic conditions were significantly associated with all types of SEN. 

Asthma (adjusted OR 2.76, 95% CI 2.57-2.95, p<0.001) and epilepsy (adjusted OR 60.15, 

95% CI 55.44-65.26, p<0.001) were also most strongly associated with SEN attributed to a 

physical health condition. The odds of having a SEN at school in that particular category 

increased almost 3-fold for children with asthma compared to children without asthma and 

by 60-fold for children with epilepsy compared to children without epilepsy. ADHD 

(adjusted OR 59.15, 95% CI 51.68-67.71, p<0.001) and depression (adjusted OR 17.53, 

95% CI 15.05-20.41, p<0.001) were most strongly associated with SEN attributed to a 

mental health condition. The odds of having that particular type of SEN increased almost 

59 fold for pupils with ADHD compared to children without ADHD and 17.5 fold for 

depressed versus non depressed children.  

There were two other strong associations of note. Firstly, asthmatic children experienced 

76% increased odds (adjusted OR 1.76, 95% CI 1.49-2.08, p<0.001) of SEN attributed to a 

mental health condition compared to non-asthmatic children. Secondly, epileptic children 

experienced 57.5 times greater odds (adjusted OR 57.51, 95% CI 52.57-62.91, p<0.001) of 

SEN attributed to a physical motor disability compared to children without epilepsy.  
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Table 46 Association between chronic disease and type of special educational need 
 

 

Univariate model Multivariate
1

Multivariate
2

OR 95% CI OR 95% CI OR 95% CI

learning disability

Diabetes 1.16  0.91-1.48 1.13  0.89-1.45 1.18  0.92-1.51 

Asthma 1.43***  1.35-1.51 1.27***  1.19-1.34 1.21***  1.14-1.29 

Epilepsy 28.08***  26.11-30.19 28.46***  26.35-30.74 27.92***  25.78-30.25 

ADHD 12.49***  11.64-13.41 9.66***  8.97-10.39 8.35***  7.72-9.02 

Depression 1.79***  1.55-2.08 1.97***  1.70-2.29 1.96***  1.69-2.28 

learning difficulty

Diabetes 1.23**  1.06-1.42 1.15  1.00-1.34 1.19*  1.03-1.38 

Asthma 1.43***  1.37-1.48 1.29***  1.25-1.34 1.28***  1.23-1.33 

Epilepsy 5.45***  5.00-5.94 5.35***  4.90-5.85 5.30***  4.85-5.81 

ADHD 7.91***  7.48-8.38 6.25***  5.89-6.62 5.55***  5.22-5.89 

Depression 1.25***  1.12-1.40 1.30***  1.16-1.45 1.29***  1.15-1.44 

sensory impairment

Diabetes 1.26  0.83-1.90 1.21  0.80-1.84 1.28  0.84-1.94 

Asthma 1.76***  1.59-1.94 1.65***  1.49-1.82 1.49***  1.35-1.65 

Epilepsy 33.76***  30.30-37.62 33.01***  29.56-36.87 30.59***  27.26-34.33 

ADHD 5.44***  4.54-6.52 4.77***  3.96-5.73 4.01***  3.31-4.86 

Depression 1.77***  1.36-2.29 1.78***  1.37-2.32 1.72***  1.32-2.24 

physical motor disability

Diabetes 1.49*  1.09-2.03 1.49*  1.09-2.03 1.55**  1.13-2.12 

Asthma 1.54***  1.41-1.68 1.43***  1.31-1.57 1.28***  1.16-1.40 

Epilepsy 57.11***  52.61-61.99 60.59***  55.63-66.00 57.51***  52.57-62.91 

ADHD 9.40***  8.34-10.59 7.66***  6.78-8.66 6.72***  5.88-7.68 

Depression 2.38***  1.94-2.91 2.73***  2.23-3.35 2.66***  2.16-3.28 

communication problems

Diabetes 0.97  0.71-1.32 1.18  0.87-1.60 1.21  0.89-1.64 

Asthma 1.33***  1.24-1.42 1.23***  1.15-1.32 1.19***  1.11-1.28 

Epilepsy 20.55***  18.81-22.45 25.76***  23.40-28.37 24.98***  22.65-27.55 

ADHD 7.50***  6.76-8.31 5.56***  5.00-6.18 5.05***  4.52-5.64 

Depression 1.05  0.84-1.32 1.75***  1.39-2.20 1.72***  1.37-2.17 

ASD

Diabetes 1.39*  1.03-1.89 1.32  0.97-1.78 1.30  0.95-1.76 

Asthma 1.35***  1.25-1.47 1.15***  1.06-1.25 1.11*  1.03-1.21 

Epilepsy 12.13***  10.74-13.69 12.41***  10.92-14.10 12.20***  10.72-13.89 

ADHD 21.26***  19.71-22.95 14.18***  13.09-15.35 14.57***  13.42-15.82 

Depression 4.29***  3.76-4.91 5.63***  4.91-6.46 5.62***  4.89-6.45 

social, emotional or behavioral difficulty

Diabetes 0.90  0.72-1.12 0.86  0.69-1.07 0.94  0.75-1.18 

Asthma 1.42***  1.35-1.48 1.21***  1.15-1.27 1.18***  1.13-1.24 

Epilepsy 7.16***  6.50-7.88 7.10***  6.40-7.88 7.14***  6.41-7.96 

ADHD 33.06***  31.61-34.57 23.72***  22.60-24.90 20.48***  19.44-21.58 

Depression 2.80***  2.55-3.07 3.32***  3.02-3.65 3.34***  3.03-3.69 

physical health condition

Diabetes 24.27***  22.16-26.59 23.19***  21.11-25.48 24.08***  21.83-26.57 

Asthma 3.14***  2.94-3.36 2.94***  2.75-3.14 2.76***  2.57-2.95 

Epilepsy 63.98***  59.29-69.05 61.54***  56.88-66.58 60.15***  55.44-65.26 

ADHD 9.36***  8.33-10.51 8.22***  7.30-9.25 7.41***  6.55-8.39 

Depression 4.39***  3.80-5.07 4.16***  3.59-4.81 4.10***  3.54-4.76 

mental health condition

Diabetes 1.14  0.56-2.31 0.93  0.46-1.88 0.99  0.49-2.00 

Asthma 2.01***  1.71-2.37 1.79***  1.51-2.11 1.76***  1.49-2.08 

Epilepsy 30.61***  25.36-36.94 25.91***  21.37-31.41 25.75***  21.16-31.33 

ADHD 73.18***  65.11-82.26 65.54***  57.68-74.47 59.15***  51.68-67.71 

Depression 19.88***  17.21-22.97 17.58***  15.12-20.44 17.53***  15.05-20.41 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score
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5.6 Poor academic attainment 

5.6.1 Characteristics of children by poor academic attainment 

The final attainment dataset contained 139,205 pupil records across census years 2009 

through to 2013 with one summary record present per pupil. Asthma, epilepsy and ADHD 

were significantly associated with poorer academic attainment; however, there was no 

significant association between diabetes or depression and poorer academic attainment 

(Table 47).  Boys had significantly poorer academic attainment than girls. Children with 

poorer academic attainment were significantly younger and more deprived and had 

significantly lower sex-gestation-specific birthweight centiles, gestational ages and 5-

minute Apgar scores. Their mothers were significantly younger (specifically <=24), 

multiparous and were significantly more likely to have smoked during pregnancy. Children 

with low attainment were significantly more likely to have been born by spontaneous 

vaginal delivery and significantly less likely to have been delivered by caesarean section or 

assisted vaginal delivery. They were significantly more likely to be white and significantly 

less likely to be of Asian descent (Table 48).  

Table 47 Poor academic attainment by presence or absence of chronic conditions 
  

                          

    High General  Basic Low Total    

    N=58,493 N=30,321 N=43,857 N=6,534 N=139,205   

    n % n  % n % n % n  % P value 

                          

Diabetes                         

  No  58,131 99.4 30,102 99.3 43,598 99.4 6,505 99.6 138,336 99.4 0.212 

  Yes 362 0.6 219 0.7 259 0.6 29 0.4 869 0.6   

  Missing 0   0   0   0   0     

Asthma                         

  No  55,214 94.4 28,493 94.0 41,159 93.8 6,120 93.7 130,986 94.1 <0.001 

  Yes 3,279 5.6 1,828 6.0 2,698 6.2 414 6.3 8,219 5.9   

  Missing 0   0   0   0   0     

Epilepsy                         

  No  58,151 99.4 30,102 99.3 43,519 99.2 6,424 98.3 138,196 99.3 <0.001 

  Yes 342 0.6 219 0.7 338 0.8 110 1.7 1,009 0.7   

  Missing 0   0   0   0   0     

ADHD                         

  No  58,385 99.8 30,134 99.4 43,077 98.2 6,220 95.2 137,816 99.0 <0.001 

  Yes 108 0.2 187 0.6 780 1.8 314 4.8 1,389 1.0   

  Missing 0   0   0   0   0     

Depression                         

  No  57,549 98.4 29,742 98.1 43,218 98.5 6,356 97.3 136,865 98.3 0.093 

  Yes 944 1.6 579 1.9 639 1.5 178 2.7 2,340 1.7   

  Missing 0   0   0   0   0     
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Table 48 Characteristics of children by whether or not they had poor academic attainment 
 

                          

    High General  Basic Low Total    

    N=58,493 N=30,321 N=43,857 N=6,534 N=139,205   

    n % n  % n % n % n  % P value 

Sociodemographic factors                       

Sex                         

  male 25,696 43.9 15,987 52.7 24,886 56.7 3,630 55.6 70,199 50.4 <0.001 

  female 32,797 56.1 14,334 47.3 18,971 43.3 2,904 44.4 69,006 49.6   

  Missing 0   0   0   0   0     

                          

Age  14 0 0.0 121 0.4 897 2.0 290 4.4 1,308 0.9 <0.001 

  15 1,123 1.9 4,804 15.8 27,389 62.5 5,382 82.4 38,698 27.8   

  16 23,801 40.7 14,135 46.6 12,061 27.5 653 10.0 50,650 36.4 
   17 33,397 57.1 11,140 36.7 3,463 7.9 180 2.8 48,180 34.6   

  18 172 0.3 121 0.4 47 0.1 29 0.4 369 0.3   

  Missing 0   0   0   0   0     

Deprivation quintile                       

  1 (most deprived) 6,549 11.2 6,832 22.5 13,935 31.8 2,882 44.2 30,198 21.7 <0.001 

  2 9,017 15.4 6,725 22.2 10,827 24.7 1,704 26.2 28,273 20.3   

  3 11,615 19.9 6,325 20.9 8,538 19.5 1,046 16.1 27,524 19.8   

  4 14,325 24.5 5,768 19.0 6,472 14.8 608 9.3 27,173 19.5   

  5 (least deprived) 16,948 29.0 4,648 15.3 4,012 9.2 275 4.2 25,883 18.6   

  Missing 39   23   73   19   154     

Ethnic group                       

  White 56,116 96.7 29,256 97.4 42,471 98.1 6,301 98.2 134,144 97.3 <0.001 

  Asian 1,359 2.3 519 1.7 473 1.1 41 0.6 2,392 1.7   

  Black 50 0.1 19 0.1 18 0.0 4 0.1 91 0.1   

  Mixed 409 0.7 179 0.6 205 0.5 39 0.6 832 0.6   

  Other 122 0.2 58 0.2 126 0.3 32 0.5 338 0.2   

  Missing 437   290   564   117   1,408     

Maternity factors                       

Maternal age (years)                       

  <=24 9,151 15.6 8,912 29.4 17,342 39.5 3,059 46.8 38,464 27.6 <0.001 

  25-29 21,020 35.9 10,889 35.9 14,411 32.9 1,949 29.8 48,269 34.7   

  30-34 20,310 34.7 7,794 25.7 8,967 20.4 1,055 16.1 38,126 27.4   

  >=35 8,012 13.7 2,726 9.0 3,137 7.2 471 7.2 14,346 10.3   

  Missing 0   0   0   0   0     

Maternal smoking                       

  No 39,993 82.6 16,931 68.0 20,131 55.5 2,252 41.6 79,307 69.0 <0.001 

  Yes 8,445 17.4 7,959 32.0 16,153 44.5 3,157 58.4 35,714 31.0   

  Missing 10,055   5,431   7,573   1,125   24,184     

Parity                         

  0 28,638 49.0 13,634 45.0 17,320 39.5 2,163 33.1 61,755 44.4 <0.001 

  1 20,794 35.6 10,935 36.1 15,849 36.1 2,153 33.0 49,731 35.7   

  >1 9,060 15.5 5,750 19.0 10,687 24.4 2,218 33.9 27,715 19.9   

  Missing 1   2   1   0   4     

Mode of delivery                       

  SVD 39,972 68.3 21,370 70.5 32,510 74.1 4,987 76.3 98,839 71.0 <0.001 

  Cephalic 786 1.3 427 1.4 622 1.4 96 1.5 1,931 1.4   

  Assisted VD 7,689 13.1 3,385 11.2 4,075 9.3 525 8.0 15,674 11.3   

  Breech Delivery 198 0.3 102 0.3 190 0.4 25 0.4 515 0.4   

  Elective Caesarean 3,719 6.4 1,862 6.1 2,378 5.4 343 5.2 8,302 6.0   

  Emergency Caesarean 6,113 10.5 3,171 10.5 4,075 9.3 557 8.5 13,916 10.0   

  Other Delivery 16 0.0 4 0.0 7 0.0 1 0.0 28 0.0   

  Missing 0   0   0   0   0     
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    High General  Basic Low Total    

    N=58,493 N=30,321 N=43,857 N=6,534 N=139,205   

    n % n  % n % n % n  % P value 

Maternity factors 
Gestation (weeks) 

  <24 2 0.0 1 0.0 1 0.0 1 0.0 5 0.0 <0.001 

  24-27 46 0.1 34 0.1 56 0.1 15 0.2 151 0.1   

  28-32 435 0.7 271 0.9 418 1.0 63 1.0 1,187 0.9   

  33-36 2,332 4.0 1,297 4.3 2,121 4.8 337 5.2 6,087 4.4   

  37 2,646 4.5 1,469 4.9 2,309 5.3 384 5.9 6,808 4.9   

  38 7,221 12.4 3,889 12.8 5,518 12.6 921 14.1 17,549 12.6   

  39 11,482 19.6 5,817 19.2 8,504 19.4 1,274 19.5 27,077 19.5   

  40 18,723 32.0 9,545 31.5 13,592 31.0 1,973 30.2 43,833 31.5   

  41 12,869 22.0 6,536 21.6 9,349 21.3 1,267 19.4 30,021 21.6   

  42 2,629 4.5 1,387 4.6 1,897 4.3 287 4.4 6,200 4.5   

  43 48 0.1 30 0.1 25 0.1 6 0.1 109 0.1   

  >43 15 0.0 10 0.0 7 0.0 0 0.0 32 0.0   

  Missing 45   35   60   6   146     

Sex-gestation-specific birthweight centile                     

  1-3 1,864 3.2 1,348 4.5 2,272 5.2 454 7.0 5,938 4.3 <0.001 

  4-10 4,615 7.9 2,890 9.5 4,615 10.5 829 12.7 12,949 9.3   

  11-20 6,664 11.4 3,711 12.3 5,852 13.4 929 14.2 17,156 12.3   

  21-80 35,508 60.8 17,695 58.5 25,127 57.4 3,550 54.4 81,880 58.9   

  81-90 5,249 9.0 2,454 8.1 3,155 7.2 401 6.1 11,259 8.1   

  91-97 3,236 5.5 1,566 5.2 1,987 4.5 265 4.1 7,054 5.1   

  98-100 1,293 2.2 608 2.0 780 1.8 99 1.5 2,780 2.0   

  Missing 64   49   69   7   189     

5 min Apgar                       

  1-3 438 0.7 249 0.8 358 0.8 71 1.1 1,116 0.8 0.002 

  4-6 537 0.9 287 0.9 461 1.1 69 1.1 1,354 1.0   

  7-10 57,516 98.3 29,783 98.2 43,037 98.1 6,393 97.9 136,729 98.2   

  Missing 2   2   1   1   6     
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5.6.2 Association between diabetes and academic attainment 

The diabetes analysis dataset contained 139,131 pupil census records after excluding 74 

where ineligible diabetes drugs had been prescribed (section 4.3.2.2.1). The assumption of 

parallel odds was violated on univariate analysis (p=0.024). Therefore, the association 

between diabetes and academic attainment was described using different odds ratios within 

each category of attainment: OR1 - odds of general, basic or low attainment; OR2 - odds of 

basic or low attainment; OR3 - odds of low attainment. However, the parallel odds 

assumption was met after adjustment for sociodemographic and maternity confounders 

(p=0.163). Therefore, OR1, OR2 and OR3 described above were the same and the 

association was accurately described via one odds ratio (OR) across all attainment 

categories. Diabetes was not significantly associated with academic attainment level on 

univariate analysis (OR1 1.02, 95% CI 0.89-1.16; OR2 0.87, 95% CI 0.76-1.01; OR3 0.70, 

95% CI 0.48-1.01) or after adjusting for sociodemographic (OR 1.04, 95% CI 0.91-1.21) 

and maternity (OR 1.14, 95% CI 0.99 -1.31) confounders.  

5.6.3 Association between asthma and academic attainment  

The asthma analysis dataset contained 125,211 pupil census records after excluding 13,994 

where ineligible asthma drugs had been prescribed (section 4.3.2.2.2). The parallel odds 

assumption was met on univariate and multivariate analyses (p=0.524 and p=0.430 

respectively); therefore, the association between asthma and academic attainment was 

adequately described via one odds ratio (OR) across all attainment categories. Asthma was 

significantly associated with academic attainment level on univariate analysis (OR 1.09, 

95% CI 1.04-1.13) and after adjusting for sociodemographic (OR 1.10, 95% CI 1.05-1.16) 

and maternity (OR 1.11, 95% CI 1.06 -1.16) confounders. Children with asthma had an 

11% increased odds of poorer academic attainment compared to unaffected peers. There 

was no significant univariate interaction between asthma and gender (p=0.504) or 

deprivation (p=0.633). 

5.6.4 Association between epilepsy and academic attainment  

The epilepsy analysis dataset contained 139,205 records. The assumption of parallel odds 

was violated on univariate and multivariate analyses (p<0.001). Therefore, the association 

between epilepsy and academic attainment was described using different odds ratios for 

each category of attainment: OR1 - odds of general, basic or low attainment; OR2 - odds of 

basic or low attainment; OR3 - odds of low attainment. Epilepsy was significantly 
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associated with academic attainment level on univariate analysis (OR1 1.42, 95% CI 1.25-

1.62; OR2 1.42, 95% CI 1.25-1.61; OR3 2.58, 95% CI 2.12-3.14) and after adjusting for 

sociodemographic (OR1 1.96, 95% CI 1.68-2.29; OR2 2.44, 95% CI 2.07-2.87; OR3 3.80, 

95% CI 3.05-4.74) and maternity (OR1 1.98, 95% CI 1.68-2.32; OR2 2.48, 95% CI 2.11-

2.93; OR3 4.07, 95% CI 3.26-5.08) confounders. Children with epilepsy had 98% 

increased odds of having attainment classed as general, basic or low compared to non-

epileptic children. These same children had 2.48 times greater odds of having attainment 

classed specifically as basic or low compared to non-epileptic peers. Finally, compared to 

non-epileptic peers, children with epilepsy had 4 times greater odds of specifically low 

attainment. There was no significant univariate interaction between epilepsy and gender 

(p=0.388). Whilst there was an initial univariate interaction between epilepsy and 

deprivation (p=0.008) this was borderline insignificant after adjustment for 

sociodemographic and maternity confounders (p=0.048). Table 49 presents odds ratios and 

confidence intervals from univariate and multivariate analyses; overall and within 

deprivation subgroups. The fully adjusted multivariate odds ratios and confidence intervals 

are visually summarised in Figure 21. 
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Table 49 Association between epilepsy and poor academic attainment level by area 
deprivation 
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall general, basic or low
3

1.42*** 1.25-1.62 1.96*** 1.68-2.29 1.98*** 1.68-2.32

basic or low
4

1.42*** 1.25-1.61 2.44*** 2.07-2.87 2.48*** 2.11-2.93

low
5

2.58*** 2.12-3.14 3.80*** 3.05-4.74 4.07*** 3.26-5.08

1 - most deprived general, basic or low
3

1.38* 1.07-1.78 2.08*** 1.58-2.73 2.10*** 1.59-2.77

basic or low
4

" " " " " "

low
5

" " " " " "

2 general, basic or low
3

1.26 0.93-1.69 1.83*** 1.31-2.56 1.93*** 1.37-2.72

basic or low
4

1.22 0.94-1.60 2.34*** 1.69-3.24 2.46*** 1.76-3.43

low
5

2.47*** 1.68-3.65 3.88*** 2.53-5.97 4.15*** 2.68-6.42

3 general, basic or low
3

1.35* 1.02-1.80 2.05*** 1.48-2.84 2.05*** 1.47-2.86

basic or low
4

1.51** 1.15-1.98 3.07*** 2.19-4.32 3.12*** 2.20-4.42

low
5

3.95*** 2.64-5.91 6.46*** 4.09-10.2 7.21*** 4.56-11.4

4 general, basic or low
3

1.43* 1.08-1.90 1.75** 1.25-2.45 1.68** 1.19-2.38

basic or low
4

1.51** 1.13-2.03 2.17*** 1.49-3.17 2.17*** 1.48-3.18

low
5

3.42*** 1.97-5.92 3.90*** 2.17-7.01 4.07*** 2.26-7.34

5 - least deprived general, basic or low
3

2.05*** 1.51-2.77 2.66*** 1.86-3.80 2.84*** 1.98-4.08

basic or low
4

1.82*** 1.29-2.57 2.44*** 1.57-3.78 2.60*** 1.65-4.08

low
5

6.67*** 3.58-12.4 6.98*** 3.55-13.7 7.41*** 3.72-14.7

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score
3
reference category of high attainment

4
reference category of high or general attainment

5
reference category of high, general or basic attainment

Univariate model Multivariate
1

Multivariate
2
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Figure 21 Forest plot of the fully adjusted multivariate association between epilepsy and 
poor academic attainment level 
 

 

5.6.5 Association between attention deficit hyperactivity disorder 
and academic attainment 

The ADHD analysis dataset contained 139,205 records. The assumption of parallel odds 

was violated on univariate analysis (p=0.023) and after adjustment for sociodemographic 

confounders. Therefore, the association between ADHD and academic attainment was 

described using different odds ratios within each category of attainment: OR1 - odds of 

general, basic or low attainment; OR2 - odds of basic or low attainment; OR3 - odds of low 

attainment. However, a final model adjusted for sociodemographic and maternity 

confounders met the assumption of parallel odds (p=0.106). Therefore OR1, OR2 and OR3 

described above were the same and  the association between ADHD and academic 

attainment was accurately described using one odds ratio (OR) across all categories of 

attainment. ADHD was significantly associated with academic attainment level on 

univariate analysis (OR1 8.72, 95% CI 7.16-10.60; OR2 6.66, 95% CI 5.85-7.58; OR3 

6.18, 95% CI 5.44-7.03) and after adjusting for sociodemographic (OR1 5.06, 95% CI 

4.04-6.34; OR2 4.72, 95% CI 3.98-5.60; OR3 3.60, 95% CI 3.12-4.16) and maternity (OR 

3.64, 95% CI 3.26-4.07) confounders. Children with ADHD had 3.64 times greater odds of 

having poorer academic attainment compared to children without ADHD. There were 

significant univariate (p=0.003) and multivariate (p=0.013) interactions between ADHD 

general, basic or low (vs. high)

basic or low (vs. high or general)

low (vs. high, general or basic)

4 - low (reference)

Attainment category (reference)

Odds Ratio (OR)

0 1 2 3 4 5 6
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and gender whereby the association between ADHD and academic attainment was stronger 

for girls than for boys. On fully adjusted subgroup analyses, girls with ADHD had 5.3 

times greater odds of poorer attainment compared to unaffected girls. The picture was 

more complex for boys because the parallel odds assumption did not hold between 

categories. Boys with ADHD had 4.01 times greater odds of having general, basic or low 

attainment rather than high attainment compared to boys without ADHD. Boys with 

ADHD similarly experienced 4.09 times greater odds of having specifically basic or low 

attainment and 2.94 times greater odds of having specifically low attainment compared to 

boys without ADHD. Whilst there was an initial interaction between ADHD and 

deprivation (p=0.023), this disappeared after adjustment for sociodemographic and 

maternity confounders (p=0.106). For unaffected children, boys were more likely to have 

poorer attainment than girls; therefore the relative impact of ADHD on attainment was 

greater for girls. Table 50 presents odds ratios and confidence intervals from univariate and 

multivariate analyses; overall and within sex and deprivation subgroups. The fully adjusted 

multivariate odds ratios and confidence intervals are summarised visually in Figure 22.  
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Table 50 Association between attention deficit hyperactivity disorder and poor academic 
attainment level by sex and area deprivation 
 

 

  

OR 95% CI OR 95% CI OR 95% CI

Overall general, basic or low
3

8.72*** 7.16-10.6 5.06*** 4.04-6.34 3.64*** 3.26-4.07

basic or low
4

6.66*** 5.85-7.58 4.72*** 3.98-5.60 " "

low
5

6.18*** 5.44-7.03 3.60*** 3.12-4.16 " "

Boys general, basic or low
3

7.12*** 5.73-8.84 4.62*** 3.62-5.90 4.01*** 3.13-5.15

basic or low
4

5.75*** 4.98-6.63 4.63*** 3.84-5.57 4.09*** 3.39-4.94

low
5

5.26*** 4.55-6.08 3.24*** 2.76-3.80 2.94*** 2.50-3.45

Girls general, basic or low
3

9.92*** 6.20-15.8 6.11*** 4.67-7.99 5.30*** 4.04-6.96

basic or low
4

6.91*** 5.09-9.38 " " " "

low
5

9.58*** 7.18-12.8 " " " "

1 - most deprived general, basic or low
3

18.47*** 8.25-41.39 10.46*** 4.47-24.49 3.59*** 2.93-4.41

basic or low
4

6.73*** 4.90-9.24 4.67*** 3.17-6.89 " "

low
5

4.90*** 3.97-6.06 3.48*** 2.75-4.39 " "

2 general, basic or low
3

8.87*** 5.59-14.0 3.63*** 2.94-4.48 3.31*** 2.68-4.09

basic or low
4

5.97*** 4.57-7.79 " " " "

low
5

4.64*** 3.62-5.95 " " " "

3 general, basic or low
3

6.57*** 5.21-8.29 4.68*** 3.66-5.98 3.88*** 3.03-4.97

basic or low
4

" " " " " "

low
5

" " " " " "

4 general, basic or low
3

8.26*** 6.26-10.9 5.93*** 4.42-7.95 4.91*** 3.64-6.64

basic or low
4

" " " " " "

low
5

" " " " " "

5 - least deprived general, basic or low
3

5.93*** 4.37-8.05 3.20*** 2.28-4.49 2.67*** 1.89-3.78

basic or low
4

" " " " " "

low
5

" " " " " "

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score
3
reference category of high attainment

4
reference category of high or general attainment

5
reference category of high, general or basic attainment

Univariate model Multivariate
1

Multivariate
2
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Figure 22 Forest plot of the fully adjusted multivariate association between attention deficit 
hyperactivity disorder and poor academic attainment level by sex and area deprivation  
 

 

5.6.6 Association between depression and academic attainment 

The depression analysis dataset contained 139,199 pupil census records after excluding 6 

where ineligible anti-depressant drugs had been prescribed (section 4.3.2.2.5). The 

assumption of parallel odds was violated on univariate and multivariate analyses 

(p<0.001). Therefore, the association between depression and academic attainment was 

described using different odds ratios between each category of attainment: OR1 - odds of 

general, basic or low attainment; OR2 - odds of basic or low attainment; OR3 - odds of low 

attainment. Depression was significantly associated with academic attainment level on 

univariate analysis (OR1 1.07, 95% CI 0.99-1.17; OR2 0.94, 95% CI 0.87-1.03; OR3 1.69, 

95% CI 1.45-1.97) and after adjusting for sociodemographic (OR1 1.95, 95% CI 1.77-2.16; 

OR2 2.10, 95% CI 1.88-2.34; OR3 3.28, 95% CI 2.76-3.89) and maternity (OR1 1.96, 95% 

CI 1.77-2.17; OR2 2.14, 95% CI 1.92-2.39; OR3 3.44, 95% CI 2.89-4.09) confounders. 

Children with depression had a 96% increased odds of having attainment classed as 

general, basic or low compared to children without depression. These same children had 

2.14 times greater odds of having attainment classed specifically as basic or low compared 

to unaffected peers. Finally, compared to unaffected peers, children with depression had 

3.44 times greater odds of specifically low attainment.  

univariate model
multivariate1

overall
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         (low)
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simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Odds Ratio (OR)
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There was no significant univariate interaction between depression and gender (p=0.142). 

Whilst there was a significant univariate interaction between depression and deprivation 

(p<0.001) this disappeared after adjusting for sociodemographic and maternity 

confounders (p=0.090). Table 51 presents odds ratios and confidence intervals from 

univariate and multivariate analyses; overall and within deprivation subgroups. The fully 

adjusted multivariate odds ratios and confidence intervals are visually summarised in 

Figure 23.  

Table 51 Association between depression and poor academic attainment level by area 

deprivation 
 

 

  

OR 95% CI OR 95% CI OR 95% CI

Overall general, basic or low
3

1.07 0.99-1.17 1.95*** 1.77-2.16 1.96*** 1.77-2.17

basic or low
4

0.94 0.87-1.03 2.10*** 1.88-2.34 2.14*** 1.92-2.39

low
5

1.69*** 1.45-1.97 3.28*** 2.76-3.89 3.44*** 2.89-4.09

1 - most deprived general, basic or low
3

0.73** 0.58-0.91 1.37* 1.07-1.76 1.34* 1.04-1.73

basic or low
4

0.75** 0.62-0.91 1.80*** 1.41-2.29 1.84*** 1.44-2.35

low
5

1.52** 1.14-2.02 3.22*** 2.34-4.44 3.38*** 2.44-4.69

2 general, basic or low
3

1.07 0.88-1.30 1.88*** 1.51-2.35 1.90*** 1.52-2.38

basic or low
4

0.97 0.81-1.16 1.97*** 1.57-2.47 1.99*** 1.58-2.51

low
5

2.07*** 1.56-2.73 3.44*** 2.52-4.68 3.62*** 2.65-4.94

3 general, basic or low
3

1.06 0.89-1.26 2.00*** 1.68-2.39 2.00*** 1.67-2.40

basic or low
4

0.91 0.76-1.10 " " " "

low
5

1.34 0.90-2.00 " " " "

4 general, basic or low
3

1.29** 1.08-1.55 2.33*** 1.93-2.82 2.39*** 1.97-2.89

basic or low
4

1.16 0.95-1.42 " " " "

low
5

1.96** 1.25-3.10 " " " "

5 - least deprived general, basic or low
3

1.49*** 1.24-1.80 2.40*** 1.92-3.00 2.47*** 1.98-3.10

basic or low
4

1.38** 1.10-1.73 2.37*** 1.78-3.16 2.50*** 1.87-3.33

low
5

4.09*** 2.51-6.66 5.65*** 3.35-9.55 6.11*** 3.60-10.3

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score
3
reference category of high attainment

4
reference category of high or general attainment

5
reference category of high, general or basic attainment

Univariate model Multivariate
1

Multivariate
2



5 Results  181 

Figure 23 Forest plot of the fully adjusted multivariate association between depression and 
poor academic attainment level 
 

 

5.6.7 Association between each chronic condition and academic 
attainment after excluding children with special educational 
need and adjusting for absenteeism 

Adjusting for number of days absent from school per census year attenuated the 

associations between asthma, epilepsy and depression and academic attainment. However 

this had no notable impact on the association between ADHD and academic attainment. 

Excluding children with SEN attenuated the associations between epilepsy, ADHD and 

depression and academic attainment. However this had no notable impact on the 

association between asthma and academic attainment. The association between diabetes 

and academic attainment was not further investigated by adjusting for absenteeism or 

excluding children with SEN because the fully adjusted multivariate model in 5.6.2 was 

not significant. 

There was a significant association between asthma and academic attainment after 

adjusting for sociodemographic and maternity (OR 1.11, 95% CI 1.06-1.16) confounders 

whereby children with asthma had an 11% increased odds of poorer academic attainment. 

The increased odds reduced slightly to 8% but remained significant after excluding 
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basic or low (vs. high or general)

low (vs. high, general or basic)

4 - low (reference)

Attainment category (reference)

Odds Ratio (OR)

0 1 2 3 4 5 6
 

 



5 Results  182 

children with SEN from the analysis (OR 1.08, 95% CI 1.03-1.14). Further, the association 

was no longer significant after adjusting for absenteeism (OR 0.96, 95% CI 0.91-1.01). 

There was a significant association between ADHD and academic attainment after 

adjusting for sociodemographic and maternity (OR 3.64, 95% CI 3.26-4.07) confounders 

whereby children with ADHD had 3.6 times greater odds of poorer academic attainment. 

After excluding children with SEN, children with ADHD experienced 2.8 times greater 

odds of poorer attainment (OR 2.79, 95% CI 2.35-3.31) which increased after adjusting for 

absenteeism (OR 4.07, 95% CI 3.62-4.59). The association remained significant in both 

cases. 

The associations between epilepsy and depression and academic attainment were described 

using different odds ratios between each category of attainment: OR1 - odds of general, 

basic or low attainment; OR2 - odds of basic or low attainment; OR3 - odds of low 

attainment. Epilepsy was significantly associated with academic attainment after adjusting 

for sociodemographic and maternity (OR1 1.98, 95% CI 1.68-2.32; OR2 2.48, 95% CI 

2.11-2.93; OR3 4.07, 95% CI 3.26-5.08) confounders. Excluding children with SEN from 

the analysis attenuated the strength of this association (OR1 1.70, 95% CI 1.41-2.05; OR2 

1.94, 95% CI 1.57-2.39; OR3 3.29, 95% CI 2.36-4.58). Adjusting for absenteeism also 

attenuated the association (OR1 1.23, 95% CI 1.03-1.46; OR2 1.62, 95% CI 1.35-1.93; 

OR3 3.07, 95% CI 2.39-3.95) but both remained significant. 

There was a significant association between depression and academic attainment after 

adjusting for sociodemographic and maternity (OR1 1.96, 95% CI 1.77-2.17; OR2 2.14, 

95% CI 1.92-2.39; OR3 3.44, 95% CI 2.89-4.09) confounders. Excluding children with 

SEN from the analysis attenuated the strength of this association (OR1 1.83, 95% CI 1.64-

2.05; OR2 1.95, 95% CI 1.71-2.22; OR3 3.28, 95% CI 2.61-4.12) but it remained 

significant. Adjusting for absenteeism also attenuated the association (OR1 0.98, 95% CI 

0.87-1.09; OR2 1.03, 95% CI 0.91-1.17; OR3 1.89, 95% CI 1.55-2.30); however only the 

lowest category of attainment remained significant. The results of each of the original 

analyses and of analyses excluding children with a SEN and adjusted for absenteeism are 

shown in Table 52 below. 
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Table 52 Association between chronic diseases and academic attainment in children after 
adjusting for absenteeism and excluding children with special educational needs 
 

 

 

OR 95% CI OR 95% CI OR 95% CI

Asthma 1.11*** 1.06-1.16 0.96  0.91-1.01 1.08**  1.03-1.14 

Epilepsy general, basic or low
3

1.98*** 1.68-2.32 1.23*  1.03-1.46 1.70***  1.41-2.05 

basic or low
4

2.48*** 2.11-2.93 1.62***  1.35-1.93 1.94***  1.57-2.39 

low
5

4.07*** 3.26-5.08 3.07***  2.39-3.95 3.29***  2.36-4.58 

ADHD 3.64*** 3.26-4.07 4.07***  3.62-4.59 2.79***  2.35-3.31 

Depression general, basic or low
3

1.96*** 1.77-2.17 0.98  0.87-1.09 1.83***  1.64-2.05 

basic or low
4

2.14*** 1.92-2.39 1.03  0.91-1.17 1.95***  1.71-2.22 

low
5

3.44*** 2.89-4.09 1.89***  1.55-2.30 3.28***  2.61-4.12 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2a

 mulivariate model repeated additionally adjusting for number of days absent from school per census year
2b

 mulivariate model repeated after excluding children with special educational needs
3
reference category of high attainment

4
reference category of high or general attainment

5
reference category of high, general or basic attainment

excluding children with SEN
2b

multivariate model
1

adjusted for absenteeism
2a
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5.7 Unemployment six months after leaving school 

5.7.1 Characteristics of children by whether or not they were 
unemployed 

The final leaver dataset contained 217,924 pupil records across census years 2009 through 

to 2013 with one record present per pupil. Each chronic condition with the exception of 

diabetes was significantly associated with unemployment (Table 53). Significantly more 

boys than girls were not in employment, education or training six months after leaving 

school. Children who were unemployed were significantly younger, more deprived and 

significantly more likely to be of white ethnicity. They had significantly lower sex-

gestation-specific birthweight centiles, gestational ages and 5-minute Apgar scores and 

their mothers were significantly more likely to have been younger than 25 years of age, 

multiparous and to have smoked during pregnancy. Children who were unemployed were 

more likely to have been delivered by spontaneous vaginal delivery and less likely to have 

been delivered by assisted vaginal delivery or caesarean section (Table 54). 

Table 53 Unemployment (NEET) by presence or absence of chronic conditions 
 

                  

    Not NEET NEET Total   

    N=195,205 N=22,719 N=217,924   

    n % n  % n  % P value 

                  

Diabetes                 

  No  194,019 99.4 22,569 99.3 216,588 99.4 0.336 

  Yes 1,186 0.6 150 0.7 1,336 0.6   

  Missing 0   0   0     

Asthma                 

  No  184,583 94.6 21,357 94.0 205,940 94.5 <0.001 

  Yes 10,622 5.4 1,362 6.0 11,984 5.5   

  Missing 0   0   0     

Epilepsy                 

  No  193,714 99.2 22,400 98.6 216,114 99.2 <0.001 

  Yes 1,491 0.8 319 1.4 1,810 0.8   

  Missing 0   0   0     

ADHD                 

  No  193,352 99.1 22,170 97.6 215,522 98.9 <0.001 

  Yes 1,853 0.9 549 2.4 2,402 1.1   

  Missing 0   0   0     

Depression                 

  No  192,364 98.5 22,166 97.6 214,530 98.4 <0.001 

  Yes 2,841 1.5 553 2.4 3,394 1.6   

  Missing 0   0   0     
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Table 54 Characteristics of children by whether or not they were unemployed (NEET) 
 

                  

    Not NEET NEET Total   

    N=195,205 N=22,719 N=217,924   

    n % n  % n  % P value 

Sociodemographic factors               

Sex                 

  male 97,371 49.9 13,121 57.8 110,492 50.7 <0.001 

  female 97,834 50.1 9,598 42.2 107,432 49.3   

  Missing 0   0   0     

                  

Age  14 900 0.5 224 1.0 1,124 0.5 <0.001 

  15 49,291 25.3 12,366 54.4 61,657 28.3   

  16 71,460 36.6 5,645 24.8 77,105 35.4   

  17 72,975 37.4 4,361 19.2 77,336 35.5   

  18 579 0.3 123 0.5 702 0.3   

  Missing 0   0   0     

Deprivation quintile               

  1 (most deprived) 39,986 20.5 8,149 35.9 48,135 22.1 <0.001 

  2 38,340 19.7 5,587 24.6 43,927 20.2   

  3 38,639 19.8 4,047 17.8 42,686 19.6   

  4 39,231 20.1 2,853 12.6 42,084 19.3   

  5 (least deprived) 38,811 19.9 2,042 9.0 40,853 18.8   

  Missing 198   41   239     

Ethnic group                 

  White 188,194 97.4 21,910 97.9 210,104 97.5 <0.001 

  Asian 3,375 1.7 270 1.2 3,645 1.7   

  Black 98 0.1 9 0.0 107 0.0   

  Mixed 1,169 0.6 126 0.6 1,295 0.6   

  Other 364 0.2 70 0.3 434 0.2   

  Missing 2,005   334   2,339     

Maternity factors               

Maternal age (years)               

  <=24 52,380 26.8 8,915 39.2 61,295 28.1 <0.001 

  25-29 69,310 35.5 6,963 30.6 76,273 35.0   

  30-34 53,723 27.5 4,840 21.3 58,563 26.9   

  >=35 19,791 10.1 2,000 8.8 21,791 10.0   

  Missing 1   1   2     

Maternal smoking               

  No 113,893 70.6 9,637 50.9 123,530 68.5 <0.001 

  Yes 47,483 29.4 9,313 49.1 56,796 31.5   

  Missing 33,829   3,769   37,598     

Parity                 

  0 88,699 45.4 8,394 37.0 97,093 44.6 <0.001 

  1 69,216 35.5 7,732 34.0 76,948 35.3   

  >1 37,258 19.1 6,585 29.0 43,843 20.1   

  Missing 32   8   40     
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    Not NEET NEET Total   

    N=195,205 N=22,719 N=217,924   

    n % n  % n  % P value 

Maternity factors  

Mode of delivery 

  SVD 137,162 70.3 16,938 74.6 154,100 70.7 <0.001 

  Cephalic 2,979 1.5 395 1.7 3,374 1.5   

  Assisted VD 22,893 11.7 2,004 8.8 24,897 11.4   

  Breech Delivery 760 0.4 95 0.4 855 0.4   

  Elective Caesarean 11,672 6.0 1,222 5.4 12,894 5.9   

  Emergency Caesarean 19,697 10.1 2,059 9.1 21,756 10.0   

  Other Delivery 42 0.0 6 0.0 48 0.0   

  Missing 0   0   0     

Gestation (weeks)               

  <24 7 0.0 0 0.0 7 0.0 <0.001 

  24-27 225 0.1 32 0.1 257 0.1   

  28-32 1,673 0.9 219 1.0 1,892 0.9   

  33-36 8,410 4.3 1,184 5.2 9,594 4.4   

  37 9,387 4.8 1,255 5.5 10,642 4.9   

  38 24,362 12.5 2,956 13.0 27,318 12.6   

  39 37,763 19.4 4,499 19.8 42,262 19.4   

  40 62,091 31.9 7,010 30.9 69,101 31.8   

  41 41,600 21.3 4,547 20.0 46,147 21.2   

  42 9,136 4.7 960 4.2 10,096 4.6   

  43 201 0.1 18 0.1 219 0.1   

  >43 54 0.0 4 0.0 58 0.0   

  Missing 296   35   331     

Sex-gestation-specific birthweight centile             

  1-3 8,177 4.2 1,235 5.4 9,412 4.3 <0.001 

  4-10 17,921 9.2 2,461 10.9 20,382 9.4   

  11-20 23,801 12.2 3,048 13.4 26,849 12.3   

  21-80 114,995 59.0 12,969 57.2 127,964 58.8   

  81-90 16,110 8.3 1,581 7.0 17,691 8.1   

  91-97 9,968 5.1 992 4.4 10,960 5.0   

  98-100 3,859 2.0 390 1.7 4,249 2.0   

  Missing 374   43   417     

5 min Apgar                 

  1-3 1,447 0.7 204 0.9 1,651 0.8 0.006 

  4-6 1,963 1.0 244 1.1 2,207 1.0   

  7-10 191,748 98.3 22,265 98.0 214,013 98.2   

  Missing 47   6   53     
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5.7.2 Association between diabetes and unemployment 

The diabetes analysis dataset contained 217,805 pupil census records after excluding 119 

where ineligible diabetes drugs had been prescribed (section 4.3.2.2.1). Diabetes was not 

significantly associated with unemployment on univariate analysis (OR 1.09, 95% CI 0.92-

1.29) or after adjusting for sociodemographic (OR 1.13, 95% CI 0.94-1.34) and maternity 

(OR 1.18, 95% CI 0.99-1.41) confounders.  

5.7.3 Association between asthma and unemployment 

The asthma analysis dataset contained 197,430 pupil census records after excluding 20,494 

where ineligible asthma drugs had been prescribed (section 4.3.2.2.2). Asthma was 

significantly associated with unemployment on univariate analysis (OR 1.11, 95% CI 1.05-

1.18) however this association disappeared after adjusting for sociodemographic (OR 1.00, 

95% CI 0.94-1.06) and maternity (OR 1.00, 95% CI 0.95-1.07) confounders.  

5.7.4 Association between epilepsy and unemployment 

The epilepsy analysis dataset contained 217,924 records. Epilepsy was significantly 

associated with unemployment on univariate analysis (OR 1.85, 95% CI 1.64-2.09) and 

after adjusting for sociodemographic (OR 1.96, 95% CI 1.73-2.23) and maternity (OR 

1.99, 95% CI 1.75-2.25) confounders. Pupils with epilepsy had a 99% increased odds of 

unemployment compared to pupils who did not have epilepsy. There was no significant 

univariate interaction between epilepsy and gender (p=0.740); however, there were 

significant univariate and multivariate interactions between epilepsy and deprivation (both 

p<0.001). On fully adjusted subgroup analyses the association between epilepsy and 

unemployment was stronger for less deprived children. The greater relative impact of 

epilepsy on unemployment was due to higher baseline unemployment in the most deprived 

children among those without epilepsy (8,068 [16.9%] vs. 2,005 [4.9%] in the most and 

least deprived quintiles respectively). Among children with epilepsy, unemployment was 

still higher in the most deprived quintile (81 [18.5%] vs. 37 [12.2%]). Table 55 presents 

odds ratios and confidence intervals from univariate and multivariate analyses; overall and 

within deprivation subgroups. The fully adjusted multivariate odds ratios and confidence 

intervals are summarised visually in Figure 24.  
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Table 55 Association between epilepsy and unemployment by area deprivation 
 

 

Figure 24 Forest plot of the fully adjusted multivariate association between epilepsy and 

unemployment by area deprivation  
 

 

  

OR 95% CI OR 95% CI OR 95% CI

Overall 1.85*** 1.64-2.09 1.96*** 1.73-2.23 1.99*** 1.75-2.25

1 - most deprived 1.13 0.88-1.43 1.22 0.95-1.57 1.24 0.97-1.59

2 1.72*** 1.33-2.22 1.97*** 1.51-2.57 2.01*** 1.54-2.61

3 2.28*** 1.76-2.95 2.45*** 1.88-3.20 2.43*** 1.85-3.18

4 2.90*** 2.17-3.88 2.87*** 2.13-3.87 2.89*** 2.13-3.91

5 - least deprived 2.65*** 1.88-3.75 2.64*** 1.85-3.76 2.70*** 1.89-3.86

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1

overall

boys
girls
< 11
11-14
> 14
simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Odds Ratio (OR)

.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4
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5.7.5 Association between attention deficit hyperactivity disorder 
and unemployment 

The ADHD analysis dataset contained 217,924 records. ADHD was significantly 

associated with unemployment on univariate analysis (OR 2.58, 95% CI 2.35-2.84) and 

after adjusting for sociodemographic (OR 1.52, 95% CI 1.37-1.68) and maternity (OR 

1.42, 95% CI 1.28-2.57) confounders. Pupils with ADHD had 42% increased odds of 

unemployment compared to pupils who did not have ADHD. There were significant 

univariate and multivariate interactions between ADHD and gender (p=0.007 and p=0.036 

respectively) and deprivation (p<0.001 and p=0.001 respectively). On fully adjusted 

subgroup analyses the association between ADHD and unemployment was stronger for 

girls and children in the least deprived 40% of the population. The relative impact of 

ADHD on unemployment was weaker for boys because, among unaffected children, they 

had a higher absolute risk of unemployment compared to girls (12,644 [11.7%] vs. 9,506 

[8.9%]). Among children with ADHD, unemployment was still higher in boys (457 

[22.7%] vs. 92 [23.6%]). The greater relative impact of ADHD on unemployment in less 

deprived children was also due to higher baseline unemployment among the most deprived 

children for those without ADHD (7,936 [16.7%] vs. 2,003 [4.9%] in the most and least 

deprived quintiles respectively). Among children with ADHD, unemployment was still 

higher in the most deprived quintile (213 [27.7%] vs. 39 [16.1%]). Table 56 presents odds 

ratios and confidence intervals from univariate and multivariate analyses; overall and 

within sex and deprivation subgroups. The fully adjusted multivariate odds ratios and 

confidence intervals are summarised visually in Figure 25. 
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Table 56 Association between attention deficit hyperactivity disorder and unemployment by 
sex and area deprivation 
 

 

Figure 25 Forest plot of the fully adjusted multivariate association between attention deficit 
hyperactivity disorder and unemployment by sex and area deprivation  
 

 

OR 95% CI OR 95% CI OR 95% CI

Overall 2.58*** 2.35-2.84 1.52*** 1.37-1.68 1.42*** 1.28-1.57

Boys 2.22*** 2.00-2.47 1.54*** 1.38-1.71 1.43*** 1.28-1.60

Girls 3.17*** 2.50-4.01 1.74*** 1.36-2.22 1.66*** 1.30-2.12

1 - most deprived 1.90*** 1.62-2.23 1.37*** 1.16-1.61 1.31** 1.11-1.54

2 1.99*** 1.65-2.41 1.28* 1.05-1.55 1.21 0.99-1.47

3 2.47*** 1.96-3.13 1.61*** 1.27-2.05 1.43** 1.12-1.83

4 3.78*** 2.88-4.95 2.40*** 1.82-3.17 2.15*** 1.62-2.85

5 - least deprived 3.70*** 2.62-5.23 2.27*** 1.59-3.23 2.07*** 1.44-2.99

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1

overall

boys
girls
< 11
11-14
> 14
simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Odds Ratio (OR)

.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
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5.7.6 Association between depression and unemployment 

The depression analysis dataset contained 217,919 pupil census records after excluding 5 

where ineligible anti-depressant drugs had been prescribed (section 4.3.2.2.5). Depression 

was significantly associated with unemployment on univariate analysis (OR 1.69, 95% CI 

1.54-1.85) and after adjusting for sociodemographic (OR 1.96, 95% CI 1.78-2.16) and 

maternity (OR 1.98, 95% CI 1.80-2.18) confounders. Pupils with depression had 98% 

increased odds of unemployment compared to pupils who did not have depression. There 

were significant univariate and multivariate interactions between depression and gender 

(both p=0.001) and deprivation (both p<0.001). On fully adjusted subgroup analyses the 

association between depression and unemployment was stronger for boys than girls (OR 

2.40 versus 1.81). Boys who were depressed experienced 2.4 fold odds of unemployment 

compared to boys who were not depressed. The corresponding increase in odds was 1.8 

fold for depressed girls. Among unaffected children, boys had a higher absolute risk of 

unemployment compared to girls (12,898 [11.8%] vs. 9,267 [8.8%]). Among children with 

depression, unemployment was still higher in boys (223 [23.0%] vs. 330 [13.6%]).The 

association between depression and unemployment was stronger for less deprived children. 

Within the least deprived 20% of the population, depressed children had 2.73 times greater 

odds of unemployment compared to children who were not depressed. The corresponding 

increase in odds was 1.63 fold within the most deprived 20% of the population. The 

relative impact of depression on unemployment was greater for less deprived children 

which was due to higher baseline unemployment among the most deprived children for 

those unaffected by depression (8,019 [16.9%] vs. 1,969 [4.9%] in the most and least 

deprived quintiles respectively). Among depressed children, unemployment was still 

higher in the most deprived quintile (130 [21.3%] vs. 73 [11.4%]). Table 57 presents odds 

ratios and confidence intervals from univariate and multivariate analyses; overall and 

within sex and deprivation subgroups. The multivariate odds ratios and confidence 

intervals are summarised visually in Figure 26.  
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Table 57 Association between depression and unemployment by sex and area deprivation 
 

 

 

Figure 26 Forest plot of the fully adjusted multivariate association between depression and 
unemployment by sex and area deprivation  
 

 

  

OR 95% CI OR 95% CI OR 95% CI

Overall 1.69*** 1.54-1.85 1.96*** 1.78-2.16 1.98*** 1.80-2.18

Boys 2.24*** 1.92-2.60 2.35*** 2.01-2.75 2.40*** 2.05-2.81

Girls 1.63*** 1.45-1.83 1.80*** 1.59-2.04 1.81*** 1.60-2.05

1 - most deprived 1.33** 1.10-1.62 1.58*** 1.29-1.93 1.63*** 1.33-2.00

2 1.56*** 1.29-1.89 1.71*** 1.41-2.08 1.73*** 1.42-2.11

3 1.63*** 1.33-2.01 1.82*** 1.47-2.25 1.78*** 1.43-2.20

4 2.68*** 2.17-3.31 2.88*** 2.32-3.58 2.86*** 2.30-3.56

5 - least deprived 2.50*** 1.95-3.20 2.68*** 2.08-3.46 2.73*** 2.12-3.53

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

univariate model
multivariate1

overall

boys
girls
< 11
11-14
> 14
simd 1 - most deprived
simd 2
simd 3
simd 4
simd 5 - least deprived

Analysis performed

Odds Ratio (OR)

.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8
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5.7.7 Association between each chronic condition and 
unemployment after excluding children with special 
educational need and adjusting for absenteeism 

Adjusting for the number of days absent from school per census year attenuated the 

associations between epilepsy and depression and unemployment but they remained 

significant. However this adjustment had no notable impact on the magnitude of the 

association between ADHD and unemployment. Excluding children with SEN attenuated 

the associations between ADHD and epilepsy and unemployment but they remained 

significant. However this had no notable impact on the magnitude of the association 

between depression and unemployment. The association between diabetes and 

unemployment was not further investigated by adjusting for absenteeism or excluding 

children with SEN because the fully adjusted multivariate model in 5.7.2 was not 

significant. This was also true for the association between asthma and unemployment 

(5.7.3). 

There was a significant association between epilepsy and unemployment after adjusting for 

sociodemographic and maternity (OR 1.99, 95% CI 1.75-2.25) confounders whereby 

children with epilepsy had 2-fold odds of unemployment. However, after adjusting for 

absenteeism, children with epilepsy experienced a 70% increased odds of unemployment 

(OR 1.70, 95% CI 1.49-1.55). Furthermore, after excluding children with SEN, children 

with epilepsy experienced a 49% increased odds of unemployment (OR 1.49, 95% CI 1.24-

1.80). 

There was also a significant association between ADHD and unemployment after adjusting 

for sociodemographic and maternity (OR 1.42, 95% CI 1.28-1.57) confounders whereby 

children with ADHD experienced 42% increased odds of unemployment. However, after 

excluding children with SEN, children with ADHD experienced 30% increased odds of 

unemployment (OR 1.30, 95% CI 1.10-1.55). Adjusting for absenteeism did not notably 

impact the magnitude of the association between ADHD and unemployment and the 

increase in odds for children with ADHD remained around 40% (OR 1.44, 95% CI 1.29-

1.60). 

There was a significant association between depression and unemployment after adjusting 

for sociodemographic and maternity (OR 1.98, 95% CI 1.80-2.18) confounders whereby 

children with depression experienced 2-fold odds of unemployment. The increase in odds 

remained 2-fold after excluding children with SEN from the analysis (OR 2.02, 95% CI 
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1.80-2.26). However, after adjusting for absenteeism, children with depression experienced 

42% increased odds of unemployment (OR 1.42, 95% CI 1.28-1.57). The results of each of 

the original analyses versus each of the analyses excluding children with a SEN and 

adjusted for absenteeism are shown in Table 58 below. 

Table 58 Association between chronic diseases and unemployment in children after 

adjusting for absenteeism and excluding children with special educational needs 
 

 

 

OR 95% CI OR 95% CI OR 95% CI

Epilepsy 1.99*** 1.75-2.25 1.70***  1.49-1.95 1.49***  1.24-1.80 

ADHD 1.42*** 1.28-1.57 1.44***  1.29-1.60 1.30**  1.10-1.55 

Depression 1.98*** 1.80-2.18 1.42***  1.28-1.57 2.02***  1.80-2.26 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2a

 mulivariate model repeated additionally adjusting for number of days absent from school per census year
2b

 mulivariate model repeated after excluding children with special educational needs

excluding children with SEN
2b

multivariate model
1

adjusted for absenteeism
2a
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5.8 Association between each chronic condition and 

each educational outcome after adjusting for other 
comorbid chronic conditions 

Of the 766,244 children attending school between 2009 and 2013, 61,897 (8.1%) had one 

of the five chronic conditions investigated. However, a further 2,501 (0.33%) pupils had 

two comorbid conditions and 132 (0.02%) pupils had three comorbid conditions. 

Therefore, given that some children experienced more than one condition, the final fully 

adjusted models for all of the educational outcomes were run again including all conditions 

together. The first two columns in Table 59 present incidence rate ratios and 95% 

confidence intervals from generalised estimating equations with a negative binomial 

distribution and log link adjusted for sociodemographic and maternity confounders. These 

models investigated associations between each chronic condition and number of days 

absent and number of exclusions. The third and fourth columns in Table 59 present the 

same information after adjusting each condition-specific model for presence of any of the 

other chronic conditions identified in this thesis. 

The first two columns in Table 60 present odds ratios and 95% confidence intervals from 

models, adjusted for sociodemographic and maternity confounders, investigating 

associations between each chronic condition and SEN, unemployment and academic 

attainment. SEN was investigated using generalised estimating equations with a binomial 

distribution and logit link. Unemployment and attainment were investigated using binomial 

and ordinal logistic regression respectively. The third and fourth columns in Table 60 

present the same information after adjusting each condition-specific model for presence of 

any of the other chronic conditions identified in this thesis. 

Adjusting for the presence of other chronic conditions had little impact on the effect size of 

the associations between any of the chronic conditions and number of days absent. This 

was also true for the associations between both asthma and ADHD and number of 

exclusions. However, the association between depression and number of exclusions was 

attenuated but remained significant after adjustment for the presence of other chronic 

conditions. Depressed children had a 65% increased risk of exclusion compared to children 

who were not depressed; however they experienced a 48% increased risk after further 

adjustment for the presence of other conditions.  
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Adjusting for other conditions did not notably attenuate the associations between diabetes 

and SEN, asthma and SEN, asthma and attainment or ADHD and unemployment. 

However, the association between ADHD and attainment was attenuated but remained 

significant. The most notable impact of adjusting for other conditions was observed for 

epilepsy and depression. Associations of these conditions with SEN, unemployment and 

academic attainment were all attenuated but remained significant after further adjustment 

for presence of other chronic conditions.  

Table 59 Association between each chronic condition and absences and exclusions after 

adjusting for presence of other comorbid chronic conditions 
 

 

  

IRR 95% CI IRR 95% CI

Absence

Diabetes 1.34*** 1.30-1.39 1.33***  1.28-1.37 

Asthma 1.25*** 1.24-1.26 1.24***  1.23-1.26 

Epilepsy 1.50*** 1.45-1.55 1.43***  1.38-1.48 

ADHD 1.18*** 1.16-1.21 1.16***  1.14-1.19 

Depression 1.95*** 1.90-2.00 1.90***  1.85-1.95 

Exclusion

Asthma 0.91** 0.85-0.97 0.89***  0.84-0.95 

ADHD 5.82*** 5.47-6.18 5.79***  5.45-6.16 

Depression 1.65*** 1.45-1.88 1.48***  1.29-1.69 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2
 also adjusted for diabetes, asthma, epilepsy, ADHD and depression (as appropriate)

multivariate model
1

adjusted for comorbid conditions
2
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Table 60 Association between each chronic condition and special educational need, 
unemployment (NEET) and academic attainment after adjusting for presence of other 

comorbid chronic conditions 
 

OR 95% CI OR 95% CI

SEN

Diabetes 2.45*** 2.26-2.66 2.46***  2.26-2.68 

Asthma 1.28*** 1.25-1.32 1.27***  1.23-1.30 

Epilepsy 10.11*** 9.51-10.75 9.60***  9.02-10.23 

ADHD 8.77*** 8.40-9.15 8.62***  8.26-9.00 

Depression 2.24*** 2.10-2.39 1.77***  1.65-1.90 

NEET

Epilepsy 1.99*** 1.75-2.25 1.82***  1.60-2.07 

ADHD 1.42*** 1.28-1.57 1.39***  1.25-1.53 

Depression 1.98*** 1.80-2.18 1.88***  1.71-2.08 

Attainment

Asthma 1.11*** 1.06-1.16 1.09***  1.04-1.14 

Epilepsy general, basic or low
3

1.98*** 1.68-2.32 1.73***  1.47-2.04 

basic or low
4

2.48*** 2.11-2.93 2.16***  1.83-2.55 

low
5

4.07*** 3.26-5.08 3.43***  2.74-4.29 

ADHD 3.64*** 3.26-4.07 3.50***  3.14-3.91 

Depression general, basic or low
3

1.96*** 1.77-2.17 1.86***  1.68-2.05 

basic or low
4

2.14*** 1.92-2.39 1.99***  1.78-2.23 

low
5

3.44*** 2.89-4.09 2.98***  2.50-3.56 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2
 also adjusted for diabetes, asthma, epilepsy, ADHD and depression (as appropriate)

3
reference category of high attainment

4
reference category of high or general attainment

5
reference category of high, general or basic attainment

multivariate model
1

adjusted for comorbid conditions
2
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5.9 All-cause and cause-specific hospital admissions 

5.9.1 Association between diabetes and hospital admission 

5.9.1.1 All-cause hospital admission 

197 pupils who received ineligible diabetes drugs (section 4.3.2.2.1) were excluded. 

Therefore 766,047 pupils were followed up to assess the impact of diabetes on risk of all-

cause hospital admission. The follow up period ranged from 1 year to 5 years and the mean 

follow up time was 4.34 years. 157,294 pupils (20.5%) were admitted to hospital at least 

once over the follow up period and there were 305,580 admissions in total. The probability 

of being admitted to hospital for any cause was significantly greater for pupils with 

diabetes compared to those without diabetes at all points during follow up. The probability 

of being admitted to hospital within the 5-year follow-up period was around 60% for 

children with diabetes compared to 20% for children without diabetes (Figure 27). 

Figure 27 Kaplan-Meier survival curve: Diabetes and all-cause hospital admission 

Diabetes was significantly associated with increased risk of all-cause hospital admission on 

univariate Cox regression analysis (HR 3.84, 95% CI 3.67-4.03) and following adjustment 

for sociodemographic (HR 3.89, 95% CI 3.71-4.07) and maternity (HR 3.97, 95% CI 3.79-

4.16) confounders. However, the model did not satisfy the assumption of proportional 

hazards (p<0.001) and Poisson piecewise regression was used to more accurately model 

the variation in the hazard ratio over the follow up period. Table 61 presents univariate and 
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multivariate incidence rate ratios within each specific year of follow up. Figure 28 presents 

the fully adjusted incidence rate ratios from the Poisson piecewise model (black solid 

circles) alongside the static multivariate hazard ratio derived from the Cox proportional 

hazards model (red dashed line). Confidence intervals are shown for both models (black 

error bars and blue dashed lines). The Cox model demonstrated that, over the full follow 

up period, diabetic children had 3.9 times greater risk of hospital admission compared to 

non-diabetic pupils. However, the Poisson piecewise model demonstrated that the elevated 

risk of hospital admission experienced by diabetic pupils compared to non-diabetic pupils 

actually decreased in magnitude with increasing follow-up time. Diabetic children 

experienced a 4.4 fold risk of admission within the first year of follow-up; however their 

increase in risk was 2.9 fold across the final year of follow-up. Therefore, as children 

moved through the follow-up period, the relative impact of diabetes on risk of admission 

became weaker. A possible explanation for this observation is that it may take some time 

to stabilise children on insulin and for them, and their parents, to become confident in 

managing the condition. However, thereafter most diabetic children can avoid future 

symptoms such as hypoglycaemic episodes. 

Table 61 Diabetes and risk of all-cause hospital admission modelled as time from diagnosis 
until first admission 
 

 
 

IRR 95% CI IRR 95% CI IRR 95% CI

0 - 1 years 4.31***  4.02-4.62 4.34***  4.05-4.66 4.43***  4.13-4.75 

1 - 2 years 4.11***  3.74-4.51 4.16***  3.79-4.57 4.23***  3.85-4.65 

2 - 3 years 3.32***  2.93-3.76 3.37***  2.97-3.82 3.47***  3.06-3.93 

3 - 4 years 3.29***  2.85-3.82 3.35***  2.90-3.88 3.41***  2.94-3.95 

4 - 5 years 2.80***  2.34-3.36 2.86***  2.39-3.43 2.92***  2.44-3.50 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2



5 Results  200 

Figure 28 Diabetes and risk of all-cause hospital admission modelled as time from 
diagnosis until first admission 
 

 

The risk of hospital admission associated with diabetes also varied depending on pupil age 

at time of admission. Table 62 presents univariate and multivariate incidence rate ratios 

from a Poisson piecewise model for different age categories at admission. Figure 29 

presents the fully adjusted incidence rate ratios from the Poisson piecewise model (black 

solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). Diabetic children of all ages experienced 

an increased risk of hospital admission compared to non-diabetic children; however, the 

association between diabetes and risk of hospital admission was stronger for children aged 

between 9 and 14 years of age. This could be due to reported differing patterns in treatment 

adherence whereby pupils in their early teens are harder to manage and more likely to for 

example miss insulin injections 272.  
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Table 62 Diabetes and risk of all-cause hospital admission modelled as age at first 
admission 

 

Figure 29 Diabetes and risk of all-cause hospital admission modelled as age at first 

admission 
 

 

  

IRR 95% CI IRR 95% CI IRR 95% CI

4 - 6 years 4.35***  3.71-5.11 4.45***  3.80-5.23 4.42***  3.75-5.22 

7 - 8 years 4.00***  3.37-4.74 4.04***  3.41-4.79 4.12***  3.46-4.90 

9 - 10 years 5.01***  4.36-5.75 5.05***  4.40-5.80 5.20***  4.53-5.97 

11 - 12 years 5.13***  4.56-5.77 5.17***  4.60-5.82 5.25***  4.67-5.91 

13 - 14 years 4.99***  4.51-5.53 5.03***  4.55-5.57 5.14***  4.65-5.70 

15 - 16 years 3.68***  3.30-4.09 3.70***  3.32-4.13 3.79***  3.40-4.22 

17 - 23 years 2.77***  2.48-3.10 2.83***  2.53-3.16 2.89***  2.59-3.24 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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There was a significant interaction between diabetes and gender (p<0.001) whereby the 

association between diabetes and risk of admission was consistently stronger for girls than 

for boys during all points of follow up. This was despite similar absolute rates of hospital 

admission among unaffected children (76,410 [20.4%] vs. 79,090 [20.4%] among girls and 

boys respectively). Among children with diabetes, admissions were higher among girls 

than boys (943 [58.6%] vs. 851 [49.5%]). The overall patterns observed within the main 

analyses remained within each group, whereby the association between diabetes and risk of 

hospital admission became weaker throughout the follow up period and became stronger 

between the ages of 9 and 14. Figure 30 and Figure 31 show the fully adjusted gender 

specific incidence rate ratios from the Poisson piecewise models alongside the static 

multivariate gender specific hazard ratios derived from the corresponding proportional 

hazards models. Confidence intervals are only presented for the Poisson piecewise models.  

Figure 30 Diabetes and gender specific risk of all-cause hospital admission modelled as 

time from diagnosis until first admission (blue=boys; red=girls) 
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Figure 31 Diabetes and gender specific risk of all-cause hospital admission modelled by age 
at first admission (blue=boys; red=girls) 
 

 

5.9.1.2 Hospital admission related to endocrine, nutritional or metabolic 
diseases or abnormal clinical or lab findings not elsewhere classified 

197 pupils who received ineligible diabetes drugs (section 4.3.2.2.1) were excluded. 

Therefore 766,047 pupils were followed up to assess the impact of diabetes on risk of 

hospital admission related to endocrine, nutritional or metabolic diseases (ICD10 Chapter 

E00-E99) or abnormal clinical or laboratory findings not elsewhere classified (ICD10 

Chapter R00-R99) as these were two of the main causes of admission for children with 

diabetes. Admissions with these ICD10 codes were likely to relate to stabilisation on 

insulin or acute complications of diabetes such as hypoglycaemia or diabetic ketoacidosis 

(DKA). The follow up period ranged from 1 year to 5 years and the mean follow up time 

was 4.34 years. 26,631 pupils (3.5%) were admitted to hospital at least once during the 

follow up period for one of these causes and there were 42,461 admissions in total. The 

probability of having an admission with one of the ICD10 codes within 5 years was around 

50% for children with diabetes compared to less than 5% for children without diabetes 

(Figure 32).  
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Figure 32 Kaplan-Meier survival curve: Diabetes and hospital admission related to 
endocrine, nutritional or metabolic diseases or abnormal clinical or lab findings not 

elsewhere classified  
 

 

Diabetes was significantly associated with increased risk of hospital admission related to 

endocrine, nutritional or metabolic diseases or abnormal clinical or lab findings not 

elsewhere classified on univariate Cox regression analysis (HR 16.75, 95% CI 15.87-

17.68) and following adjustment for sociodemographic (HR 17.06, 95% CI 16.15-18.01) 

and maternity confounders (HR 17.32, 95% CI 16.40-18.29). However, the model did not 

satisfy the assumption of proportional hazards (p<0.001) and Poisson piecewise regression 

was used to more accurately model variation in the hazard ratio over the follow up period. 

Figure 33 presents the fully adjusted incidence rate ratios from the Poisson piecewise 

model (black solid circles) alongside the static multivariate hazard ratio derived from the 

Cox proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, diabetic children experienced a 17-fold risk of hospital admission 

compared to non-diabetic pupils. However, the Poisson piecewise model demonstrated that 

the elevated risk of hospital admission experienced by diabetic pupils compared to non-

diabetic pupils actually decreased in magnitude with increasing follow-up time. Diabetic 

children experienced a 20-fold risk of admission within the first year of follow-up; 

however their increase in risk fell to 11-fold across the final year of follow-up. Therefore, 
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as children moved through the follow-up period, the relative impact of diabetes on risk of 

hospital admission became weaker.  Again, this may potentially be explained because it 

takes time to stabilise children on insulin and for them, and their parents, to become 

confident in managing their condition.  

Figure 33 Diabetes and risk of hospital admission related to endocrine, nutritional or 

metabolic diseases or abnormal clinical or lab findings not elsewhere classified modelled  as 
time from diagnosis until first admission 
 

 

The risk of admission associated with diabetes also varied depending on pupil age at time 

of admission. Figure 34 presents the fully adjusted incidence rate ratios from the Poisson 

piecewise model (black solid circles) alongside the static multivariate hazard ratio derived 

from the Cox proportional hazards model (red dashed line). Confidence intervals are 

shown for both models (black error bars and blue dashed lines). Diabetic children of all 

ages experienced an increased risk of hospital admission compared to non-diabetic 

children; however, similar to all-cause hospital admissions, the association was again 

weaker for children in their late teens suggesting that they may be better able to manage 

their condition than younger adolescents. There was no significant univariate interaction 

between diabetes and gender (p=0.272).  
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Figure 34 Diabetes and risk of hospital admission related to endocrine, nutritional or 
metabolic diseases or abnormal clinical or lab findings not elsewhere classified modelled 

by age at first admission 
 

 

5.9.2 Association between asthma and hospital admission 

5.9.2.1 All-cause hospital admission 

82,528 pupils who received ineligible asthma drugs (section 4.3.2.2.2) were excluded. 

Therefore 683,716 pupils were followed up to assess the impact of asthma on risk of all-

cause admission. The follow up period ranged from 1 year to 5 years and the mean follow 

up time was 4.29 years. 135,482 pupils (19.8%) were admitted to hospital at least once 

during the follow up period and there were 260,705 admissions in total. The probability of 

having an all-cause admission was significantly higher for pupils with asthma compared to 

those without asthma at all points over follow up. The probability of being admitted to 

hospital for any cause within 5 years was around 30% for children with asthma compared 

to 20% for children without asthma (Figure 35). 
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Figure 35 Kaplan-Meier survival curve: Asthma and all-cause hospital admission 
 

 

Asthma was significantly associated with increased risk of hospital admission on 

univariate Cox regression analysis (HR 1.74, 95% CI 1.71-1.77) and following adjustment 

for sociodemographic (HR 1.71, 95% CI 1.68-1.74) and maternity (HR 1.69, 95% CI 1.66-

1.72) confounders. However, the model did not satisfy the assumption of proportional 

hazards (p<0.001) and Poisson piecewise regression was used to more accurately model 

the variation in the hazard ratio over the follow up period. Table 63 presents the univariate 

and multivariate incidence rate ratios within each specific year of follow up. Figure 36 

presents the fully adjusted incidence rate ratios from the Poisson piecewise model (black 

solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, asthmatic children had a 70% increased risk of hospital 

admission compared to non-asthmatic pupils. However, the Poisson piecewise model 

demonstrated that the elevated risk of hospital admission experienced by asthmatic pupils 

compared to non-asthmatic pupils actually decreased in magnitude with increasing follow-

up time. Asthmatic children experienced a 98% increased risk of admission within the first 

year of follow-up which reduced to 38% increased risk across the final year of follow-up. 

Therefore, as children moved through the follow-up period, the relative impact of asthma 

on risk of all-cause admission became weaker. A possible explanation may be that 
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asthmatic pupils become stabilised on their medication and are more able to manage their 

condition with time resulting in less risk of admission to hospital. 

 

Table 63 Asthma and risk of all-cause hospital admission modelled as time from diagnosis 

until first admission 
 

 

Figure 36 Asthma and risk of all-cause hospital admission modelled as time from diagnosis 
until first admission 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

0 - 1 years 2.04***  1.98-2.10 2.01***  1.95-2.06 1.98***  1.93-2.04 

1 - 2 years 1.73***  1.67-1.80 1.71***  1.64-1.77 1.69***  1.63-1.76 

2 - 3 years 1.53***  1.47-1.60 1.51***  1.44-1.58 1.49***  1.42-1.56 

3 - 4 years 1.51***  1.43-1.59 1.48***  1.41-1.56 1.47***  1.39-1.55 

4 - 5 years 1.41***  1.33-1.50 1.39***  1.30-1.47 1.38***  1.30-1.47 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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The risk of all-cause hospital admission associated with asthma also varied depending on 

pupil age at time of admission. Table 64 presents univariate and multivariate incidence rate 

ratios from a Poisson piecewise model within different age categories at admission. Figure 

37 presents the fully adjusted incidence rate ratios from the Poisson piecewise model 

(black solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). Asthmatic children of all ages experienced 

an increased risk of all-cause hospital admission compared to non-asthmatic children; 

however, there was a distinct trend whereby the association between asthma and risk of 

hospital admission was stronger in younger children. The magnitude of the excess risk 

decreased from 2.15 fold in children aged 4-6 years to 1.31 fold in children aged 17-23 

years. This observation may potentially be due to older asthmatic children having a greater 

understanding of their condition and its limitations and risks compared to younger children 

who as a result are impacted more severely in terms of risk of admission. There was no 

significant interaction between asthma and gender (p=0.405).  

Table 64 Asthma and risk of all-cause hospital admission modelled as age at first admission 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

4 - 6 years 2.25***  2.16-2.35 2.20***  2.11-2.30 2.15***  2.06-2.25 

7 - 8 years 2.07***  1.98-2.18 2.03***  1.94-2.13 2.01***  1.91-2.11 

9 - 10 years 2.00***  1.90-2.10 1.96***  1.86-2.06 1.94***  1.84-2.04 

11 - 12 years 1.88***  1.79-1.98 1.85***  1.76-1.94 1.84***  1.75-1.94 

13 - 14 years 1.64***  1.57-1.73 1.62***  1.54-1.70 1.61***  1.54-1.69 

15 - 16 years 1.46***  1.39-1.54 1.44***  1.37-1.51 1.43***  1.37-1.51 

17 - 23 years 1.34***  1.27-1.40 1.32***  1.25-1.38 1.31***  1.25-1.38 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 37 Asthma and risk of all-cause hospital admission modelled as age at first 
admission 
 

 

5.9.2.2 Hospital admission related to the respiratory system 

82,528 pupils who received ineligible asthma drugs (section 4.3.2.2.2) were excluded. 

Therefore 683,716 pupils were followed up to assess the impact of asthma on risk of 

respiratory related hospital admission as this was the main cause of admission among 

children with asthma. The follow up period ranged from 1 year to 5 years and the mean 

follow up time was 4.29 years. 17,721 pupils (2.6%) were admitted to hospital at least once 

during the follow up period and there were 25,733 admissions in total. The probability of 

having a respiratory related admission was significantly higher for pupils with asthma 

compared to those without asthma at all points during follow up. The probability of being 

admitted to hospital for a respiratory admission within 5 years was around 10% for 

children with asthma compared to less than 5% for children without asthma (Figure 38). 
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Figure 38 Kaplan-Meier survival curve: Asthma and respiratory related hospital admission 
 

 

Asthma was significantly associated with increased risk of a respiratory related hospital 

admission on univariate Cox regression analysis (HR 4.99, 95% CI 4.82-5.17) and 

following adjustment for sociodemographic (HR 5.00, 95% CI 4.83-5.18) and maternity 

(HR 4.94, 95% CI 4.77-5.12) confounders. However, the model did not satisfy the 

assumption of proportional hazards (p<0.001) and Poisson piecewise regression was used 

to more accurately model the hazard ratios over the follow up period. Figure 39 presents 

the fully adjusted incidence rate ratios from the Poisson piecewise model (black solid 

circles) alongside the static multivariate hazard ratio derived from the Cox proportional 

hazards model (red dashed line). Confidence intervals are shown for both models (black 

error bars and blue dashed lines). The Cox model demonstrated that, over the full follow 

up period, asthmatic children experienced an almost 5-fold risk of respiratory hospital 

admission compared to non-asthmatic pupils. However, the Poisson piecewise model 

demonstrated that the elevated risk of respiratory hospital admission experienced by 

asthmatic pupils compared to non-asthmatic pupils actually decreased in magnitude with 

increasing follow-up time. Asthmatic children experienced a 6.7-fold risk of respiratory 

admission within the first year of follow-up which reduced to 3.2-fold across the final year 

of follow-up. Therefore, as children moved through the follow-up period, the relative 

impact of asthma on risk of respiratory admission became weaker. This pattern was similar 
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to that observed for asthma and risk of all-cause hospital admission and may again be 

attributed to children becoming stabilised on medication over time. 

Figure 39 Asthma and risk of respiratory related hospital admission modelled as time from 

diagnosis until first admission 
 

 

The risk of respiratory admission associated with asthma also varied depending on pupil 

age at time of admission. Figure 40 presents the fully adjusted incidence rate ratios from 

the Poisson piecewise model (black solid circles) alongside the static multivariate hazard 

ratio derived from the Cox proportional hazards model (red dashed line). Confidence 

intervals are shown for both models (black error bars and blue dashed lines). Asthmatic 

children of all ages experienced an increased risk of respiratory hospital admission 

compared to non-asthmatic children; however, there was a trend whereby the association 

between asthma and risk of respiratory hospital admission became weaker for older 

children. The magnitude of the excess risk decreased from 7.24 fold in children aged 4-6 

years to 2.75 fold in children aged 17-23 years. This pattern was similar to that observed 

for asthma and risk of all-cause hospital admission. 
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Figure 40 Asthma and risk of respiratory related hospital admission modelled as age at first 
admission 
 

 

There was a significant interaction between asthma and gender (p<0.001) whereby the 

association between asthma and risk of respiratory admission was stronger for boys than 

girls during all points of follow up. Girls however had higher rates of respiratory admission 

among unaffected children (7,852 [2.5%] vs. 5,737 [1.8%] among girls and boys 

respectively). Among children with asthma, admissions were still higher among girls than 

boys (1,831 [9.6%] vs. 2,301 [8.6%]). Figure 41 and Figure 42 show the fully adjusted 

gender specific incidence rate ratios from the Poisson piecewise models alongside the 

static multivariate gender specific hazard ratios derived from the corresponding 

proportional hazards models. Confidence intervals are only presented for the Poisson 

piecewise models. The same patterns observed within the main analyses were observed 

within both gender groups namely that the excess risk of respiratory admission associated 

with asthma decreased over follow up time and with increasing age. 
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Figure 41 Asthma and gender specific risk of respiratory related hospital admission 
modelled as time from diagnosis until first admission (blue=boys; red=girls) 
 

 

Figure 42 Asthma and gender specific risk of respiratory related hospital admission 
modelled by age at first admission (blue=boys; red=girls) 
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5.9.3 Association between epilepsy and hospital admission 

5.9.3.1 All-cause hospital admission 

766,244 pupils were followed up to assess the impact of epilepsy on risk of all-cause 

admission. The follow up period ranged from 1 year to 5 years and the mean follow up 

time was 4.33 years. 157,350 pupils (20.5%) were admitted to hospital at least once during 

the follow up period and there were 303,718 admissions in total. The probability of having 

an all-cause admission was significantly higher for pupils with epilepsy compared to those 

without epilepsy at all points during follow up. The probability of being admitted to 

hospital for any cause within 5 years was around 60% for children with epilepsy compared 

to 20% for children without epilepsy (Figure 43).  

Figure 43 Kaplan-Meier survival curve: Epilepsy and all-cause hospital admission 
 

Epilepsy was significantly associated with increased risk of all-cause hospital admission on 

univariate Cox regression analysis (HR 3.86, 95% CI 3.71-4.01) and following adjustment 

for sociodemographic (HR 3.79, 95% CI 3.65-3.94) and maternity (HR 3.72, 95% CI 3.58-

3.97) confounders. However, the model did not satisfy the assumption of proportional 

hazards (p<0.001) and Poisson piecewise regression was used to more accurately model 

the variation in the hazard ratio over the follow up period. Table 65 presents the univariate 

and multivariate incidence rate ratios within each specific year of follow up. Figure 44 

presents the fully adjusted incidence rate ratios from the Poisson piecewise model (black 
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solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, children with epilepsy had 3.7 times greater risk of hospital 

admission compared to non-epileptic pupils. However, the Poisson piecewise model 

demonstrated that the elevated risk of all-cause hospital admission experienced by epileptic 

pupils compared to non-epileptic pupils actually decreased in magnitude with increasing 

follow-up time. Epileptic children experienced a 5.5 fold risk of all-cause admission within 

the first year of follow-up. However, the increase in risk sharply decreased to 2.9 fold in 

the second year of follow-up and further decreased in later years. Therefore, the relative 

impact of epilepsy on risk of all-cause admission was particularly strong within the first 

year of follow up and consistently became weaker thereafter. This suggests that children 

with epilepsy are at highest risk of admission close to time of diagnosis. The relative 

increased risk of hospitalisation may diminish as children become stabilised on their 

medication and experience fewer seizures 273.   

Table 65 Epilepsy and risk of all-cause hospital admission modelled as time from diagnosis 
until first admission 
 

 

  

IRR 95% CI IRR 95% CI IRR 95% CI

0 - 1 years 5.72***  5.44-6.01 5.63***  5.35-5.92 5.52***  5.25-5.81 

1 - 2 years 3.01***  2.75-3.30 2.97***  2.71-3.25 2.93***  2.68-3.21 

2 - 3 years 2.59***  2.30-2.91 2.54***  2.26-2.86 2.52***  2.24-2.83 

3 - 4 years 2.34***  2.02-2.70 2.28***  1.97-2.64 2.23***  1.92-2.58 

4 - 5 years 2.00***  1.67-2.41 1.96***  1.63-2.36 1.92***  1.60-2.31 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 44 Epilepsy and risk of all-cause hospital admission modelled as time from diagnosis 
until first admission 
 

 

The risk of all-cause admission associated with epilepsy also varied depending on pupil 

age at time of admission. Table 66 presents univariate and multivariate incidence rate 

ratios from the Poisson piecewise model within different age categories at time of 

admission. Figure 45 presents the fully adjusted incidence rate ratios from the Poisson 

piecewise model (black solid circles) alongside the static multivariate hazard ratio derived 

from the Cox proportional hazards model (red dashed line). Confidence intervals are 

shown for both models (black error bars and blue dashed lines). Epileptic children of all 

ages experienced an increased risk of all-cause hospital admission compared to non-

epileptic children; however, there was a distinct trend whereby the association between 

epilepsy and risk of all-cause hospital admission became weaker for older children. The 

magnitude of the excess risk decreased from 7-fold in children aged 4-6 years to 2-fold in 

children aged 17-23 years. Epilepsy in younger children can be more severe 271 and this 

may explain why epilepsy has a greater impact on risk of hospital admission in younger 

pupils. There was no significant interaction between epilepsy and gender (p=0.349).  
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Table 66 Epilepsy and risk of all-cause hospital admission modelled as age at first 
admission 
 

 

Figure 45 Epilepsy and risk of all-cause hospital admission modelled as age at first 

admission 
 

 

  

IRR 95% CI IRR 95% CI IRR 95% CI

4 - 6 years 7.54***  6.85-8.30 7.33***  6.66-8.07 7.11***  6.45-7.83 

7 - 8 years 5.47***  4.85-6.17 5.33***  4.72-6.01 5.28***  4.67-5.97 

9 - 10 years 5.54***  4.94-6.21 5.39***  4.81-6.05 5.26***  4.68-5.91 

11 - 12 years 5.04***  4.53-5.61 4.93***  4.43-5.49 4.86***  4.36-5.41 

13 - 14 years 4.42***  4.01-4.87 4.36***  3.95-4.80 4.31***  3.91-4.75 

15 - 16 years 3.72***  3.41-4.07 3.68***  3.37-4.02 3.62***  3.32-3.96 

17 - 23 years 2.10***  1.91-2.32 2.09***  1.89-2.30 2.05***  1.85-2.26 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

H
a
z
a
rd

 R
a
ti
o

4-6 7-8 9-10 11-12 13-14 15-16 17-23
Age (Years)

 



5 Results  219 

5.9.3.2 Hospital admission related to the nervous system 

766,244 pupils were followed up to assess the impact of epilepsy on risk of hospital 

admission related to the nervous system as this was the main cause of admission among 

children with epilepsy. The follow up period ranged from 1 year to 5 years and the mean 

follow up time was 4.33 years. 4,399 pupils (0.6%) were admitted to hospital at least once 

during the follow up period and there were 8,962 admissions in total. The probability of 

having an admission related to the nervous system was significantly higher for pupils with 

epilepsy compared to those without epilepsy at all points during follow up. The probability 

of being admitted to hospital for a nervous system admission within 5 years was around 

20% for children with epilepsy compared to less than 5% for children without epilepsy 

(Figure 46). 

Figure 46 Kaplan-Meier survival curve: Epilepsy and hospital admission related to the 

nervous system 
 

 

Epilepsy was significantly associated with increased risk of hospital admission related to 

the nervous system on univariate Cox regression analysis (HR 71.73, 95% CI 66.92-76.87) 

and following adjustment for sociodemographic (HR 70.49, 95% CI 65.76-75.56) and 

maternity (HR 63.20, 95% CI 58.85-67.88) confounders. However, the model did not 

satisfy the assumption of proportional hazards (p<0.001) and Poisson piecewise regression 

was used to more accurately model the hazard ratios over the follow up period. Figure 47 
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presents the fully adjusted incidence rate ratios from the Poisson piecewise model (black 

solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, children with epilepsy had a 63-fold risk of hospital admission 

compared to non-epileptic pupils. However, the Poisson piecewise model demonstrated 

that the elevated risk of hospital admission related to the nervous system experienced by 

epileptic pupils compared to non-epileptic pupils actually decreased in magnitude with 

increasing follow-up time. Epileptic children experienced an 86-fold risk of admission in 

the first year of follow-up. However, the excess risk decreased with increasing follow up 

time to 26-fold in the 5th year of follow-up. This pattern was similar to that observed for 

epilepsy and risk of all-cause hospital admission and may again be explained by children 

becoming stabilised on their medication and experiencing fewer seizures 273.   

Figure 47 Epilepsy and risk of hospital admission related to the nervous system modelled 
as time from diagnosis until first admission 
 

 

The association between epilepsy and risk of hospital admission related to the nervous 

system also varied depending on pupil age at time of admission. Figure 48 presents the 

fully adjusted incidence rate ratios from the Poisson piecewise model (black solid circles) 

alongside the static multivariate hazard ratio derived from the Cox proportional hazards 
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model (red dashed line). Confidence intervals are shown for both models (black error bars 

and blue dashed lines). Epileptic children of all ages experienced an increased risk of 

hospital admission related to the nervous system compared to non-epileptic children; 

however, there was a distinct trend whereby the association between epilepsy and risk of 

hospital admission related to the nervous system became weaker for older children. The 

magnitude of the excess risk decreased from 118-fold in children aged 4-6 years to 26-fold 

in children aged 17-23 years. This pattern was similar to that observed for epilepsy and risk 

of all-cause hospital admission. 

Figure 48 Epilepsy and risk of hospital admission related to the nervous system modelled 
as age at first admission 
 

 

There was a significant interaction between epilepsy and gender (p<0.001) whereby the 

association between epilepsy and risk of hospital admission related to the nervous system 

was stronger for boys than for girls during all points of follow up. This was despite similar 

absolute rates of hospital admission for this cause among unaffected children (1,668 

[0.5%] vs. 1,590 [0.4%] among girls and boys respectively). Among children with 

epilepsy, admissions related to the nervous system were higher among boys than girls (615 

[23.5%] vs. 526 [19.5%]). Figure 49 and Figure 50 show the fully adjusted gender specific 

incidence rate ratios from the Poisson piecewise models alongside the static multivariate 

gender specific hazard ratios derived from the corresponding proportional hazards models. 
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Confidence intervals are only presented for the Poisson piecewise models. The same 

patterns observed within the main analyses were observed within both gender groups 

namely that the excess risk of admission related to the nervous system for children with 

epilepsy decreased over follow up time and with increasing age. 

Figure 49 Epilepsy and gender specific risk of hospital admission related to the nervous 

system modelled as time from diagnosis until first admission (blue=boys; red=girls) 
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Figure 50 Epilepsy and gender specific risk of hospital admission related to the nervous 
system modelled by age at first admission (blue=boys; red=girls) 
 

 

5.9.4 Association between attention deficit hyperactivity disorder 
and hospital admission 

5.9.4.1 All-cause hospital admission 

766,244 pupils were followed up to assess the impact of ADHD on risk of all-cause 

admission. The follow up period ranged from 1 year to 5 years and the mean follow up 

time was 4.33 years. 157,475 pupils (20.6%) were admitted to hospital at least once during 

the follow up period and there were 306,416 admissions in total. The probability of having 

an admission was significantly higher for pupils with ADHD compared to those without 

ADHD at all points during follow up. The probability of being admitted to hospital after 5 

years was around 30% for children with ADHD compared to 20% for children without 

ADHD (Figure 51).  
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Figure 51 Kaplan-Meier survival curve: attention deficit hyperactivity disorder and all-cause 
hospital admission 
 

 

ADHD was significantly associated with increased risk of hospital admission on univariate 

Cox regression analysis (HR 1.47, 95% CI 1.40-1.54) and following adjustment for 

sociodemographic (HR 1.40, 95% CI 1.34-1.47) and maternity (HR 1.33, 95% CI 1.27-

1.39) confounders. The model satisfied the assumption of proportional hazards (p=0.983). 

Therefore this association was adequately described by a constant hazard ratio across the 

full follow up period. Figure 52 and Figure 53 present the fully adjusted incidence rate 

ratios from the Poisson piecewise models (black solid circles) alongside the static 

multivariate hazard ratios derived from the Cox proportional hazards models (red dashed 

line). Confidence intervals are shown for both models (black error bars and blue dashed 

lines). The Cox models demonstrated that, over the full follow up period, children with 

ADHD experienced 33% increased risk of hospital admission within 5 years compared to 

children without ADHD. The risk of admission associated with ADHD varied a little over 

the follow up period and for different ages but remained similar to the constant line in both 

cases therefore it could clearly be modelled via a constant hazard ratio. 
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Figure 52 Attention deficit hyperactivity disorder and risk of all-cause hospital admission 
modelled as time from diagnosis until first admission 
 

 

Figure 53 Attention deficit hyperactivity disorder and risk of all-cause hospital admission 
modelled as age at first admission 
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There was a significant interaction between ADHD and gender (p<0.001). The association 

between ADHD and risk of admission was stronger for girls than boys on univariate 

analysis (HR 1.87, 95% CI 1.68-2.08 versus HR 1.42, 95% CI 1.35-1.50) and after 

adjustment for sociodemographic (HR 1.77, 95% CI 1.59-1.97 versus HR 1.36, 95% CI 

1.30-1.44) and maternity (HR 1.64, 95% CI 1.47-1.82 versus HR 1.31, 95% CI 1.24-1.38) 

confounders. Girls with ADHD experienced 64% increased risk of hospital admission 

compared to girls without ADHD whereas boys with ADHD experienced 31% increased 

risk of admission compared to boys without ADHD. This was despite similar absolute rates 

of hospital admission among unaffected children (77,232 [20.6%] vs. 78,426 [20.4%] 

among girls and boys respectively). Among children with ADHD, admissions were higher 

among girls than boys (338 [30%] vs. 1,479 [23.5%]).    

5.9.4.2 Hospital admission related to injury, poisoning and other 
consequences of external causes 

766,244 pupils were followed up to assess the impact of ADHD on risk of injury admission 

as this was the main cause of admission among children with ADHD. The probability of 

having an injury admission was significantly higher for pupils with ADHD compared to 

those without ADHD at all points during follow up. The follow up period ranged from 1 

year to 5 years and the mean follow up time was 4.33 years. 33,630 pupils (4.4%) were 

admitted to hospital at least once during the follow up period and there were 41,765 

admissions in total.  The probability of being admitted to hospital after 5 years was around 

10% for children with ADHD compared to less than 5% for children without ADHD 

(Figure 54).  
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Figure 54 Kaplan-Meier survival curve: Attention deficit hyperactivity disorder and hospital 
admission related to injury, poisoning or other external causes 
 

 

ADHD was significantly associated with increased risk of hospital admission related to 

injury, poisoning or other external causes on univariate Cox regression analysis (HR 2.05, 

95% CI 1.89-2.23) and following adjustment for sociodemographic (HR 1.70, 95% CI 

1.57-1.85) and maternity (HR 1.59, 95% CI 1.47-1.73) confounders. The association 

between ADHD and risk of admission, specifically modelled using time from study as the 

time scale and adjusting for age at study entry, satisfied the proportional hazards 

assumption (p=0.456). However, modelling the association using age at admission as the 

time scale violated the assumption (p=0.037). This meant that, whilst the association 

between ADHD and risk of injury admission was adequately described using a constant 

hazard ratio over the full follow up period, it did differ in strength for different ages at 

admission. Children with ADHD experienced 59% increased risk of injury-related hospital 

admission within 5 years compared to children without ADHD. Figure 55 and Figure 56 

present the fully adjusted incidence rate ratios from the Poisson piecewise models (black 

solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards models (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The risk of injury admission associated 

with ADHD varied a little over the follow up period but remained similar to the constant 

line therefore it could be modelled via a constant hazard ratio (Figure 55). However, the 
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risk of injury admission associated with ADHD increased for children older than 13 years 

of age (Figure 56). This may be partly explained by a combination of specific increased 

self-harm in children and adolescents with ADHD 274 and general increased self-harm in 

adolescence, particularly in girls 275,276.  

Figure 55 Attention deficit hyperactivity disorder and risk of hospital admission related to 

injury, poisoning or other external causes modelled as time from diagnosis until first 
admission 
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Figure 56 Attention deficit hyperactivity disorder and risk of hospital admission related to 
injury, poisoning or other external causes modelled as age at first admission 
 

 

There was a significant interaction between ADHD and gender (p<0.001). The association 

between ADHD and risk of injury admission was stronger for girls than boys on univariate 

analysis (HR 2.39, 95% CI 1.91-2.99 versus HR 1.70, 95% CI 1.55-1.85) and after 

adjustment for sociodemographic (HR 2.24, 95% CI 1.79-2.80 versus HR 1.62, 95% CI 

1.48-1.77) and maternity (HR 2.06, 95% CI 1.65-2.58 versus HR 1.53, 95% CI 1.40-1.67) 

confounders. The risk of injury admission for girls with ADHD was twice as high 

compared to girls without ADHD. The risk for boys with ADHD versus boys without 

ADHD was only 50% higher. Figure 57 presents fully adjusted gender specific incidence 

rate ratios from Poisson piecewise models using age at diagnosis alongside static 

multivariate gender specific hazard ratios from corresponding proportional hazards models. 

Confidence intervals are only presented for the Poisson piecewise models. The overall 

patterns observed within the main analyses remained within each group, whereby the 

association between ADHD and risk of injury admission increased for children older than 

13 years of age. However, it was noticeable that the relative risk of injury admission was 

greater in girls which may be explained by their increased self-harm in adolescence 275.  
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Figure 57 Attention deficit hyperactivity disorder and gender specific risk of hospital 
admission related to injury, poisoning or other external causes modelled by age at first 

admission (blue=boys; red=girls) 
 

 

5.9.5 Association between depression and hospital admission 

5.9.5.1 All-cause hospital admission 

7 pupils who received ineligible anti-depressant drugs (section 4.3.2.2.5) were excluded. 

Therefore 766,237 pupils were followed up to assess the impact of depression on risk of 

all-cause admission. The follow up period ranged from 1 year to 5 years and the mean 

follow up time was 4.33 years. 157,291 pupils (20.5%) were admitted to hospital at least 

once during the follow up period and there were 304,507 admissions in total.  The 

probability of having an admission was significantly higher for pupils with depression 

compared to those without depression at all points during follow up. The probability of 

being admitted to hospital after 5 years was around 40% for children with depression 

compared to 20% for children without depression (Figure 58).  
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Figure 58 Kaplan-Meier survival curve: Depression and all-cause hospital admission 
 

 

Depression was significantly associated with increased risk of all-cause hospital admission 

on univariate Cox regression analysis (HR 2.57, 95% CI 2.45-2.69) and following 

adjustment for sociodemographic (HR 2.57, 95% CI 2.45-2.69) and maternity (HR 2.56, 

95% CI 2.44-2.68) confounders. However, the model did not satisfy the assumption of 

proportional hazards (p<0.001) and Poisson piecewise regression was used to more 

accurately model the hazard ratios over the follow up period. Table 67 presents the 

univariate and multivariate incidence rate ratios within each specific year of follow up. 

Figure 59 presents the fully adjusted incidence rate ratios from the Poisson piecewise 

model (black solid circles) alongside the static multivariate hazard ratio derived from the 

Cox proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, depressed children had 2.56 times greater risk of hospital 

admission compared to pupils who were not depressed. However, the Poisson piecewise 

model demonstrated that the elevated risk of hospital admission experienced by depressed 

pupils actually decreased in magnitude with increasing follow-up time. Depressed children 

experienced 3.2 times greater risk of admission within the first year of follow-up. 

However, the excess risk sharply decreased to 2-fold across the second year of follow-up 

and decreased again in later years. Therefore, the relative impact of depression on risk of 

admission was particularly strong within the first year of follow up and consistently 
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became weaker throughout the follow up period. This suggests that children with 

depression are at highest risk of admission close to time of diagnosis. A potential 

explanation may be that the excess risk of hospitalisation decreases through time as 

depressed children become stabilised on their medication.    

Table 67 Depression and risk of all-cause hospital admission modelled as time from 

diagnosis until first admission 
 

 

Figure 59 Depression and risk of all-cause hospital admission modelled as time from 

diagnosis until first admission 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

0 - 1 years 3.21***  3.02-3.42 3.21***  3.02-3.41 3.21***  3.01-3.41 

1 - 2 years 2.13***  1.92-2.36 2.12***  1.92-2.35 2.12***  1.92-2.35 

2 - 3 years 1.94***  1.69-2.22 1.94***  1.70-2.23 1.94***  1.69-2.22 

3 - 4 years 2.08***  1.75-2.47 2.09***  1.76-2.49 2.08***  1.75-2.47 

4 - 5 years 1.70***  1.31-2.20 1.71***  1.32-2.21 1.69***  1.30-2.19 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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The risk of admission associated with depression also varied depending on pupil age at 

time of admission. Table 68 presents univariate and multivariate incidence rate ratios from 

the Poisson piecewise model for different age categories at admission. Figure 60 presents 

the fully adjusted incidence rate ratios from the Poisson piecewise model (black solid 

circles) alongside the static multivariate hazard ratio derived from the Cox proportional 

hazards model (red dashed line). Confidence intervals are shown for both models (black 

error bars and blue dashed lines). Depressed children of all ages experienced an increased 

risk of all-cause hospital admission compared to children without depression; however, the 

association between depression and risk of hospital admission was stronger for children 

aged between 13 and 14 years of age. This could be due to different patterns of behaviour 

such as increased self-harm in depressed teenage children putting them at higher risk of 

admission 277. Given children appear to be most at risk of admission close to time of 

diagnosis, this observation may also partially reflect the higher onset of depression in 

teenage girls reported elsewhere 278-281. 

Table 68 Depression and risk of all-cause hospital admission modelled as age at first 

admission 
 

 

IRR 95% CI IRR 95% CI IRR 95% CI

4 - 6 years 3.33***  1.97-5.62 3.34***  1.98-5.64 3.46***  2.05-5.85 

7 - 8 years 2.03**  1.28-3.22 2.01**  1.27-3.19 2.09**  1.32-3.32 

9 - 10 years 2.85***  2.12-3.83 2.83***  2.10-3.80 2.79***  2.07-3.76 

11 - 12 years 3.36***  2.70-4.18 3.31***  2.66-4.12 3.24***  2.60-4.05 

13 - 14 years 4.45***  3.94-5.02 4.45***  3.94-5.02 4.39***  3.88-4.96 

15 - 16 years 3.76***  3.49-4.06 3.76***  3.49-4.06 3.73***  3.46-4.02 

17 - 23 years 2.17***  2.01-2.34 2.19***  2.03-2.36 2.18***  2.02-2.35 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Figure 60 Depression and risk of all-cause hospital admission modelled by age at first 
admission 
 

 

There was a significant interaction between depression and gender (p<0.001) whereby the 

association between depression and risk of admission was stronger for girls than for boys. 

This was despite similar absolute rates of hospital admission among unaffected children 

(75,884 [20.4%] vs. 79,579 [20.5%] among girls and boys respectively). Among depressed 

children, admissions were higher among girls than boys (1,327 [37%] vs. 501 [28.6%]).   

The overall pattern remained within each group, whereby the association between 

depression and risk of hospital admission became weaker throughout the follow up period 

and was stronger for children in their early teens and decreased thereafter. The association 

between depression and risk of admission was visibly stronger for girls between the ages of 

11 and 14 years. This may be explained by a combination of specific increased self-harm 

in depressed adolescents 277 and additional excess self-harm in adolescent girls 275,276. 

Figure 61 and Figure 62 present fully adjusted gender specific incidence rate ratios from 

the Poisson piecewise models alongside static multivariate gender specific hazard ratios 

derived from the corresponding proportional hazards models. Confidence intervals are only 

presented for the Poisson piecewise models.  
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Figure 61 Depression and gender specific risk of all-cause hospital admission modelled as 
time from diagnosis until first admission (blue=boys; red=girls) 
 

 

Figure 62 Depression and gender specific risk of all-cause hospital admission modelled by 
age at first admission (blue=boys; red=girls) 
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5.9.5.2 Hospital admission related to injury, poisoning and other 
consequences of external causes 

7 pupils who received ineligible anti-depressant drugs (section 4.3.2.2.5) were excluded. 

Therefore 766,237 pupils were followed up to assess the impact of depression on risk of 

hospital admission related to injury, poisoning or other external causes as this was one of 

the main causes of admission among children with depression. The follow up period 

ranged from 1 year to 5 years and the mean follow up time was 4.33 years. 33,567 pupils 

(4.4%) were admitted to hospital at least once during the follow up period and there were 

41,560 admissions in total.  The probability of having an admission was significantly 

higher for pupils with depression compared to those without depression at all points during 

follow up. The probability of being admitted to hospital after 5 years was around 10% for 

children with depression compared to less than 5% for children without depression (Figure 

63).  

Figure 63 Kaplan-Meier survival curve: Depression and hospital admission related to injury, 

poisoning or other external causes 
 

 

Depression was significantly associated with increased risk of hospital admission related to 

injury, poisoning or other external causes on univariate Cox regression analysis (HR 3.10, 

95% CI 2.84-3.39) and following adjustment for sociodemographic (HR 3.31, 95% CI 

3.03-3.62) and maternity (HR 3.32, 95% CI 3.04-3.63) confounders. However, the model 
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did not satisfy the assumption of proportional hazards (p<0.001) and Poisson piecewise 

regression was used to more accurately model the hazard ratios over the follow up period. 

Figure 64 presents the fully adjusted incidence rate ratios from the Poisson piecewise 

model (black solid circles) alongside the static multivariate hazard ratio derived from the 

Cox proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). The Cox model demonstrated that, over 

the full follow up period, depressed children had 3.3 times greater risk of injury-related 

hospital admission compared to pupils who were not depressed. However, the Poisson 

piecewise model demonstrated that the elevated risk of hospital admission experienced by 

depressed pupils actually decreased in magnitude with increasing follow-up time. 

Depressed children experienced a 5.3-fold risk of admission within the first year of follow-

up. However, the excess risk sharply decreased to under 2.5-fold from the second year of 

follow-up. Therefore, the relative impact of depression on risk of hospital admission 

related to injury, poisoning or other external causes was particularly strong within the first 

year of follow up. This pattern was similar to that observed for depression and risk of all-

cause hospital admission and may be explained by depressed children becoming stabilised 

on their medication with time. 

Figure 64 Depression and risk of hospital admission related to injury, poisoning or other 

external causes modelled as time from diagnosis until first admission 
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The risk of admission associated with depression also varied depending on pupil age at 

time of admission. Figure 65 presents the fully adjusted incidence rate ratios from the 

Poisson piecewise model (black solid circles) alongside the static multivariate hazard ratio 

derived from the Cox proportional hazards model (red dashed line). Confidence intervals 

are shown for both models (black error bars and blue dashed lines). Depressed children of 

all ages experienced an increased risk of hospital admission compared to children without 

depression; however, the association between depression and risk of hospital admission 

related to injury, poisoning or other external causes was stronger for children aged between 

13 years and 16 years. This pattern was also similar to that observed for depression and 

risk of all-cause hospital admission. This could be due to different patterns of behaviour 

such as increased self-harm in depressed teenage children putting them at higher risk of 

admission 277. 

Figure 65 Depression and risk of hospital admission related to injury, poisoning or other 

external causes modelled by age at first admission 
 

 

There was a significant interaction between depression and gender (p<0.001) whereby the 

association between depression and risk of hospital admission related to injury, poisoning 

or other external causes was stronger for girls than for boys (Figure 66 and Figure 67). 

There was a visible gender difference particularly within the first year of follow up and for 

children between the ages of 13 and 16 years whereby the strength of the association 
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between depression and risk of admission was greater for girls than boys. This suggests 

that girls are particularly at risk of admission at time of diagnosis and in teenage years. 

Again these findings may be partly explained by a combination of specific increased self-

harm in depressed adolescents 277 and additional excess self-harm in adolescent girls 275,276 

and may reflect reported higher onset of depression in teenage girls 278-281. 

Figure 66 Depression and gender specific risk of hospital admission related to injury, 
poisoning or other external causes modelled as time from diagnosis until first admission 

(blue=boys; red=girls) 
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Figure 67 Depression and gender specific risk of hospital admission related to injury, 
poisoning or other external causes modelled by age at first admission (blue=boys; 

red=girls) 
 

 

5.9.5.3 Hospital admission related to mental and behavioural disorders 

7 pupils who received ineligible anti-depressant drugs (section 4.3.2.2.5) were excluded. 

Therefore 766,237 pupils were followed up to assess the impact of depression on risk of 

hospital admission related to mental and behavioural disorders as this was one of the main 

causes of admission among children with depression. The follow up period ranged from 1 

year to 5 years and the mean follow up time was 4.33 years. 2,540 pupils (0.3%) were 

admitted to hospital at least once during the follow up period and there were 6,324 

admissions in total. The probability of having an admission was significantly higher for 

pupils with depression compared to those without depression at all points during follow up. 

The probability of being admitted to hospital after 5 years was around 10% for children 

with depression compared to less than 5% for children without depression (Figure 68).  
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Figure 68 Kaplan-Meier survival curve: Depression and hospital admission related to mental 
and behavioural disorders 
 

 

Depression was significantly associated with increased risk of hospital admission related to 

mental and behavioural disorders on univariate Cox regression analysis (HR 15.37, 95% CI 

13.49-17.51) and following adjustment for sociodemographic (HR 15.12, 95% CI 13.25-

17.24) and maternity (HR 14.89, 95% CI 13.05-17.00) confounders. The model did not 

satisfy the assumption of proportional hazards (p<0.001) therefore Poisson piecewise 

regression was used. Figure 69 presents the fully adjusted incidence rate ratios from the 

Poisson piecewise model (black solid circles) alongside the static multivariate hazard ratio 

derived from the Cox proportional hazards model (red dashed line). Confidence intervals 

are shown for both models (black error bars and blue dashed lines). The Cox model 

demonstrated that, over the full follow up period, depressed children had an almost 15-fold 

risk of mental health related hospital admission compared to pupils who were not 

depressed. However, the Poisson piecewise model demonstrated that the elevated risk of 

hospital admission experienced by depressed pupils actually decreased in magnitude with 

increasing follow-up time. Depressed children experienced a 34-fold risk of admission 

within the first year of follow-up. However, the excess risk sharply decreased to 15-fold in 

the second year of follow-up and decreased again thereafter. Therefore, the relative impact 

of depression on risk of hospital admission related to mental and behavioural disorders was 
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particularly strong within the first year of follow up. This may again be explained by 

depressed children becoming stabilised on their medication with time. 

Figure 69 Depression and risk of hospital admission related to mental and behavioural 

disorders modelled as time from diagnosis until first admission 
 

 

The association between depression and risk of hospital admission related to mental and 

behavioural disorders also varied depending on pupil age at time of admission. Figure 70 

presents the fully adjusted incidence rate ratios from the Poisson piecewise model (black 

solid circles) alongside the static multivariate hazard ratio derived from the Cox 

proportional hazards model (red dashed line). Confidence intervals are shown for both 

models (black error bars and blue dashed lines). An elevated risk of admission was 

observed across all ages however the magnitude of the excess risk was smallest in children 

older than 17 years of age. It is not immediately clear why this pattern exists however it 

was notable that the confidence interval was very wide for the category representing 

children between 4 and 12 years of age due to small numbers of admissions. There was no 

significant interaction between depression and gender (p=0.146).  
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Figure 70 Depression and risk of hospital admission related to mental and behavioural 
disorders modelled by age at first admission 
 

 

5.9.6 Total number and lengths of stay of all-cause hospital 
admissions  

There was a significant association between epilepsy and total number of all-cause hospital 

admissions in the 5 year follow up period on univariate analysis (IRR 12.56, 95% CI 7.51-

21.00) and following adjustment for sociodemographic (IRR 17.40, 95% CI 8.65-35.01) 

and maternity (IRR 14.72, 95% CI 7.34-29.51) confounders. There was also a significant 

association between depression and total number of all-cause hospital admissions on 

univariate analysis (IRR 2.99, 95% CI 1.56-5.73) and following adjustment for 

sociodemographic (IRR 3.24, 95% CI 2.28-4.59) and maternity (IRR 3.31, 95% CI 2.29-

4.78) confounders. There was a significant association between ADHD and total number of 

admissions on univariate analysis (IRR 0.73, 95% CI 0.55-0.96); however, this association 

disappeared after adjustment for sociodemographic (IRR 1.18, 95% CI 0.97-1.45) and 

maternity (IRR 1.19, 95% CI 0.98-1.44) confounders. There was no significant association 

between either diabetes or asthma and total number of admissions (Table 69). 
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Table 69 Association between chronic disease and total number of admissions 
 

 

There was a significant association between epilepsy and total length of stay in hospital for 

any cause within the 5 year follow up period on univariate analysis (IRR 6.30, 95% CI 

4.51-8.80) and following adjustment for sociodemographic (IRR 6.99, 95% CI 4.66-10.47) 

and maternity (IRR 7.55, 95% CI 5.24-10.88) confounders. There was also a significant 

association between depression and total length of stay in hospital for any cause on 

univariate analysis (IRR 5.53, 95% CI 3.66-8.34) and following adjustment for 

sociodemographic (IRR 6.54, 95% CI 4.37-9.80) and maternity (IRR 7.11, 95% CI 4.78-

10.55) confounders. There was no significant association between diabetes, asthma or 

ADHD and total length of stay (Table 70). These findings suggest that children with 

epilepsy or depression may have particularly complex healthcare needs compared to 

children with the other chronic conditions investigated and place a greater burden on the 

health service 

IRR 95% CI IRR 95% CI IRR 95% CI

Diabetes 1.22  0.70-2.14 1.36  0.99-1.88 1.37  0.97-1.93 

Asthma 0.97  0.82-1.14 1.16  0.99-1.36 1.13  0.98-1.31 

Epilepsy 12.56*** 7.51-21.00 17.40***  8.65-35.01 14.72***  7.34-29.51 

ADHD 0.73*  0.55-0.96 1.18  0.97-1.45 1.19  0.98-1.44 

Depression 2.99***  1.56-5.73 3.24***  2.28-4.59 3.31***  2.29-4.78 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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Table 70 Association between chronic disease and total length of stay 
 

 

  

IRR 95% CI IRR 95% CI IRR 95% CI

Diabetes 1.41  0.75-2.64 1.52  0.84-2.72 1.51  0.89-2.56 

Asthma 0.8  0.63-1.02 0.89  0.71-1.12 0.97  0.78-1.19 

Epilepsy 6.30***  4.51-8.80 6.99***  4.66-10.47 7.55***  5.24-10.88 

ADHD 0.89  0.56-1.43 1.21  0.79-1.85 1.39  0.85-2.27 

Depression 5.53***  3.66-8.34 6.54***  4.37-9.80 7.11***  4.78-10.55 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile and ethnic group (as appropriate)

2
also adjusted for maternal age, maternal smoking during pregnancy, parity, mode of delivery, 

gestational age at delivery, sex-gestation-specific birthweight centile and 5 minute Apgar score

Univariate model Multivariate
1

Multivariate
2
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5.10 All-cause mortality 

5.10.1 Association between diabetes and mortality 

197 pupils who received diabetes drugs which did not meet the diabetes definition outlined 

in section 4.3.2.2.1 were omitted. Therefore 766,047 pupils were followed up to assess the 

impact of diabetes on risk of all-cause mortality. The follow up period ranged from 1 year 

to 5 years and the mean follow up time was 4.34 years. 490 pupils (0.06%) died during the 

follow up period. Whilst the absolute probability of dying over follow up was very low, the 

probability was significantly higher for pupils with diabetes compared to those without 

diabetes (Figure 71).  

Figure 71 Kaplan-Meier survival curve: Diabetes and all-cause mortality 
 

 

Diabetes was significantly associated with increased risk of mortality on univariate Cox 

regression analysis (HR 3.73, 95% CI 1.93-7.22) and following adjustment for 

sociodemographic (HR 3.71, 95% CI 1.92-7.19) and maternity (HR 3.84, 95% CI 1.98-

7.43) confounders. The model satisfied the proportional hazards assumption (p<0.001); 

therefore, the association was adequately described using a constant hazard ratio over the 

full follow up period. Children with diabetes experienced a 3.8 fold risk of death over the 

five year follow up period compared to children without diabetes.    
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5.10.2 Association between asthma and mortality 

82,528 pupils who received asthma drugs which did not meet the asthma definition 

outlined in section 4.3.2.2.2 were omitted. Therefore 683,716 pupils were followed up to 

assess the impact of asthma on risk of all-cause mortality. The follow up period ranged 

from 1 year to 5 years and the mean follow up time was 4.29 years. 437 pupils (0.06%) 

died during the follow up period. Whilst the absolute probability of dying over follow up 

was very low, the probability was significantly higher for pupils with asthma compared to 

those without asthma (Figure 72).  

Figure 72 Kaplan-Meier survival curve: Asthma and all-cause mortality 
 

 

Asthma was significantly associated with increased risk of mortality on univariate Cox 

regression analysis (HR 1.92, 95% CI 1.42-2.60) and following adjustment for 

sociodemographic (HR 1.83, 95% CI 1.35-2.48) and maternity (HR 1.77, 95% CI 1.30-

2.40) confounders. The model satisfied the proportional hazards assumption (p<0.001); 

therefore, the association was adequately described using a constant hazard ratio across the 

full follow up period. Children with asthma experienced a 77% increased risk of death in 

the five year follow up period compared to children without asthma.    
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5.10.3 Association between epilepsy and mortality 

766,244 pupils were followed up to assess the impact of epilepsy on risk of all-cause 

mortality. The follow up period ranged from 1 year to 5 years and the mean follow up time 

was 4.33 years. 491 pupils (0.06%) died during the follow up period. Whilst the absolute 

probability of dying over follow up was very low, the probability was significantly higher 

for pupils with epilepsy compared to those without epilepsy (Figure 73).  

Figure 73 Kaplan-Meier survival curve: Epilepsy and all-cause mortality 
 

 

Epilepsy was significantly associated with increased risk of mortality on univariate Cox 

regression analysis (HR 27.80, 95% CI 21.83-35.40) and following adjustment for 

sociodemographic (HR 27.61, 95% CI 21.68-35.16) and maternity (HR 24.77, 95% CI 

19.32-31.77) confounders. However, the model did not satisfy the assumption of 

proportional hazards (p<0.001) and Poisson piecewise regression was used to more 

accurately model the hazard ratios over the follow up period. Figure 74 presents the fully 

adjusted incidence rate ratios from the Poisson piecewise model (black solid circles) 

alongside the static multivariate hazard ratio derived from the Cox proportional hazards 

model (red dashed line). Confidence intervals are shown for both models (black error bars 

and blue dashed lines). 
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The Cox model demonstrated that, over the full follow up period, children with epilepsy 

experienced an almost 25-fold risk of death compared to non-epileptic pupils. However, 

the Poisson piecewise model demonstrated that the elevated risk of death experienced by 

epileptic pupils compared to non-epileptic pupils actually decreased in magnitude with 

increasing follow-up time. Epileptic children experienced an approximately 30-fold risk of 

death within the first year of follow-up. However, the excess risk decreased to below 20-

fold by four years.  

Figure 74 Epilepsy and risk of all-cause mortality modelled as time from diagnosis until 

death 
 

 

The risk of death associated with epilepsy also varied depending on pupil age at the time of 

death. Figure 75 presents the fully adjusted incidence rate ratios from the Poisson 

piecewise model (black solid circles) alongside the static multivariate hazard ratio derived 

from the Cox proportional hazards model (red dashed line). Confidence intervals are 

shown for both models (black error bars and blue dashed lines). Epileptic children of all 

ages experienced an increased risk of death compared to non-epileptic children; however, 

there was a distinct trend whereby the association between epilepsy and risk of death 

became weaker for older children. The magnitude of the excess risk decreased from 

approximately 70 fold in children aged <10 years to approximately 13 fold in children 
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aged >14 years. Epilepsy can be more severe in younger children 271 and this may explain 

the greater risk of death associated with epilepsy in younger pupils. 

Figure 75 Epilepsy and risk of all-cause mortality modelled as age at death 
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5.10.4 Association between attention deficit hyperactivity 
disorder and mortality 

766,244 pupils were followed up to assess the impact of ADHD on risk of all-cause 

mortality. The follow up period ranged from 1 year to 5 years and the mean follow up time 

was 4.33 years. 491 pupils (0.06%) died during the follow up period. Whilst the absolute 

probability of dying over follow up was very low, the probability was significantly higher 

for pupils with ADHD compared to those without ADHD (Figure 76).  

Figure 76 Kaplan-Meier survival curve: Attention deficit hyperactivity disorder and all-cause 
mortality 
 

 

ADHD was significantly associated with increased risk of mortality on univariate Cox 

regression analysis (HR 2.11, 95% CI 1.09-4.08) but this disappeared after further 

adjustment for sociodemographic (HR 1.81, 95% CI 0.93-3.51) and maternity (HR 1.62, 

95% CI 0.83-3.14) confounders. The model satisfied the proportional hazards assumption 

(p<0.001); therefore, the association was adequately described using a constant hazard 

ratio across the full follow up period.  
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5.10.5 Association between depression and mortality 

7 pupils who received anti-depressant drugs which did not meet the depression definition 

outlined in section 4.3.2.2.5 were omitted. Therefore 766,237 pupils were followed up to 

assess the impact of depression on risk of all-cause mortality. The follow up period ranged 

from 1 year to 5 years and the mean follow up time was 4.33 years. 491 pupils (0.06%) 

died during the follow up period. Whilst the absolute probability of dying over follow up 

was very low, the probability was significantly higher for pupils with depression compared 

to those without depression (Figure 77).  

Figure 77 Kaplan-Meier survival curve: Depression and all-cause mortality 
 

 

Depression was significantly associated with increased risk of mortality on univariate Cox 

regression analysis (HR 5.79, 95% CI 3.73-8.99) and following adjustment for 

sociodemographic (HR 6.24, 95% CI 4.02-9.70) and maternity (HR 6.21, 95% CI 4.00-

9.65) confounders. The model satisfied the proportional hazards assumption (p<0.001); 

therefore, the association was adequately described using a constant hazard ratio across the 

full follow up period. Children with depression had a 6.21 times greater risk of death over 

the five year follow up period compared to children without depression.    
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5.11 Association between each chronic condition and 

each health outcome after adjusting for other 
comorbid chronic conditions 

Some children experienced more than one condition; therefore, the final fully adjusted 

models investigating risk of all-cause hospital admission and all-cause mortality were run 

again including all conditions together. The first two columns in Table 71 and Table 72 

present incidence rate ratios and 95% confidence intervals from Poisson piecewise 

regression models, adjusted for sociodemographic and maternity confounders, 

investigating associations between each chronic condition and risk of all-cause hospital 

admission. The third and fourth columns in each table present the same information after 

adjusting each condition-specific model for presence of any of the other chronic conditions 

identified in this thesis. Table 71 presents data from regressions modelled by time from 

diagnosis until first admission. Table 72 presents data from regressions modelled by age at 

first admission. Adjusting for other chronic conditions had little impact on the effect size 

of the associations between either diabetes or asthma and risk of all-cause hospital 

admission. The associations between both epilepsy and ADHD and risk of all-cause 

hospital admission were attenuated after adjusting for other chronic conditions. However, 

the association between depression and risk of all-cause hospital admission was attenuated 

the most after adjusting for presence of other conditions. All of the attenuated associations 

remained significant.  
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Table 71 Association between each chronic condition and risk of all-cause hospital 
admission after adjusting for presence of other comorbid chronic conditions modelled as 

time from diagnosis until first admission 
 

 

IRR 95% CI IRR 95% CI

Diabetes

0 - 1 years 4.43***  4.13-4.75 4.33***  4.03-4.64 

1 - 2 years 4.23***  3.85-4.65 4.21***  3.83-4.63 

2 - 3 years 3.47***  3.06-3.93 3.49***  3.08-3.95 

3 - 4 years 3.41***  2.94-3.95 3.45***  2.98-4.00 

4 - 5 years 2.92***  2.44-3.50 2.94***  2.45-3.53 

Asthma

0 - 1 years 1.98***  1.93-2.04 1.95***  1.90-2.01 

1 - 2 years 1.69***  1.63-1.76 1.67***  1.60-1.73 

2 - 3 years 1.49***  1.42-1.56 1.47***  1.40-1.54 

3 - 4 years 1.47***  1.39-1.55 1.45***  1.37-1.53 

4 - 5 years 1.38***  1.30-1.47 1.36***  1.28-1.45 

Epilepsy

0 - 1 years 5.52***  5.25-5.81 4.87***  4.63-5.13 

1 - 2 years 2.93***  2.68-3.21 2.62***  2.39-2.87 

2 - 3 years 2.52***  2.24-2.83 2.30***  2.04-2.58 

3 - 4 years 2.23***  1.92-2.58 2.06***  1.78-2.38 

4 - 5 years 1.92***  1.60-2.31 1.80***  1.49-2.16 

ADHD

1 - 5 years 1.33***  1.27-1.39 1.25*** 1.19-1.31

Depression

0 - 1 years 3.21***  3.01-3.41 2.57***  2.42-2.74 

1 - 2 years 2.12***  1.92-2.35 1.73***  1.56-1.91 

2 - 3 years 1.94***  1.69-2.22 1.58***  1.38-1.81 

3 - 4 years 2.08***  1.75-2.47 1.72***  1.44-2.04 

4 - 5 years 1.69***  1.30-2.19 1.40*  1.08-1.81 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2
 also adjusted for diabetes, asthma, epilepsy, ADHD and depression (as appropriate)

multivariate model
1

adjusted for comorbid conditions
2
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Table 72 Association between each chronic condition and risk of all-cause hospital 
admission after adjusting for presence of other comorbid chronic conditions modelled by 

age at first admission 
 

 

 

IRR 95% CI IRR 95% CI

Diabetes

4 - 6 years 4.42***  3.75-5.22 4.44***  3.76-5.24 

7 - 8 years 4.12***  3.46-4.90 4.05***  3.41-4.82 

9 - 10 years 5.20***  4.53-5.97 5.23***  4.56-6.01 

11 - 12 years 5.25***  4.67-5.91 5.23***  4.64-5.88 

13 - 14 years 5.14***  4.65-5.70 5.07***  4.58-5.61 

15 - 16 years 3.79***  3.40-4.22 3.73***  3.35-4.15 

17 - 23 years 2.89***  2.59-3.24 2.88***  2.57-3.22 

Asthma

4 - 6 years 2.15***  2.06-2.25 2.13***  2.04-2.23 

7 - 8 years 2.01***  1.91-2.11 1.99***  1.90-2.09 

9 - 10 years 1.94***  1.84-2.04 1.93***  1.83-2.03 

11 - 12 years 1.84***  1.75-1.94 1.82***  1.73-1.92 

13 - 14 years 1.61***  1.54-1.69 1.58***  1.51-1.66 

15 - 16 years 1.43***  1.37-1.51 1.39***  1.33-1.47 

17 - 23 years 1.31***  1.25-1.38 1.27***  1.20-1.33 

Epilepsy

4 - 6 years 7.11***  6.45-7.83 6.87***  6.23-7.58 

7 - 8 years 5.28***  4.67-5.97 5.09***  4.50-5.75 

9 - 10 years 5.26***  4.68-5.91 5.05***  4.49-5.67 

11 - 12 years 4.86***  4.36-5.41 4.51***  4.05-5.03 

13 - 14 years 4.31***  3.91-4.75 3.80***  3.45-4.19 

15 - 16 years 3.62***  3.32-3.96 3.09***  2.83-3.38 

17 - 23 years 2.05***  1.85-2.26 1.77***  1.60-1.95 

Depression

4 - 6 years 3.46***  2.05-5.85 2.81***  1.66-4.75 

7 - 8 years 2.09**  1.32-3.32 1.64*  1.03-2.60 

9 - 10 years 2.79***  2.07-3.76 2.18***  1.61-2.94 

11 - 12 years 3.24***  2.60-4.05 2.45***  1.96-3.07 

13 - 14 years 4.39***  3.88-4.96 3.28***  2.90-3.71 

15 - 16 years 3.73***  3.46-4.02 2.91***  2.70-3.14 

17 - 23 years 2.18***  2.02-2.35 1.83***  1.69-1.97 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2
 also adjusted for diabetes, asthma, epilespy, ADHD and depression (as appropriate)

multivariate model
1

adjusted for comorbid conditions
2
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The first two columns in Table 73 present incidence rate ratios and 95% confidence 

intervals from Poisson piecewise regression models, adjusted for sociodemographic and 

maternity confounders, investigating associations between each chronic condition and risk 

of all-cause mortality. The third and fourth columns present the same information after 

adjusting each condition-specific model for presence of any of the other chronic conditions 

identified in this thesis. Adjusting for other chronic conditions attenuated the effect sizes of 

the associations between diabetes, asthma, epilepsy and depression and all-cause mortality. 

However all of these associations remained significant. The reduced effect size of the 

association between depression and all-cause mortality was particularly notable. Depressed 

children experienced a 6.2 times greater risk of death compared to pupils without 

depression; however, the excess risk reduced to 2.7 fold after adjusting for presence of 

other conditions.   

Table 73 Association between each chronic condition and risk of all-cause mortality after 

adjusting for presence of other comorbid chronic conditions modelled as time from 
diagnosis until death 
 

 

 

IRR 95% CI IRR 95% CI

Diabetes

1 - 5 years 3.84***  1.98-7.43 2.90**  1.49-5.66 

Asthma

1 - 5 years 1.77***  1.30-2.40 1.61**  1.18-2.19 

Epilepsy

0 - 1 years 31.65***  18.87-53.08 27.55***  16.31-46.54 

1 - 2 years 29.33***  17.39-49.45 25.67***  15.13-43.57 

2 - 3 years 21.72***  12.28-38.42 19.30***  10.86-34.29 

3 - 4 years 17.50***  9.58-31.97 15.77***  8.61-28.91 

4 - 5 years 24.73***  14.33-42.70 22.69***  13.11-39.28 

Depression

1 - 5 years 6.21***  4.00-9.65 2.72***  1.72-4.30 

Exponentiated coefficients; 95% confidence intervals in brackets

* p<0.05, ** p<0.01, *** p<0.001
1
adjusted for sex, age, SIMD deprivation quintile, ethnic group, maternal age, 

 maternal smoking during pregnancy, parity, mode of delivery, gestational age at delivery,

 sex-gestation-specific birthweight centile and 5 minute Apgar score
2
 also adjusted for diabetes, asthma, epilepsy, ADHD and depression (as appropriate)

multivariate model
1

adjusted for comorbid conditions
2
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6 Discussion 

6.1 Conclusions and discussion of results 

All five of the medical conditions investigated in this thesis were associated with adverse 

educational and health outcomes. The number of outcomes affected varied by condition. 

Table 74 presents a summary of the associations between each of the five chronic 

conditions and each of the nine outcomes of interest. It highlights whether there was an 

overall association (Y/N) and, where investigated interactions were significant, 

summarises how the strength of the association differed within sex, age and deprivation 

subgroups. Table 75 summarises the effect size of the main association for each of the five 

conditions against each of the nine outcomes. The effect size is summarised as a range in 

instances where it varied because the underlying model did not satisfy proportional odds or 

proportional hazards. 

Table 74 Summary of the associations between each chronic condition and each outcome  

 

 

outcomes Sig Assoc. strength Sig Assoc. strength Sig Assoc. strength Sig Assoc. strength Sig Assoc. strength

girls > boys

young > old young > old old > young old > young

affluent > deprived affluent > deprived affluent > deprived affluent > deprived

girls > boys

young > old young > old

affluent > deprived

girls > boys girls > boys girls > boys girls > boys boys > girls

young > old old > young young > old old > young young and old > 11-14

affluent > deprived affluent > deprived affluent > deprived affluent > deprived

girls > boys

girls > boys boys > girls

affluent > deprived affluent > deprived affluent > deprived

girls > boys girls > boys girls > boys

1
 investigated gender interaction

2
 investigated age ineraction

3
 investigated deprivation interaction

4 
investigated outcomes after excluding children with SEN and after adjusting for absenteeism

5
 association was attenuated after excluding children with SEN from the analyses

6
 association was attenuated after adjusting for absenteeism

Diabetes Asthma Epilepsy ADHD Depression

Y

Exclusion 
1 - 3 N Y N Y Y

Absence 
1 - 3 Y Y Y Y

SEN 
1 - 3 Y Y Y Y Y

Attainment 
1 - 4 N Y

 5, 6
Y

 5, 6
Y

 5
Y

 5, 6

Unemployment 
1 - 4 N N Y

 5, 6
Y

 5
Y

 6

Admission 
1 Y Y Y Y Y

Total admissions N N Y N Y

Total length of stay N N Y N Y

Mortality Y Y Y N Y
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Table 75 Summary of the main effect size between each chronic condition and each 
outcome 
 

 

Depression, epilepsy and ADHD were associated with the most wide-ranging impact. 

Children treated for depression fared worse than their peers across all nine outcomes, and 

children treated for epilepsy and ADHD across eight and seven respectively. In contrast, 

children treated for asthma and diabetes fared worse than their peers in respect of around 

half the outcomes investigated. 

Children treated for all five conditions had more frequent absenteeism from school and 

were more likely than their peers to be recorded as having SEN. However, only children 

treated for depression, epilepsy or ADHD experienced poorer academic attainment and 

increased risk of unemployment. Children treated for asthma also experienced poorer 

academic attainment but no increased risk of unemployment. Furthermore, children treated 

for depression or ADHD were significantly more likely to be excluded from school. 

Children treated for all of the five conditions were at higher risk of hospital admission and 

mortality; however, children treated for depression or epilepsy were also at higher risk of 

recurrent hospitalisation and longer periods of hospitalisation.  

Depression
outcome effect size effect size effect size effect size effect size

mediating for absenteeism NS 1.23 - 3.07 4.07 NS - 1.89

omitting children with SEN 1.08 1.70 - 3.29 2.79 1.83 - 3.28

mediating for absenteeism 1.70 1.44 1.42

omitting children with SEN 1.49 1.30 2.02

1
 effect sizes are incidence rate ratios from GEE analyses with a negative binomial distribution and log link 

2
 effect sizes are odds ratios from GEE analyses with a binomial distribution and logit link 

3
 effect sizes are odds ratios from generalised ordinal regression analyses (range shows highest and lowest odds ratio where odds were non-proportional)

4
 effect sizes are odds ratios from binomial logistic regression analyses

5
 effect sizes are hazard ratios from proportional hazards Cox regression analyses (single number) or incidence rate ratios from Poisson  

  piecewise regression analyses (range shows lowest and highest incidence rate ratio where hazards were non-proportional)

6
 effect sizes are incidence ratios from negative binomial regression analyses

NS = not significant

Mortality 
5 3.84 1.77 24.73 - 31.65 NS 6.21

Total length of stay  
6 NS NS 7.55 NS 7.11

Total admissions  
6 NS NS 14.72 NS 3.31

Admission 
5 2.92 - 4.43 1.38 - 1.98 1.92 - 5.52 1.33 1.69 - 3.21

Unemployment 
4 NS NS 1.99 1.42 1.98

Attainment 
3 NS 1.11 1.98 - 4.07 3.64 1.96 - 3.44 

SEN 
2 2.45 1.28 10.11 8.77 2.24

1.95

Exclusion 
1 NS 0.91 NS 5.82 1.65

Diabetes Asthma Epilepsy ADHD

Absence 
1 1.34 1.25 1.50 1.18
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Some children experienced more than one condition; therefore, final statistical models 

included all diseases together.  This attenuated the effect sizes within each model but did 

not change any of the associations initially observed. Hence, these conditions were 

associated with adverse outcomes independently of each other. 

6.1.1 Epilepsy and depression 

Depression and epilepsy were associated with poorer outcomes across all of the 

educational and health domains investigated with the exception of epilepsy and school 

exclusion. Therefore, these conditions were particularly detrimental to both the short and 

long-term aspects of a child’s schooling and health. Both conditions were associated with 

increased SEN compared to peers although the association was stronger for epilepsy than 

for depression. Children with epilepsy or depression often experience comorbid 

behavioural and learning difficulties 114,117,124,282,283 and SEN 121 and, consistent with this, 

significant associations with all types of SEN were observed; most notably those attributed 

to social and behavioural difficulty, learning disability and autism. Whilst learning 

problems may lead directly to poor academic attainment, social and behavioural problems 

are likely to result in poorer conduct and increased school exclusion 284. In this thesis, 

depressed children experienced increased risk of exclusion from school compared to peers; 

however, there was no such association with epilepsy. The association between depression 

and exclusion remained significant after adjusting for the other chronic conditions 

investigated, including comorbid ADHD which frequently presents alongside depression. 

However, in addition to ADHD, paediatric depression may present with a range of other 

behavioural comorbidities such as oppositional defiant disorder, conduct disorder or 

anxiety 285 and the presence of these unobserved comorbidities may have contributed to the 

increased risk of exclusion. Additionally, the definition of depression used in this thesis 

may have introduced selection bias because only children prescribed medication for 

depression, who were possibly more severe cases with more comorbid behaviour disorders, 

were identified.  

Nevertheless, confirming the exact reasons for increased school exclusion associated with 

depression requires further investigation. It was perhaps surprising that, whilst epilepsy 

was also associated with increased behavioural difficulty, this did not similarly manifest in 

an increased risk of exclusion from school, particularly as children with epilepsy also 

commonly experience psychiatric comorbidity. This may be because children with 

epilepsy tend to suffer internalising psychiatric comorbidities such as depression and 
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anxiety as opposed to externalising ones such as oppositional defiant disorder or conduct 

disorder 286,287. It is also likely that school services are more aware of children with a 

diagnosis of epilepsy rather than depression; evidenced by epilepsy being more strongly 

associated with SEN than any of the other chronic conditions investigated. Therefore 

children with epilepsy may receive more positive behavioural help throughout school than 

their peers with depression who go unnoticed until exclusions occur. The intricate 

relationships between epilepsy, depression and school exclusion definitely requires further 

consideration.  

Compared to their peers, I demonstrated that children with depression or epilepsy also 

experienced significantly poorer academic attainment and a higher risk of subsequent 

unemployment after leaving school. Notably, these children not only had increased risk of 

poorer attainment overall, but were at particular risk of achieving grades specifically 

classed in the lowest category. Furthermore, even though SEN played a role as a mediator 

in the associations between epilepsy and academic attainment and unemployment, the 

associations remained significant after children with SEN were excluded from the cohort. 

The association between depression and attainment was also attenuated, albeit to a lesser 

extent, but remained significant after excluding children with SEN. This suggests that 

some children who have epilepsy or depression and who are not recorded as having SEN 

may, nonetheless, be in need of additional educational support which they are not currently 

receiving. These findings are consistent with previous research reporting poorer attainment 

in children with epilepsy 112-120 and depression 224-226. Previous depression studies have 

similarly identified poorer leaver outcomes 14,15,213-215  

Absenteeism also plays a major role in the observed poorer school performance of children 

with epilepsy or depression. Increased absenteeism was observed for children with one of 

these conditions compared to peers although the association was strongest for children with 

depression. Inclusion of absenteeism attenuated the association between epilepsy and both 

attainment and unemployment. Therefore, the higher risk of poor attainment and 

unemployment among children with epilepsy was explained, in part, by their higher rates 

of absenteeism. The influence of absenteeism on school outcomes was even greater for 

children with depression. After adjusting for absenteeism, the association between 

depression and unemployment was heavily attenuated but remained significant. However, 

the association with attainment largely disappeared whereby only the lowest category of 

attainment remained significant. Therefore, absenteeism significantly influences poor 

attainment and future unemployment of children diagnosed with depression. Targeting 
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absenteeism, either through preventative measures or via interventions to assist with 

catching up with missed education, should be investigated to improve their academic 

grades and school leaver outcomes. 

It is important to understand why children with epilepsy or depression are absent from 

school. In addition to suffering increased risk of any hospital admission, I observed that 

these children also experienced higher risk of recurrent hospitalisation and longer periods 

of hospitalisation compared to peers. This may indicate that they have particularly complex 

healthcare needs, which may have contributed to increased absenteeism. In the case of 

depression, it is possible that truancy or school refusal may additionally contribute to 

missed days from school as reported elsewhere 288. Specific reasons for absenteeism are 

recorded by schools and should therefore be further investigated. Further analyses of the 

types of SEN should also be undertaken to understand whether identification of depressed 

and epileptic children within school services is appropriate and timely.  

Children with depression or epilepsy experienced an increased risk of all-cause mortality 

and all-cause hospital admission within 5 years of their first known prescription date 

compared with peers. I also observed increased risk of injury and mental health admissions 

for children with depression and increased risk of admission related to the nervous system 

for children with epilepsy. The magnitude of the increased risk of hospital admission 

dropped sharply after the first year of follow-up for both conditions and continued to fall 

thereafter. This indicated that these children are most at risk of hospital admission around 

the time of diagnosis of their condition. The risk of mortality associated with epilepsy also 

became weaker over the follow up period. The relative increased risk of hospitalisation and 

mortality may reduce as children are stabilised on their respective medication and 

symptoms are better controlled 273. Therefore, interventions which provide additional 

support to children during this specific early phase may be useful.  Several studies have 

previously shown a strong association between epilepsy and risk of mortality 140-147. The 

observed association between depression and injury admission is also consistent with 

existing literature 230,231. 

Prevalence of epilepsy and depression observed in this thesis was 0.69% and 0.70% 

respectively. The prevalence of epilepsy is roughly consistent with 1% prevalence in 

children and adolescents reported elsewhere 106,107. Worldwide prevalence of paediatric 

depression has been reported to be 2.8% 206. Smaller studies have reported prevalence as 

high as 8% and 13% based on depressive symptoms. My thesis only identified children 
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actively receiving medication for depression which explains the lower percentage 

observed.      

6.1.1.1 Differences by age, gender and deprivation 

Although both epilepsy and depression were associated with greater social deprivation, the 

relative associations with absenteeism, SEN and unemployment were strongest for the least 

deprived pupils. This finding was explained by more deprived unaffected pupils already 

having higher absolute rates of SEN, absenteeism and unemployment. Therefore, the 

relative impact of epilepsy or depression on their outcomes was less pronounced. This 

highlights the persistence of long standing socioeconomic inequalities in health and 

education. The relative impact of epilepsy on SEN was stronger for girls and this was 

explained because, among unaffected children, boys had higher absolute rates of SEN. 

Despite higher absenteeism in girls among unaffected children, epilepsy still exerted a 

greater relative impact on girls than boys with respect to absenteeism. 

Despite boys unaffected by depression already having higher SEN and more 

unemployment than unaffected girls, the relative impact of depression on SEN and 

unemployment was still greater for boys. This could indicate that depressed boys are more 

likely than depressed girls to receive special education. It is therefore important to 

understand why this is happening. Depressed boys may possibly present with more 

obvious symptoms than depressed girls perhaps due to presence of more comorbid 

conditions, increased disease severity or differences in behaviour patterns. Depressed boys 

tend to express violence toward themselves or others, show self-destructive behaviour, and 

misuse substances. Girls on the other hand tend to withdraw themselves from family and 

friends, admit feelings of hopelessness, lack motivation, show changes in sleeping patterns, 

and develop eating disorders. Depressed girls are also more likely to self-harm 289. 

Therefore, despite being identified by health services and receiving treatment for their 

depression, girls may be less likely to be identified as depressed by their school and receive 

less help. Schools may also provide less input for girls because their presentation is 

perceived as less severe or because it is less disruptive to the school environment. 

The observed relative impact of depression on risk of all-cause and injury-related hospital 

admission was greater for girls. The latter can be explained because, among unaffected 

children, boys had more injury admission. However the rate of all-cause hospital admission 

was similar for unaffected boys and girls. Therefore it is important to understand why 
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depression had a greater relative impact on girls as regards all-cause hospital admission. 

The relative impact on both outcomes was also greater for children between 11 and 16 

years of age and decreased with time from diagnosis. This may reflect different behaviour 

patterns in teenage years such as increased instance of self-harm resulting in more 

admissions and more missed school days particularly amongst depressed girls and 

particularly around time of diagnosis. Again these findings may be partly explained by a 

combination of specific increased self-harm in depressed adolescents 277 and additional 

excess self-harm in adolescent girls 275,276,290 and may reflect the reported higher onset of 

depression in teenage girls with prevalence becoming twice as high in girls by early to 

mid-adolescence 278-281. Teenage girls with depression should therefore be monitored 

particularly closely for increased risk of self-harm. It is interesting that depression 

impacted boys more than girls with respect to unemployment, yet there were no significant 

differences between genders in terms of the impact of depression on attainment, 

absenteeism or exclusion. The observed excess risk of unemployment in depressed boys 

may be due to the types of associated comorbidities and behaviours they experience. 

However, without further investigation, this is purely speculation. 

The relative impact of depression on absenteeism and exclusion was strongest for older 

and younger pupils respectively. Depressed pupils who are older may be more likely to 

miss school through truancy or school refusal and therefore experience more absenteeism 

yet less opportunity for exclusion 288. Conversely, younger depressed pupils may be more 

closely monitored by their parent and therefore be in school but with resulting opportunity 

for exclusion. Additionally, pupils medicated at a younger age may have more severe 

depression with a more complex range of behavioural comorbidities therefore manifesting 

in greater exclusion. 

The association of epilepsy with absenteeism and SEN was strongest in younger pupils. 

Older children who were unaffected by epilepsy already experienced more absenteeism; 

therefore the relative impact of epilepsy was smaller in this age group. Epilepsy presenting 

at an early age may also be more severe and disruptive due to increased association with 

congenital neurological disability 271 and this may have resulted in the stronger observed 

association between epilepsy and both absenteeism and SEN in younger pupils. Whilst 

children with epilepsy experienced increased risk of all-cause hospital admission, 

admission related to the nervous system and all-cause mortality across the full follow up 

period, the relative impact on these outcomes was greatest close to time of diagnosis and 

for younger children. This is again consistent with more severe epilepsy in younger 
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children and may also indicate that the excess risk decreases as children become stabilised 

on their medication 273. The association between epilepsy and admission related to the 

nervous system was stronger for boys than girls.  

6.1.2 Attention deficit hyperactivity disorder 

ADHD also severely impacted the educational and health outcomes of affected children. A 

diagnosis of ADHD had as detrimental an impact on school outcomes as depression, 

adversely affecting all five of the educational domains assessed. Affected children 

experienced an increased risk of all types of SEN compared to peers; most notably SEN 

attributed to social and behavioural difficulty, learning disability and autism. The observed 

associations with SEN 166-168,176,179,180 and learning disability 168,176 were consistent with 

previous studies. ADHD is primarily associated with increased impulsivity and 

hyperactivity, which can result in poor conduct and behaviour 13,166,173,179,180,195,291-296. 

Children with ADHD can additionally present with a range of behavioural comorbidities 

such as anxiety, depression, conduct disorder and oppositional defiant disorder 154,297,298. 

Therefore associations with all types of SEN were consistent with this and it was not 

surprising that I also observed a strong association between ADHD and increased school 

exclusion. Indeed, consistent with previous research 179,180, ADHD was more strongly 

associated with exclusion than any of the other conditions investigated.  

Also consistent with previous literature observing poorer academic performance 166-

168,170,172-175, attendance 172,182 and leaver outcomes 167,172,181, my thesis demonstrated that 

children with ADHD additionally missed more days of school compared to peers and 

suffered longer term adversity in the form of poorer school grades and greater 

unemployment. The associations with attainment and unemployment were attenuated but 

remained significant after excluding children with SEN. However, unlike children with 

depression or epilepsy, increased absenteeism did not appear to significantly contribute to 

the poorer long-term outcomes of children with ADHD. Indeed, adjusting for absenteeism 

had no tangible effect on the strength of the associations between ADHD and either 

attainment or unemployment. Therefore, children with ADHD did not experience poorer 

attainment and higher unemployment compared to their peers simply as a result of 

increased absenteeism. Notably, the association between ADHD and absenteeism was 

weaker than the corresponding associations between absenteeism and either depression or 

epilepsy. A possible explanation may be that children with ADHD have absences due to 

truancy or school refusal, which are more common yet shorter in duration, and therefore 
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have less additional impact on their grades over and above that directly due to their 

condition. Conditions that commonly present alongside ADHD have been associated with 

increased truancy and school refusal 288. By comparison, children with depression or 

epilepsy may experience longer durations of absenteeism due to more complex needs 

which have a greater effect on their schooling. This, of course, is speculation and should be 

confirmed by further investigation.  

Despite absenteeism having less of an impact on attainment and risk of unemployment, 

these long-term outcomes of children with ADHD were still poorer when compared to 

their peers. Therefore, it seems that previously reported behavioural and learning 

difficulties 168,173,176 primarily influence this observed deficit. Children with ADHD suffer 

two main types of behavioural problems both of which are equally detrimental to a child’s 

ability to learn and assimilate information: hyperactivity/impulsivity and inattention 148,149. 

Whilst hyperactivity and impulsivity are more commonly associated with unacceptable 

behaviour and unwillingness to learn, inattention may go more unnoticed in the classroom 

yet can have equally adverse effects on learning.  

My thesis additionally demonstrated that children with ADHD also experienced poorer 

health outcomes in the form of increased risk of all-cause hospital admission and 

admission due to injury. However, consistent with previous literature 186,187, children with 

ADHD did not have an excess risk of all-cause mortality compared to peers. My findings 

are also consistent with previous studies reporting increased injury-related hospital 

admission 188,192-194. Prevalence of ADHD in children has been reported to be around 5% 

both worldwide 159 and in Scotland 149. However, prevalence of treated ADHD in Scotland 

ranges between 0.2% and 1.2% 149. The 0.97% prevalence observed in my thesis was 

consistent with these figures. 

6.1.2.1 Differences by age, gender and deprivation 

The associations between ADHD and absenteeism, SEN, exclusion and unemployment 

were stronger among less deprived pupils. This can again be explained by the fact that 

more deprived unaffected children already had more absenteeism, exclusion, SEN and 

higher unemployment; therefore, the relative impact of ADHD was greater in less deprived 

pupils. Similarly, the relative impact of ADHD on exclusion, SEN, attainment and risk of 

all-cause and injury-related hospital admission was greater for girls than boys. For 

unaffected children, boys had more exclusion and SEN, poorer attainment and higher 
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absolute rates of injury admission. Therefore, the relative impact of ADHD on these 

outcomes was greater in girls. However, unaffected boys and girls had similar baseline 

rates of all-cause hospital admission. Therefore, it is important to understand why ADHD 

had a greater relative impact on girls with respect to risk of all-cause hospital admission. 

Whilst the increased risk of all-cause hospital admission remained constant across all ages, 

the relative risk of injury admission for children with ADHD compared to peers peaked in 

late teenage years. This may be partly explained by a combination of specific increased 

self-harm in children and adolescents with ADHD 274 and general increased self-harm in 

adolescence, particularly in girls 275,276. 

The relative impact of ADHD on absenteeism and SEN was greater in older pupils whilst 

the relative impact on exclusions was greater in younger pupils. Similar patterns were 

observed in children with depression and it is possible that these common patterns are 

attributable to the same underlying mechanisms. Notably, that the increased risk of injury 

admission in late teenage years described above likely contributes to missed school days 

within this age group. Additionally, pupils with ADHD who are older may be more likely 

miss school through truancy or school refusal and therefore experience more absenteeism 

yet less opportunity for exclusion. On the other hand younger pupils may be more closely 

monitored by their parents and be in school with greater resulting opportunity for 

exclusion. It is also possible that younger children with ADHD may experience more 

exclusion because teachers are less aware of their condition and exclude them because they 

appear disruptive and poorly behaved rather than pupils with a chronic condition. As these 

pupils progress through school, their condition may become more apparent to school 

services resulting in more SEN and less exclusion, which is consistent with the observed 

greater relative impact of ADHD on SEN in older children. It is worth investigating the 

relationships between parents, clinicians and teachers in order to explore whether school 

teachers are made aware of ADHD diagnoses at the earliest opportunity and whether 

earlier communication and interventions could reduce some of the adverse outcomes. 

6.1.3 Diabetes and asthma 

Children with diabetes or asthma experienced a narrower range of adverse outcomes. 

Whilst this thesis demonstrated that children with diabetes experienced greater absenteeism 

and increased SEN compared to peers, they did not experience significantly poorer 

academic attainment or a significantly increased risk of exclusion or unemployment. 

Therefore, the short-term impact of greater absenteeism did not translate into long-term 
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adverse outcomes. The association between diabetes and increased absenteeism reported in 

my thesis is consistent with previous research 29,30,33,35,38,39. Whilst some previous studies 

have reported poorer academic performance of diabetic children compared to peers or 

siblings 9,10,29-33 others, consistent with this thesis, have reported no difference 34-37.  

In contrast with the other chronic conditions investigated, diabetes was only associated 

with SEN attributed specifically to learning difficulty, physical motor disability or a 

physical health condition. The association between diabetes and learning difficulty but not 

learning disability is notable. This could indicate that, whilst experiencing difficulty, 

diabetic children have less severe learning impairments compared to children with the 

other chronic conditions of interest. Their difficulties may therefore largely arise due to 

their increased absence and missed learning which may explain in part why long-term 

attainment and employment is largely unaffected by their condition. However, it is 

important to understand fully the reasons why diabetic children fair better than children 

with other chronic conditions investigated in this thesis. The findings may reflect a real 

difference because children with diabetes are likely to be unwell when first diagnosed with 

diabetes. It may take some time to stabilise them on insulin and for them, and their parents, 

to become confident in managing the condition. However, thereafter, with good control of 

their condition, most diabetic children can avoid future symptoms such as hypoglycaemic 

episodes and hospitalisations. Additionally, compared to children with ADHD, epilepsy or 

depression, children with diabetes suffer less comorbidity; in particular less psychiatric 

comorbidity although they do suffer increased risk of depression and cognitive disturbance 

compared to their non-diabetic peers 299. A third explanation may be that teachers are more 

empathetic to physical problems rather than mental or behavioural problems. Alternatively, 

the difference may be partially attributed to selection bias in the ascertainment of these 

conditions. Children with type 1 diabetes require insulin; therefore, all children with type 1 

diabetes will receive medication. By comparison, only children with more severe asthma, 

depression, ADHD or epilepsy may require medication for their condition. It is possible 

that identification of more severe cases may have inflated the effect sizes of the 

associations for the other conditions but not diabetes.  

I demonstrated that pupils with asthma experienced greater absenteeism and increased risk 

of all types of SEN compared to peers. The observed association with increased 

absenteeism is consistent with all but one 78 of the previous comparable studies identified 

69,70,73,79,81-85,88. Previous research has also observed increased use of special education 

services 70 and increased learning disability among asthmatic children 84. Whilst asthmatic 
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children in this thesis experienced significantly poorer attainment compared to peers, they 

did not, however, experience a significantly increased risk of unemployment. Furthermore, 

the association between asthma and attainment was slightly attenuated after excluding 

children with SEN but disappeared completely after adjusting for absenteeism. It was 

therefore apparent that the poorer attainment of asthmatic children compared to peers was 

largely attributable to their increased absenteeism. Similar to depressed children, 

developing interventions to reduce absenteeism or mitigate their impact could radically 

improve the academic grades of asthmatic children. Whilst some previous studies have 

reported poorer attainment for asthmatic children 70,79, others have reported no difference 

in performance compared to healthy peers 80-82,85. Some 70,71 but not all 73,80 have adjusted 

for increased absenteeism. It is important to understand why absenteeism plays such a 

major role in the attainment of asthmatic children. Absence levels have previously been 

associated with more severe asthma 70,73,82 and more requirements for healthcare 73. 

Interestingly, unlike children with depression, the lower academic grades observed for 

asthmatic children did not seem to translate into increased unemployment. Whilst their 

school grades were adversely affected compared to peers, the association between asthma 

and attainment was weaker than the corresponding associations between attainment and 

ADHD, depression or epilepsy. Therefore it seems that, whilst asthmatic children’s school 

grades were impacted, this was a significantly modest effect which might explain why it 

was not enough to alter their outcomes after leaving school. It is important to understand 

why absenteeism among asthmatic children has such a detrimental impact on their 

educational attainment in comparison to children with ADHD or epilepsy. Understanding 

patterns of absenteeism would be a starting point for further investigation. It might be the 

case that asthmatic pupils experience longer durations of absence which impact more 

significantly on their ability to catch up in class. 

It is unclear why children with asthma observed in this thesis had fewer exclusions 

compared to healthy peers even after adjusting for potential sociodemographic and 

maternity confounders. This finding is counter-intuitive particularly in light of one 

previous study reporting the association to be the opposite way around 84. However, on 

subgroup analyses, the findings were only significant within boys and those aged between 

11 and 14 years and within the most deprived 40% of the population. Unaffected children 

within these groups already had the highest rates of exclusion; therefore it is possible that 

small differences, large sample size and residual confounding played a part in these 

findings. Further investigation is needed to confirm whether this is a real finding. 
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My thesis demonstrated that both diabetic and asthmatic children experienced a greater risk 

of all-cause hospital admission and all-cause mortality compared to peers but they did not 

experience more hospital admissions overall or an increased length of stay per admission. 

The associations between diabetes and all-cause admission 62,63 and all-cause mortality 

28,56-60 are consistent with previous literature.  The magnitude of the increased risk of all-

cause and cause-specific admission associated with these conditions decreased with time 

from first receipt of relevant medication. This is not surprising since it may take several 

months following diagnosis for these conditions to be stabilised and for affected children 

and their parents to become knowledgeable and confident in managing them. These 

patterns in risk of hospital admission are consistent my other demonstrated findings 

previously discussed because they may contribute towards the increased absenteeism 

experienced by diabetic and asthmatic pupils; particularly younger asthmatic pupils.  

My thesis reported diabetes and asthma prevalence of 0.43% and 6.00% respectively. The 

observed diabetes prevalence is consistent with a prevalence of 0.39% reported by a 

comparable population-wide study in Sweden 9. Previous asthma studies have reported 

asthma prevalence between 4.9% and 18.6% however methodology used to diagnose cases 

ranges greatly across studies and most have based diagnosis on reported symptoms. My 

thesis only identified children actively receiving medication for asthma which explains 

why my observed prevalence was at the lower end of the aforementioned range.   

6.1.3.1 Differences by age, gender and deprivation 

The relative impact of diabetes and asthma on risk of SEN was stronger for girls and was 

explained because, among unaffected children, boys had higher absolute rates of SEN. The 

relative impact of diabetes and asthma on SEN was also stronger for younger and older 

pupils respectively. Previous studies have reported that the negative impact of diabetes on 

cognition and academic skills is most apparent when onset is before 7 years of age 9,10,49. 

Within unaffected children, older and more deprived pupils had more absenteeism which 

explains why the association between asthma and absenteeism was strongest in these 

groups. It is also possible that parents may be more over-protective of their children when 

they are younger and suffering from asthma which may result in more absenteeism. 

Finally, it may take children and parents time to become accustomed to dealing with their 

condition resulting in greater absenteeism among younger pupils. 
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The relative impact of diabetes on risk of all-cause hospital admission was greater for girls 

than boys. Both had similar rates of baseline hospital admissions; therefore, it is important 

to understand why diabetes had a greater relative impact on girls with respect to risk of 

hospital admission. Furthermore, the relative impact of asthma on risk of respiratory 

admission was greater for boys than girls. The relative impact of asthma on risk of 

admission was greater for younger pupils, which is consistent with younger asthmatic 

children also experiencing a relatively greater risk of absenteeism. The relative impact of 

diabetes was greater for children aged between 9 and 14 years of age which is likely to 

reflect the fact that diabetic children in their early teens have poorer adherence to their 

insulin medication and are more difficult to manage around puberty 272. 

6.1.4 Wider context and future policy 

These findings clearly demonstrate that children with chronic conditions have significantly 

poorer educational and health outcomes compared to their peers. Although I have 

examined subsequent health outcomes in a paediatric cohort over a relatively short follow 

up period of five years the detrimental health effects of having a chronic condition are felt 

over the course of a lifetime. Similarly, the detrimental impact on educational outcomes 

observed over a relatively short period of follow-up are likely to have long-term sequelae 

for the child; including being an additional risk factor for adverse outcomes in adulthood.  

Dahlgren and Whitehead’s model (1991) 2 clearly illustrates the wider determinants of 

health (Figure 78). Permission to reproduce this figure has been granted by the Institute for 

Future Studies. The model recognises that individual factors are important determinants of 

health: both non-modifiable factors such as age, gender, ethnicity and genotype and 

modifiable lifestyle factors such as smoking, alcohol intake, physical activity and diet. 

However, it also highlights the wide range of social and environmental determinants that 

lie outside of the health sector and largely beyond the control of the individual, including 

education.  Whilst better education can improve health directly in terms of health 

promotion and disease prevention, it also impacts health indirectly through higher income, 

better working conditions, better living conditions and greater access to healthcare and 

leisure activities 2,3. Therefore, the relationship between health and education is bi-

directional. Evans and Stoddart (1990) 3 more clearly demonstrated the complex inter-

relationships between the factors which influence health and wellbeing (Figure 79). 

Permission to reproduce this figure has been granted by Elsevier. Their model highlighted 

that diseases can impair function and therefore prosperity but also that prosperity can itself 
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influence lifestyle behaviours that then impact on health. These models suggest that the 

long-term sequelae of adverse educational outcomes will include additional risks to health.  

Figure 78 Wider determinants of health – Dahlgren and Whitehead model 

figure reproduced from Dahlgren and Whitehead (1991) 
2
 with permission from the Institute 

for Future Studies 
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Figure 79 Wider determinants of health – Evans and Stoddart model 

figure reproduced from Evans and Stoddart (1990) 
3
 with permission from Elsevier 
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With this in mind, it is imperative that all children, regardless of their background or 

circumstances, receive the best standard of education possible and have equal opportunity 

to be able to perform well at school. All children are different; therefore, policies are 

required to ensure that school services and resources are tailored to individual pupil needs. 

This can help ensure that adequate additional support is given to disadvantaged pupils for 

example children from poorer socioeconomic backgrounds, children with troubled home 

lives, children with poor health and children with learning difficulties or behavioural 

problems.   

Getting it right for every child (GIRFEC) is Scotland’s national approach to improving 

outcomes and supporting wellbeing of children and young people and has been in place for 

a number of years 302. GIRFEC aims to ensure that correct support is provided by the 

correct people when needed. It is focussed on tackling needs early and promoting pupil 

wellbeing and is child centred and committed to fostering joined up working between 

children, parents, teachers and wider services. Pupil wellbeing is outlined within the 

Children and Young People (Scotland) Act 2014 303 and consists of eight indicators knows 

as SHANARRI: safe, healthy, achieving, nurtured, active, respected, responsible and 

included. The act itself makes it a requirement for local authorities to promote, support and 

safeguard the wellbeing of children via tailored services. From 2018, all children who need 

extra support which is not generally available will have that support given in the form of a 

tailored child’s plan 304. Following a review of guidance services in 2004, new policies are 

also in place to implement personal support for all pupils on the understanding that 

children are more likely to perform well when they feel happy, safe and supported. The 

Scottish Government is currently developing its Named Person Scheme 305 to ensure that 

someone is responsible as a point of contact for each child younger than 18 years of age. 

These contacts will aim to provide information, support and advice for every pupil when 

needed. A third part of GIRFEC is focussed on services working together to provide 

children with the best support possible. The Education (Additional Support for Learning) 

(Scotland) Act 2004 provides the legal framework for additional support for learning to be 

provided 306. This act requires educational authorities and health and social work to work 

together to provide the necessary support for children with complex additional support 

needs.   

Schools currently work in partnership with Allied Health Professionals (AHPs); most 

commonly speech and language therapists, physiotherapists and occupational therapists. 

Currently, all children receiving medication at school should be recognised on the school 
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system and be allocated a child healthcare plan. However; children who are only medicated 

at home do not have a healthcare plan. Depending on school resources, children may also 

have access to a school nurse, a local authority doctor, a school paediatrician, psychiatric 

services, or child and adolescent mental health services (CAHMS). Selected schools may 

have other services such as autistic units. However, these services vary greatly across 

schools as do recording and definitions of SEN.  

Other recent policy changes include Curriculum for Excellence 256 which aims to transform 

education so that learning is relevant, inspiring and engaging. The Scottish Attainment 

Challenge was implemented in 2015 307 and was committed to addressing and narrowing 

the attainment gap related to poverty. The Scottish Government has funded £750 million 

towards this venture and this is linked to the Pupil Equity Fund 308 which allocates funding 

to schools most affected by the poverty related attainment gap.  The Scottish Government 

has also prioritised improving mental health services across Scotland via the mental health 

strategy 2012-15 309. This aims to promote mental wellbeing and prevent mental illness and 

one of the key areas concerns child and adolescent mental health. The National 

Improvement Framework for Scottish Education, launched in 2016, aims to develop and 

improve data collection and intelligence across primary and secondary schools in order to 

improve support of pupils and inform policymakers where future improvement may be 

needed.  

Whilst some of these policies have yet to be implemented, others have been in place for 

several years. However, in spite of these policies, this thesis demonstrated that children 

suffering from chronic illness continue to experience educational and health disadvantage 

compared to peers. The introduction of many of these policies pre-dates the study period; 

therefore, it appears that they have not fully helped bridge the deficit experienced by 

chronically ill pupils. This may not be surprising because, regardless of additional input, 

some chronically ill children may simply never be able to perform as well as their healthy 

peers. However, in general, many of the educational policies focus on health and wellbeing 

and the impact of social disadvantage; particularly poverty. Whilst poverty accounts for a 

large part of the disparity in educational opportunities, chronic ill health should not be 

overlooked. New policies such as the mental health strategy may have an impact on 

chronic conditions such as ADHD and depression and may enable better communication 

between schools and health care providers. However, given the continuing performance 

gap between chronically ill pupils and their peers, additional and more specific policies 
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may need to be introduced to help identify, treat and care for children with chronic 

conditions in school.  

6.2 Strengths and limitations 

6.2.1 Strengths 

I have analysed data from a large, non-selective study population of schoolchildren across 

the whole of Scotland. In total, 2,793,185 records pertaining to 766,244 pupils were 

analysed across five school years. This exceeds the sample sizes used in previous studies 

investigating chronic conditions and educational outcomes. Indeed only Dalquist et al 9, 

who investigated associations between diabetes and school outcomes in more than 1.3 

million schoolchildren, included a comparably large number of participants. The majority 

of diabetes studies analysing school outcomes have used small population samples 29,30,32-

37,52 ranging between 60 30,32 and 500 35 subjects in total. Persson et al 10 matched 9,940 

controls to 2,845 diabetic children whilst other studies have analysed in excess of 20,000 31 

and 100,000 38 children in total but have only included in the region of 100 diabetic 

children within these samples. The largest study to assess the effects of asthma during 

school years analysed 300,000 school records but only investigated grade point average 79. 

Whilst smaller studies used samples in the region of 1,500 73,88, 4,000 82 or 10,000 70,83,84 

subjects, others used samples of between fifty and a few hundred 71,78,80,81,85,89 and 

compared matched comparison subjects to asthmatic children 80,81,85,89. Studies 

investigating educational outcomes for children with epilepsy compared to peers have used 

small samples, with the largest study matching 131 siblings to 219 children with epilepsy 

120 and it has not been uncommon for investigators to analyse matched cohorts totalling 

between 40 and 100 participants 114,117-119,122. The largest ADHD study included almost 

9,500 children with and without ADHD178 whilst sample size in other studies has ranged 

between 60 168 and 1000 172 children in total. Previous studies assessing the impact of 

depression on educational outcomes have generally used larger cohorts with the largest 

sampling in the region of 14,000 pupils 14,15,214. However, earlier studies have used small 

population samples 219-221.  

This thesis only included local authority maintained schools; however, less than 5% of 

Scottish children attend private schools 245. Therefore, data from the pupil census covered 

more than 95% of schoolchildren in Scotland and comprised all children from primary 1 

(P1) through to final year of secondary school (S6) as well as pupils attending special 
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schools. The full school-age population was included; therefore, the cohort comprised 

schoolchildren of both genders, between 4 and 19 years of age, from all socioeconomic and 

ethnic backgrounds attending urban, suburban and rural schools. Previous studies have 

been limited by including only boys 176,182, predominately children from particular ethnic 

or socioeconomic backgrounds 82,83,166,168,172, or pupils of particular ages 99. Others have 

not included children attending special schools 9. The large size of my thesis population 

meant that I had sufficient power to test for statistical interactions and undertake sub-group 

analyses where appropriate. I have been able to investigate differences by gender, 

socioeconomic status and age for the majority of outcomes whereas previous studies with 

small sample size have not been able to explore these potential effect modifiers.  

This thesis analysed a wide range of outcomes covering both the education and health 

sectors. No other studies in the UK have investigated educational outcomes of 

schoolchildren with chronic conditions on a population-wide scale. Furthermore, to the 

best of my knowledge, no previous studies worldwide have investigated as wide a range of 

educational outcomes for children with chronic conditions using population-wide data, and 

none have dually investigated educational outcomes, hospitalisations and mortality. 

Previous studies have linked Scotland-wide education data to national maternity data to 

investigate associations between obstetric factors and SEN 16,17. This research extended the 

approach by additionally linking these datasets to prescribing data, hospital admissions and 

deaths to investigate a wider array of predictive factors and outcomes whilst adjusting for a 

range of important confounders relating to sociodemographic status, pregnancy and 

delivery. The large population size and wide array of available outcomes allowed 

investigation of academic attainment and unemployment after adjusting for absenteeism 

and excluding children with SEN. Some 70,71 but not all 73,80 of the previous asthma studies 

investigating attainment have explored absenteeism as a possible mediator. Previous 

studies investigating the attainment of children with diabetes, ADHD, depression and 

epilepsy have not adjusted for absenteeism. Furthermore, previous studies have not 

investigated school absenteeism as a possible mediator for future unemployment. Whilst 

some previous studies have excluded children with learning difficulties from their analyses 

173,225, few have excluded children with any type of SEN. I was also able to adjust for 

children experiencing more than one chronic condition by including all conditions together 

in final statistical models. Therefore, each chronic condition specific analysis was adjusted 

for presence of any of the other identified chronic conditions. By comparison, few previous 

studies have adjusted for such a range of confounders and even fewer have included 

obstetric and maternity confounders 9,73.  
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My population cohort included repeated measures for children attending school across 

multiple years during the study period. Therefore I used generalised estimating equations 

for longitudinal data to account for correlations between outcomes recorded for the same 

pupils across different years. Few other studies have analysed longitudinal data 14,15,213-

215,218,223,224 or taken account of such correlations. Indeed several previous studies have 

analysed outcomes using cross-sectional study designs 219-222 limited by potential reverse 

causation. Robust analyses were performed such as Poisson piecewise regression, to 

account for non-proportional hazards when investigating health outcomes, and generalised 

ordinal logistic regression, to account for non-parallel odds when evaluating academic 

attainment. In addition to identifying poorer outcomes for children with chronic conditions, 

these techniques enabled more intricate relationships between each condition and the 

respective outcomes to be revealed. For example, children with chronic conditions 

experienced increased hospitalisation; however the excess risk decreased in magnitude 

over the follow up period and varied by age at admission. Similarly, whilst children with 

asthma, epilepsy, ADHD or depression were observed to have poorer academic attainment 

compared to peers, I demonstrated that children with epilepsy or depression were 

particularly adversely affected and had an increased risk of having attainment specifically 

classed as poor. 

All of the education and health outcomes evaluated in this thesis were obtained directly 

from routine administrative databases and these databases undergo regular quality 

assurance checks 310. The linkage of education and health records relied on probabilistic 

matching; however a previous validation of this methodology demonstrated that more than 

99% of the linkages that were made attached the pupil to his/her correct health records for 

singleton births 19. Attainment was evaluated using grades achieved in national 

examinations recorded across the full syllabus of school subjects and across multiple years 

of schooling from S4 through to S6. By comparison, some previous studies have used 

standardised test scores 33,35,71,80,117,120,166,168,219, parental, teacher or pupil reports 29,31,36-38, 

or have only based school attainment on particular subjects 32,33,85,173,221,223,226. Other 

educational outcomes assessed in this research were equally robust. Absenteeism and 

exclusions were recorded annually by schools and collated at the end of each year. Leaver 

destination is recorded 6-months after a child leaves school by Skills Development 

Scotland 311 and is submitted to the Scottish Government. The NEET definition used for 

unemployment in this study was based on that used by the Scottish Government and the 

Office for National Statistics 255. Records of SEN were recorded by the schools and 

included individual types of SEN enabling analyses of more specific outcomes such as 
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learning disability, autism, and mental and physical disability. Few other studies have 

investigated SEN, and these have relied on parental report or undefined methods of 

ascertainment. Furthermore, no other studies have reported on the full range of different 

types of SEN observed in my study. Previous studies have assessed subsequent outcomes 

using questionnaire responses and some have lost subjects in the follow up period 57,172,181. 

However, my study obtained follow up for children’s health outcomes using record linkage 

to administrative health records. Therefore, pupils should not have been lost to follow up 

unless they emigrated.  

Many previous studies investigating educational outcomes of children with chronic 

conditions only identified chronically ill subjects attending medical clinics 

29,33,36,37,112,116,117,122,166,168,171,181. However, this research analysed a population-wide cohort 

of schoolchildren, rather than a subgroup identified using health records. Therefore, in this 

respect, inclusion was not restricted to the most severely affected cases. In addition, 

previous studies have relied on parental, patient or teacher questionnaire responses with 

varying clinical input and few have used prescribing data to identify children with chronic 

conditions 140. I identified pupils with chronic conditions based on receipt of medication as 

prescribed by a clinician. Therefore the method of case ascertainment used in this research, 

whilst experiencing limitations outlined in the next section, was based on clinical 

prescribing data and may be more accurate than previous studies relying on questionnaire 

responses.  

6.2.2 Limitations 

My thesis also had several limitations. I identified children with chronic medical 

conditions from their prescribed medication. The first main assumption was that some 

drugs are used to treat only one disease: anti-epileptics for epilepsy; insulin for type I 

diabetes; bronchodilator and steroid inhalers for asthma; CNS stimulants for ADHD; anti-

depressants for depression. Therefore, children in receipt of these drugs were assumed to 

have these conditions.  However these medications may also be prescribed to treat other 

conditions not related to their primary use. For example, stage 2 asthma treatment may be 

issued to treat chronic obstructive pulmonary disease (COPD). However, this disease only 

occurs in adults 312 and therefore no children in my population would be on medication for 

this reason. Insulin may also be used to treat insulin insufficiency associated with cystic 

fibrosis. However, prevalence of cystic fibrosis is only 5 per 10,000 people and therefore 

the number of children with cystic fibrosis in Scotland during the study period would have 
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been very small (approximately 400) compared to the number of children with type 1 

diabetes 313. My thesis did not identify specific type of diabetes. However, type 2 diabetes 

most commonly presents in adulthood and is very rare in children 23. Therefore the vast 

majority of children in my cohort would have had type 1 diabetes. Some anti-depressant 

medications may be used to treat anxiety or other psychiatric disorders such as obsessive 

compulsive disorder; however these commonly occur alongside depression. Although not 

first line, specific tricyclic antidepressants such as imipramine may also be prescribed for 

bed wetting. However the number of prescriptions for imipramine in my cohort was small 

in absolute terms and the majority were for children over 12 years of age making bed 

wetting a less likely reason. Antidepressant and anti-epileptic drugs may also be used to 

treat chronic pain syndromes; however, the number of children using these agents for pain 

syndromes is again small. The extended use of these medications is significantly more 

common in the adult population.  

The second main assumption was that if a child suffered from one of these chronic 

conditions then they were on medication. However, in reality, only people with type 1 

diabetes definitely require medication to survive. It is possible for children with less severe 

forms of the other conditions to be un-medicated until a diagnosis is made or until 

symptoms deteriorate. These issues provided some challenges. Firstly, observed prevalence 

may have been overestimated resulting in type 1 errors (false positive) whereby children 

identified as having a particular chronic condition actually received their medication for 

another reason. Conversely the observed prevalence may have been underestimated 

resulting in type 2 errors (false negative) whereby children with milder forms of a 

condition did not require medication and were not identified. Secondly, I was only able to 

study the disease specific outcomes of children on medication, who were likely to have 

more severe forms of each chronic condition and poorer outcomes. This may have 

overestimated the association of each condition with the outcomes of interest. The 

comparison group, however, will have included children with milder forms of each 

condition who were undiagnosed or not on medication and this may have underestimated 

the effect of each condition.  

Medications can have adverse side effects; therefore children receiving prescription 

medication may experience poorer school outcomes due to the side effects of their 

treatment in addition to the primary effects of their condition. This may have biased the 

results by inflating the effect size of associations between chronic conditions and 

outcomes. Previous studies have assessed the secondary effects of prescribed medication 



6 Discussion  279 

by comparing outcomes for medicated and non-medicated chronically ill children. I was 

unable to identify untreated children with these conditions; therefore I could not investigate 

whether adverse outcomes were due to the medication or the underlying condition. 

Previous studies have also investigated the effects of different medications and doses. This 

was not the aim of my thesis; however, the available data will be used to explore this area 

in future work.  

Whilst education data were available from 2006 onwards, prescribing data were only 

available for linkage from 2009 onwards. Furthermore, at the time the data were extracted, 

school records were only available until 2013. Therefore the cohort was restricted to school 

records between 2009 and 2013 and comprised records pertaining to all schoolchildren 

attending school during this period. Children were diagnosed with a chronic condition 

based on receipt of medication between 2009 and 2013; however, I did not have 

information on formal clinical diagnoses or dates of diagnoses for each condition. For 

children who started medication subsequent to their first available pupil census date post 

2009, it was reasonable to assume that their first prescription date roughly equated to their 

date of diagnosis. However, I was unable to estimate dates of diagnoses, based on 

commencement of treatment, for children who were already on medication by 2009 or on 

starting school. I was therefore unable to investigate effects of age at diagnosis or duration 

of illness on any of the outcomes.  

Limitations around date of diagnoses also impacted analyses investigating all-cause and 

cause-specific hospital admissions and all-cause mortality. These outcomes were analysed 

by following up children for five years using Cox proportional hazards and Poisson 

piecewise regression models. However, I only had school census data, prescription 

information, admissions and deaths from 2009 onwards regardless of whether children 

started school, had been prescribed medication or had been admitted to hospital before this 

period. Therefore the survival analyses only modelled time until first hospital admission 

and death following first school census date or first relevant prescription date from 2009 

onwards. The models quantified risk of hospital admission and death at different ages. 

Whilst this was informative, the model did not provide any information on age at actual 

clinical diagnosis because this was not known for any of the children and all of the pupils 

had different lengths of follow up. 

Despite the large population size, I was unable to investigate sub-group analyses by ethnic 

group for any of the educational or health outcomes due to small numbers of non-white 
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children. Additionally, deprivation sub-group analyses were more difficult to interpret for 

the outcomes of academic attainment and risk of hospital admission because I performed 

more complex non-parallel odds and non-proportional hazards models respectively. 

Performing less complicated analyses would have enabled easier interpretation between 

deprivation subgroups but these inferior fitting models would have resulted in less robust 

conclusions and more limited understanding within the respective main analyses. Finally, 

the numbers of deaths observed across the study period were small which meant that there 

was insufficient statistical power to study specific causes of death or investigate 

differences in all-cause mortality by gender, socioeconomic status or age.  

This study compared children with each of the chronic conditions of interest in turn against 

unaffected peers. However, for each condition investigated, children in either the 

chronically ill or healthy peer group may have additionally experienced any of the other 

conditions investigated. Therefore, after studying each condition individually, the main 

analyses were reran including all of the chronic conditions in the same models (diabetes, 

asthma, epilepsy, ADHD and depression) to see if the effects of each were independent of 

the others. However, it was not possible to identify children with additional comorbid 

conditions and adjust accordingly or exclude these children from the analyses. My analyses 

adjusted for a wealth of sociodemographic and maternity confounders; however, as with 

any observational study there is always potential for residual confounding. I did not adjust 

for other potentially important confounding factors such as parental influence, childhood 

morbidity or prior hospitalisation. These factors will be investigated in future work. 

Absence and exclusion data from ScotXed have historically been recorded annually; 

however, from 2010 onwards the data were only submitted every two years with outcomes 

recorded for the second year. These data gaps meant that absences and exclusions could 

only be analysed for census years 2009, 2010 and 2012; however, there are unlikely to 

have been systematic differences in the two missing years. A further limitation of the 

absence data concerned an inability to investigate durations of individual absence episodes. 

The data included counts of total numbers of days absent per year but did not include 

numbers of individually occurring episodes of absenteeism per year. This meant that 

comparisons could not be made between children with multiple short duration absences 

and those with less frequent but longer duration absences.  

Improvements in recording of SEN over the study period may have biased results. 6.4% of 

pupils had a recorded SEN in 2009; however, this percentage increased every year and, by 
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2013, 14.8% had a recorded SEN. This meant that some children who had school 

difficulties in earlier years may not have been as likely to have been identified as having a 

SEN compared to children in later years. Therefore, the associations between chronic 

conditions and SEN in earlier years may have been underestimated. Additionally, some 

new SEN codes were recorded from 2010 onwards. Many of these were not relevant or 

used in my analyses; however, SEN attributed to communication problems was analysed 

despite not being recorded before 2010.  

All of the school measures were recorded by individual schools; therefore differences in 

recording may have occurred across different institutions resulting in recording bias. For 

example, some schools may have had a more rigorous approach to exclusions or better 

ability to record SEN. Additionally schools in less deprived areas may have had higher 

average grades or better outcomes than schools in more deprived areas. For this reason it 

may be worthwhile to investigate multilevel modelling in future to take into account 

differences at school level. In order to perform meaningful multilevel analyses, one would 

require information at pupil level and also at school level. I did not perform multilevel 

modelling because I did not have any information at the school level and at present this 

information is still not accessible for research purposes.  

1.6% of children in the pupil census could not be linked to the CHI register. ScotXed held 

full pupil names on the pupil census but were not permitted to share these for linkage 

purposes. Therefore records were probability matched using pupil sex, date of birth and 

postcode as linkage identifiers. Absence of full names in the linkage resulted in twins 

being omitted from the final cohort. For twins with the same postcode, sex and date of 

birth, it was impossible to decipher which link was the correct one; therefore the cohort 

was restricted to singleton births. Whilst probability matching is a widely used and 

accepted method, there is always potential for some residual bad links to occur. However, 

a previous validation of this methodology demonstrated that more than 99% of the linkages 

that were made attached the pupil to his/her correct health records for singleton births 

237,314. Furthermore, additional bad links were identified and removed wherever possible.  

A further 12.3% of children could not be linked to their maternity records and were 

therefore omitted from the cohort. SMR02 covers 98% of births in Scotland excluding 

home births; therefore the most likely explanation is that children who could be linked to 

CHI but did not have an SMR02 record were not born in Scotland. According to the 2011 

Scottish Census, 11% of Scottish residents aged 5-19 years were born outside of Scotland 
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and therefore should not be linkable to Scottish maternity records 315. The cohort therefore 

was restricted to Scottish births; however it is unlikely that exclusion of children born in 

other countries introduced systematic bias. The prevalence of each condition within the 

12.3% of pupils who could not be linked to maternity data (diabetes 0.32%; asthma 4.24%; 

epilepsy 0.60%; ADHD 0.86%; depression 0.66%) was similar to the prevalence within 

those who could (diabetes 0.43%; asthma 6.00%; epilepsy 0.69%; ADHD 0.97%; 

depression 0.70%).  

The introduction of Curriculum for Excellence (CfE) 256 ensured that S4 and S5 pupils sat 

a new set of national 4 and 5 examinations in 2013 which replaced standard grade and 

higher awards. This meant that S4 and S5 attainment data in 2013 was not comparable to 

previous years. This was not an issue for this study because my derivation of attainment 

only included 2013 exam results for S6 pupils who had not moved on to CfE by that point 

(section 4.3.1.2.5). However, Curriculum for Excellence will provide future challenges 

when analysing attainment data across multiple years due to lack of consistency in 

recording either side of 2013.  

6.3 Further work 

My thesis uncovered some very interesting associations between the respective chronic 

conditions and educational and health outcomes. Whilst some associations, for example 

increased absenteeism and increased SEN in chronically ill children, may not be surprising, 

the risks have not previously been quantified using population-wide data either in Scotland 

or the UK. However, several more intricate aspects of the uncovered associations were less 

intuitive and merit further investigation. For example, it is not immediately clear why the 

academic performances of depressed and asthmatic children seem to be particularly 

adversely affected by their increased absenteeism. Whilst information on length of 

absenteeism is not available from ScotXed at this point, investigating specific reasons for 

absence among the different chronically ill children, particularly those with depression and 

asthma would be informative. 

Whilst most of the associations between chronic conditions and poor outcomes were 

stronger for girls than boys, the opposite was true for depression. Associations between 

depression and both SEN and unemployment were stronger for boys which perhaps reflects 

different gender specific comorbidities and patterns of behaviour in depressed children. 

Investigating the types of SEN experienced by depressed boys and depressed girls may 
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help uncover some of the differences. Younger children with depression and ADHD also 

experienced greater risk of exclusion suggesting that perhaps teachers are less aware of 

their condition in early years and are more likely to exclude them. The weaker association 

between ADHD and SEN in early years confirms that there may indeed be issues with 

early diagnoses of ADHD within the school setting. Future dialogue with schools would be 

worthwhile in order to understand what constitutes the different types of SEN and whether 

there are indeed issues with early diagnoses.  

Further work is also required to understand why children with diabetes and asthma 

experience less long term adversity compared to children with the other chronic conditions. 

In particular, children with asthma suffer poorer grades but this doesn’t translate into future 

risk of unemployment whereas children with depression experience adversity on both 

counts. The association between asthma and exclusion was counterintuitive and should 

also be revisited.  

Risk of hospital admission became weaker over follow up time for all of the conditions 

with the exception of ADHD. Therefore, it seems that chronically ill children are 

particularly at risk close to their time of diagnosis. Changes in practice may be needed to 

provide support over this difficult time. Gender differences were also apparent and my 

thesis uncovered increased risk of injury admission in children with depression or ADHD; 

particularly adolescent girls. Diabetic teenagers also experienced increased risk of hospital 

admission probably due to decreased levels of medication adherence. Future interventions 

should therefore focus on these subgroups of children. 

Various avenues are open to investigation within wider future work. This thesis identified 

children receiving medications to treat specific chronic conditions and assessed the main 

effect of those conditions on a range of educational and health outcomes. It was not within 

the scope of this thesis to investigate medication specific effects such as type of medication 

or dose. However this information is readily available within PIS data. Exploring type or 

dose of medication may provide information on disease severity which may contribute 

towards poor outcomes. Specific medications may affect children in different ways, both in 

terms of treating their condition and producing adverse side effects.  

I adjusted condition-specific analyses for the presence of other chronic conditions 

investigated in this thesis (diabetes, asthma, epilepsy, ADHD or depression). It would be 

insightful to specifically model the increased risk of poor outcomes for children suffering 
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from specific combinations of these conditions compared to unaffected peers. Future work 

should also aim to identify additional comorbid conditions which may influence poor 

outcomes. These comorbidities may be identifiable from retrospective linkage to previous 

acute or psychiatric hospital admissions or may become available in the future from 

linkage to Scotland-wide primary care data. Several studies have matched children with 

chronic conditions to their unaffected siblings in order to assess associations between 

chronic ill health and educational outcomes whilst adjusting for family and neighbourhood 

confounders which are common to siblings 29,35,38,39,80,114,120,121,137,176,214. My cohort 

contained non-twin siblings; therefore similar investigation is feasible and worthwhile. 

I analysed attainment based on all school subjects; however, the dataset contained 

attainments and grades from specific individual subjects and so further analyses could 

explore potential differences in, for example, language based subjects versus mathematical 

or science based subjects. Multilevel analyses could be incorporated in future to adjust for 

potential school level differences if school level data becomes available. Finally, I defined 

presence of each chronic condition based on receipt of relevant medication; however, I had 

no information on dates of diagnoses. Future linkage to other sources such as primary care 

data or disease registers may provide this information and allow analyses of age at 

diagnosis and duration of diagnosis.  

6.4 Challenges, lessons learned and final thoughts 

I have really enjoyed undertaking this PhD and have found it a very rewarding experience. 

Naturally, there have been challenges along the way. An early challenge involved 

obtaining the various governance approvals to link education data to health data. This 

project was the first to link education data to prescribing data and therefore the governance 

process took a lot longer than expected. The first PAC application was rejected but was 

approved on re-submission after further discussion on the proviso that subsequent 

assurances would be given around patient consent for the study. Dealing with large 

amounts of complex linked data provided subsequent challenges at the analysis stage. I had 

not used prescribing data or education data before and the education data in particular 

required a lot of manipulation and data cleaning to enable me to analyse the data the way I 

wanted. I also encountered several issues with the safe haven in the early stages of the 

project which delayed my analyses. The safe haven infrastructure was fairly new which 

meant that there were inevitably some teething problems. Most of the problems centred on 

waiting for data to be signed out of the safe haven and software issues whereby, for 
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example, Stata ado files needed for the various statistical analyses had to be manually 

uploaded by staff at ATOS origin. The latter issue was resolved after the safe haven was 

transferred to EPCC. From a more personal point of view, my mum passed away nine 

months into my PhD and this was a huge setback which I did not envisage dealing with. 

More general challenges included trying not to procrastinate too much, staying organised 

and focussed and keeping the main goal in mind. I’ve learned that doing a PhD is a 

marathon and not a sprint!  

I have learned lots of new skills throughout the PhD. As a statistician within ISD Scotland, 

I had previously worked in the area of record linkage where I analysed a wide variety of 

health data including SMR data. This PhD allowed me to broaden my horizons by working 

with educational data which I found very interesting. Having previously used SPSS and 

SAS, I have now become a very competent user of Stata and I have learned lots of new and 

interesting analytical and statistical techniques. I undertook a sizeable literature review 

which has provided valuable experience of using Endnote and the various search tools. My 

organisational, time management and project management skills have improved amongst 

others and I have had the opportunity to attend various courses and conferences, present 

my work, take part in tutoring and even deliver a lecture. The analytical aspects of this 

PhD came more naturally to me as a statistician whilst some more challenging aspects 

included the literature review and putting my findings into the wider context. I feel that the 

challenges I have encountered and the experiences I have gained throughout the PhD will 

be invaluable for my career going forward. 
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