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Summary

There has been a number of reports claiming that asthma admissions
(and readmissions) have been steadily increasing in recent years. In some of
these researches the possible risk factors for asthma admissions have been
discussed but in none of them have first and later asthma admissions been
considered separately. The aim of this study is to discover the pattern and some
of the risk factors for asthma admissions to Scotland's hospitals in years 1981
to 1992. Four aspects differentiate this study from others. First, the linked
records of admissions of asthmatic patients are used. Second, the first and later
admissions of patients are analysed separately. Third, the data covers all
Scotland (which could be assumed to be a closed medical area) for a relatively
long period of time (12 years). Fourth, more complex models (i.e. Cox
Proportional Hazards model) with the idea of analysing times free of admission
are used to model the pattern or identifying the risk factors. Note it is necessary
to use the linked records of admissions in a closed medical area to be able to
distinguish between first and later admissions of asthmatic patients. The data
was provided by the Scottish Record Linkage Study, Scottish Health service,
Statistics Division, Edinburgh.

Our decision for identifying whether an admission of an asthmatic
patient is his/her first asthma admission or one of his/her later asthma
admissions was based on whether the patient has not or has any admission (due

to asthma) at least within 3 years before the date of first recorded admission.




To achieve a 3 years support for not having any asthma admission before first
recorded asthma admission (for those patients whose first recorded admissions
was in year 1984), the admissions data in years 1981, 1982 and 1983 was used.
We deleted all admissions corresponding to those asthmatic patients whose first
recorded asthma admission occured in years 1981-1984. It makes it possible to
consider the whole pattern of asthma admissions of those asthmatic patients
who are included in the study. As the final data set, the file which is the basic
file for all analyses, contains 69814 asthma admissions (with either first or
second diagnosis as asthma) belonging to 40496 asthmatic patients whose first
asthma admission (i.e. first hospitalisation) occurred between year 1984 to
1992, Later, for analysing the pattern of later admissions of the asthmatic
patients, it was decided to consider each asthmatic patient’s later asthma
admissions in a 3 year horizon after the first asthma admission. Some more
modifications were carried out on the basic data file to count the number of
later asthma admissions of each asthmatic patient in the 3 years after his/her
first asthma admission. In analysing the pattern of later asthma admissions,
only the effect of explanatory variables at time of first asthma admission on the
pattern of later asthma admissions was studied. We also showed that on
average 95% of first admissions are correctly recognised from first recorded
admissions in the present data. The available data, the modifications which
were done on the initial data set and the precision of the choice of a minimum 3
years support for identifying the first asthma admission from the first recorded
admission are fully described in sections 1-2, 2-1 and 2-2.

We defined four types of first admission according to whether asthma is
first/second reason of hospitalisation or admussion to hospital is non-

emergency/emergency.
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In chapter 2 we showed that there is a strong seasonal pattern for asthma
admissions which has repeated itself through years 1984 to 1992 (see plot 2-4-
1). Over these years, the number of first asthma admissions has increased
sometimes sharply (see plot 2-5-1). Usually such sharp increases (in first
admissions) are related to some changes in policies, for example hospitalisation
policy, rather than to a real change in severity or incidence of the disease. The
important increase in first asthma admissions has occurred during years 1989 to
1991, two jumps, one in 1990 and another one in 1991.

In 2-5 we considered the number of later admissions in a 3 years horizon
i each cohort of first admissions in each age group (see plot 2-5-4) and
showed that there was little change in the number of later admissions per
patient (except for babies). Comparing this result with another plot (see plot 2-
5-2) may lead us to this very important result that recent increase in number of
asthma admissions in Scotland corresponds to an increase in first admissions
(i.e. new asthmatic patients) (and only in age groups 0-2 and more than 15
years) and not to previously known or treated patients.

In 2-7 we discussed also the pattern of intensity of later asthma
admissions and discovered that in overall, in different age groups, the mean
intensity of returning to hospital decreases as the year since the first admission
increases and the pattern of decrease is similar for all age groups. Initial
intensity 1s greatest for babies, but after 5 years all age groups have mean
mtensity about 0.1 per year. After 5 years a baby is no longer a baby. The year
of first asthma admission has not any effect, or maybe a very small effect, on
intensity of later asthma admissions.

In chapter 3 we fitted loglinear models, one for each of the four types, to
investigate the relation between numbers of first admissions and different

factors. The main effects and the same 2-factor interactions were fitted to a
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grouped contingency table. Validation was on the whole successful. Plots of
estimated expectations of counts illustrated different age patterns in different
cities (for all years and both sexes), different trends in cities and age-groups
(for both sexes); and the different sex ratios for adults and children/babies (in
all cities and years).

In chapter 4, Weighted Regression was used to investigate the relation
between later asthma admissions, in a 3 year horizon after first admission, and
a number of factors. The Logistic model also was used to model, at certain
point, the probability function of returning to hospital. Fitted models to the
mean of later admissions of patients whose first admissions were the most
common type (i.e. first diagnosed, emergency admissions, called as type 2)
indicated that babies return to hospital more frequently than children and
adults, and adults return more frequently than children. Among babies, the age
group is the only factor which is related to mean of later asthma admissions i.e.
mean of later asthma admissions of babies 1s not even related to factor “sex”.
For two other age groups (children and adults), the effect of age group is
different for male and female. "Year of first admission” is also relevant. Girls
and women return to hospital more frequently than males.

Probability tables of having O (i.e. not returning to hospital), more than 2
and more than 3 later admissions, are shown in chapter 4 as well. These tables
confirm the importance of age and sex. The probability of "Not returning to
hospital" for patients with first admission of types 1, 2, 3 and 4 are
respectively, 0.73, 0.67, 0.85 and 0.77.

In section 4-6 we fitted separate logistic models to P(X>0), P(X>2|X>0)
and P(X>3|X>2). Then we used the cumulative conditional logistic regression
and fitted a single model to all these 3 probabilities. In 4-6-4 we compared the
results from these two approaches.

v




In chapter 5 the Cox Proportional Hazard model was used to model first,
second and third times free of admission using age, sex, year, city as well as
length of most recent stay in hospital. When the second and third times free of
admissions were being modelled, we used previous time(s) as well as previous
length(s) of stay in hospital as new covariate(s). The effect of factor age was
consistent with the effect which was reported in previous chapters. We
discovered that patients who have shorter previous time(s) free of admission are
more likely to return to hospital i.e. they have a shorter next time free of
admission as well. The effect of recent length of stay or previous length of stay
was opposite to the effect of previous(s) time(s) free of admission i.e. those
patients who have shorter recent length of stay or shorter previous length of
stay in hospital are less likely to return to hospital. The patient who is more
seriously ill returns sooner.

In chapter 6 we wvestigated the distribution of complete times free of
admission for some individual patients (having at least 15 admissions). In this
chapter we also showed that a patient's time free of admission was related at
most to his/her two recent previous times.

In chapter 7 we have considered possibilities for further analyses,
including use of Multilevel Models. In this chapter we have also discussed
some methodological issues and some problems.

Conclusions are discussed in chapter 8.




Chapter 1

1-1: Introduction :

Asthma is a common illness in the United Kingdom. Asthma admissions
have been rising steadily in the UK. for many years and it is estimated that the
prevalence, severity and mortality of asthma have increased in recent years in
all age groups (Cedrick R. 1992, Warner J. 1989, Fleming D.M. 1987). There
has been speculation about whether the rise in the number of asthma
admissions represents a true increase in the number of patients who were
treated by the National Health Service or whether it may simply reflect an
increase in repeat admissions (Goldacre M.J. 1988).

During the past 20 years there has been a regular output of studies
concerned with pattern of asthma admission to hospitals. Many of these studies
considered asthma admissions, asthma readmissions or multiple admissions due
to asthmatic patients (Williams LE. 1988). In some of these studies, attempts
have been made to identify the factors which might lead to asthma admissions
as well as to having multiple admissions. It has been tried to relate the asthma
admissions, as well as the asthma readmissions, to factors such as age of patient
(Baribean-braun J. 1979), sex of patient (Williams LE. 1988), type of discharge
(Munley P.H. 1977), contact with family (Baribean-braun J. 1979),
occupational state (Bunside 1.C. 1983), patient' s compliance (Hood J.C. 1978),
patient in a home for elderly people (Hodkinson H.M. 1980), chronic disability




(Hodkinson H.M. 1980), unavoidable relapse (Graham H. 1983, Kendrick S.
1992), inadequate medical management and poor rehabilitation (Graham H.
1983). In some of the above studies it has been tried to use the readmission rate
as a measure of quality of care or quality of managing a specific disease in
hospitals.

In all studies about pattern of asthma readmission or pattern of asthma
multiple admissions in any area, it is necessary to use linked data in the area,
otherwise the calculated rates are underestimated.(Goldacre M.J. 1988,
Kendrick S. 1992) The reason for need for linked data is to make sure we have
not lost some admissions of an asthmatic patient in other hospitals or other
cities. If any admission of an asthmatic patient is lost then the pattern which we
are looking at, is not the actual pattern. Note in this case the calculated
readmission rate or multiple admission rate are underestimated because some
admissions are lost.

The availability of linked data means that one patient's admissions can
be followed up in different hospitals in a relatively wide area. The area could
be the city in which hospitals are included or could be the country or even a set
of countries. The first linked data which was used in many studies belonged to
Oxford district ( Goldacre M.J. 1988, Baldwin J.A. 1987, Heasman M. A. 1968,
Henderson J. 1989). In this data, all admissions of a patient, to any hospital in
Oxford district are linked.

In recent years linked data of Scotland's hospitals has also been
produced by Scottish Health Service. In this data set all admissions of any
particular patient have been linked together throughout Scotland. As far as we
know, considering the extent of the area, this data set is unique in the whole

world.



In this study it is intended to use the above mentioned linked data set
(Scottish Record Linkage) to identify the risk factors for and the pattern of
admission for asthmatic patients in Scotland. There are three important aspects
which in combination, make this research unique. These are, first, the use of
linked data, second, the size of data set which is going to be used (nearly
250,000 asthma admissions) and finally, distinguishing between first and later

admissions that later we will discuss.



1-2: The Data Available:

As was explained in the introduction, the data set which is available for
studying the pattern of asthma admission in Scotland is a very large data set of
linked admissions which is prepared by the Scottish Health Service. The
Scottish Health Service has provided the Scottish Record Linkage System
(Kendrick S. 1992) and at present time the linked data of patients’ admissions
and some covariates related to their admissions are stored as conventional flat
file of records with the records for each individual stored adjacently in
chronological order and marked with a unique personal identifier ( Kendrick S.
1992, Heasman M.A. 1979).

Development of linked data in Scotland began in May 1989 as a joint
project between the "Information and Statistics Division" and the "Common
Services Agency Data Centre” of the Scottish Health Services ( Kendrick S.
1992). The morbidity data set holds 12 years (1981-1992) of hospital admission
records for non-psychiatric, non-obstetric specialities (SMR1) together with
Scottish Cancer Registry records (SMR6) and Registrar General's death
records, around nine million records in total ( Kendrick S, 1992). As far as we
know, this linked data set is unique in the whole world because in no other
country has the hospitals' admissions of a particular patient been linked in such
a large area. As it is unlikely that any admission of patients are lost due to
being admitted to other hospitals not in Scotland, this data set can be used to
study the pattern of readmissions or multiple admissions without being worried

about underestimation of respective rates.
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The different types of records are stored in their original unlinked format
preceded by several fields of linkage information. Storing the data in its
original form means that any information contained in the unlinked records is
available for the analysis. The main advantage is flexibility in terms of the
range of analyses. The main feature is relatively complex to work with
requiring the use of bespoke FORTRAN programs to access the data. Each
record in the data has all fields on the "Inpatient and Day Case Record
Summary Sheet" form i.e. fields like age, sex, postcode, general practitioner
code, hospital code, type of admission, date of joining waiting list, category of
patient, consultant code, date of admission, date of discharge, date of death (if
death has occurred in hospital), speciality code and main diagnoses, all are
identified for each patient in each admission. Note that these are the possible
covariates which can be used in modelling the pattern of asthma admissions. It
is claimed that there is only five percent error in linking the data (Kendrick S.
1992).

It is clear that to study the pattern of asthma admissions to hospitals, we
need to choose only those admissions from the above mentioned data set which
are related to asthma. The data set which was derived from the original linked
data set, contained 249,559 records of admissions. These are all admissions,
whether ot not related to asthma, belonging to all patients who had been
hospitalised, at least once, in one of the Scotland's hospitals with asthma
diagnosis, either as first or second diagnosis, between years 1981 to 1992, All
covariates which existed in the source file and were mentioned in the previous
paragraph, were transferred to new data file. The asthmatic patient is defined as
a patient whose diagnosis code was established as “493” in his/her record.
According to the World Health Organisation’s classification (Intentional
Classification of Diseases , Ninth Revision, ICD9), the code “493” is used for



asthma disease. As we noticed the data set contained a 4 digit code for
diagnosis. For asthma these were “4930”, “4931” or “4939”, belonging to
different types of asthma. We did not discover any change of codes during the
study period (i.e. between years 1981 to 1992). In addition to existing
covariates for each asthmatic patient, some new variables were created that we
will mention in later sections. Note that the file which is chosen for the
analysis, contains some admissions which are not related to asthma (but belong
to asthmatic patients). Some modifications were carried out to prepare this file

for analyses. We will mention these modifications later in section 2-1.



1-3: Asthma :

* This section consists of direct quotation from references Clark T.J.H. 1977, Colins J.V.

1975, Costello J.F. 1974 and Crofton J. 1974.

1-3-1: Definition:

A condition in which there is variable breathlessness due to widespread
narrowing of intrapulmonary airways which varies in severity over short period

of time, either spontaneously or with treatment.

1-3-2: Aetiology and Pathogenesis:

Variable narrowing of the peripheral airways (bronchoconstriction) is
due to one or all of the following : (1) contraction of bronchial smooth muscle;
(2) oedema of the mucous membrane; and (3) mucus within the lumen.

Bronchoconstriction is a normal response to noxious stimuli such as
cigarette smoke and sulphur dioxide - also to alterations in the concentration of
oxygen and carbon dioxide in the lumen. These responses are either direct or
mediated reflexly by the vagus nerve. Normal bronchial 'tone' can be
demonstrated in bronchial musculature by decrease in airways resistance after
administration of atropine or isoprenaline. All these physiological responses are
very small in degree and are not felt by a normal individual.

Various agents such as histamine, bradykinin, slow-reacting substance in
anaphylaxis (SRS-A), prostaglandins, and 5-hydroxytryptamine are liberated.
There are also other as yet unidentified substances which are released in the
bronchial wall probably from mast cells too. All of these agents, both known

and unknown, cause bronchoconstriction and their relative importance is



uncertain. Many factors appear to be responsible either directly or indirectly for
release of these mediators amongst which are exercise, allergy, infection, but
the actual mode of release is conjectural. Other factors, for instance

psychological or pharmacological, may potentiate bronchoconstriction.

Exercise : This frequently brings about bronchoconstriction in asthma and this
may be detected by simple tests of ventilation in patients many years after a

complete clinical remission.

Allergy : In acute asthma bronchoconstriction is usually the end result of an
immediate hypersensitivity response to one or more allergens to which the
patient has become sensitised. Persistence of bronchoconstriction must be due
to other, perhaps secondary, mechanisms whether hypersensitivity or otherwise
(e.g. liberation of lysozymal enzymes, kinns, or prostaglandins). Entry of the
allergen is usually by inhalation but rarely, as for instance in the case of milk,
aspirin, and Toxocara canis, by ingestion.

Asthma is broadly divisible into two groups: extrinsic in which there is
an external factor which can be detected or inferred and intrinsic (non-
extrinsic). Extrinsic asthma is much more common. These two forms of asthma

differ characteristically as follows :

Extrinsic Intrinsic
IgE raised in at least 70 per cent IgE normal or low
Usually atopic subjects. Non-atopic subjects.
Onset in early years. Onset in middle age.
Often intermittent. Usually constant.
Family history of atopy. Family history of asthma.



Infection : Bacterial or viral infection may be an important factor at the onset
and in the course of asthma. The mechanism by which the infection may
provoke or prolong asthma remains unknown though allergy to bacterial protein
as well as the direct effect of inflammatory reactions in the bronchial mucosa
are possible. Circulating precipitating antibody to bacteria may be found in 17
per cent of infected asthmatics, and in only 3 per cent of non-infected
asthmatics, though the tole of these antibodies is uncertain. Infection in asthma

adversely affects the prognosis.

Psychological factors : Families of asthmatics have a higher than noirmal
incidence of neurosis and psychiatric illness, as do the asthmatics themselves.
In about 40 per cent of asthmatics psychological factors are present but their
mode of action is unknown. Almost certainly they merely intensify the asthma

rather than exert any causal influence.

Pharmacological factors : J-Adrenergic blockade causes bronchoconstriction
in asthma but not in normal subjects. This implies that there is enhanced

adrenergic activity in asthma. Drugs such as propranolol should be avoided.

Chronic chest disease as well as asthma, hay fever, and eczema are more
common in families which contain asthmatics. The incidence of asthma in first-
degree relatives approaches 40 per cent after the age 65. The mode of
inheritance is unknown.

The incidence of bronchial asthma in general population is in the order
of 1-2 per cent and it affects social classes equally. No race is exempt. In

Birmingham in 1961 asthma was observed to be twice as common in boys (2.58




per cent) at 5 years of age as in girls (1.02 per cent) of the same age. The
prevalence in boys fell with age so that the sex difference was abolished by

early adult life.

1-3-3: Physiological Changes:

Variable narrowing of intrapulmonary airways is the characteristic
physiological change in asthma. This airways obstruction usually gives rise to
an increase in airways resistance which may be diminished by bronchodilator
drugs. These drugs may be adrenergic (e.g. isoprenaline, adrenalin,

salbutamol), anticholinergic (e.g. atropine), and others (e.g. aminophylline).

1-3-4: Clinical Picture:

The dominant symptom in bronchial asthma is breathlessness -an
unpleasant awareness of difficulty in breathing which may which may be
sensed not only in expiration but in inspiration especially when there is marked
hyper-inflation. Tightness in the chest is then also a component of the
dyspnoea. Wheezing usually accompanies both inspiration and expiration
unless the asthma is so severe that the reduced air flow is unable to create the
sound. The pattern of wheezy breathing varies considerably. It may be episodic
in which the episodes are short or long or it may persist for very long periods.

In extrinsic asthma the attacks are usually episodic with periods of
complete freedom between times. This form of asthma usually starts in
childhood. Characteristically there is an allergic background of infantile
eczema or hay fever. The wheezing may be seasonal at first. Attacks vary in

frequency and duration. Wheezing is often provoked by exercise and is usually
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worse during the night. Attacks may be precipitated by inhaled allergens such
as pollens or dust of animal danders or hair. Asthma may occur at times of
emotional stress or with acute respiratory infection. Sometimes no precipitating
factors can be found on questioning but psychological factors may be observed.
With intrinsic asthma on the other hand wheezy breathlessness although
episodic at first tends to be much more persistent. The illness usually starts
later in life, often in the late 20s or 30s, but no age is exempt. A frank allergic
background is not found but perennial rhinitis is not common. Aspirin
sensitivity is sometimes a feature and nasal polyps not an infrequent finding.
The onset of intrinsic asthma is often related to an acute respiratory infection
and persistence of infection is a serious matter.

Asthma may be associated with acute bronchitis in childhood (acute
wheezy chest) or with chronic bronchitis in adults. In these cases wheezy
breathlessness usually develops at the time of acute infection and may even
persist and dominate the clinical picture.

Frequently the clinical type of asthma is not characteristic. An irritating
cough, productive of a little visid mucus often accompanies the wheeze and at
times may dominate the picture. Sputum is variable in quantity and is often
more copious after the attack. Bronchial casts may be expectorated often with a
very distressing cough. These casts may have worm-like appearance. The
sputum in asthma may be purulent either as the result of an infection, less
commonly, of a gross excess of eosinophils. Whereas bronchial casts and plugs
are usually mucoid, with allergic aspergillosis brown plugs are expectorated :
these contain mycelial fragments.

Status asthmatic is prolonged asthma, unrelieved by treatment, which
may threaten life. In status asthmatics there is increasing obstruction of smaller

airways by tenacious mucous plugs infiltrated with eosinophil. These plugs
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tend to be laminated due to successive layering of mucus. Sometimes the mucus
is aspirated peripherally and in fatal cases there is detachment of the superficial
lining of the mucous membrance together with thickening of the basement
membrance.

A spontaneous pneumothorax or massive collapse due to a mucous plug
should be suspected with any sudden deterioration but the physical signs may
be difficult to detect. Respiratory failure with a rise in the arterial Pco2 is
usually a late event in severe asthma but may complicate the clinical picture

earlier if asthma is superimposed upon chronic obstructive bronchitis.

1-3-5: Diagnosis:

The diagnosis of asthma is usually straightforward and is based on the
history and examination and established by simple tests of ventilatory capacity
(i.e. EEV, or PEF) before and after a bronchodilator.

Chest radiographs are usually normal in asthma although overinflation
may be suggested by low diphragm.

The blood count in asthma may be normal or there may be an
eosinophilia either in intrinsic or extrinsic asthma.

Sputum may contains excess of eoinnophils and characteristic casts of
the smaller airways may be expectorated.

Tests of hypersensitivity. Skin testing by prick or intracutaneous
methods using allergens of animal, vegetable, or microbiological origin may
reveal specific, immediate, wheal and flare reactions to one or more of these
agents. Approximately 10 per cent of a random population will react to one or
more of these allergens -i.e. they are atopic subjects. Skin testing is chiefly of
value in assessment of type of asthma- extrinsic asthmatics are usually atopic

and react to more than one of these agents whereas patients with intrinsic
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asthma tend to be non-atopic and react to one allergen or frequently to none.
Skin tests do not correlate absolutely with bronchial reactivity to inhaled
allergens but the results of skin testing are helpful in clarifying those allergic
factors which may be responsible for the asthma -the history obtained from the
patient remains the most important guide to these factors.

Tests of respiratory function. In particular those of ventilatory function
(FEV1, FVC, and PEF) are important in the diagnosis, for variability of
airways obstruction is characteristic. A rise of more than 20 per cent in the
FEV7 or PEF may be expected to follow the inhalation of an aerosol of an

adrennergic agent such as isoprenline in all but the most refractory cases.

1-3-6: Treatment:

Attacks of asthma usuvally respond to simple bronchodilate or drugs.
Adrenergic drugs that simulate B- receptors and relax smooth muscle in the
bronchial wall, are the most valuable agents.

Between attacks of asthma, precipitating factors should be eliminated as
far as possible. Allergens will have been discovered by careful history-taking
and skin tests. Environmental sources of allergens such as bedding, dust, and
domestic animals, which precipitate attacks should be eliminated or controlled.
Specific desensitisation by injection of increasing doses of allergens is of value
only in some cases of pollen-induced asthma. It has been shown that crude
extracts of house dust are not better than control injections in preventing
asthma when there was established hyper sensitivity to the dust. The discovery
of the house dust mite (dermatophagoides culinae) may lead to preparation of
an effective means of desensitisation to house dust, but in general, specific

desensitisation is of little or no value in the management of asthma.
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Infection should be avoided particularly when there is a clear history of
attacks precipitated by acute respiratory infection. Appropriate chemotherapy
should be given and future episodes of respiratory infection treated
immediately at their onset.

Psychogenic factors should be assessed and if possible remedied.
Studies have shown that removal of children with asthma to a completely new

environment may often relieve their symptoms.

1-3-7: Prognosis:

The prognosis for extrinsic asthma starting in childhood is good. The
attacks usually cease later in childhood or adolescence, twice as often in boys.
Adults free of asthma for years, however, may show a reduction in PEF or
FEV1 or other tests of ventilatory capacity after exercise- this indicates a
persistence of the increased reactivity. After periods of many years freedom
from asthma attacks may start again in later life. The prognosis for extrinsic
asthma is less certain in those that react to larger number of allergens.

The prognosis for intrinsic asthma which starts later in life is clearer.
Over-all, 3 per cent of asthmatics die with increasingly severe asthma despite
all measures. Bronchial infection, if it becomes established, adversely affects
the prognosis too.

In the UK. there has been a recent increase in the mortality due to
bronchial asthma in all age groups (from 1214 cases in 1959 to 2040 in 1966-
an increase in death rate from 2.7 to 4.2 per 100,000 of the population). This
increase was most striking in the age group 10-14 years and amounted to an
eightfold increase. The reason for this increase in mortality was unknown but

could not be attributed to the use of steroids. A later report indicated a fall in
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mortality after 1966. In 1974 the figures were 1086 cases or 2.2 per 100,000.
While this fall in mortality coincided with a drop in the sale of aerosol
bronchodilator it is yet too eatly to be certain of the link between these two
observations. Severe asthmatics, particularly in adolescence, require close

sapervision and rapid modifications of their treatment when attacks of asthma

develop.
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1-4: Literature Review :

The main difficulty in reviewing the literature of asthma admission was
not the variety of methodologies that have been used.

We mentioned briefly in section 1-2, that the data set which is used for
our research is unique. No other research is exactly similar to the ours. Other
studies were different either in methodology or in type of data which was used.
We could not find any study which analysed the first and the later admissions
of one asthmatic separately. None of the previous studies has used the linked
data or covered such a wide area as Scotland. Here the results of some studies,
which are the most related ones to our study, are reported.

A research in New Zealand (Horwood L. J. 1991) “Admission patterns
for childhood acute asthma, Christchurch 1974-1989” was carried out to
examine the trends in hospital admission for acute childhood asthma in
Christchurch over the period 1974-1989. In this study, trends in the asthma
annual rates of admission and readmission for asthma were compared for boys
and girls in each of three age groups : 0-4 years, 5-9 years and 10-13 years. The
results show that for both sexes there was a 4.5-5 fold increase in overall rates
of admission during the survey period. Boys on average had higher admission
rates than girls (later we will show that this result does not apply to Scotland)
with this effect being most marked in the pre-school age group. This research
has shown that since the mid 1980’s there has been a changing pattern of
admissions with a downward trend in admission rates for school aged children
and a continuing upward trend in the pre-school girls admitted with acute

asthma. They have warned that there has been a rise in the numbers of pre-
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school girls admitted with acute asthma: admission rates for this group had
shown a three-fold increase since 1983.

Another study ( Ehrlich R.1. 1994) was done in the Cape Town, South
Africa to determine whether hospital admissions for acute childhood asthma
were rising in Cape Town in line with the experience of other countries. Red
Cross War Memorial children’s hospital records for the period 1978-1990 were
analysed. In this study, they compared these mentioned records of admissions
with total admissions for non-surgical causes and lower respiratory tract illness
as well as those for bronchiolotis and pneumonia. Asthma admissions showed a
sharp upward trend from 1978 to 1984, a slower rise through 1987 and
levelling off since. The profile of hospital admissions for respiratory illness
was also analysed. Black children were under represented among asthma
admissions compared with those for pneumonia. Asthma admissions occurred
through the year but showed seasonal peaks in May and November.

Schwarts J. (1994) investigated the relation between air pollution and
hospital admissions for the elderly has been investigated. One of these studies
has examined the association between both PM10 and Ozone and respiratory
hospital admissions for persons under 65 years of age or older in the Detroit,
Michigan, metropolitan area during the years 1986 to 1989. It showed that
asthma admissions were not associated with either pollutant. In other research
(Edwards J. 1994) the relationship between residence near major roads, traffic
flow and risk of hospital admission for asthma in children younger than 5 years
age living in Birmingham, United Kingdom, was discussed. Area of residence
and traffic flow patterns were compared for children admitted to the hospital
for asthma, children admitted for nonrespiratory reasons, and a random sample
of children from the community. This study showed that children admitted with

an asthma diagnosis were significantly more likely to live in an area with high
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traffic flow(>24,000 vehicles/24 hours) located along the nearest segment of
main road than were children admitted for nonrespiratory reasons (P<.002). It
reported that there is a significant linear trend for traffic flow (P<.006) for
children living less than 500 m. from a main road but not for those living
farther away. Children admitted for nonrespiratory reasons were more likely to
be admitted than children in the community sample if they lived within 200
meter of main road (P<.02), irrespective of traffic flow.

Hyndman S.j. (1994) described trends in hospital admissions rates for
asthma in England and Wales (1976-1985), the East Anglian region (from
1976 to 1991-2), and for Wales (1980-1990). This study showed that rates of
asthma admission for England and Wales as a whole showed a steady upward
trend throughout the period examined. Rates in East Anglia, though they were
similar to the national trends in the early years, showed a peak in 1985 (for
males and females) with some indication of a decline in rates thereafter. Rates
for Wales showed an upward trend until 1988 (for both males and females)
after which they showed a decline.

Some studies have reported the influence of age, sex, ozone, sulfates, air
quality and prematurity (for babies) on asthma admissions.(Skobeloof E.M.
1992, Mayol P.M. 1991, Senthilselvan A. 1993, Von. Multius E. 1993, Frischer
T. 1993, Abduelrhman E.M. 1992, Cody R.P. 1992, Christie D. 1992, Thurston
G.D. 1994, Burnett R.T. 1994) In one of these studies the demographic data
from a large population of asthmatic patients was used to define the role of age
and sex as risk factors for asthma admission. In this study a retrospective
review was undertaken of all asthma admissions as defined by Intentional
Classification of Diseases , Ninth Revision, code 493.0. All medical-surgical
admissions from 67 hospitals in five counties of south-eastern Pennsylvania

from 1986 through 1989, are the data which was used by this study. The
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patients admitted for asthma treatment (33,269) were reviewed and it was
shown that in the 0-5 years old and 6-10 years old age groups, males were
admitted nearly twice as often as age identical females. In the 11-20 years old
age group, admissions for males and females were nearly identical. Between 20
and 50 years age, the female-to-male ratio was nearly 3:1. Thereafter, females
were admitted for asthma at a rate of about 2.5:1 when compared with their
age-equivalent male counties. They reported also that the length of stay in
hospital increased proportionally as the patient age increased but after 30 years
of age, the length of stay was slightly greater for females than males (Skobeloof
E.M. 1992).

In some other studies the relation between the asthma admissions and
school holidays have been investigated.(Storr J. 1989) In one of these studies
the admission rate for asthma at a children’s hospital was studied over an 11
year period. The study showed the admissions varied unpredictably over
periods of a few days, but there was a repeated yearly pattern of peaks and
troughs with an interval of several weeks. The study suggested that the short
term variation could be attributed to chance effects alone, excluding any
important role for short term influence (for example weather changes)in
precipitating asthma admissions. It has reported a definite association between
the longer term variation and the school holidays. The admission rate fell
during holidays and there were two or more peaks during terms. They
mentioned that the pattern of asthma admission was consistent with a largely
viral aetiology for asthmatic attacks throughout the year. They postulated that
school holidays disrupt the spread of viral infections in the community, with
synchronisation of subsequent attacks. Travel during holidays may facilitate

acquisition of new viral strains by the community.
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One study which has carried out in Blackburn, United Kingdom, has
reported that in year 1987 the rate of asthma admissions in ethnic Asians was
more frequent than expected (Myers P. 1992). It was claimed that the increased
admission rate in Asians was not due to increased readmissions in the Asian
ethnic group and it has been suggested that the difference in Asian admission
rate may be due to a truly increased asthma prevalence in the Asian ethnic
group.

In a study in New Zealand ( Mitchell E.A. 1994) the risk factors for
asthma readmissions to hospitals in childhood has been discussed. This study
was an observational study and recorded demographic features and the severity,
treatment and management of asthma in 1034 individual children admitted to
hospital over a one year period, followed for maximum of 33 months. It
reported that readmissions were common, with 33% readmitted by 6 months
and 51% by two years. In this study it was claimed that, after controlling for
wide range of variables, factors that significantly increased readmission were :
female sex, young age (age<S years), number of previous admissions, and
inpatient intravenous treatment. It has been reported that medical treatment and
management did not influence readmissions. A high readmission rate in
childhood was reported by this study.

Another study among the American Indian and Alaskan native children
was carried out to discover the trends in asthma-related admissions from 1979
to 1989. In this study, the hospital discharge records of patients aged 17 years
and younger treated by the Indian Health Service between 1979 and 1989 have
been used as the data. The rates of asthma-related hospitalisations was shown
to have increased by an average of 2.6% per year between the 1979 and 1989
among American Indian and Alaskan Native children aged O to 17 years. The

increase was 3.7% among the O to 4 year age group and 0.3% among the 5 to
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17 year age group. It was reported that boys tended to have a higher rate of
increase (4.3%) compared with girls (2.6%) (Hisnanick J.J. 1994).

There are some researches which have used linked data to study asthma
readmissions. All of these studies, if done in UK., have used a linked data of
admissions which we mentioned before and belongs to Oxford district. The
Oxford linked data set contains all admissions of all patients in Oxford district
between years 1968 to 1985.(Goldacre M.J. 1988, Heasman M. A. 1968,
Henderson J. 1989, Acheson E.D. 1967, McPherson K. 1985) In some of these
studies, it has been shown that the asthma readmission rate within 28 days of
discharge from elective readmission (unplanned readmission) rose in Oxford
area from 3.5% in 1968 to 7.1% in 1985, more than doubling in about 18
years.(Henderson J. 1989) In another study it is claimed that there is about 80%
of a cumulative increase in asthma admissions over past ten years and it is a
reason to believe that the number of patients who were admitted to hospitals
have also increased. This study reported about 20% rise in multiple admissions
per person per year.(Goldacre M.J. 1988)

Hodkinson and Hodkinson (1984) designed their study on asthma
admissions to Hammersmith hospital in London and have shown that in one
year follow up 36% of all admissions to their Geriatric Department were
readmission. They found that there was no significant difference between sexes
and readmitted patients were significantly older and more likely to have been
inactive before admission but were less often dehydrated or constitutionally
upset. Significantly more readmisions came from old people’s homes.

Another study related to readmission of elderly patients belongs to Idris
Williams and Freda Fitton and was carried out in a district general hospital in
Nottingham. They have shown that unplanned readmission rate within 28 days

of discharge was 6% and planned readmission rate was 3%. It was thought that
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unplanned readmission was avoidable for 59% of patients.(Williams LE. 1988)
According to their study, low income was an important factor of readmission
and there was no correlation between living accommodation and unplanned
readmission. They listed seven possible principal reasons for readmission of
elderly of which the most important one is relapse of the original medical
conditions.(Wiliams LE. 1988)

Another study that has been for elderly readmission in Wales in 1981,
showed that within 3 months of discharge, 17% of patients being readmitted as
in-patients, and the proportion of readmissions did not vary significantly with
age or sex of patients. Similarly there was no statistically significant difference
between those living alone compared with those living in larger
households.(Kendrick S. 1992)

Some other studies were carried out to discover the readmission rates
abroad (Kendrick S. 1992, Leibson C.L. 1991, Newcom R.W. 1986, Baribean-
Braun J. 1979, Safran C. 1989, Ashton C.M. 1987, Hisnanick J.J. 1994). One
of these studies was in Rochester, Minnesota in USA (Leibson C.L. 1991). In
this study which is related to years 1970 to 1987, the authors know that the
admissions have begun to moderate because of using a new system of payment,
the “Post Prospective Payment System”, but they were keen to know whether
the declines in admissions were a result of fewer individuals being hospitalised
or fewer rehospitalisations of the same individuals. They calculated
readmission rates using linked data and found risk factors for and pattern of
readmission in the area. They showed that a 4.6% decline in the number of
persons 65-74 years age who were hospitalised/10000 population from 1980 to
1987 was offset by 17.1% increase in the number of rehospitalisation/1000
population of this age group. In addition, they discovered that the number of
rehospitalisations/1000 population for the age group>75 increased 5.7% from
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1980 to 1987, and the proportion of country Olmsted county residents >75
years of age who were hospitalised at least once the year increased 8.3%
(Leibson C.L. 1991).

In a study which has been carried out in Glasgow, the management of
asthma has been discussed. It showed that asthma is often poorly treated in
general medical units, with inadequate attention being paid to the importance of
pre-existing poor control, and to the continuing close supervision of patients in
the acute phase of their disease (Buck Nail C.E. 1988). In another study in
Edinburgh it was shown that 49 patients were responsible for 104 admissions.
49% of admissions were that of patients between the age of 15 to 20 years and
multiple admissions were much more common in the self-referral group
(Forwell ML.A. 1985). A report from “Edinburgh Emergency Asthma
Admission Service”, has noticed that during a 15-year period, 195 asthmatic
patients were responsible for 873 hospital self-admissions (Crompton G.K.
1987). Over the 15-year period, during the last 3 years there were significantly
more night admissions than during the first 3 years (Crompton G.K. 1987).

From 1978 to 1985, admissions for childhood asthma among 5-14 age
group increased by 56% whereas admissions for bronchitis decreased by 20%
in the UK. (Anderson H.R. 1989). Readmission rate has fallen slightly from
1.47 to 1.32 from early 1970’syndrome to 1985 (Anderson H.R. 1989). In
another study it was reported that rates of admission for childhood asthma in
England and Wales have more than doubled since the mid-1970’s (Anderson
H.R. 1989). A 167% rise in childhood asthma admission in South West Thames
region (Brighton) between 1970 and 1978 has been reported by Anderson et al
(Anderson H.R. 1980).
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Chapter 2

Descriptive and Initial Analyses

In this chapter first we mention the modifications which were done to
prepare the available data set for analyses. First we explain these modifications
in as much detail as possible. Second, we intend to describe the pattern of
asthma admissions by illustrating some simple tables and charts. Later some
discoveries, which may be important and are based on the descriptive analyses,
are reported. Some of these discoveries may be used later when some more

precise analyses will be carried for both first and later asthma admissions.

2-1 : Creating the data file for analyses

(Modifications on the initial data set)

The data that was described in section 1-2, was not ready for analyses.
Some important modifications were therefore done to find some aggregate
covariates and also to delete some records which were not related to asthma
disease. The number of records in the original data file were 249559. As was
mentioned before, the original file contained all admissions -whether or not

related to asthma- belonging to all patients who had been hospitalised, at least
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once, in one of Scotland's hospitals with asthma diagnosis -either first or
second diagnosis- between the years 1981 to 1992. The main modifications that
were done were, 1) creating new covariates -by using the records that we
intended to delete-, 1) identifying the first admission and 1) deleting
unnecessary records.

First of all, we ran a FORTRAN program and considered all records that
belonged to transferred admissions as a single record, i.e. if one asthmatic
patient, during one of his/her admissions, has been transferred from one
speciality to another speciality or from one hospital to another hospital , we
considered all these kind of recorded admissions as a single admission. We
insert the values of explanatory variables in the first previous record which was
not a transferred record as the information for the new created record.

Secondly, we ran another FORTRAN program and we counted for each
asthmatic patient all his/her non-asthma admissions which had occured
between two asthma admissions. We saved also for each of the last four of
these admissions (1.e. non-asthma admissions) the speciality code and the date
of admission ( year, month and day ). All these new variables were saved in the
second related admission to asthma ie. after running the program, for any
asthmatic patient, each admission that was related to asthma had information
about the admissions that had accrued before this admission and which had not
been related to asthma. If the admission that was related to asthma was the last
admission of asthmatic patient (and some non-asthma admissions had occurred
after it), then the information about his/her later non-asthma admissions was
saved in this last record as new variables. After running this program, all
records (i.e. all admissions) for which neither their first diagnosis (i.e. first
reason of hospitalisation) nor their second diagnosis (i.e. second reason of

hospitalisation) was related to asthma (i.e. the diagnosis code was not 4930,
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4931 or 4939), were deleted. Hence all remaining records are asthma
admissions (according to first or second diagnosis) and in each of them, in
addition to the originally explanatory variables, there 1s information about the
previous non-asthma admissions that had occurred after the immediate previous
asthma admission. If the asthma admission is the last asthma admission of the
patient, then the information about the later non-asthma admissions was saved
in this last asthma admission as new variables.

Third, we ran another program to create some more explanatory
variables. At this stage, 5 new variables were created for each asthma
admission. These were, order of asthma admission (for the asthmatic patient),
length of stay in hospital, time free of admission and two indicator variables
one of which identifies whether the time free of admission is complete or
censored and another identifies whether the asthma diagnosis is the first or
second diagnosis. It is important to mention that before calculating the time free
of admission, we investigated whether the asthmatic patient had died before the
end date of follow up. If so, his/her last time free of admission was calculated
up to the date of his/her death.

Fourth, 1t was decided to use one part of the data file to support the
another part to identify the first asthma admission of each asthmatic patient
from his/her first recorded asthma admission. Note that the first recorded
asthma admission of any asthmatic patient which exists in the data file, is not
necessarily his/her first asthma admission to hospital. The reason is that some
patients might have some asthma admission to some hospitals throughout
Scotland before our follow up began (i.e. before 1/1/1981) in which some
asthma admissions of such patient will be missed. The first recorded asthma
admission of such asthmatic patients is therefore not their first asthma
admission. Note that if the data file is analysed without identifying the first
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asthma admission of the asthmatic patients or without being sure that a
particular asthmatic patient has not had any asthma admission before 1/1/1981,
no one can guarantee that the complete pattern of asthma admissions of
asthmatic patients has been studied. To identify the first asthma admission of
each asthmatic patient from his/her first recorded asthma admission, the data
file was divided into two parts. One part contained all asthma admissions which
occwrred from 1/1/1981 to 31/12/1983 and the other part contained those
asthma admissions which occurred from 1/1/1984 up to end date of follow up
(i.e. 31/12/1992). The first recorded asthma admission of each asthmatic patient
in the second part of the file was chosen and it was checked whether this
asthmatic patient had or had not any previous asthma admissions in the first
part of the data file. If no asthma admission was found in first part of the data
file, then the first recorded asthma admission (in the second part of the data
file) was considered as the first asthma admission, otherwise it was concluded
that the first recorded asthma admission (in the second part of the data file) is
not the first asthma admission. All admissions of such patients whose first
recorded asthma admission in the second part of the data file was not their first
asthma admission to hospital were deleted from the second part of the data file.
Finally we chose the second part of the data file as the final data set which all
analyses are based on. Note that, in this new data file, each asthmatic patient
has been followed up at most for 9 years (from beginning of 1984 to end of
1992) and at least for 3 years (and at most for 12 years), no previous asthma
admission before the first recorded asthma admission (which was chosen as the
first asthma admission) has occurred for the asthmatic patient. Later, in section
2-2, the accuracy of this method in identifying the first asthma admission will
be discussed. Hence the whole pattemn of asthma admissions of each asthmatic

patient exists in this new data file i.e. all asthma admissions (from first
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admission because of asthma to last admission up to end of follow up) of the
asthmatic patients are examined.

As the result of the above procedures, the file which is the basic file for
all analyses, contains 69,814 asthma admissions (with either first or second
diagnosis as asthma) belonging to 40,496 asthmatic patients whose first asthma
admission (1.e. first hospitalisation) occurred between year 1984 to 1992.

Later, for analysing the pattern of later admissions of the asthmatic
patients (i.e. the asthma admissions which occur after the first asthma
admission), it was decided to consider each asthmatic patient’s later asthma
admissions in a 3 year horizon after the first asthma admission. Some more
modifications were carried ouf on the basic data file to count the number of
later asthma admissions of each asthmatic patient in the 3 years after his/her
first asthma admission. In analysing the pattern of later asthma admissions,
only the effect of explanatory variables at time of first asthma admission on the
pattern of later asthma admissions was studied.

28




2-2 : Investigating the precision of a 3 year support

for identifying the first asthma admission :

As was said in 2-1, one of the most important modifications on the
initial data set was to identify the first asthma admission from the first recorded
asthma admission. To do so, the asthma admissions' information in years 1981
to 1983 ( 3 years) was used. It was mentioned that those asthmatic patients who
are included in the final data set and whose first recorded asthma admissions
have occurred in year 1984 have a 3 years of support that their first recorded
asthma admission is their first asthma admission. Hence as the patients’ date of
first recorded asthma admissions increases, the time support for distinguishing
between the first recorded asthma admission and first asthma admission also
increases. Note those asthmatic patients who are included in the final data set
and their first recorded admissions have occurred in, for example, year 1992,
have a 12 years.

There are some asthmatic patients of which we are confident that their
first recorded asthina admission is their first asthma admission. These are the
asthmatic patients who are less than 3 years old. To be more precise, we are
confident that the first recorded asthma admission of the asthmatic patients
whose age is at most equal to the time interval between their admission date
and the date 1/1/1981 (i.e. their support time interval for identifying the first
asthma admission) are really their first asthma admission. The reason is that
these asthmatic patients have been observed since they have been born,
therefore if they had any asthma admission it should have been already

recorded. For example, we are confident that, an asthmatic patient whose first
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recorded asthma admission has occurred in the year 1992 and is at most 11
years old, has been hospitalised, for the first time with asthma.

We now present an assessment of the adequacy of our choice of 3 years
for distinguishing the first recorded asthma admission from the first asthma
admission. The first time free of admission of the asthmatic patients was used
to investigate how many of asthmatic patients return to hospital after 3 years.
We remind the reader that the first time free of admission of an asthmatic
patient is defined as the time interval between his/her first discharge (i.e. the
discharge due to first admission) date from hospital and the date of his/her
second admission. Since some asthmatic patients may not have second asthma
admission (until the end date of the follow up), some of the first times free of
admissions will be censored. Note that we are interested only in complete times
free of admission because it is intended to estimate the cumulative proportion
of the asthmatic patients who retwrn to hospital within 3 years after first
discharge given the patients have returned to hospital (the second asthma
admissions have occurred). In this case (by deleting the censored first times
free of admission) both the life table method and simple frequency table are
equivalent. Table 2-2-1 shows the proportion and the cumulative proportion of
asthmatic patients who return to hospital in different time intervals after the
first discharge from the hospitals. The table indicates that nearly 90% of the
asthmatic patients return to hospital within 3 years after first discharge. The
proportion of the asthmatic patients who return to hospitals within 4, 5, 6 and 7
years after first discharge are, respectively, 94%, 97%, 98.5% and 99.4%.
Table 2-2-1 confirms that the choice of at 3 least years (1981-1983) as the
support for identifying the first asthma admission is adequate. Note that the
asthmatic patients who are included in the final data set, have been observed on

average for 7 years before their first recorded admission (varies from 3 years
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for those whose first recorded asthma admission occurred n the year 1984 to
11 years for those whose first recorded asthma admissions occurred in the year
1992). Together with the fact that 99.4% of the asthmatic patients have their
second asthma admission within 7 years after first discharge, it confirms that
generally the first asthma admissions have been distinguished from the first
recorded asthma admission correctly. We remind the reader that this indication
has come from studying the first times free of admission and if one considers
other times free of admission then different results may be found. However, we
have examined also second times free of admission and obtained similar

results.

Table 2-2-1 : Frequency of number of asthmatic patients in
different time intervals from first discharge. For those who have

returned to hospitals.

Time interval No. of Cumulative
from first asthmatic | Percent percent
discharge patients %

up to 1 year 7762 65.7 65.8

2 years 1884 16.0 81.7

3 years 912 7.7 89.4

4 years 547 4.6 94.1

5 years 322 2.7 96.8

6 years 196 1.7 98.5

7 years 117 1.0 99.4
More than 7 years 65 0.6 100

Total 11805
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2-3 : Descriptive analyses of first asthma admissions :

In this section the first asthma admissions of the asthmatic patients are
used to illustrate the frequency of number of first asthma admissions in
different factors. These are all asthma hospitalisations due to new asthmatic
patients in years 1984 to 1992. During these years, 40,496 asthma
hospitalisations due to new asthmatic patients occurred in Scotland ie. on
average, 4,500 events per year. Note that there could be more new asthmatic
patients in these years who might be treated as outpatients. However since they
have not been hospitalised (as inpatients) in any hospital in Scotland, (maybe
because their asthma disease has not been serious) they are not included in our
data set. We mentioned also that 6,132 of the above admissions are due to those
new asthmatic patients having asthma as their second reason of hospitalisation.
Note that such patients might either have asthma or some other respiratory
disease which is related to asthma or not have asthma at all.

Plots 2-3-1 to 2-3-13 shows the number of first asthma admissions
between years 1984 to 1992 by age group, sex, marital status, where admitted
from, admission type, year of admission, month of admission, day of
admission, discharge code, category of patients, type of facility, speciality, type
of diagnosis and city. There is not so much to say about these plots. Actually
these plots are reasonably self explanatory. Note that since the size of the
population, at each level of each factor, at risk of asthma admission is
unknown, it is not possible to use most of these plots to show the prevalence of
asthma admissions. Such factors are, for example, age group, city and marital
status. However, for sex it is possible to interpret the percentages of number of

first admissions in males and females as their prevalence rate of asthuma
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hospitalisation. This i1s because it is reasonable to believe that males and
females are equally distributed in the population. Plot 2-3-2 indicates that
males are more at risk than females to be hospitalised as new asthmatic
inpatients. Plot 2-3-6, which shows the number of first asthma admissions in
different years of first admission, indicates some important and interesting
trends in occurring the first asthma admissions. We will discuss it later in
section 2-5.

We omitted plots for "type of asthma" identifying whether the type of
asthma is diagnosed as acute or chronic, due to the discovering that this factor
has invalid information. In a later section we discus this factor in more detail
and show that differences in the number of first asthima admissions for different
levels of this factor is really due to differences in the fashion of diagnosis in
different cities. This important discovery is reported in section 2-6.

An important conclusion from the above plots is that for some factors
such as "admitted from", "discharge code", "category of patient" and "type of
facility", nearly all first asthma admissions are due to only one level of the
factor. Plots 2-3-4 and 2-3-8 to 2-3-10 show that nearly all first asthma
admissions are admitted from home, are discharged to home, have been using
NHS free treatment and have been admitted as inpatients. These 4 factors are
not practically useful in relation to first asthma admissions and so will not be
analysed further.

Plot 2-3-7 shows the number of first asthma admissions in different
months of the year. The plot suggests that in some months of the year,
September, October, November and partly in December, in comparison to other
months, more first asthma admissions occur. Two peaks exist in the plot which

are due to March and September. Plot 2-3-7 actually indicates the existence of
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a scasonal pattern in the number of first asthma admissions which will be
discussed later in section 2-4,

We remind the reader that while the postal areas Aberdeen, Dundee,
Edinburgh and Glasgow consist of those cities and their natural winterlands,

Kilmarnock approximates to Ayrshire (including Arran).
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2-4 : Seasonal Changes in occurrence of first

and later asthma admissions :

Seasonal changes in asthma admissions have been reported by several
authors. In none of these reports have first and later asthma admissions been
separated. In this section we illustrate the seasonal pattern in occurrence of
both first and later asthma admissions in the Scotland over the years 1984 to
1992.

Plot 2-4-1 shows the numbers of first asthma admissions in all Scotland's
hospitals in each month from January 1984 to December 1992. There are
usually two peaks in each year. One in around March and another one in
September. The number of asthma first admissions around July is usually the
lowest. The plot suggests that after July, the number of first asthma admissions
increases and in last 3 (and sometimes in last 4) months of each year it takes
the highest values.

Using the plot 2-4-1, it is possible to compare the changes in seasonal
pattern of first asthma admissions in years 1984 to 1992. Note that the seasonal
changes 1n the years 1984 and 1985 are quite similar. Similar seasonal changes
have happened in years 1990, 1991 and even 1992, but the second peak (The
peak around September) is clearly higher than the similar peak in previous
years. It suggests that in these recent Septembers, Octobers and Novembers,
more asthma admissions (as the first ones) have happened compared to the
similar months in first years of follow up. One can see an increasing trend in

number of first asthma admissions in the later years.
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Plot 2-4-2 has been prepared to investigate whether the seasonal pattern
of first asthma admissions is or is not different in different age groups. As the
patterns due to different age groups are seen to be very close it is difficult to
interpret this plot. This plots suggests that some clear changes in the seasonal
pattern of those asthmatic patients who were over than 25 years old, has
happened over the years 1984 to 1992. This group of asthmatic patients
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appears not to have a peak around September at all. Instead the peak is either in
December (years 1985, 1989 and 1991) or not at all. All seasonal patterns (due
to different age groups) suggest that the peaks around September and October
in the later years of study are higher than the peak in the first year of study.

Plot 2-4-3 shows the number of first asthma admissions over years 1984
to 1992 according to month of the year. Note this plot is actually an aggregated
version of the previous plot, for example all first admissions in January (over
the 9 years 1984 to 1992) have been aggregated considered as a single month.
This allows an overall idea of seasonal pattern of first asthma admissions to be
obtained. This plot suggests that number of first asthma admissions for the
asthmatic patients who are more than 25 years old is maximum in January and
December and its trough happens in July. The plot indicates that the maximum
number of first asthma admissions for children (up to 14 years old) happens in

September and for patients who are 15-25 years old in November.

Plot 2-4-3: NLrrfcers cf first asthma cftrissions to SooMancfs hospitals

indfferert trorths for cfffencrt age cgtxp* (1984-1992)

1 2 3 4 5 6 7 8 9 10 11 12
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In previous paragraphs in this section we illustrated the seasonal pattern
in number of first asthma admissions. Here we show the differences (if there

are any) in number of later asthma admissions of the asthmatic patients whose
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first asthma admissions have occurred in different months. We restricted
ourselves to consider the number of later asthma admissions only in a 3 years
horizon after first asthma admission. The reason for this decision will be
discussed more precisely in section 2-5 where the trends in later asthma
admissions over years 1984 to 1989 is going to be studied. We mentioned it
here since as the number of later asthma admissions of each asthmatic patient is
going to be considered in a full 3 years after the first asthma admission, it is
only possible to include only those asthmatic patients whose date of first
asthma admissions are up to end of year 1989 i.e. we can consider only cohorts
of later admissions with first admission in the years 1984 to 1989.

Plot 2-4-4 shows the number of later asthma admissions in a 3 year
horizon after first admission in different cohorts of month of first asthma
admission. Note this plot misleads the reader if being used to report occurrence

ofmore later asthma admissions for those asthmatic patients whose month of

Plot 2-4-4 : Numbers of later asthma admissions to Scotland's hospitals

ineach cohort of month of first admissions (1984-1989).
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Cohort of months of first asthma admissions
first asthma admission is in September. The reason is this can be simply a
reflection of having more first asthma admissions in this month. To investigate

whether the number of later asthma admissions due to some cohorts of months
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of first asthma admission is or is not more or less of the number of later asthma
admissions in some other cohorts, plot 2-4-5 was prepared.

Plot 2-4-5 shows the ratio of “number of later asthma admissions in a 3
year horizon after first asthma admission” to ‘“number of first asthma

admissions” in different cohorts according to month of first admission. Note it

Plot 2-4-5 : Ratio of No. of later asthma admissions ina 3 year horizon

after first ad. (1984-89) to No. of first admission, in different

cohorts of months of first admission.

Month of Srst admission

Table 2-4-1 : Chi-square test for comparing the numbers of later asthma admissions in a 3 year
horizon after first admission with the expected number of later admissions in different
cohorts o: *month of first admission.

Cohort of first No. of First No. of Later  Expected No.

admissions Admissions Admissions of Later Z(orei)2ei
admissions

January 1747 1085 1174 6.69
February 1831 1349 1230 11.51
March 1982 1350 1331 0.26
April 1743 1172 1171 0.00
May 2062 1611 1385 36.81
June 1795 1177 1206 0.69
July 1665 1115 1119 0.01
August 2129 1357 1430 3.75
September 2661 1909 1788 8.25
October 2327 1541 1563 0.32

November 2471 1511 1660 13.37

December 2122 1305 1425 10.19

24535 16482 16482 X2=91.83, df=11
P0.0001
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is possible to use this plot to investigate whether the asthmatic patients whose
month of first admission is a particular month return to hospital more
frequently. Table 2-4-1 shows that the ratios in different cohorts of month of
first admission are significantly different (P<0001). This table indicates that
patients whose month of first admission is in February or May are more likely
to return while those whose month of first admissions are November or
December are less likely to return to hospital.

To obtain a more clear idea about the relation between the number of
later asthma admissions and cohort of month of first admission, plot 2-4-6 was
prepared. This plot is similar to 2-4-5 but has been prepared for different age
groups. Plot 2-4-6 indicates that among babies (0-2 years old), those whose
month of first asthma admission is in May or September, are more likely to
return to hospital more frequently whilst among those who are 15-25 years old,
those whose month of first asthma admission is in July, are more likely to have

more later asthma admissions.

Plot 2-4-6: Ratio of No. of later asthma admissions in a 3 years horizon

after first admission (1984-89) to No. of first asthma admission

in different cohorts of months of first ad. For different age groups.
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2-5 : Trends and rates of first and later asthma

admissions over years 1984 to 1992:

In recent years there have been a number of reports which claimed that
asthma admissions to hospitals have been steadily increasing. In none of these
reports has it been clear whether this increase corresponds to new asthmatic
patients or is due to previously known asthmatic patients. In most of these
reports only admissions to a single hospital or a single city have been
considered. In this section we illustrate the trends in first asthma admissions
(i.e. either new asthmatic patients or first serious asthma attack) and later
asthma admissions over years 1984 to 1992.

In years 1984 to 1992, in overall, 40496 first asthma admissions have
happened. These patients have caused 29311 later admission, 0.72 later
admission per patient. The average rate of first asthma admission in Scotland,
in years 1984 to 1992, is 0.88 per 1000 population'. This rate varies
considerably in different age groups. Table 2-5-1 shows the rate of asthma first
admission in different age groups and different years. This table indicates that
babies (0-2 years old) are 9.8 times more than adults (more than 25 years old)
at risk of being admitted to hospital with asthma diagnosis as the first time. As
age increases the hazard of being admitted with asthma diagnosis decreases.
Table 2-5-1 also indicates that the rate of first asthma admission in year 1992 is
1.08 per 1000 population which is 1.4 times of related rate in year 1984.

Plot 2-5-1 shows rates of first admissions for asthma in the years 1984 to
1992. This plot indicates a sharp increase in years 1987, 1990 and 1991. The

'Population sizes (in different years, age groups and sexes) are estimated populations and are obtained
from Annual Reports (1984 to 1992), Registrar General Scotland.
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important implication of this plot is that even though the rate of first asthma
admissions have increased over the period of study but it has not been
increasing steadily. There are actually two or three jumps in mentioned rate,
one in between year 1986 and 1987, one in between years 1989 and 1990 and
the third one between 1990 and 1991. These jumps may relate to changes in
some policies, for example changes in hospitals' hospitalisation policy, rather
than to any real change in the severity of the disease. Overall, during the years
1984 to 1989, increases in rate of first asthma admissions in Scotland were
minor, only around 0.1 per 1000 population. The important increase in

mentioned rate is during years 1989 to 1991.

Plot 2-5-1: Rates of first admissions for asthma, 1984 to 1992.
1.1

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

Year

Plot 2-5-2 shows the rates of first asthma admissions in different age
groups. This plot was prepared to discover whether the rates of first admissions
varies by age group. Plot 2-5-2 suggests that the rates of first asthma
admissions is considerably different in different age groups. The most
considerable, and maybe the only, increase is due to babies age group (0-2

years old). In this age group, the rate of first asthma admission in year 1992 is
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Plot 2-5-2: rates of first adrrisions in different

age groups, over years 1984 to 1992.

AGE_GRP

More than 25
15-25 years

7-14 years

. 3-6 years

. 0-2 years

1963 1984 1985 1986 1987 1988 1969 1990 1991 1992 1993

Year

more than twice of it in year 1984. Note that in two age groups 3-6 and 7-14
years old, which are due to children asthmatic patients, rates of first admission
have not changed considerably. In 3-6 years old children, it increased from 2.05
first admission per 1000 population in year 1984 to 2.71 in year 1992. The
rates of first admission for all age groups are presented in table 2-5-1. Hence

Table 2-5-1 :Numbers and rates (per 1000 population) of first asthma admissions in different
age groups over years 1984 to 1992.

0-2 3-6 7-14 15-25 More
Year years Rate years Rate years Rate  years Rate than 25 Rate Total
old old Old old years
1984 604 3.12 524 2.05 528 0.93 820 0.85 1400 0.44 3876
1985 571 2.97 481 1.84 544 1.00 890 0.93 1466 0.46 3952
1986 582 3.00 535 2.05 475 0.91 821 0.86 1328 0.42 3741
1987 813 4.14 607 2.36 688 1.34 901 0.96 1353 0.42 4362
1988 824 4.18 622 2.45 558 1.10 880 0.96 1445 0.45 4329
1989 760 3.89 552 2.16 538 1.07 929 1.05 1496 0.46 4275
1990 1046 5.37 796 3.09 636 1.26 1030 1.19 1424 0.43 4932
1991 1207 6.23 760 2.90 806 1.60 1149 1.38 1582 0.48 5504
1992 1289 6.60 706 2.71 604 1.18 1224 1.51 1702 0.51 5525
Total 7696  4.39 5583 2.40 5377 1.15 8644 1.06 13196 0.45 40496

Rate

0.75
0.77
0.73
0.85
0.85
0.84
0.97
1.08
1.08
0.88



even there is slight increase in rate of first asthma admission in age group 15-25
years but since it has increased steadily therefore it may be important. There is
no change, or very small change, in rates of first admission over years 1984 to
1992 for adults.

Table 2-5-2 shows the numbers and average rates (per 1000 population)
of first asthma admission (over years 1984 to 1992) in different sexes for
different age groups. This table indicates that, male children (first 3 age groups)
are more at risk of first admission than female children (first 3 age groups)
while for adults it is reverses, i.e. for two last age groups female are at more
risk than males. A male baby is 2 times of a female baby at risk of being
admitted to hospital as first time. Plot 2-5-3 shows the pattern of rates of first

admission for males and females in different age groups.

Table 2-5-2: Numbers and average rates (per 1000 population) of first
admission in different sexes and age groups, years 1984 to 1992.

Male Female
No. Rate No. Rate
0-2 ->years 5233 5.83 2463 2.38
3-6 years 4392 3.69 2170 1.91
7-14 years 2819 1.17 1579 0.69
15-25 years 1749 0.42 2620 0.66
More than 25 7078 0.52 10393 0.67
Total 21271 0.96 19225 0.81
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Rot 2-5-3: Rate of first asthma admissions in Scotland for male

and female in different age groups.

SEX

Female

Male
1 2 3 4 5

Aage Group

Table 2-5-3 shows the numbers and average rates (over years 1984 to
1992) in different cities of Scotland. The 7 cities which are considered here are
the cities with most numbers of first admission. In finding the populations of
these cities it is needed to explain that since we had used the post codes to
create the cities, the boundaries of cities are different from what is usually
called as administrative areas or cities. We understood that even the estimated
populations of these cities, in between census years, do not exist. Therefore we
approximated the populations by comparing the maps of post codes and
administrative areas. These two maps and a list of administrative areas which
are considered as a single city, are presented as "Appendix 2" at end of the
thesis. To find the populations we used the estimated populations in years 1984
to 1992 (Annual Reports, General Registrar Scotland, 1984 to 1992) to pool or
to exclude some administrative areas to approximate the populations for cities
as we have defined. Table 2-5-3 indicates that two cities Dundee and
Edinburgh have the highest average rates (1984-1992) of first asthma
admissions in Scotland. Paisley has the lowest rate. Plot 2-5-4 shows the

pattern of changes in rates of first asthma admissions in different cities over



years 1984 to 1992. This plot indicates that in all these cities the rate of first
asthma admissions have increased over the years 1984 to 1992. In some these
cities such as Dundee, Edinburgh and Motherwell the increase is sharper than
others. Hence that the rate of first asthma admission in Aberdeen in year 1987

has increased very sharply.

Table 2-5-3: Numbers and average rates (per 1000 population)
of first asthma admissions in different cities of Scotland (1984-1992).

Number of first

City admissions Rate
Aberdeen 3834 0.98
Dundee 2571 1.03
Edinburgh 7136 1.06
Glasgow 9069 0.83
Kilmarnock 2940 0.89
Motherwell 2914 0.86
Paisley 2649 0.80

* Cities are defined according to post codes.

Plot 2-5-4: Rates of first asthma admissions in different

cities over years 1984 to 1992.
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Plot 2-5-5 shows the ratio of numbers of later asthma admissions in a 3
year horizon after first admission to numbers of first admissions in different
cohorts (1984 to 1989) of first admission. We considered the number of later
asthma admissions in a 3 year period after first admissions because it was
needed to fix the observed time for each asthmatic patient. Note that if two
asthmatic patients are observed for different time periods then it is not
surprising that the patient who has been observed for longer time has more
chance of having more later admissions. Note that since each asthmatic patient
should be followed up for full three years, only those asthmatic patients whose
first admission has occurred before year 1990 (i.e. up to end of year 1989)
could be considered. It implies when we investigate the pattern of later asthma
admissions in a 3 year horizon after first admission we can include only the
cohorts of first admissions of 1984 to 1989.

Plot 2-5-5 shows that those asthmatic patients whose first asthma
admissions occurred in year 1987 (i.e. cohort of later admissions corresponding
to first admission in 1987) have more later admissions in a 3 year horizon after
first admissions (with respect to their number of first admission) compared to
later admissions of other cohorts. Note the ratio of numbers of later admission
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