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Abstract

The World Health Organisation (WHO) recommends exclusive breastfeeding during the
first six months of life for optimal growth. However, the rapid growth of early infancy is
limited by undernutrition, and this has been assumed rare. Nonetheless, there has been
reported evidence of this problem, particularly in infants with underlying disease.
Identifying infants at the risk of undernutrition using growth charts is simple, quick,
invaluable, but suggested ineffective. The possible cause is poor health staff understanding,
application and interpretation of growth patterns in early infancy, particularly in
developing countries. In Nigeria, little is known about patterns of growth, how growth
velocity relate to nutritional status, standardised methods for assessing nutrition risk, and
prevalence of undernutrition in infants younger than 6 months, particularly hospitalised
infants. Therefore, this project based at the University of Nigeria Teaching Hospital
(UNTH), Enugu, set out to answer the following research questions:
1) What is the prevalence of undernutrition in infants younger than 6 months,
particularly hospitalised infants?
2) What are the implicated feeding patterns and medical conditions of these infants?
3) Can feeding information and growth patterns be used to predict undernutrition in
these infants?
4) s health staff use of growth patterns in identifying undernutrition in early infancy

effective?

Methods
Data were collected for the project’s three cross-sectional, observational studies.

1) Feeding information from birth to date of assessment was collected from
mothers/carers of healthy infants attending the Infant Welfare Clinic (IWC) of the
UNTH, Enugu. Their retrospective weight measurements at birth, 6 weeks, 3
months and 6 months were documented from their mother-held Road-to-Health
(RTH) growth charts

2) Feeding and growth information was collected from infants at admission (from
birth to 26 weeks of age) to the Hospital Wards of the UNTH. These data were
collected using a structured interviewer-administered questionnaire based on the
Subjective Global Nutrition Assessment (SGNA); including anthropometric
measures of weight, length, head circumference, mid-upper arm circumference, and

skinfolds (triceps and subscapular)
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iii
3) Paediatric Health Staff were surveyed in two teaching hospitals and four
government-controlled primary health facilities using a structured self-completion
questionnaire to:
e determine how growth charts are used to detect childhood undernutrition
e determine the accuracy in plotting and rating/applying/interpreting weight gain
patterns shown on the RTH and WHO growth charts for appropriate action

e test the understanding of growth trajectories displayed on charts

Results

Infant Welfare Clinic Study

The retrospective weights of 411 healthy infants (0 — 26 weeks old) attending the IWC of
the UNTH, Enugu was compiled and used to generate a reference to compare that of their
hospitalised peers in the same hospital. There was a steady weight gain increase in the first
half and slower gain in the latter half of first six months of life. During this period, the
weight Z-scores distribution of the infants compared well to the WHO Child Growth
Standards (WHO-CGS). Moreover, 5% of the infants had -2SD (CWG), setting the 5™
percentile as slow weight gain threshold, the reference to compare the weight velocity of
their hospitalised peers. Therefore, the data compiled from the IWC was transformed
successfully into a dataset qualified as a norm for comparing the data collected from the
hospitalised infants. However, suboptimal breastfeeding patterns were observed in the
majority (391, 95%) of the infants at assessment.

Hospital Ward Study

Assessment of growth was done in 210 infants admitted to the paediatric wards from birth
to 6 months, of which 143 (80.6%) were younger than 3 months. These younger infants
were most commonly admitted for respiratory tract disorders 39 (18.6%), while the older
infants were most commonly admitted for sepsis 21 (10.0%). The least of the morbidities
were diarrhoea/vomiting 10 (4.8%) and severe undernutrition 8 (3.8%). SGNA-rating
showed that the majority (161, 76.7%) of the infants were at low risk for undernutrition.
The mean CWG of the hospitalised infants from birth was low, with 23% of the infants
recording weight gain since birth below the 5™ percentile for slow weight gain. Around one
quarter of the hospitalised infants recorded low anthropometric Z-scores of weight, CWG,
length, BMI or MUAC.

A reference for skinfolds for under-3-month-olds was not available in the WHO-CGS. On
applying a reference developed using the infant Paediatric Yorkhill Malnutrition Screening

Group’s UK data (IPYMS Reference), over one third of all the infants recorded low sum of
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skinfolds. Using crude MUAC measurements, two-thirds of the infants were moderately
undernourished (<115mm) and over a half severely undernourished (<110mm),
significantly (P<0.0001) decreasing with increase in age of admission.

The majority (184, 87.6%) of the infants was initially breastfed, however, only 43 (20.5%)
of the infants were exclusively breastfed (breastfed without water or other liquids) at any
age. Breastfeeding status was related to the reasons for admission and nutritional status: the
mean weight change for exclusively breastfed infants was -0.6 Z-score as compared to -1.1
Z-score for partially breastfed infants.

Health Staff Study

Of the 222 health staff that responded to the survey in 2 referral hospitals and 4
government-controlled primary health facilities in Enugu city, 78% were hospital-based,
55% nurses, 46% highly experienced. About a third of the respondents often plotted;
87.8% often interpreted growth charts; over a half often identified and treated
undernutrition, 88.7% with confidence. However, low accuracy was observed in
recognising slow weight gain, particularly with average size; and fast weight gain was also
poorly recognised. The respondents were as likely to be as worried about a small infant
growing fast as an average weight infant growing slowly. Growth trajectories were better
understood and interpreted on the WHO than RTH chart format. Most correct responses

came from the medical doctors and moderately experienced respondents.

Conclusions

The growth of young Nigerian infants fit the WHO-CGS well and the SGNA-rated
nutrition risk is low, but other measures suggest undernutrition in up to one third of the
hospitalised infants. Moreover, faulty breastfeeding patterns were prevalent and need to be
addressed in future studies involving this population. Furthermore, the ineffectiveness of
health staff understanding, application and interpretation of growth trajectories displayed

on growth charts as practical tools, suggests the need for training.
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Preface

Three years ago, | started this research project as a pilot study at the Royal Hospital for
Sick Children (RHSC), Yorkhill, Glasgow, but it eventually turned out to be an extended
investigation into Enugu city, southeast Nigeria. The University of Nigeria Teaching
Hospital (UNTH), Enugu was the base for the project that was comprised of three studies.
This aimed to explore ways of assessing the risk for undernutrition in early infancy in a
developing world setting, using Nigeria as a case reference. This thesis is the report of the
findings of this extended investigation. It cannot express the long journeys taken between
the data-collection points at the chosen health institutions located far distances apart and
the pleas made to mothers/carers of both healthy and hospitalised infants, for their written
consents to allow their infants to participate in the two respective studies on growth
assessment. In addition, the persuasive invitation made to the health staff to volunteer with
written consent to participate in the study to explore their use of growth patterns to identify
infants at the risk of undernutrition. Including several phone calls, text messages and visits
made to the health staff that later participated at their different health facilities to retrieve
the completed copies of the survey questionnaire which were earlier issued to them.
However, the joy of collecting an appreciable analysable data, the hope of obtaining good
results and contributing to the body of knowledge in this area of child health practice
submerged all those stressful experiences. Moreover, the confidence that the results from
this research would trigger further research in this area of nutrition, evolving evidence-
based strategies aimed at the survival of Nigerian infants to manifest their full potential as
the productive adults of the next generation. To conclude, | must thank you, the reader
among the many who would read this thesis, for reading at least one page of my thesis.

Thank you.

Ifeyinwa Obiageli Ezeofor
2015

Glasgow
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Glossary

Body Mass Index: Weight in kilograms divided by length/height in metres squared, is a
simple and reproducible index that reflects body composition being correlated with body
fatness

Breastmilk Substitute: Any food marketed or otherwise represented as a partial or total
replacement for breastmilk, whether or not suitable for that purpose

Complementary food: Any nutrient-containing foods or liquids other than breast milk
given to young children

Conditional weight change: The change in weight within the first six months of life relative
to the birthweight, in the context of the mean growth pattern of the population

Exclusive breastfeeding: Feeding an infant with only breastmilk from its mother or a wet
nurse, or expressed breastmilk, and no other liquids or solids except vitamins, mineral
supplements, or medicines in drop or syrup form

F-75: A low protein milk-based formula diet of 75 kilocalories per 100 millilitres, given as
therapeutic food in the stabilisation phase of the treatment of severe acute undernutrition

F-100: A milk formula with higher protein and energy content than F-75 (containing100
kilocalories per 100 millilitres), recommended as therapeutic food in the rehabilitation
phase of the treatment of severe acute undernutrition

Growth: Increase in body dimensions (such as weight, length/height, head circumference)
and composition (such as lean and adipose tissues)

Growth charts: Graphic presentations of body measurements of a population applied in the
assessment of body size and shape including patterns of growth performance

Growth Monitoring: The serial weighing and measuring of the length/height (and head
circumference if aged 0 — 2 years old) of a child and plotting the measurements on a
growth chart

Growth reference: Description of what the growth pattern of a defined population is

Growth Standards: Description of what the growth pattern of all children should be

Growth velocity: Average change in a specific anthropometric measure over a specific
time period, ideally one year and no shorter than six months

HEMIX: A high protein high-energy mixture equivalent to F 100 milk, locally prepared for
undernourished children at the UNTH, Enugu

Infancy: Period of life from birth to two years

Kangaroo skin-to-skin contact method: Providing warmth and nurture to an infant through
keeping it upright in skin-to-skin contact between its mother’s breasts
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Low birthweight: Birthweight that is less than 2500 grams

Neonatal period: The interval from birth to 28 days of age

Nutritional screening: A process to identify an individual who is undernourished or who is
at risk for undernutrition, to determine if a detailed nutritional assessment is indicated

Partial breastfeeding: Feeding of an infant with some breastmilk but also given other foods
or food-based fluids, such as infant formula or complementary foods

Predominant breastfeeding: Breastmilk as an infant’s predominant source of nourishment,
but with the possible addition of water and water-based drinks (for example sweetened and
flavoured water, teas, infusions), fruit juice, oral rehydration salts solution, drops and syrup
forms of vitamins, minerals, and medicines (in limited quantities)

Ready to Use Therapeutic food (RUTF): An energy and nutrient dense paste, a therapeutic
food that is nutritionally equivalent to F 100 milk, but needs no preparation and can be
eaten direct from its container

Supplementary Feeding: Feeding an infant less than 6 months of age to supplement its
intake of breastmilk, where this is insufficient

Stunting: (<-2SD length/height-for-age) Chronic severe undernutrition indicating long-
term, cumulative effects of inadequate nutrition/health and failing to reach generic
potential

Undernutrition: A net deficit of energy irrespective of the limiting effect of any other
specific nutrient, hence a state of negative energy balance

Underweight: (<-2SD weight-for-age) Manifestation of both acute and chronic
undernutrition

Wasting: (<-2SD weight-for-length/height) Acute undernutrition indicating recent weight
loss resulting from recent food deprivation and/or disease

Z-scores (Standard Deviation Scores): Dimensionless quantity used to describe how far a
measurement is from the mean (average) or median, when the distribution is normal
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CHAPTER 1 INTRODUCTION AND
LITERATURE REVIEW

1.1 Introduction

The WHO infant and young child feeding guidelines recommend exclusive
breastfeeding (EBF) as the optimal nutrition for an infant from birth to 6 months of age,
for optimal growth and protection from morbidity (Kramer and Kakuma, 2012);
however, the rapid growth of early infancy is limited by undernutrition. Undernutrition
is a medical condition that mainfests in many ways reflecting a net deficit in energy
irrespective of the effect of any other limiting nutrient, for example proteins or fatty
acids, thus manifesting a state of negative energy balance (Wright and Garcia, 2012).
The WHO uses -2SD cut-off values of these anthropometric indicators to define
undernutrition, either as low weight-for-age (underweight) or low length/height-for-age
(stunting) or low weight-for-length/low body mass index-for-age (BMI-for-age)/low
mid-upper arm circumference-for-age (MUAC-for-age)/low skinfolds-for-age
(wasting) (Table 1.1).

Undernutrition in the first six months of life is usually considered a rare occurrence
(Ezeofor and Okeke, 2005, Patwari et al., 2015) because of the general view that very
young infants are less likely to be undernourished since they are breastfed and have not
had time to be undernourished after birth. However, the findings of recent studies in
early infancy prove this assumption untrue. A secondary data analysis of demographic
and health survey datasets in 21 developing countries found wasting to be prevalent
among infants younger than 6 months, based on the WHO standards (Kerac et al.,
2011). It was also reported from India that a higher percentage of infants younger than
6 months were wasted, in comparison with the older age group (Patwari et al., 2015).
Community-based programmes had focused on tackling wasting in children aged from
6 to less than 60 months; thus neglecting, often excluding from nutrition surveys and
not appropriately addressing infants younger than 6 months in nutrition-
related/rehabilitation programmes (Lopriore et al., 2007, Kerac et al., 2011). The
contribution of this population towards the undernutrition burden has been
underestimated; therefore, undernutrition in early infancy is still a worldwide public

health problem, particularly in developing countries like Nigeria.
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Table 1.1 The current WHO definitions of major types of undernutrition in infants (World
Health Organisation, 1995)

Definition Description Grading
Underweight is a e Body mass relative to age
deficit defined as influenced by weight and Moderate underweight
low weight-for-age length/height, thus a composite of (weight-for-age between -3SD and
stunting and wasting -2SD)
e Reflects both acute and chronic
undernutrition, but may not Severe underweight

appropriately distinguish between (weight-for-age<-3SD)
taller but wasted children and
shorter children of adequate weight

Stunting is a deficit e  Linear growth achieved pre- and

defined as low post-partum with its deficits
length/height-for- indicating long-term, cumulative
age and /or head effects of inadequate
circumference-for- nutrition/health and failing to reach ~ Moderate stunting
age in chronic genetic potential (length/height-for-age and/or head
severe e Reflects chronic undernutrition circumference-for-age between -3SD
undernutrition indicating chronic weight loss and -2SD)
resulting from prolonged food
deprivation and/or illness Severe stunting
e The age of a child modifies the (Iength/height -for-age and/or head
interpretation below 2 — 3 years, circumference-for-age<-3SD)

low length-for-age probably reflects
a continuing process of ‘failing to
grow’ or ‘stunting’ for older

children
Wasting (acute e Measurement of wasting does not Moderate wasting or Moderate Acute
undernutrition) is a require reference to the child’s age, ~Malnutrition (MAM)
deficit defined as which may benefit in population (weight-for-height/length
low weight-for- surveys where age of children is and/or BMI and/or skinfolds between
length/ height unknown -3SD and -2SD and/or MUAC<125
and/or low BMI-for- mm)
age and/or low e Reflects acute undernutrition
MUAC-for-age indicating recent substantial weight ~ Severe wasting (weight-for-
and/or low skinfolds loss resulting from recent food height/length and/or

deprivation and/or illness BMI and/or skinfolds<-3SD and/or

*MUAC<115 mm)

*MUAC alone is not currently recommended for infants younger than 6 months

In Nigeria, undernutrition (based on z-scores below -2 for weight-for-age, length-for-
age, and body-mass-index-for-age) was found to be prevalent (13.8% of underweight,
30.8% for stunting and 10.0% for wasting) in the first three months of life and detected
early at routine immunisation clinics shortly after birth (Olusanya et al., 2010).
According to the WHO classification for assessing the severity of undernutrition by
prevalence ranges among children less than five years of age, Nigeria (Table 1.2) has a
low underweight (9% against <10% for low), fairly high wasting (10.2% against10 —
14% for high), and moderately high stunting (35.8% against 30 — 39% for high) rates.
Compared to other countries in sub-Saharan Africa like Mali (World Health
Organisation, 2012a), underweight is very low (9% against 18.7%), wasting is fairly
high (10.2% against 8.9%) and stunting high (35.8% against 27.8%). Access to health
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services, particularly maternal and childcare services is fairly poor in most rural areas;
therefore this poor state of healthcare has exacerbated the problem of undernutrition in
Nigeria (Adelekan, 2003), affecting more children in the north than in the south.

Table 1.2 Statistics for Nigeria

Description %

Population/Economic/Health Indicators

Population below international poverty line of US$1.25 per day (2007-2011) 54.4
Population living in urban areas (2012) 50.3
Gross Domestic Product per capita average annual growth rate (1990-2012) 2.1
Public spending as a % of GDP allocated to health (2007-2011) 2.0
Total adult literacy rate (2008-2012) 51.1
Health/Nutrition Indicators

Delivery care, Institutional delivery (2007-2012) 35.0
Neonatal mortality rate (2012) 39.0
Early initiation of breastfeeding (2008-2012) 22.9
Exclusive breastfeeding <6 months (2008-2012) 15.1
Introduction of solid, semi-solid or soft foods 6-8 months (2008-2012) 32.9
Breastfeeding at age 2 (2008-2012) 34.5
Low birthweight (2008-2012) 15.2
Underweight (moderate and severe) (2008-2012) 9.0
Stunting (moderate and severe) (2008-2012) 35.8
Wasting (moderate and severe) (2008-2012) 10.2
Overweight (moderate and severe) (2008-2012) 3.0

(Adapted from UNICEF, 2012)

Scarcity of disease-prevalent data contributes to the difficulty in identifying the
problem of undernutrition in this population. Even the WHO/UNICEF joint statement
endorsing the use of the new WHO growth reference standards for the ‘identification of
severe acute malnutrition in infants and children’ did not discuss its implication on this
age group (Joosten and Hulst, 2008). However, challenges of managing acute
malnutrition in this population were widely reported resulting in different interventions
by non-governmental organisations. An example was the Management of Acute
Malnutrition in Infants (MAMI) project that aimed to investigate the management of
acute malnutrition in this age-group in emergency programmes, focussing on available
treatment in selective feeding programmes (ENN/UCL/ACF, 2010). Set out to establish
the burden of acute malnutrition in this age-group, the MAMI project focussed on
identifying guidelines, policies and strategies for case management; and determine
practice in the field, including recommendations for future practice and research. The
project reported that wasting prevalence in this age-group ranged from 1.1% to 15%
with NCHS and 2.0% to 34.1% using WHO Child Growth Standards (WHO-CGS, and
severe wasting increased >3.0 fold and moderate wasting1.4 fold when transitioning
from the NCHS to the WHO-CGS. Consequently, admission into WHO-CGS-based

selective feeding programmes would increase and need to be explored urgently.
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However, the current evidence base for managing malnutrition in this age group is
relatively weak, posing a challenge to applying the current guidelines.

Infants and children constitute the most vulnerable group in any community, and
childhood nutritional status is a sensitive indicator of the health and nutrition in that
community. Therefore, investments in child health, particularly child nutrition have a
potentially high dividend for the long-term development of the individual and society
(Harttgen et al., 2013, Black and Dewey, 2014). Worldwide, recognition of childhood
undernutrition is an important public health indicator for monitoring nutritional status
and health in populations, which prompted advances in child feeding practices and
medical care. However, childhood undernutrition remains a major public health
problem worldwide, particularly in infants younger than 6 months. Childhood
undernutrition is less prevalent in developed countries than in developing countries,
where undernutrition prevalence in children is higher in rural than urban settings (see
Table 1.10 below). Moreover, wasting is higher in infants younger than 6 months,
noting this population’s often exclusion from nutrition surveys and marginalisation in
nutrition programmes (Kerac et al., 2011). Lopriore and colleagues argue that the
global estimates of undernutrition prevalence in children under 5 years of age mask
variation in age ranges not having included infants (0 — 5 months old), resulting in
underestimation of the overall prevalence of undernutrition in this population (Lopriore
et al., 2007). The authors of that paper note that the exclusion of these very young
infants from surveys results in different prevalence of wasting among children less than
5 years of age. This overestimation was larger for rates of stunting and underweight,
which were exceptionally large in countries with high prevalence (some Asian and
African countries). Therefore, they suggest that it is important to include infants from
birth, in order to standardise the collection, analysis, and use of nutrition indicators

among organisations.

In early infancy, there is increased vulnerability to nutrition-related events and insults
because this period of life is dependent on breastmilk supply for the provision of high
energy demands needed for rapid growth as well as for developing immunity.
Suboptimal breastfeeding is associated with high risk of mortality with a reported 3.1
million child deaths annually (Black et al., 2013). However, the WHO/UNICEF joint
statement (WHO/UNICEF, 2009) in the recommendation of a transition to the WHO-
CGS to identify wasting, only reviewed the implications for children aged 6 — 60
months. Patwari and colleagues, therefore suggest the addition of infants younger than
6 months in future WHO guidelines for SAM children (World Health Organisation,

© Ifeyinwa Obiageli Ezeofor 2015



Introduction and Literature Review 5

2012b), in response to the needs of this vulnerable group (Patwari et al., 2015). In
developed countries, undernutrition in infants and children mostly occurs as an effect of
chronic disease conditions (Hulst et al., 2010), and may be made worse by frequent
hospital stays and diagnostic examinations (Stratton et al., 2003). Surveys in
hospitalised children have suggested that undernutrition is often overlooked (Moyen et
al., 2011) or underestimated (Pawellek et al., 2008); though an average of 10%
prevalence has been reported in some developed countries (Sissaoui et al., 2013).
However, little knowledge exists about the prevalence rates of undernutrition in
hospitalised children in developing countries like Nigeria. Moreover, making the
correct diagnosis of undernutrition is of paramount importance in its prevention and
education on the management of cases, where they exist. Therefore, raising awareness
of the prevalence of undernutrition in young hospitalised infants could prompt nutrition
assessment and subsequent nutrition interventions for the ‘at-risk’ group and thus, have
a long-term effect on the strategies aimed at forestalling the adverse consequences of
undernutrition on child health and growth. For a novel contribution to be made, using
Enugu city, southeast Nigeria as a case reference, gaps in the current knowledge and
management of early childhood undernutrition, need to be identified through critical

analysis of the literature.
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1.2 Review of the literature

Literature search strategies

Strategies to identify data sources included searching electronic survey databases such
as the WHO Global Database on Child Growth and Malnutrition, and the Cochrane
Database of Systematic Review; and searching electronic general citation databases
such as Google Scholar, Pub MED, Web of Science, and African Journals Online
(particularly the Nigerian Journal of Paediatrics). The search terms used are listed in
Annexe 1 of the Appendix. Searches based on topics and authors were refined/filtered
according to research areas, including general and internal medicine, tropical medicine,
gastroenterology, paediatrics, child health, public health, nutrition and dietetics;
document types such as article and review; publication years sorted from newest to
oldest (1995 — 2015); and countries of the world according to developed and
developing. Furthermore, reference lists for retrieving documents were searched for
additional documents of interest. Email alerts set on the key words of the current
research topic in some scientific journals also yielded links to relevant recent
publications. Data sources included nutrition surveys, community and hospital-based
epidemiological studies, randomised controlled trials, systematic reviews, cross-
sectional, case-control and cohort studies. An overview of the literature search process
shows the existing approaches (Moher et al., 2009) (Figure 1.1) used in reviewing
documented evidence of the problem and prevalence of childhood undernutrition. The
review of published literature aimed to answer the following questions:

1) What is the pattern of growth in infants younger than 6 months, particularly

hospitalised infants?

2) How does their growth velocity relate to their nutritional status?

3) What are the case-definitions of undernutrition in these infants?

4) What are the measures/tools employed in assessing undernutrition in these

infants?

5) What is the prevalence of undernutrition in these infants?

6) How is undernutrition managed in these infants?

7) What is the accuracy of paediatric health staff use of growth patterns displayed

on charts in identifying undernutrition in this population?
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Review of abstracts assessed their alignment with our objectives. Publications included
in the review were limited to articles that:
e Dased their assessment mainly on WHO child growth recommendations and
other considered factors
e assessed nutritional status in relation to breastfeeding status in infants
e assessed growth in infants younger than 6 months, including hospitalised infants
e estimated undernutrition prevalence in infants younger than 6 months
e surveyed health staff understanding, application and interpretation of infant
growth patterns displayed on charts
Exclusion of studies if they:
e primarily assessed undernutrition using local or NCHS growth reference
e assessed nutritional status in relation to complementary feeding
e the population consisted of specific subgroups, for example children older than

6 months or 6 — 60 months of age

Records identified through database Records identified through other
searching (N = 500) sources (N = 50)

v v

Records after duplicates removed (N = 250)

A 4

Records screened (N = 250)

Records excluded (n = 43)

Full-text articles assessed for eligibility (N = 207)

.| Full-text articles excluded, with reasons (n = 152)

\ 4

Studies included in the analysis (N = 55) comprising:
Secondary data analysis (11)

Prospective cohort studies (12)

Cross sectional studies (21)

Case-control studies (11)

N
Analysis 1[ Eligibility 1[ Screening 1[Identification
J

- J

Figure 1.1 Flowchart presenting an overview of the literature search process
Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, the PRISMA Group (2009)
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1.2.1 Definitions of undernutrition

Since there is no universally accepted definition of undernutrition, attempts are made
using different elements, such as nutrients balance, nutrition status, energy balance,
metabolism, body functions, body mass or weight maintenance, water and electrolyte
balance, and inflammation. The WHO defines malnutrition as “the cellular imbalance
between the supply of nutrients and energy and the body’s demand for them to ensure
growth, maintenance, and specific functions” (de Onis et al., 1993). Focusing on effects
on metabolism, the American Society for Parenteral and Enteral Nutrition (A.S.P.E.N)
defines malnutrition as “any disorder of nutrition status, including disorders resulting
from a deficiency of nutrient, impaired nutrient metabolism, or overnutrition”
(A.S.P.E.N, 1995, A.S.P.E.N, 2002). Highlighting the disparity between intake and
requirement, malnutrition has been described as an imbalance between intake and
requirement which results in altered metabolism, impaired function and loss of body
mass (Kinosian and Jeejeebhoy, 1995). Jeejeebhoy describes malnutrition as a
continuum that starts when food intake fails to meet body needs and progresses through
a series of functional changes that precede any changes in body composition in relation
to the duration of reduced intake and its severity (Jeejeebhoy, 2000). This author
postulates that it is only by recognising the different facets of malnutrition could its

various manifestations be defined in relation to clinical objectives.

Stressing the importance of energy balance, Stratton and colleagues defined
malnutrition as a state of nutrition in which a deficiency or imbalance of energy,
protein, and other nutrients causes measurable adverse effects on tissue/body form
(body shape, size and composition) and function, and clinical outcome (Stratton et al.,
2003). Similarly, Loch and colleagues note that undernutrition is often described as a
state of deficiency of energy or protein intake or absorption (Lochs et al., 2006).
Concentrating on body weight maintenance, Sacker and colleagues assert that a
uniform definition of undernutrition in children is yet to be realised by science/nutrition
experts, but suggest that diagnosing undernutrition should include involuntary weight
loss, body mass index, and nutritional intake (Sacker et al., 2006). In a Delphi study,
where science/nutrition experts in an attempt to define undernutrition, proposed
including some elements such as: deficiency of energy, deficiency of protein, and
decreases in fat-free mass; and importantly applied function and inflammation. They
were unable to reach agreement on cut-off points for the defining elements, but most of

the science/nutrition experts indicated that the development of a set of measurements
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for the assessment of nutritional status is important in the operationalisation of the
definition of undernutrition (Meijers et al., 2010). Emphasising nutrient interactions,
Mehta and colleagues argue that defining undernutrition in terms of protein energy
malnutrition, marasmus, and kwashiorkor would describe the effects of undernutrition
but not the varieties of aetiologies and dynamic interactions relevant to nutrition
depletion in children (Mehta et al., 2013). Therefore, these authors defined paediatric
undernutrition as an imbalance between nutrient requirement and intake, resulting in
cumulative deficits of energy, protein, or micronutrients that negatively affect growth,

development, and other relevant outcomes.

Norman and colleagues assert that not having an internationally-accepted criterion for
diagnosing undernutrition is part of the reason for the wide range of reported hospital
undernutrition prevalence (Norman et al., 2008). Therefore, the pattern of occurrence of
undernutrition can differ according to nutritional assessment method. This was
demonstrated by the results from a secondary analysis of data from a historical
longitudinal study which addressed the dynamics of clinically and anthropometrically
defined undernutrition (Kismul et al., 2014). Both clinical and anthropometric
assessments measured the wasting processes while only anthropometric assessment
measured the stunting processes. These researchers followed 5,657 preschool children
3-monthly for 15 months using the WHO-CGS resulting in undernutrition rates
increasing from the 0 — 5 to 6 — 11 months category. Alteration from severe to mild
undernutrition was more characteristic for anthropometrically than clinically defined
undernutrition. The anthropometric measure case-definitions of undernutrition applied
in any given situation, determine the estimates of the prevalence of undernutrition
realised. For example, the application of the weight-for-height and MUAC case
definitions in agrarian and pastoralist Ethiopian children yielded different estimates of

the prevalence of acute undernutrition (Myatt et al., 2006).

In a broader sense, insufficient, excessive, or unbalanced consumption of dietary
energy and nutrients result to malnutrition which manifests in different forms as
undernutrition, overnutrition, and micronutrient malnutrition (Smith and Haddad,
2000). Shetty highlights that although the terms ‘malnutrition’ and ‘undernutrition’ are
often used loosely and interchangeably, malnutrition is a broader term that includes
undernutrition and overnutrition (Shetty, 2006). However, for the purpose of this
review, the term ‘undernutrition” will be used instead of ‘malnutrition’. Overall, there is

need to account for the chronicity of the nutrient imbalance in defining undernutrition,
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thus allowing the difference between acute and chronic undernutrition to reflect in the
intervention strategy used in its management. Therefore, screening infants and children
for undernutrition on admission to hospital or at the beginning of an illness allows the
assessment of current nutritional status and facilitates early detection of subsequent
nutrition deterioration related to the illness. The type and severity of the illness is an
important variable that determines nutrient needs and the ability to deliver and
assimilate nutrients needed for child growth.

Key anthropometric measures used in defining undernutrition in infants

Growth measurement is the single measurement that best defines the health and
nutritional status of children (World Health Organisation, 1995). The key tools
employed in measuring growth in children have been anthropometric measures (weight,
length, head circumference, mid-upper arm circumference, and skinfold thickness at
different sites of the body) in comparison with a normative reference dataset. The most
commonly used anthropometric indices for assessing child growth in early infancy are
weight-for-age, length-for-age, weight-for-length, MUAC-for-age. The use of these
measures is central in identifying growth failure and undernutrition, suggesting that
clinical examination alone is inadequate (Cross et al., 1995). However, the current
WHO recommended guidelines for the early identification of undernourished children
for treatment, include a measurement of MUAC<115mm or a weight-for-length/height
<-3Z-score or a physical finding of bilateral pitting oedema (World Health
Organisation, 2013).

MUAC, as a simple measure of nutritional status to detect changes in body
composition, has been found to be the best indicator for screening and detection of
undernutrition in children in the community, particularly appropriate for difficult
purposes such as emergencies (Myatt et al., 2006). Clinical practice often uses MUAC
in assessing and monitoring therapeutic/supplementary nutrition interventions. The
case-definition of undernutrition using MUAC<115 mm identified high risk children
better than weight-for-length/height <-3Z-score (Briend et al., 2012). The WHO and
UNICEF proposed to use two independent criteria for diagnosing non-oedematous
severe acute malnutrition (SAM) in children aged 6 — 60 months: MUAC<115mm and
weight-for-length/height Z-score based on the WHO-CGS <-3SD (WHO/UNICEF,
2009). Therefore, WHO/UNICEF in the new guidance for programmes treating SAM

in children, has reinforced the use of MUAC<115mm as an independent admission
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criteria. Although, the criteria for discharge have been debated, the findings from an
emergency nutrition programme have suggested that using MUAC >125mm as a
discharge criteria is more feasible and led to acceptable durations of treatment and
weight gains (Dale et al., 2013). A cohort study had earlier concluded that MUAC is a
practical screening tool that performs at least as well as weight-for-height in predicting
subsequent inpatient mortality among severely undernourished hospitalised children
(Berkley et al., 2005).

MUAC rates as a better practical, feasible, and cost-effective tool than weight-for-
length/height in identifying, monitoring severely undernourished hospitalised children
in the community (Berkley et al., 2005, Myatt et al., 2008, Briend et al., 2012). For
example, a study in Kenya reported that MUAC was more reliably measured by
community health workers than weight-for-length Z-score among infants younger than
6 months (Mwangome et al., 2012b). Hence, MUAC is highly rated as a diagnostic tool
for severe acute malnutrition because of its simplicity and superior correlation to risk of
death (World Health Organisation, 2013). This trend could enable the early detection
and management of acute undernutrition in early infancy. Nonetheless, the evidence
guiding the recommendations also highlighted that the sensitivity and specificity of
measurements of MUAC compared to weight-for-length/height differ significantly at
both upper and lower age (and/or length/height) ranges and by sex. Thresholds of
anthropometric measures are normally assigned for interventions based on their
predictive value with respect to mortality, ideally calculated using data from untreated
populations. Due to lack of data on the reliability, practical measurement, and
predictive value for mortality in infants younger than 6 months, MUAC is not currently
recommended for use in this population. However, a study in Kenya reported that inter-
observer reliability of MUAC among infants (0 — 6 months of age) was greater than
that of weight-for-length Z-score (Mwangome et al., 2012b). Moreover, these
investigators showed from a retrospective cohort study in the Gambia that a single
MUAC measurement less than 110mm in infants (6 — 14 weeks of age) has good
predictive value while weight-for-length Z-score has poor predictive value, for
detecting undernutrition with respect to infant mortality (Mwangome et al., 2012a).
Furthermore, combining MUAC with skinfolds (used as proxies for body fatness
although they are measures of subcutaneous fatness only) was useful in identifying
undernutrition in hospitalised medical patients, though an older population, in the UK
(Burden et al., 2005). On the other hand, including other method(s), for example, a
screening tool like the Subjective Global Nutrition Assessment (SGNA) (see section
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2.1.2.2) is suggested effective for categorising hospitalised infants according to levels
of nutrition risk (Aurangzeb et al., 2012), thus facilitating the diagnosis of

undernutrition.

Complexities in defining undernutrition in infants

Anthropometric deficits are described according to severity, duration and age of onset
of undernutrition. Hence, applying different measures and thresholds could
appreciably, though differently, estimate the prevalence rates of undernutrition in
different age groups of infants and children in different settings. For example, low
length/height or low BMI may more likely identify healthy children who are simply at
the lower end of the normal range in affluent societies, but detect undernutrition in
another world setting with a high prevalence rate (Wright and Garcia, 2012). These
authors assert that the use of any single measure in affluent societies could greatly
overstate true childhood undernutrition prevalence. Using weight-for-age to define
undernutrition in hospitalised infants rather than relating weight to length/height is
likely to show some overestimation of undernutrition (Pichler et al., 2014). However,
using as a single measure of MUAC in a developing world setting could be effective in
predicting mortality from severe wasting in infants younger than 6 months because the
risk of mortality in acute malnutrition is associated with severity (Mwangome et al.,
2012a). Since the different forms of undernutrition have different causes and require
different treatments, there is need to differentiate them. Severe acute malnutrition
(SAM) is defined by WHO and UNICEF as a weight-for-length/height index (WHZ)
less than -3 Z-score or MUAC less than 115mm, or presence of oedema
(WHO/UNICEF, 2009). The context in which a case-detection for severe
undernutrition is taking place determines the characteristics that define the
appropriateness of that case-detection method (Myatt et al., 2006).

On the other hand, Myatt and colleagues conclude that available evidence in the
literature indicates that MUAC is the best case-detection method for severe
malnutrition in the community, in terms of age-dependence, precision, accuracy,
sensitivity, and specificity. MUAC measurement is also simple, cheap, and acceptable;
therefore, it is recommended that programmes treating severe malnutrition move
towards a MUAC-based case-detection, referral, and admission criteria (Myatt et al.,
2006). However, since there are currently no threshold values for infants younger than

6 months, investigators often apply the recommended values for children 6 — 60 months
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of age. Nonetheless, setting threshold values for infants younger than 6 months needs to
be addressed in future research, to avoid missclassification of these infants as
undernourished when they may not actually be undernourished. Hence, the complexity
of the subject of undernutrition and its impact on clinical outcomes has led to lack of
uniform definitions, heterogeneous nutrition screening practices and failure to prioritise

nutrition as part of patient care.

It was observed that major advances in the quality of care in developed countries, did
not reduce the prevalence of undernutrition in hospitalised children over the years.
Hence, screening for nutrition risk was called for by the European Society for
Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) in 2005 to
prevent the occurrence and development of undernutrition (Agostoni et al., 2005).
Therefore, different nutritional screening tools were developed and validated for use in
identifying children who are at risk for undernutrition. These include the SGNA
(Secker and Jeejeebhoy, 2007); Screening Tool for the Assessment of Malnutrition in
Paediatrics (STAMP) (McCarthy et al., 2008); Screening Tool for Impaired Nutritional
Status and Growth (STRONGps) (Hulst et al., 2010); and Paediatric Yorkhill
Malnutrition Screening Tool (PYMS) (Gerasimidis et al., 2010). The sensitivity and
specificity of screening tools is greatly determined by the choice of cut-off values for
considering a child nutritionally at risk (Huysentruyt et al., 2013); moreover, there is
presently insufficient evidence to choose a screening tool over another. The risk
assessment information acquired from the use of these tools has been poorly utilised by
health staff in preventing further deterioration of the nutritional status of hospitalised
children (Milani et al., 2013, Grek and Puntis, 2013), however, these tools are still
relevant in improving nutritional outcome. However, there is little knowledge existing
about the application of screening tools in hospitalised children in most developing
countries, including Nigeria. Overall, the elements applied in defining undernutrition in
infants and children need to relate to its aetiology (both clinical and other causes),

including the settings.
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1.2.2 Causes of undernutrition in infants

An International Consensus Guideline Committee proposed an approach to diagnosing
undernutrition in adults based on aetiology, thus integrating the present understanding
of inflammatory responses to disease and trauma (Jensen et al., 2010). Undernutrition
diagnosis was proposed as: 1) starvation-related undernutrition, which is chronic
starvation without inflammation; 2) chronic disease-related undernutrition, where
inflammation is chronic and of mild to moderate degree; and 3) acute disease or injury-
related undernutrition, where inflammation is acute and severe (Mueller et al., 2011).
Therefore, the aetiology of undernutrition in infants and children can determine its
nomenclature as follows:

1) Starvation-related undernutrition: Undernutrition caused by inadequate
availability of food occurring when there is famine, war, conflict, natural
disaster, poverty, or social deprivation. There is increased risk for
undernutrition in infants and children due to their limited energy reserves and
high-energy requirement per unit body mass compared with adults.

2) Disease-related undernutrition: Undernutrition caused by illness, though
children with underlying chronic diseases admitted to hospital with acute illness
can also present with chronic malnutrition (Sacker et al., 2006, McCarthy et al.,
2008).

Overall, reduced dietary intake is the single most important aetiological factor for
undernutrition. However, the MAMI Project Conceptual Framework for causes of
malnutrition in infants younger than 6 months developed from the 1998 UNICEF
Conceptual Framework (Figure 1.2) shows that the causes of malnutrition are multi-
sectorial, embracing food, housing, health, and caring practices. These causes are
classified as immediate (maternal and child level), underlying (household or family)
and basic (impact on population), triggered by natural disasters, wars and political and
economic shock; whereby factors at one level influence other levels. Hence, the
complex interplay of social, economic and political determinants of undernutrition
result in substantial inequalities between population subgroups. Using the framework at
national, district, and local levels help in planning effective actions to improve
nutrition. Thus, serving as a guide in assessing and analysing the causes of the nutrition

problem and help to identify the most appropriate blending of actions (UNICEF, 1998)
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Figure 1.2 Conceptual framework for causes of malnutrition in infants < 6 months of age
Source: The MAMI Project developed from the 1998 UNICEF Conceptual Framework

The role of socioeconomic factors

Although the causes of undernutrition are complex, there is a consensus about the two
immediate causes: insufficient intake of nutritious food and increased incidence of
infections, which are associated with inadequate childcare practices (Wuehler et al.,
2011). Hence food insufficiency, poor water and sanitation, and restricted access to
high quality primary care, all associated with household and community poverty is the
main cause of childhood undernutrition worldwide (WHO/UNICEF, 2003). Poverty
accounts for 260 million underweight children under the age of 5 years in developing
countries suggesting that improving children’s anthropometric status requires
enhancing nutrition, the living environment, and healthcare for the poor. Equitable
economic development, maternal education, and improvement of agriculture, food, and
healthcare policies and programmes could effect this improvement (Stevens et al.,
2012). A community based nested case-control study found wasting to be significantly
associated with household poverty in cohorts of Ethiopian children aged 6 — 36 months
(Egata et al., 2014). Olusanya and colleagues also suggest that starvation-related

undernutrition is due to poverty (Olusanya et al., 2010). Results from other
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investigations include diverse risk factors such as poor socioeconomic background,
infectious diseases or failure of vaccination, inadequate birth spacing, food insecurity,
intestinal parasitic infections (Bloss et al., 2004). Other identified risk factors include
younger maternal age and low maternal social status (Linnemayr et al., 2008); low
birthweight and low maternal literacy (Meshram et al., 2012); early initiation of bottle
feeding, large household size (Brhane and Regassa, 2014) and lack of maternal access
to health facilities (Egata et al., 2014). Particularly, prematurity, low birthweight and
being born to young, rural, poorly nourished mothers of low socio-economic or
educational status increases the risk of undernutrition in infancy (Saleemi et al., 2001,
Santos et al., 2009, Medhin et al., 2010).

The relationship between poverty and nutrition is double-sided. First, economic growth
(which is generally associated with an eradication of poverty) leads to reduced
undernutrition. Secondly, nutrition is one of the key ingredients of human capital
formation, which in turn represents one of the basic factors of growth. Estimate for
effects of increases in GDP per capita between 1970 and 1995 in 63 developing
countries showed that these increases led to roughly half of the total reduction in the
prevalence of child undernutrition (Smith and Haddad, 2002). A small effect at the
microeconomic level was reported from a cross-sectional data from Egypt, Jamaica,
Kenya, Kyrgyzstan, Morocco, Mozambique, Nepal, Pakistan, Peru, Romania, South
Africa, and Vietnam (Haddad et al., 2003). Using cross-country data to determine the
determinants of child undernutrition in sub-Saharan Africa also yielded a small effect at
the microeconomic level (Klasen, 2008). This was also observed in a series of cross
sectional surveys at household level in India, between 1992 and 2006, in which the
estimation of the association between economic growth at the state level and child

showed no significant effects (Subramanyam et al., 2011).

Furthermore, the association between increases in GDP per capita and child
undernutrition in 28 countries in sub-Saharan Africa between 1991 and 2009 was
investigated at both micro- and macro-economic levels and a rather modest effect
found (Harttgen et al., 2013). These authors found that a 10% increase in GDP was
associated with 1.5 — 1.7 % lower odds of being stunted, 2.2 — 3.0 % lower odds of
being underweight, and 3.5 — 4.0 % z. Although, economic growth contributed to
reducing child undernutrition, the magnitude of the association would not eliminate
undernutrition in sub-Saharan Africa in the near future. The evidence from 121

Demographic and Health Surveys from 36 low- and middle-income countries showed a
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weak, and often absent, association between economic growth and reductions in
stunting, underweight, or wasting (\Vollmer et al., 2014). These authors therefore
emphasise the need for direct health investments to improve the nutritional status of
children in low- and middle-income countries. For example, Chile experienced a rapid
economic growth that contributed to decline in both poverty and extreme poverty

evidenced by very low rates of stunting (Atalah et al., 2014).

Finally, a review on the evidence for intergenerational influences on child growth and
undernutrition found that birthweight is correlated across generations and short stature
(which reflects intrauterine and infant growth) is associated with low birthweight, child
stunting, delivery complications and increased child mortality, even after adjusting for
socioeconomic status (Martorell and Zongrone, 2012). These authors clearly agreed
that improving socioeconomic, nutrition and health conditions must break this
intergenerational cycle of growth failure, particularly in developing countries. For
example, the Bolsa Familia programme (a conditional cash transfer programme) in
Brazil that increased poor families’ access to goods and services in order to improve
nutrition and subsequently improve health (Paes-Sousa et al., 2011), with reduction of
under-5 mortality and poverty-related causes such as undernutrition and diarrhoea
(Rasella et al., 2013). Overall, policies to promote economic growth in conjunction
with public health and proven interventions targeted at nutrition could have an
important role in reducing child undernutrition (Singh, 2014). Examples include the
elimination of stunting in Chile using the supplementary nutrition programme that
protected the vulnerable groups with long-term focus on the at-risk groups made up of
children and pregnant and lactating mothers (Atalah et al., 2014); and the Bolsa

Familia programme in Brazil (Paes-Sousa et al., 2011, Rasella et al., 2013).
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The role of childcare practices

Suboptimal breastfeeding patterns or intake of nutritionally inadequate diets highly
contributes to early childhood undernutrition, leading to inadequate nutrition. Although
breastfeeding tends to be a common practice in low- and medium-income countries,
early cessation of breastfeeding and early introduction of complementary feeds are
often the practice observed among mothers (Black et al., 2013). Poor child feeding
practices were reported as the major contributor to child stunting consequent to poor
maternal/caregiver education in peri-urban areas of western Uganda (Turyashemerwa et
al., 2009). Non-exclusive breastfeeding was significantly associated with child wasting
in east Ethiopia (Egata et al., 2014). An investigation in a Nigerian tertiary hospital
demonstrated that early cessation of breastfeeding and early introduction of
complementary feeds before 6 months was associated with 73.4% wasting and 8.3%
stunting in children admitted to a Nigerian tertiary hospital (Ocheke et al., 2014). Other
African studies reported cessation of breastfeeding at 6 weeks, introduction of
complementary feeds (as early as one month and between 3.1 and 6 months of age) in
association with undernutrition and morbidity (Kazimi and Kazimi, 1979, Uwaegbute,
1991, Nwankwo, 2002, Bloss et al., 2004, Ezeofor and Okeke, 2005, Uchendu et al.,
2009, Kimani-Murage et al., 2011, Lamberti et al., 2011, Uvere and Ene-Obong, 2013,
Agho et al., 2011, Imdad et al., 2011b, Ubesie et al., 2012, Lim et al., 2012). Moreover,
interruption of childcare practices could occur during hospital admissions, thereby

increasing the likelihood of risk for undernutrition.

The role of underlying disease

A newly proposed classification scheme by the A.S.P.E.N working group incorporates
chronicity, aetiology, mechanisms of nutrient imbalance, severity of malnutrition, and
its impact on outcomes. Based on the consensus reached, disease-related undernutrition
in children both in acute and chronic illnesses may be attributed to decreased nutrient
intake, nutrient loss, increased energy expenditure, or altered nutrient utilisation (Mehta
et al., 2013). Many investigators assert that undernutrition in developed countries has
been mainly related to disease, chronic conditions, trauma, burns, or surgery (Norman
et al., 2008, Mehta et al., 2013) mostly observed in hospitals (Sermet-Gaudelus et al.,
2000, Hankard et al., 2001, Marteletti et al., 2005, Joosten and Hulst, 2008, Hankard et
al., 2012, Sissaoui et al., 2013).
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Inadequate dietary intake results from:

Lactation failure/problems

Improper formula preparation/poor diet
Reduced/poor appetite

Pain/nausea with food

Starvation

Food aversion

Dysphagia

Psychosocial problems

There is altered nutrient processing due to increased/altered metabolic demands and

liver dysfunction; nutrient losses resulting from vomiting and diarrhoea; and

malabsorption of nutrients (Saunders et al., 2015). Possible causes of nutrient loss

include:

Poor digestion and malabsorption

VVomiting and diarrhoea

Parasitic infections (endogenous nutrient loss)
Skin exudates from burns and wounds

Blood loss due to trauma or surgery

Increased energy expenditure results from:

Immune reactions
Increased breathing

Increased body temperature

Altered nutrient utilisation caused by:

Infection — shifting nutrients towards immune response (reduced protein
synthesis and increased protein degradation)

Inflammation — inducing protein breakdown from endogenous protein stores for
energy production

Repair of tissue damage

Oxidative stress

Therefore, independent of the aetiology of undernutrition in early infancy, its

consequences adversely influence growth and subsequently the health status of later

years.
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1.2.3 Effects of undernutrition in infants

The imbalance between the limited energy reserves and higher energy needs for the
rapid growth of infancy increases the risk for undernutrition during the early months of
life, resulting in weight loss or slow growth or growth failure, lowered immunity,

mucosal damage, pathogenic invasion, and impaired growth and development.

Immunity

Undernutrition leads to physiological and metabolic adaptations to conserve energy and
preserve essential processes, including reductions in the functional capacity of the
organs and slowing of cellular activities (Karaolis et al., 2007). With an increase in the
severity of the nutritional deficit, these adaptations weaken the body’s immunity to
infection with the risk of high-case fatality (Collins et al., 2006a). The presence of
infection also increases the demand for metabolically derived anabolic energy and
associated substrates to stimulate an immune response. This leads to a synergistic
vicious cycle of adverse nutritional status and increased susceptibility to infection. In
the presence of inflammatory conditions (for example, sepsis), this arginine-enhanced
catabolic disease state is increased. Further inducing arginase leads to the increased use
of arginine as a substrate and its depletion leading to impairment of T cells responses,
and exceeding the body’s production of arginine leads to a negative balance (Schaible
and Kaufmann, 2007). The reduction in T cells production that occurs with vitamin A
deficiency resulting from undernutrition depresses immune responses, and the
associated immune depression and increased risks of infection in turn aggravate
undernutrition (Bléssner and de Onis, 2005). The profound effects of a number of
infections on nutrition complicates the relationship between undernutrition and immune
supression. For example, gastroenteritis can lead to diarrhoea; HIV/AIDS, tuberculosis,
malaria and other chronic infections can cause cachexia and anaemia; and intestinal
parasites can cause anaemia and nutrient deprivation. Linking this reciprocal cycle of
undernutrition and infection to pneumonia and diarrhoea accounts for nearly one in
three child deaths worldwide (Schlaudecker et al., 2011). Overall, undernutrition in
infants reflects a health outcome as well as a risk factor for disease and worsened

undernutrition that affects child growth.
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Growth

The commonest feature of undernutrition is insufficient nutrient intake needed to cover
nutritional demands, resulting in loss of tissue and functional problems (Sissaoui et al.,
2013). Hence, the most obvious clinical consequence of undernutrition is weight loss
caused by depletion of fat stores and particularly muscle and lean mass, leading to
wasting. Excess lean tissue wasting occurs in the presence of underlying disease due to
catabolic draw on the body’s nutritional reserves, mainly fat and muscles, resulting in
negative energy balance. During this period, there is a consummation of endogenous
sources of energy to produce fuel to ensure that key organs have adequate fuel supply
for metabolic reactions (Cahill, 2006). With the depletion of body stores of glycogen,
fat, and protein, body weight declines and loss of protein-related cellular functions
occurs. This poor nutritional status deteriorates further in the presence of diarrhoea,
malabsorption, loss of appetite, diversion of nutrients for immune response, and urinary
nitrogen loss. All these lead to nutrient losses and further damage to defence
mechanisms, thereby causing reduced nutrient intake, which coupled with fever,
increases both energy and micronutrient requirements. The metabolic adjustments
occurring during undernutrition result in decreased fat and muscle masses that worsens
with underlying inflammation or infection. These body composition changes are
directly reflected by anthropometric indices of wasting and stunting with functional

implications (Briend et al., 2015).

The joint analyses conducted in 2011 by UNICEF/WHO/World Bank estimated that
globally 165 million children less than 5 years of age had a height-for-age Z-score
(HAZ) of -2 or lower (stunting) based on the WHO-CGS. Given that, young infants and
children have a low muscle mass in relation to body weight, continuing dietary
inadequacy in this population due to illness/infection result in chronic energy and
protein deficiency that slows down growth leading to stunting. Both stunting and
wasting could increase mortality risk through decreased muscle mass, however,
because of greater decrease in muscle mass associated with wasting, higher mortality
risk is associated with wasting compared with stunting. On the other hand, intrauterine
growth retardation has an impact on postnatal growth, but the severity depends on
which stage of pregnancy the growth retardation occurred. With an early insult, the
infant is born underweight, with a short stature, and often possessing a small head.
Such infants are likely to have reduced growth potentials and remain short in stature

throughout life; unless a catch-up of growth occurs in the first 2 or 3 years through
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appropriate nutrition intervention and close monitoring. However, suboptimal
breastfeeding and complementary feeding practices, recurrent infections and
micronutrient deficiencies are important proximal determinants of stunting, particularly
in developing countries. Therefore, the Lancet maternal and child nutrition series focus
on the crucial period of pre-pregnancy, pregnancy and the first 1,000 days of life to
support preventive efforts, while continuing to target severe wasting with therapeutic
efforts (Black et al., 2013). These authors concluded that growth restriction resulting
from undernutrition, measured by anthropometric status, is an important cause of

morbidity and mortality in infants and children.

Morbidity

The prevalence of sub-optimal infant feeding patterns coupled with the risk of exposing
infants to nutritionally-inadequate complementary foods and water contaminated with
pathogens, increase the burden of diarrhoea on growth (Alvarado et al., 2005). Severe
and persistent diarrhoea (also interlinked with poor resistance due to low immunity)
and repeated exposures to pathogens that affect the gut have serious consequences such
as loss of fluid and essential nutrients as electrolytes. Without replacing these losses,
there would be severe dehydration, undernutrition, growth failure, and death in extreme
cases. For example, a high burden of diarrhoea in the first 2 years of life was associated
with a much higher risk of linear growth failure manifesting as stunting in children
(Wamani et al., 2006, Dewey and Mayers, 2011). Similarly, morbidity as one of the
causes of undernutrition which in turn influences growth, was found to strongly
correlate with infant weight loss in the short term (Sawadogo et al., 2008), and
manifested as severe wasting and severe stunting in children with acute illnesses
(Ocheke et al., 2014). Overall, undernutrition is associated with morbidity and
mortality, including a higher risk of infections due to poor immune defence, wound
healing problems, and reduced/impaired gut function, dependency on mechanical
ventilation and longer hospital stay (Marteletti et al., 2005, Joosten et al., 2010). Long
hospital admissions further create the risk of developing serious nutritional deficiencies
(Rocha et al., 2006, Joosten and Hulst, 2008).
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Mortality

The effects of undernutrition on physiological function have an important impact on
clinical outcome among children. Hence, child undernutrition is a powerful determinant
of child mortality, which along with other social, economic and policy factors affect
child undernutrition itself (Pelletier and Frongillo, 2003). The latest estimates in the
period 2000-2010 show that of 7.6 million deaths in children younger than 5 years in
2010, 64.0% (4.879 million) were attributable to infectious causes and 40.3% (3.072
million) occurred in neonates from causes that included nutritional diseases (Liu et al.,
2012). Moreover, the UNICEF reported poor nutrition as the cause of one third of the
under-five mortality of 50 — 150 million, most of which live in Africa and Asia
(UNICEF, 2012). Similarly, Black and colleagues found undernutrition, including
foetal growth restriction, suboptimum breastfeeding, stunting, wasting, and deficiencies
of vitamin A and zinc, to have caused 45% of child deaths, resulting in 3.1 million
deaths annually (Black et al., 2013).

Influence on child development

Undernutrition is identified as a risk factor for poor motor, cognitive, and socio-
emotional development in infants (Prado and Dewey, 2014). Poor development is
associated with early child growth retardation and absolute poverty, and early child
growth retardation is likely to turn into stunting. Stunting affects 167 million children
(0 — 5 years old) in developing countries in 2010 with the following highest rates: 45%
in eastern, 39% in central and 38% in western Africa (de Onis et al., 2012a). Stunting,
as a cyclical process results in childhood-stunted women being more likely to give birth
to stunted children, creating an intergenerational cycle of poverty and reduced human
capital, that is difficult to break (Martorell and Zongrone, 2012). Moreover, this vicious
cycle of undernutrition, infection, poor growth, and poverty shows an intergenerational
linkage of serious health implications (Figure 1.3). Therefore, more than 200 million
children under 5 years in developing countries fail to reach their potential in cognitive
development because of poverty, poor health and nutrition, and deficient care. The
largest numbers of these children reside in south Asia, but it is in sub-Saharan Africa
that the highest percentages of child population are stunted (Grantham-McGregor et al.,
2007). These children will subsequently perform poorly at school and are more likely
to transfer poverty to the next generation, hence the effect of undernutrition in
childhood goes beyond the individual, affecting the society and future generations

through its potential negative impact (Ramakrishnan et al., 1999, Grantham-McGregor
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et al., 2007, Victora et al., 2008, Martorell and Zongrone, 2012). The risk of
undernutrition in infancy is increased by prematurity, low birthweight, and being born
to young poorly nourished mothers of low socio-economic and/or low educational
status, particularly in developing countries (Saleemi et al., 2001, Medhin et al., 2010).
Overall, undernutrition in children is a significant risk factor for sub-optimal overall
health, morbidity, mortality, growth and development from infancy into adulthood
(Victora et al., 2008).
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Figure 1.3 Lifecycle and Intergenerational Linkage of Malnutrition
Source: World Nutrition Situation, 4th Report (ACC/SCN, 2000)
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1.2.4 Inter-relationship between undernutrition, infection
and growth

There is a close link between disease and undernutrition, with disease either resulting in
undernutrition or contributing to it. There is a mutual synergism in the interrelationship
between undernutrition and infection, thus poor nutritional status increases the
susceptibility to an infection and the severity of the episode of an infectious disease. An
infectious disease further reduces the nutritional status leading to faltering of the
growth of the affected infant or child (Fig 1.4). This synergism is clearly shown in
infections such as gastroenteritis and pneumonia as poor nutritional status (Kumar et
al., 2014), while diarrhoea, lower respiratory infections and malaria are associated with
growth faltering (Crookston et al., 2010). Furthermore, undernutrition predisposes to
the infection of the gastrointestinal tract through gut mucosal barrier dysfunction, thus
generating a vicious infection-undernutrition cycle (Rose et al., 2014). Overall, the
nutritional status of the affected infant or child critically determines the outcome of
infection. Infection is often associated with anorexia. Hence, acute infections lead to
reduced food intake, although breastmilk intake may be largely unaffected, but the
severity of the infection determines the magnitude of this decrease in dietary intake
(Stephensen, 1999). Infection can potentially contribute more to undernutrition than
dietary inadequacy, therefore, undernutrition manifesting as slow growth is often a
consequence of disease (World Health Organisation, 1999b). The utilisation of
nutrients are shifted for immune response, and less energy and protein are utilised for
growth purposes during infection; and these infections are very common in the first two

years of life.

Undernourished children are more likely to suffer from infectious diseases of
respiratory and intestinal origins; and have infestations of hookworm and malaria
parasites with longer duration and greater severity than other children. Recurrent
infections exacerbate undernutrition, which leads to greater susceptibility to infection
(an undernutrition-infection cycle). Moreover, these conditions are more prevalent in
developing than in developed countries, particularly in the presence of poverty (poor
diet) and underlying disease. During morbidity, appetite is low or absent resulting in an
inadequate dietary intake, which means reduced supply of nutrients to the tissues of the
body. This process continues as weight loss or slow growth with impaired or
suppressed immunity, thereby increasing susceptibility to repeated infections that
increase in severity and duration. Even when there are no obvious symptoms,
physiological conditions associated with infections can impair growth by supressing
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appetite; impairing absorption of nutrients and increasing nutrient losses; and diverting
nutrients away from growth (Dewey and Mayers, 2011). The rate of growth slows
down during a period of morbidity or starvation, after which the infant usually grows
more rapidly so that catch-up towards, or actually to, the original growth curve occurs.
The timing of the onset and duration of slow growth determines the degree to which
catch-up is successful, particularly in infants who suffered intrauterine growth
retardation and likely to have reduced growth potential. Therefore, the practice of
measuring growth using growth charts and standards could promptly identify the
infants at risk for growth faltering (Table 1.3).

Weight loss
Growth faltering
Immunity lowerad
Mucosal damage

Inadequate dietary Disease:

intake i - incidence
- SEVErty
- furation

Appetite loss
Nutrient loss
Malabsarption
Altered metabolism

Figure 1.4 Interactions between malnutrition and disease
Source: Tomkins & Watson, ACC/SCN, Geneva 1989 (UNICEF, 1998)
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Table 1.3 Studies on effects of morbidity on growth of infants

Source Location Study Design Population/Setting Sample size Method Used Outcome
Alvarado et al. (2005) Colombia Prospective birth  Children aged 5 — 7 months in a rural 133 infants Anthropometry/ Breastfeeding after 6 months of life mitigated the
cohort community. Interview negative effects of poor social conditions and diarrhoea
on infant growth.
Wamani et al. (2006) Uganda Cross-sectional Children aged 0 — 23 months in a rural 720 infants Questionnaire Morbidity factors independently predicted wasting and
district. underweight. Socioeconomic, environmental, and
healthcare factors predicted stunting in addition to
morbidity.
Sawadogo et al. (2008) Burkina-Faso  Prospective birth  Children aged 6 — 24 months in 30 114 children Anthropometry/ Morbidity strongly correlated with weight loss in the
cohort villages of a community Record of short term, and weakly correlated with a slowdown in
morbidities growth.
Ramachandran and Gopalan  India Prospective The National Family Health Survey-3 56, 438 Anthropometry/ The relative risk of morbidity due to infections was
(2009) database preschool Interview higher and most consistently seen in children with low
children BMI and wasting as compared to weight-for-age and

height-for-age.
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1.2.5 Growth in healthy infants

Growth before birth results from an interaction between genetic and environmental
influences; and intrauterine factors mostly influence the infant’s weight and length at birth.
The major determinants of growth in the first two years of life are environmental factors
such as maternal nutritional status, feeding practices, hygiene and sanitation, frequency of
infections and access to healthcare (Martorell and Zongrone, 2012). Normal growth, as a
proxy measurement for the healthy development of an infant, requires adequate conditions
of life, low levels of infections, and adequate nutrition. Therefore, adequate nutrition
during infancy and early childhood contributes to survival, growth, development and long-
term health through adulthood; otherwise irreversible faltering in linear growth and
cognitive deficits manifest (Grantham-McGregor et al., 2007, Shrimpton, 2012). Growth is
the main characteristic of childhood and the growth of infancy only less rapid than
intrauterine or prenatal growth that is the most dramatic growth period in life. Thus,
growth assessment is one of the most relevant tools for the assessment of nutritional status
in infants and children, but unfortunately it is often given less attention than the more
sophisticated examinations (Goulet, 2010). Ramsden and Day assert that growth is an
important indicator of child health; marker of nutrition and overall indicator of child well-
being (Ramsden and Day, 2012). In addition, childhood growth is an important influence
on health and wellbeing later in life. Therefore, health professionals and parents/carers use
growth to judge the physical condition of infants and children; and medical researchers
identify the determinants and consequences of variation from healthy growth and
development.

Growth velocity, often considered a superior measure of growth compared to attained body
size for age (Argyle, 2003), is one indicator of nutritional status in child healthcare at any
stage of development (Goulet, 2010) (Table 1.4). The first half of the first six months of
life shows an acceleration of growth velocity followed by a deceleration in exclusively
breastfed birth cohorts (Ezeofor and Okeke, 2005, lannotti et al., 2009). Moreover, the first
6 — 8 weeks postpartum provides a unique opportunity to use growth velocity to identify
infants at risk of sub-optimal growth or growth faltering, even in resource-poor settings
(Olusanya and Renner, 2011). Furthermore, sub-optimal growth results in further health
and developmental problems (McDougall et al., 2009) such as failure-to-thrive. The
criteria for failure-to-thrive has been the Z-score for weight-gain of infants below the 5™
centile at 6 — 8-week check (Wright et al., 1994a, Wright et al., 2006a, McDougall et al.,
2009, Olusanya and Renner, 2011). More feeding problems and any developmental delay
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show in infants whose early weight gain is slower than in controls, suggesting poor weight-
gain in the early months of life is either a cause or a result of feeding and developmental
delay. On the other hand, increased weight-velocity and length-velocity has been observed
in low birthweight/high gestational-age infants as “catch-up” growth while decreased
weight-velocity/length velocity showed in high birthweight infants (Regnault et al., 2010).
However, infant growth assessment focussing on the attained infant weights and heights
failed to show this (Xiong et al., 2007). Furthermore, exclusively breastfed infants have
been shown to have slower weight-growth velocity than formula-fed infants at one month
(Butte et al., 2000, Regnault et al., 2010).
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Table 1.4 Studies on growth velocity of infants

Source Location Design Population/Setting Sample Method used Outcome
Ezeofor and Nigeria Prospective Birth cohort followed 180 Anthropometry/ Exclusively breastfed consistently had an acceleration of growth velocity for the first 14
Okeke (2005) birth cohort from birth to 24 weeks of Questionnaire weeks of life and then a marked deceleration in growth velocity over the following 10
age at the Infant Welfare weeks. This decline was suggestive of a protective mechanism against obesity and
Clinic of a Teaching diseases later in adulthood. Overall, these infants grew above the NCHS-WHO
Hospital reference standards.
Xiong et al. Louisiana  Prospective Birth cohort measured at 3302 Anthropometry Infant growth assessment focussing on attaining infant weights and heights at specific
(2007) birth cohort 8 — 18 month-follow-up in ages fails to identify accelerated weight gain or catch-up growth in low birthweight or
an infant and children's small-for-gestational age infants and decelerated weight gain or slow-down growth in
supplemental food high birthweight or large-for-gestational age infants.
programme.
McDougall et England Case-control Birth cohort measured at 1996 Anthropometry/ Using the ‘thrive index’ (z-score for weight gain): 24% of cases identified at 6- 8 weeks
al. (2009) birth cohort 6 — 8-week check and at 9 Health visitors’ met criteria for failure to thrive over the period of 9 months, compared with the
months in 18 family records remainder of the cohort. Infants whose early weight gain is slow show more feeding
practices. problems than controls, and any developmental delay. Poor weight-gain in the early

months of life is a risk factor.

lannotti etal.  Peru Prospective Low-income birth cohort 232 Anthropometry All growth trajectories had steeper ascending slopes in the first half of infancy, followed
(2009) birth cohort followed from birth to 12 by decelerating rate or plateauing of growth in the second half. All through infancy, the
months of age Z-scores of all three anthropometric indicators (weight-for-age, length-for-age, and

weight-for-length) were close to zero.

Regnaultetal. France Prospective Birth cohort aged 0 — 3 1418 Anthropometry/ Exclusively breastfed infants had a slower weight-growth velocity as early as 1 month

(2010) birth cohort months, measured in two Questionnaire of age compared with exclusively formula-fed infants. Length-growth velocities were
university hospitals. significantly lower in breastfed and mixed-fed infants compared with formula-fed

infants at 3 months of age.

Olusanyaand  Nigeria Prospective Birth cohort measured at 658 Anthropometry Higher weight velocity was strongly associated with lower birthweights (p<0.001)

Renner (2011) birth cohort 6 — 8-weeks routine indicative of “catch-up” growth as well as with higher gestational age (p<0.001).
postnatal check in a Overall, 24% of the infants demonstrated evidence of failure to thrive based on z-score
Maternity Hospital. below the 5" centile for the cohort
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1.2.6 Growth-based classification of undernutrition in
infants

Undernutrition can manifest as a failure in growth over time or as a poor nutritional
status resulting at specific points in time (Stratton et al., 2003). Therefore, there is need
to standardise ways of classifying growth measures, in order to better interpret the

outcome of assessments.

The Z-score classification of growth measures

The Z-score for any growth measure is calculated as follows:

Z-score = (observed value minus median value of the reference population) divided by
the standard deviation value of reference population (World Health Organisation,
1995). Z-scores have the same statistical relation to the distribution of the reference
around the mean at all ages, making results comparable across age groups and
indicators. There are different Z-score tables for each sex, and once calculated Z-scores
for girls and boys can be presented together. The characteristics of Z-scores allow
further computation of summary statistics such as means, standard deviations and
standard errors to classify a population growth status. The Z-score classification
provides distribution of undernutrition and allows for extrapolation below the lowest
percentile by presenting the deviation of anthropometric measurements from the
reference median, in terms of standard deviation or Z-scores (World Health
Organisation, 1995). Hence, the Z-score classification is recommended for establishing
the profile of undernutrition in a population since it reflects the reference distribution
and is comparable across ages and across indicators. These anthropometric indicators
are derived with measurement values of weight, length/height, MUAC, skinfolds in
relation to the age of the infant. Applying the WHO (-2SD) threshold would imply that
2.3% of the reference population are classified as undernourished, even if they are truly
“healthy” infants and their growth is not impaired. Hence, regarding 2.3% as the
baseline or expected prevalence above normal. High rates of child morbidity and
mortality risks; delayed physiological and mental development; and intergenerational
cycle of malnutrition are great burdens on clinical and public health practice (Table
1.5) worldwide, particularly in developing countries.
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Table 1.5 Different implications of WHO case-definitions in clinical and public health
practice

Indicator Implication Reference
Underweight e  Mortality risk of mildly underweight children is increased World Health

and severely underweight children are even at greater risk Organisation (1995)
Stunting o Delayed mental development, poor school performance and

reduced intellectual capacity, which in turn affects economic ~ Victora et al. (2008)
productivity at the national level.

e Short-statured women are at greater risk of obstetric World Health
complications because of smaller pelvic size and delivering Organisation (1995)
an infant with low birthweight.

e These contribute to the intergenerational cycle of Martorell and
malnutrition, as infants of low birthweight or retarded Zongrone (2012)
intrauterine growth tend to be smaller as adults

Wasting ¢ Immune system dysfunction, leading to increased severity, Myatt et al. (2006)
duration of, and susceptibility to infectious diseases and
increased risk for death Schlaudecker et al.
(2011)

The WHO Global Database on Growth and Malnutrition

The non-availability of comparable data to monitor child malnutrition from nutrition
surveys prompted the beginning of the systematic collection and standardisation of
information on the nutritional status of the world’s under-5 population. The WHO
Global Database on Growth and Malnutrition was initiated in 1986 to compile,
standardise, and disseminate results of nutritional surveys performed in this population
worldwide (de Onis and Bldssner, 1997). This database uses the above-mentioned Z-
score classification of growth measures. The criteria guiding the entry of the surveys
into the database include:
e aclearly defined population-based sampling frame
e aprobabilistic sampling procedure involving at least 400 children
e use of appropriate equipment and standard measurement techniques
e presentation of results as Z-scores in relation to the NCHS/WHO international
reference (which was the globally-accepted reference population at that time) or
availability of the raw data, allowing a standardised analysis (de Onis and
Blossner, 2003).
However, the introduction of the WHO-CGS in 2006 has further ensured the
standardisation of child growth data globally. Hence, the enhancement of the
monitoring of trends in child growth worldwide with the use of the new WHO growth
charts, though there are still problems encountered in developing countries.
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Problems with generating anthropometric indicators in developing countries

The measurement of weight and MUAC may be simple and quick to obtain using
weighing scale and non-stretchable tape, respectively. However, measurements of
length/height and skinfolds are not often taken because the respective measuring
equipment for these measures are not available in the most hospitals and communities
of developing countries. Moreover, baseline data for comparison of later measurements
are often unavailable, for example, birthweight are often unknown because most infants
are delivered outside health facilities, where weighing scales are lacking. Furthermore,
age-specific anthropometric indicators are difficult to derive in such settings because
most mothers/carers cannot readily tell their child’s actual date of birth. Difficulties in
getting most young infants to fully relax as well as fully stretch to record weight and
length, makes it difficult to get exact values of these measurements (World Health
Organisation, 1995). Therefore, generating anthropometric indicators for use in
identifying infants at risk for undernutrition, and interpreting the results are often

challenging in developing countries.

Since the current research project set to estimate the prevalence of undernutrition in
young Nigerian infants (particularly hospitalised infants), the focus should be on case-
detection in the community that is served by a clinical setting, case-finding and
diagnosis in clinical contexts. Hence, the case-definitions were based on weight-for-
age, length-for-age, BMI-for-age, weight-for-length, head circumference-for-age,
MUAC-for-age, sum of skinfolds-for-age. The indicator-measures, or derives from
measured components included weight, length, head circumference, MUAC, skinfolds
(triceps and subscapular). The value of each indicator compares with a threshold value,
and the infants whose values fall below the threshold values are classified as
undernourished. Thus, it would be most appropriate to apply multiple indicators,
including the application of a nutrition screening tool, in order to maximise the chances

of correctly identifying most infants who are at risk for undernutrition.
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1.2.7 How growth is measured in infants using growth
charts/standards

What are growth charts/growth standards?

Since growth is the best indicator of nutritional status, growth measurements (such as
weight, length, and head circumference) have little meaning without their
transformation into anthropometric indices (weight-for-age, length/height-for-age
weight-for-length/height, head circumference-for-age, MUAC-for-age). On the other
hand, growth measurements can give a pictorial display of growth patterns of infants
and children when accurately plotted on the growth chart. Therefore, the use of growth
curves remain the simplest way of assessing nutritional status in children (Joosten and
Hulst, 2011). Children are usually weighed and measured in many settings and their
measurements plotted on growth charts to identify and treat disorders of nutrition or
growth (Wright, 2002). A series of these growth measurements taken and plotted
accurately on a growth chart reflects a child’s size in relation to a reference of the
population of the same age and sex. Growth charts are used for preventive purposes
(for monitoring growth) or curative purposes (for special medical conditions). For
example, the growth charts such as those based on the NCHS/WHO reference or
WHO-CGS are mainly used for routine growth monitoring, but there are also
specialised charts such as those used for disorders like Down syndrome or for

monitoring pre-term infants.

Growth charts are designed to describe how a measurement at any particular age
compare with other children of the same age and sex; and are commonly used to assess
the growth trajectory of individual children over time. Therefore, growth charts are a
valuable part of the paediatric clinical and research toolkit for evaluating the degree to
which psychological needs for growth and development are being met (Goulet, 2010).
For example, the adequacy of nutrition is evaluated by assessing the growth and
nutritional status of children (Turck et al., 2013). Assessing the growth of children
requires comparison of growth measurements with normative references of children
who are considered normal and living in a defined geographic area, usually presented
in form of growth charts (Ziegler and Nelson, 2010). The evaluation of these growth
trajectories and the consequent decision to intervene are highly dependent on the
growth charts used (Turck et al., 2013). If a child is compared with a particular
population that is subjected to the potential constraints upon growth common to
children of average socioeconomic and nutritional status then this is termed a

‘reference’ (Cameron and Hawley, 2010).
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Growth reference charts are descriptive in nature; therefore potentially depicting the
growth of some infants probably fed inappropriately, brought up in substandard
circumstances, or suffering from infectious or chronic illness or disease. Thus, different
growth charts are developed based on different references at different periods to suit
different conditions. Since growth reference charts only describe growth at a particular
time in the reference population, more children in affluent populations tend to grow
above the upper centiles while children in resource-poor settings show suboptimal
growth. Such a limitation would make the construction of local reference charts
difficult if not unethical (Wright, 2005). However, growth ‘standards’ present the
description of physiological growth for children raised under optimal health conditions.
These standards are prescriptive in nature, embodying optimal growth, thus depicting
the rate of growth that should be the target for all children, regardless of ethnicity,
socioeconomic, and type of feeding. The obvious example of this is the WHO-CGS
(see below) which shows the growth pattern of all children if they have optimal
nutrition, socioeconomic status and environmental conditions, thus using breastfed
infants as the norm. In summary, a growth reference is simply the distribution used for
comparison of child growth, while a growth standard reflects optimal growth, implying
that all children have the potential to achieve that level (WHO-MGRS, 2006).

Nigerian Road-to-Health growth chart

The Nigerian RTH growth chart (Appendix E.1) is a variant of the multipurpose growth
charts developed by United States National Centre for Health and Statistics (NCHS) in
1977 and adapted by the WHO in 1978 for international use since most of the small and
developing countries did not have national growth charts. These growth reference
charts were based on the Fels Longitudinal Study of primarily formula-fed, white
middle-class infants living in Southern Ohio in Yellow Springs, Ohio, from 1929 to
1975. Moreover, the results of the Davis Area Research on Lactation, Infant Nutrition
and Growth (DARLING) study indicated that the growth patterns of breastfed infants
differ from both that of their formula-fed peers and the NCHS/WHO growth reference.
Hence, there was a need for new growth charts based on breastfed infants (Dewey et
al., 1992), to reflect growth patterns consistent with those of infants following the
WHO recommendations (Dewey et al., 1995). Therefore, the clinically significant
differences existing between the growth patterns of healthy breastfed infants and the
NCHS/WHO international growth references prompted the WHO recommendation to
replace the NCHS/WHO reference data (WHO, 2001).
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WHO Child Growth Standards

In April 2006, the WHO in conjunction with the United Nations Children’s Fund
(UNICEF) released new WHO-CGS for children from birth to five years to replace the
1978 NCHS growth references and the CDC 2000 growth charts. The development of
the WHO-CGS based on primary data collected through the WHO Multicentre Growth
Reference Study (WHO-MGRS). This was a population-based study conducted
between 1997 and 2003 in Brazil, Ghana, India, Norway, Oman, and USA recruiting
only infants who were born at term to non-smoking mothers, relatively affluent mothers
after a healthy pregnancy. All were breastfed exclusively or predominantly for about
the first six months of life (Joosten and Hulst, 2008). New WHO-CGS were published
to allow evaluation of growth from birth to age 5 years, with use of the same
conceptual methods across populations worldwide (WHO Multicentre Growth
Reference Study Group and de Onis, 2006). This study group found birthweight and
growth velocity to be similar between different countries, on carefully selecting an
optimal and healthy population. Hence, the WHO-CGS reflect the range of children’s
growth seen in optimal conditions showing that preschool children, from different parts
of the world, have the same growth pattern if they have optimal nutrition,
socioeconomic and environmental conditions. These standards provide a universal set
of references of normal growth, stunting, underweight and wasting (length-for-age,
weight-for-age and weight-for-length z-scores <-2, respectively), independent of race
or ethnicity, and are now applied by the WHO to measure undernutrition at both the
individual and population level (WHO/UNICEF, 2009).

The WHO-CGS are applicable to all children of the world regardless of ethnicity,
socioeconomic status and feeding mode and they have been widely implemented (de
Onis, 2013). These standards are endorsed by international bodies such as the United
Nations Standing Committee on Nutrition, the International Union of Nutritional
Sciences and the International Paediatric Association, and adopted in more than 90
countries (WHO/UNICEF, 2009). The breastfed infant is the norm for child growth
assessment. Adopting the WHO-CGS has triggered many studies worldwide. In
developing countries, results showed that prevalence rates for stunting, underweight,
and wasting were higher using the WHO-CGS than the NCHS/WHO reference; and
made more diagnoses of severe wasting, particularly among infants younger than 6
months. Evidence from using these standards in the situations of developing countries
results in two to four times increase in the number of infants and children falling below

-3SD compared to using the former NCHS reference (de Onis et al., 2006b, Seal and
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Kerac, 2007). However, studies in developed countries called for the use of local
standards to certain levels while adopting the new standards (Wright et al., 2008,
Juliusson et al., 2011, Zuguo and Grummer-Strawn, 2011). Therefore, Soeters and
colleagues assert that there is risk of overestimation and underestimation of
malnutrition rates compared with country-specific growth references (Soeters et al.,
2008). Nonetheless, countries have adopted the WHO-CGS and best practices in child
growth assessment harmonised, with breastfeeding established as the norm (de Onis et
al., 2012b). However, the report of the MAMI project highlighted the implication of the
relatively weak evidence base of the current WHO-CGS guidelines for managing
malnourished infants younger than 6 months, with the care for older infants extended to
younger ones to presume that this population of infants are all adequately nourished
(ENN/UCL/ACEF, 2010). Hence, the call for immediate considerations to guiding
practices in the short-term and subsequent evolution of a community-based

management of acute malnutrition in this population.

Growth monitoring in infants using growth charts

Parents/caregivers are always often comparing an infant/child’s size with that of its
peers; however, health staff would use a growth reference chart to achieve the same
purpose, thus assessing growth. Growth is an important indicator of child health;
marker of nutrition and overall indicator of child well-being (Ramsden and Day, 2012).
Early infancy is marked with rapid growth; however, disturbances in health and
nutrition usually affect growth at this time necessitating close growth monitoring. The
focus of growth monitoring is regular weighing of infants from birth to the first six
months of life as a routine child healthcare service in every well-baby clinic. Growth
monitoring linked with promotion (usually counselling) is a preventive activity called
growth monitoring and promotion (GMP). When GMP is appropriately conducted, it
increases awareness about child growth, improves caring practices, increases demand
for other services as needed; and serves as the core activity in an integrated child health
and nutrition programme (Griffiths and Del Rosso, 2007). GMP has been advocated
worldwide as one of the key elements of child survival and primary health strategies
(Olugbenga-Bello et al., 2011). GMP is the most cost effective intervention, thus
forming the basis of comprehensive child care (Qudsia and Aliya, 2007) and is the
central component of primary healthcare for infants and children. The growth
measurements of a child compared with a reference population on a growth chart

allows for early identification of potential nutritional and health problems, thus
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prompting action before the child’s health is seriously compromised (Dietitians of
Canada et al., 2010b). The main objectives of growth monitoring and promotion of
optimal growth are to:
e provide a tool for nutrition and health evaluation of individual children
e initiate effective action in response to abnormal patterns of growth
e teach parents how nutrition, physical activity, genetics, and illness can affect
growth and, in doing so, motivate and facilitate individual initiative and
improved childcare practices
e provide regular contact with primary healthcare services and facilitate their
utilisation (Garner et al., 2000, Ashworth et al., 2008).
A systematic review concluded that although little evidence was found to
indiscriminately support the international promotion of GMP, the programme
constitutes a valid strategy of public health nutrition in specific situations (Roberfroid
et al., 2005). Hence, GMP can be used for opportunistic growth screening, which
enables growth disorders to be identified in children and managed with early

intervention.

Growth charts are graphic presentations of body measurements of a population that aid
in the assessment of body size and shape, as well as the observation of patterns in
growth performance (Dietitians of Canada et al., 2010b). These reference charts are
mainly used for assessing and monitoring individual children and screening whole
populations (Wright et al., 2002). Because growth charts are not diagnostic tools, they
are used in conjunction with other information when evaluating general child health.
Finding out whether growth is within recommended limits or falling outside of these
limits is of fundamental importance to the assessment of the nutritional status of infants
and children. From early childhood onwards, longitudinal measurement shows that
crossing up and down through the centiles is not common in most children, however,
there is a tendency for them to track along a given centile, indicating that growth is
self-regulating and target-seeking (Tanner, 1963). Therefore, whatever the size of a
child at any given time point, centile crossing could give the indication of a clinical
growth abnormality. Hence, the use of growth charts both for clinical monitoring to
detect individual abnormalities in growth trajectory and public health
research/monitoring to understand variability and secular trends in child growth (Wells,
2014). The particular goal intended to be achieved determines the growth chart to be
used (Cameron and Hawley, 2010).
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Growth charts are a vital tool for child growth monitoring which makes it possible to
compare with a population-based normative data and identify trends over time
(Ramsden and Day, 2012). However, growth charts have been described as “complex
clinical tools that are, at present, poorly understood and inconsistently used™ (Wright,
2002). This may be attributed to poor knowledge of growth charts by health staff that
monitor health and development in early infancy. The basic standard of taking a
nutritional history and accurate completion of appropriate growth chart is a
fundamental part of assessment for all paediatric patients (Grek and Puntis, 2013)
detecting individual risks for health/nutritional disorders (de Onis et al., 1997).
Children’s growth can also be screened for abnormal growth disorders (Hall, 2000, van
Buuren et al., 2004, Ramsden and Day, 2012), thus allowing for early intervention.
Accurate completion of the growth chart aims at developing accurate home-based
record of child health and development; building a relationship between mother and
health staff; and proper risk assessment of certain socioeconomic, biological,
environmental and behavioural factors. This interaction between the mother and health
staff is an essential component of GMP (lliyas and Mubasher, 2003). In view of a well-
known association between undernutrition and impaired growth, using growth charts to
identify undernutrition in early infancy is an important goal of paediatric care. Accurate
weighing and recording of weight trajectories are important for making clinical
decisions; however, a misinterpretation could lead to inappropriate reassurance or
inappropriate interventions by health staff (Sachs et al., 2005) thus disrupting EBF in
early infancy. Moreover, growth assessments that are not supported by appropriate
response actions to prevent or treat inadequate growth are not effective in improving
child health. Therefore, there is need to ensure the health and development of infants
and young children through integrated child development and nutrition interventions
(Black and Dewey, 2014).
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Using growth charts to detect undernutrition in early infancy

Using growth charts to detect undernutrition in early infancy is an important goal of
paediatric care, in view of a well-known association between undernutrition and
impaired growth through morbidities and vice versa. Studies that used growth charts to
detect undernutrition in children (Table 1.6) showed that the WHO-CGS better
identified younger children as underweight and wasted while stunting increased in all
age groups, and the nutritional assessment method used determined the pattern of
occurrence. Moreover, investigators from developed countries called for the use of their
local standards alongside the WHO-CGS, which proved more appropriate for their
environment. However, growth charts have been described as “complex clinical tools
that are, at present, poorly understood and inconsistently used” (Wright, 2002). This
observation is suggestive of poor health staff understanding, application, and
interpretation of growth patterns of infants and children. Other reports include lack of
interest and low competency (Griffiths et al., 1996), poor knowledge and skills (Ruel et
al., 1991), unsatisfactory plotting of weights and interpretation of growth trajectories
(Morley, 1994, Cooney et al., 1994, de Onis et al., 2004, Thandrayen and Saloojee,
2010, Mutoro and Wright, 2013), and poor practice in the application and interpretation
of growth charts (Charlton et al., 2009). Furthermore, the inability to detect
normal/abnormal growth by paediatricians’ self-assessment (Wallace and Kosmala-
Anderson, 2006); failure to recognise abnormal/normal growth patterns (Wright et al.,
2010); insufficient account of linear growth trend (Ahmad et al., 2014); and inability to
appreciate the difference between size and weight gain but rather steady growth in
average sized infants (Wright and Mutoro, 2012). However, frequent training resulted
in improved the accuracy of plotting the growth chart by health staff in Zambia
(Charlton et al., 2009). Hence, some authors advocate for improved health staff training
on the implementation and interpretation of the WHO-CGS, accompanied by assigning
a copy of the guideline document per health staff for their use (Ahmad et al., 2014).
This would contribute to improved effectiveness in the use of growth patterns in
detecting undernutrition in infants. Furthermore, the use of nutritional screening tools
and growth charts have proved simple, quick and invaluable tools in attracting attention

to infants who are at risk for undernutrition (Mueller et al., 2011).

© Ifeyinwa Obiageli Ezeofor 2015



Table 1.6 Studies that used growth charts to detect undernutrition

Source Location Design Population/Setting Sample size Standards used Outcome
Wrightet UK Prospective birth i) Avon Longitudinal Study children i) 1335 New WHO charts Reduced number of UK infants classified as underweight and supported
al. (2008) cohort ii) Gateshead Study children (0 -5 ii) 923 efforts to avoid excess weight gain in infancy. However, the WHO
years) standard does not represent size at birth in the UK.
Schwarz Gabon Prospective birth Children included in a sub study on 289 New WHO versus Reduced underweight among children above the age of 12 months;
etal. cohort socioeconomic risk factors for stunting NCHS and CDC increased underweight among 3-month-old infants and increased
(2008) and underweight-for-age in a hospital charts stunting in children in all age groups
Prostetal. Malawi Prospective A village-informant-driver 1328 New WHO versus Risk factors identified using WHO standards remained comparable
(2008) Demographic Surveillance System NCHS charts with findings based on NCHS reference in similar settings
Juliusson i) Belgium Cross-sectional i) The Flanders Growth Study of i) 18,051 New WHO charts The use of a local reference based on a representative sample of healthy
etal. participants aged 0 — 21 years children was more appropriate for all children, bottle-fed or breastfed in
(2011) ii) Norway ii) The Bergen Growth Study of i) 8,299 these environments
participants aged 0 — 19 years
Sahaetal. Bangladesh  Prospective cohort Children aged 0 — 24 months in the 1,343 New WHO versus The use of the NCHS reference misidentifies undernutrition and the
(2009) Maternal and Infant Nutrition NCHS charts timing of growth faltering in infants and young children, which was a
Intervention key rationale for constructing the new WHO standards
Olusanya  Nigeria Cross-sectional Infants aged 0 — 3 months at 5888 New WHO charts More diagnoses of severe wasting, particularly among infants younger
etal. community immunisation centres. than 6 months
(2010)
Okoromah  Nigeria Case-control, Children aged 3 — 192 months with 73 cases New WHO versus 90.4% of cases and 21.1% of controls had undernutrition (p=0.0001);
etal. observational uncorrected symptomatic CHD and 76 controls NCHS/CDC charts  and 61.2% and 3.6%, respectively, had severe malnutrition (p<0.001)
(2011) healthy controls in a tertiary hospital
Zuguo and  California Prospective birth Children in the Kaiser Foundation 15,000 New WHO versus Fewer children aged 6 — 12 months crossed downward >2 major
Grummer- cohort Health Plan Study followed through CDC charts percentiles using the new WHO standards compared with that using
Strawn adolescence CDC 2000 growth charts in weight-for-age
(2011)
Kismul et  Democratic ~ Secondary analysis of ~ Preschool children followed 3-monthly 5,657 New WHO charts Undernutrition rates increased from the 0-5 to 6-11 months category.
al. (2014)  Republicof  data from the for 15 months aimed at addressing the Alteration from severe to mild undernutrition was more characteristic
Congo historical, dynamics of clinically and for anthropometrically than clinically defined undernutrition. The
longitudinal anthropometrically defined findings demonstrated that the pattern of occurrence of undernutrition
Bwamanda study undernutrition can differ according to nutritional assessment method
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Limitations of growth charts

Though simple and effective in ranking children relative to their peers, the features of
growth charts pose limitations to its usefulness in this capacity. For example, growth charts
which show only third, fifth, or second centiles are of limited value for screening, as too
many false-positive cases are identified (Hall and Elliman, 2003). It was also noted that
the UK 1990 reference growth charts were misleading in the first two week of birth,
because they make no allowance for neonatal weight loss that occurs in the first few days
of life (Wright and Parkinson, 2004). Similarly, the NCHS and CDC curves do not have
growth rate curves from birth. The literature on health staff knowledge and
application/interpretation of growth charts is scarce, particularly in developing countries
where undernutrition is prevalent. Most of the available documentations in developing
countries dwell on growth monitoring and promotion. Moreover, earlier investigations on
the understanding of growth charts targeted the mothers/carers of infants and children
rather than health staff who are expected to be knowledgeable in the use of growth charts
as education tools for influencing the mothers/carers. Senanayake and colleagues
investigated mothers’ comprehension of two different growth charts, and their results
suggested that governments and agencies would need to redesign parent-held growth charts
to achieve better comprehension by mothers (Senanayake et al., 1997). Roberfroid and
colleagues used a systematic literature review to evaluate maternal comprehension of
growth charts, and concluded that the observed poor comprehension of growth charts
among mothers/carers would be overcome by using activities aimed at improving
communication skills of health staff and empowering parents’ responsive parenting
(Roberfroid et al., 2007). Finally, Ben-Joseph and colleagues concluded from examining
the general public’s (non-health professional’s) comprehension of growth charts, that the
literature has not proven that growth charts are easily understood by the general population
(Ben-Joseph et al., 2007).
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1.2.8 Prevalence of undernutrition in infants

Undernutrition in infants (0 — 26 weeks old) is both a common cause and consequence of
disease, yet it remains an under-investigated problem and therefore under-recognised, both
in the hospital and community. In the community, nonetheless, the assessment of
nutritional status in children generates estimates of the prevalence of undernutrition using
several objective indicators. These indicators include three anthropometric parameters
related with the WHO-CGS as follows: <-2SD weight-for-age indicates underweight, <-
2SD length/height-for-age indicates stunting and <-2SD weight-for-length/height indicates
wasting. Based on this standard, an estimated 52 million children worldwide aged less than
5 years are wasted (Black et al., 2013) and 8.5 million infants aged less than 6 months are
wasted (Kerac et al., 2011). Kerac and colleagues also demonstrated that using the WHO
standards against the NCHS reference case definition (<-3Z-scores) for undernutrition
results in a greater disease burden, particularly severe wasting in this population in many
of the developing countries. The implications are increased eligibility for admission to
therapeutic feeding programmes and increased human, political, and financial resources to
meet that demand. On the other hand, in clinical practice, the assessment of nutritional
status in infants is difficult since it appears no single indicator can be used in isolation
(Aurangzeb et al., 2012). Moreover, measurement of nutritional status at any given time
would only identify those that are already undernourished. Assessing the risk for
undernutrition is required to detect those whose nutritional status is likely to deteriorate
during hospitalisation or consequent to underlying disease. Using nutritional screening
tools for this purpose is highly effective in reducing the prevalence of undernutrition in
hospitalised paediatric populations, as practiced in developed countries (see section
2.1.2.2).
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Prevalence of undernutrition in infants in developed countries

From the literature, most of the recent studies in developed countries concentrate on
overnutrition rather than undernutrition, although a double burden can exist in a given
location. The prevalence of undernutrition at population level in developed countries is still
appreciable although less than that of developing countries, where it is mainly because of
primary undernutrition. However, the prevalence of undernutrition in hospitalised infants is
often unrecognised and therefore not treated (Agostoni et al., 2005). Depending on the
criteria used, the population and type of disease, varying rates of undernutrition prevalence
were reported among paediatric-hospitalised population in developed countries (Table 1.7).
Using the Waterlow’s and Gomez classifications: n=296, 19.0% France (Sermet-Gaudelus
et al., 2000); n=475, 6.1% Germany (Pawellek et al., 2008); n=424, 11.0% Netherlands
(Joosten et al., 2010); n=130, 8.5% France (De Luca et al., 2012). Using the WHO
classification: n=226, 8.0% UK (Marteletti et al., 2005); n=496, 10.2% Italy (Campanozzi
et al., 2009); n=157, 2.5% Australia (Aurangzeb et al., 2012).
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Table 1.7 Prevalence of undernutrition in hospitalised infants in developed countries

Prevalence %

Underweight Wasting Stunting
Sample Anthropometry/ Reference  (<-2 z-scores weight-  (<-2 z-scores weight-for- (<-2 z-scores
Source Location Design Population/Setting size Method used used for-age) length/height) length/height-for-age)
Moy etal.  Birmingham Cross- Multi-racial group of 225 Weight, NCHS - 14 16
(1990) sectional children aged 3 months length/height, Reference (Mean Z-score -0.58, SD (Mean Z-score -0.05,
- 18 years in a regional Mid-arm 1.29) SD 1.42)
referral centre circumference,
Triceps skinfold
thickness
Hendrikse  Glasgow Cross- Children aged 7 months 226 Weight, Tanner and 16 8 15
etal. sectional — 16 years of which length/height, Whitehouse  (below 5™ centile) (below 5™ centile) (below 5™ centile)
(2997) 93% were Caucasian in Mid-arm Standards
a paediatric referral circumference
hospital
Pawellek Germany Cross- Children aged 7.9 + 5 475 Weight, length Waterlow’s 14.3 7.1 7.1
etal. sectional years in a children’s Reference  Mild Malnutrition Moderate Malnutrition Severe Malnutrition
(2008) referral hospital; *28% (weight for-age 81- (weight for-length/height (length/height-for-age
of which are infants >1 90" centile) 70-80" centile) <70" centile)
year of age
Aurangzeb  Australia Cross- Children older than 1 157 Anthropometry of WHO 25 45 8.9
etal. sectional month of age admitted (50 of the  weight and Reference (Mean BMI-for-age (Mean weight-for- (Mean length/height-
(2012) to a tertiary paediatric children  length/height 53.3) length/height) for-age 51.8)
hospital were <2-  Nutrition
year olds)  screening tool
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Prevalence of undernutrition in infants in developing countries

At population level, the prevalence of undernutrition in children (0 — 5 years old) in
developing (resource-poor) countries continues to be a serious and persistent public health
problem in spite of significant improvements in the past three decades (Muller and
Krawinkel, 2005, Marino et al., 2006, Lutter et al., 2011, Black et al., 2013). However,
most studies report lower undernutrition prevalence in infants (0 — 6 months old) compared
to older infants, particularly with prospective study designs (Table 1.8). Probably, the
effect of breastfeeding in these infants might have accounted for that. Other reports show
that 90% of the stunted children worldwide live in 36 developing countries (Bhutta et al.,
2008, Black et al., 2013). A systematic analysis of the Global Burden of Disease Study
observed only slight change in sub-Saharan Africa, despite the significant worldwide
decline in the prevalence of child undernutrition in the period 1990 to 2010 (Lim et al.,
2012). That analysis found childhood underweight and suboptimal breastfeeding (non-
exclusive and cessation of breastfeeding) among the leading risks in 2010. However,
studies that explored the prevalence and pattern of undernutrition in early infancy,
particularly considering seasonal variations in incidence are rare, probably due to the
challenges of case detection through anthropometric measurements (Myatt et al., 2006,
Egata et al., 2013, Kismul et al., 2014).

From the limited available studies in developing countries, using Nigeria as a case
reference (WHO Country Database on Malnutrition), the prevalence of undernutrition in
infants and children is still high, particularly in the rural areas (Tables 1.8 — 1.10 below).
The disparities in nutritional status recorded show that severe underweight was 2.1,
stunting 1.6 and wastingl.4 times more prevalent in rural areas than in the urban areas.
Moreover, the substantial inequalities between population subgroups result from the
complex interplay of social, economic, and political determinants of undernutrition (Black
et al., 2013). For example, stunting which is a good indicator of inequalities in human
development demonstrating the importance of socioeconomic factors is notably high
among the children. Thus, reflecting the inequalities in nutritional status and the extent to
which socioeconomic and geographical factors determine these inequalities. Examples
show that prevalence rates vary according to study design and setting (Table 1.11).
Therefore, a cross-sectional community-based study of infants (0 — 3 months old) reported
30.8% stunting, 10.1% wasting, and 13.8% underweight; and showed infants aged less
than 6 months being overall undernourished (Olusanya et al., 2010). While a hospital-

based/case-controlled study of children (3 — 192 months old) reported 40.15% stunting,
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28.8% wasting, and 20.5% underweight in the cases and 2.6% stunting, 3.9% wasting, and
14.5% underweight in the controls (Okoromah et al., 2011). Elsewhere, a cross-sectional
study in Ugandan infants (0 — 23 months old) reported 12% underweight, 4% wasting, and
25% stunting (Wamani et al., 2006). Similarly, a community-based cross-sectional study in
under-five children living in central India reported 34.4% severe stunting, 18.7% severe
underweight, and 7.1% severe acute undernutrition (Dani et al., 2015). A prospective birth
cohort study in western Kenyan children (0 — 5 years old) reported 30% underweight, 47%
stunting, and 7% wasting (Bloss et al., 2004). Finally, a population-based cohort study of
rural Ethiopian infants (0 — 6 months old) reported 21.7% underweight, 26.7% stunting and
16.7% wasting (Medbhin et al., 2010).

On the other hand, place of birth is a marker of risk for undernutrition in early infancy,
particularly in low-income countries. For example, a matched community-based/case-
controlled urban Nigerian study of infants (0 — 3 months old) to determine the association
between place of delivery (being born in public hospitals and being born private hospitals
or in residential homes) and the prevalence of severe undernutrition (Olusanya and Renner,
2012). Based on the WHO-CGS, the findings of that study showed a two-to-three fold odds
of being severely underweight (p=0.002), severely stunted (p<0.001), and severely stunted
(p=0.008) after controlling for confounders. Severe stunting (p=0.032) was also observed
in the infants born in private hospitals; therefore, those authors demonstrated that delivery
in homes and private hospitals are potential makers for severe undernutrition in this
population. Similarly, a case-control study of born-before-arrival to hospital (BBA) and in-
hospital-born infants in a peri-urban setting in South Africa showed that the BBAs were
more likely to require admission to the neonatal unit for prematurity, very low birthweight,
neonatal jaundice, respiratory syndrome, hypoglycaemia, septicaemia and patent ductus
arteriosus (Parag et al., 2014). Those authors concluded that the BBAs had significantly
lower birthweight and lengthier hospital stays than in-hospital-born infants. However,
despite the recognition of the prevalence of undernutrition in children, nutritional
assessment of hospitalised children is often neglected, contributing to the occurrence of
complications, and prolonged hospital stays (Marino et al., 2006). Therefore, conducting a
nutritional assessment in children during hospital admission using the WHO-CGS is likely
to aid in the early diagnosis and management of undernutrition. Properly structured

nutrition interventions could forestall complications and shorten the length of hospital stay.
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Table 1.8 Prevalence of undernutrition children (0 — 5 years) (population and hospital settings) in developing countries

Prevalence %

Underweight
(<-2 z-scores

Wasting
(<-2 z-scores

Stunting
(<-2 z-scores

Source Location Design Population/Setting Sample size Anthropometry used weight-for-age)  weight-for-length) length-for-age)
Bloss et al. . Children aged 9 to 60 months in 3 .
(2004) Kenya Cross-sectional villages of a community 175 Weight, length 30.0 7.0 47.0
Olusanya et Nigeria Cross-sectional Infants aged 0 — 3months at the 5,888 Weight, length, BMI 13.8 10.1 30.8
al. (2010) community immunisation centres

. I Prospective cohort . . . . 21.7 (6months) 16.7 (6months) 26.7 (6months)
Medhin et Ethiopia e Birth cohort followed to 1 year in a 1,065 Weight, height
al. (2010) (Population-based) rural community 21.2 (12months) 8.4 (12months) 48.1 (12months)

. Secondary data analysis of
Kerac etal. 21 developing 5, demographic and health Infants <6 months 15,534 Weight, height - 20-34 -
(2011) countries
survey (DHS) datasets
Okoromah Children aged 3 — 192 months admitted . .
etal. Nigeria Case-control, observational with uncorrected symptomatic CHD 73 cases Welg_ht, length/ helght_, 20.5 (cases) 28.8 (cases) 41.15 (cases)
76 controls  head circumference, mid- 14.5 (controls) 3.9 (controls) 2.6 (controls)
(2011) and healthy controls .
upper-arm circumference
Kuti et al Children aged 2 — 59 months admitted
' The Gambia Prospective, observational with severe pneumonia 420 Weight, height (150) 35.7 (145) 41.7 (71) 16.9
(2014) O
over 6 months to the paediatric ward of
a rural comprehensive health centre
Musa et al. d ional descripti hildren und Id withi ight, length/heigh 2 2
(2014) Sudan Cross-sectional descriptive Children un er 5 years o w_lt in 370 Weight, length/height 154 11 4.9
households in the community
Table 1.9 Prevalence of undernutrition in Nigerian children (0 — 5 years) at the population level, based on the WHO-CGS (February — June 2013)
Percentage %
Weight-for-age Height-for-age Weight-for-height BMI-for-age

Category Sample size -3SD -2SD -3SD -2SD -3SD -2SD -3SD -2SD
Infants (0 — 0.49 months) 3,149 10.7 20.9 9.1 17.0 12.4 24.7 11.9 25.0
Urban children (0 -5 years) 10,470 10.8 24.7 13.3 26.0 8.7 17.6 8.6 16.9
Rural children (0 -5 years) 18,322 16.3 345 255 425 9.3 18.5 8.7 17.3
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Table 1.10 Nigerian studies on infant growth

Source Design Population/Setting Sample Method Used Outcome
Olusanyaet Cross-sectional to  All infants 0 — 3months old 5888 full-  Anthropometric measures of weight and  Undernutrition (based on z-scores below -2 for weight-for-age, length-for-age,
al. (2010) determine the attending four (4) primary term length used to derive nutritional indices. and body-mass-index-for-age) found to be prevalent in the first three months
prevalence, healthcare centres for routine infants A comparison made by the WHO- of life in this population and detected early at routine immunisation clinics
pattern and risk Bacille de Calmette-Guérin Multicentre Growth Reference based on  shortly after birth. Maternal/perinatal history offers valuable predictors in
factors for under (BCG) immunisation in Lagos z-scores below -2 for weight-for-age, resource-poor communities where the majority of births occur outside hospital.
nutrition during from July 2005 to March 2008 length-for-age, weight-for-length-for-
early infancy age and body-mass-index-for-age.
Olusanya Prospective birth Al preterm and term infants 658 infants  Birthweight and gestational age data Higher weight velocity was strongly associated with lower birthweight
and Renner  cohort to (excluding those less than five extracted from hospital records and (p<0.001) indicative of “catch-up” growth as well as with higher gestational
(2011) determine the completed weeks of age at additional anthropometric age (p<0.001).
pattern and follow-up) in a birth cohort who measurements made.
predictors of returned for the first/routine
growth velocity postnatal check at 6 — 8 weeks
early infancy ina  or for any other purpose within
resource-poor the first three months of life at
setting the Lagos Island Maternity
Hospital from May 2005 to
December 2006.
Olusanya Descriptive cohort  All infants (excluding preterm 445 full- Birthweight and gestational age used in ~ The mean length-for-age and weight-for-length based on 2000 CDC growth
and Renner  to determine the infants) in a birth cohort who term classifying each infant extracted from charts were higher than the corresponding WHO-MGR reference values at
(2013) pattern of and returned for the first/routine singleton the hospital records and additional birth and at follow-up, while mean weight-for-age was lower at birth but
factors associated ~ postnatal check at 6 — 8 weeks infants anthropometric measurements made. higher subsequently. About 20.7% of infants undernourished by at least one

with changes in
nutritional status
in early infancy in
a resource-poor
setting

or for any other purpose within
the first three months of life at
the Lagos Island Maternity
Hospital from May 2005 to
December 2006.

Nutritional status at birth compared
with status at 6 — 8 weeks based on the
WHO-Multicentre Growth Reference
(WHO-MGR) and the Centres for
Disease Control and Prevention 2000
(CDC 2000) growth charts.

nutritional measure initially, declined at follow-up. In addition, 8.1% of the
infants remained undernourished, 8.3% became undernourished, and 5.6%
became adequately nourished at follow-up. Low birthweight full-term infants
were significantly likely to remain undernourished (p<0.001) or become well
nourished (p<0.001) at follow-up while the offspring of elderly mothers
(p=0.024) or first-time mothers (p=0.036) had elevated risk of remaining
undernourished by at least one measure at follow-up.
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Table 1.11 Prevalence of undernutrition in infants in developing countries

Prevalence %

Underweight Wasting Stunting
Anthropometry (<-2 z-scores weight-  (<-2 z-scores weight- (<-2 z-scores

Source Location Design Population/Setting Sample size used for-age) for-length) length-for-age)
Wamani et al. Uganda Cross-sectional Mother-infant 698 Weight, length 12.0 4.0 25.0
(2006) (0 — 23 months) pairs
Bucens and Indonesia  Prospective Children aged 2 to 12 880 Weight, - 6.7 60.4
Maclennan observational years admitted to the length/height
(2006) paediatric wards at the

National Hospital
Schwarz et al. Gabon Prospective cohort Children from birth to 15 289 Weight, length 3 months — 4.0 - 235
(2008) months of age 6 months — 2.0 225

15 months — 6.0 30.5

Engebretsenet  Uganda Cross-sectional Mother-infant 723 Weight, length - 4.2 16.7
al. (2008) (0 — 11months) pairs
Norris et al. South Birth Cohort Children 0 — 5 years old 1) 6 months (n=623) Weight, 3.7 10.0 15.0
(2009) Africa from the 1990 Birth to 2) 12 months (n=623)  length/height 7.8 3.0 7.8

Twenty cohort in 3) 24 months (n=623) 8.7 6.5 26.5

Johannesburg-Soweto 4) 60 months (n=623) 5.7 1.7 9.1
lannotti et al. Peru Prospective birth Low-income birth cohort 232 Weight, 6 months — 2.6 1.3 1.7
(2009) cohort followed from birth to length/height 12 months — 3.5 1.3 2.2

12 months of age
Meshrametal.  India Community-based Children aged 1to 5 1751 Weight, 64.0 29.0 61.0
(2012) Cross-sectional years in 120 villages length/height [Moderate underweight (Severe stunting

higher (p<0.001) higher [p<0.001)
among 3 — 5-year olds] among 1 — 3-
year olds]
Patwari et al. India Secondary data Children aged 0 to 5 1) <6 months (n=3807) Weight, 18.7 17.5 11.8
(2015) analyses of National years 2) 6-59 months length/height 27.6 13.2 255
Family Health (n=45,376)
Surveys-3
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1.2.9 General management of undernutrition in infants

With failure of preventive strategies, such as breastfeeding, GMP, immunisation against
communicable diseases, food/nutrient supplementation, nutrition education to
mothers/carers, there is the need for either community-based or hospital-based
management to prevent mortality from SAM. However, admission to hospital has
disadvantages, which include nosocomial infections for the undernourished infant and high
expenses for the family. Therefore, the management of acute malnutrition in developing
countries usually employ the use of cheap and locally available nutrition-based
interventions in the community. For example, the use of the community-based model
called ‘Community-based Therapeutic Care’ (CTC) based on the principles of coverage,
access, and cost-effectiveness (Collins et al., 2006b). Thus, CTC programmes use
decentralised networks of outpatient treatment sites (usually located at existing primary
healthcare facilities), small inpatient units (usually located in existing local hospital
facilities), and large number of community-based volunteers to provide case-detection and
some follow-up of patients in their home environment. The CTC approach combines three
modes of care and treatment, all embedded in active measures to encourage community
understanding, mobilisation, and participation. The CTC model treats severe acute
malnutrition using a combination of three treatment modalities, inpatient therapeutic,
outpatient therapeutic, and supplemental feeding according to clinical and anthropometric
characteristics at presentation. Cases of moderate acute malnutrition with no medical
complications are supported through the humanitarian-related operation, Supplementary
Feeding Programme (SFP) that provides dry take-home rations for infants and children
older than 6 months. Cases of severe acute malnutrition with no medical complications are
treated in an Outpatient Therapeutic Programme (OTP) that provide ready-to-use
therapeutic food (RUTF), a course of antibiotics, anthelminthic treatment, folic acid, and if
appropriate vitamin A, measles vaccination and antimalarial treatment on a weekly or
fortnightly basis. CTC is the old/original name for a model of care for SAM called
Community Management for Acute Malnutrition (CMAM) today.

SAM is associated with increased severity of common infectious diseases, and mortality in
children with SAM often results from infections. Children with SAM are classified as
‘complicated’ if they have clinical features of infection or metabolic disturbance, severe
oedema or poor appetite while children with ‘uncomplicated’ SAM are clinically well,
alert and have retained their appetite (Jones and Berkley, 2014). To reduce the incidence of

nosocomial infections, the ‘uncomplicated’ cases are managed as outpatients with suitable
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services, including access to either locally produced or imported RUTF while the
‘complicated’ cases are managed as inpatients (WHO/UNICEF/WFP/SCN, 2007). The
new WHO 2013 guidelines also suggest a similar uncomplicated/complicated SAM
distinction for infants younger than 6 months (World Health Organisation, 2013). The
treatment of severe SAM runs between clinical medicine and public health. There is a need
to prevent most starvation-related cases by dealing with their causes through public health
measures designed to increase the quantity and quality of dietary intake alone, without
need for clinical input. In practice, extremely ill malnourished children need intensive
medical and nursing care, considering the poor socio-economic background, particularly in
developing countries. Therefore, there is the need to take the situational background into
account in order to balance the potentially conflicting demands and ethics of clinical
medicine with those of public health (Collins et al., 2006a). Cases of severe acute
malnutrition with additional serious complications are treated in inpatient Stabilisation
Centres (SCs) until they are well enough to be transferred into the OTP. The inpatient
protocols used in CTC are essentially the same as those recommended by the WHO (World
Health Organisation, 1999a) with the exception on the admission criteria, discharge
criteria, and the dietary protocols in the transition phase. Moreover, higher coverage is
achieved with CTC than facility-based programmes, and patients’ retention and treatment
outcomes are better, therefore, the WHO and UNICEF endorsed CTC in 2009 (Kramer and
Allen, 2015). Success stories abound with the CTC approach of managing acute
malnutrition, particularly among children in Ethiopia, Malawi, Sudan, Mali, and

Bangladesh.

Management of undernutrition in Nigerian infants

The Nigerian government tackles childhood undernutrition mainly through policies that
promote preventive strategies, such as breastfeeding, GMP, immunisation against
childhood diseases, food/nutrient supplementation, and nutrition education to
mothers/carers, at all levels of healthcare. The management of undernutrition in children is
mainly hospital-based, however, non-governmental and international organisations, such as
the UNICEF, USAID, and WHO intervene through community-based programmes.
Nigeria is a member of the Scaling Up Nutrition (SUN) Movement, which is a global
initiative led by 55 countries working together to scale up nutrition, focussing on the
critical 1000-day window of opportunity, with the vision of a world without hunger and
malnutrition. The Nutrition Division of the Federal Ministry of Health coordinates the

movement in a multi-sectorial and inter-agency manner, thus, involving health, education,
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agriculture, women affairs, finance, information, science and technology, water resources
and the planning commission. However, this set has not fully established nutrition
interventions towards tackling childhood undernutrition.
Some nutrition interventions have effectively contributed in tackling the problem of
childhood undernutrition at the population level. For example, the Children’s Investment
Fund Foundation supports Nigeria’s Federal and State Ministries of Health and UNICEF to
deliver life-saving treatment to children with SAM. This programme delivers CMAM to
children less than 5 years of age in eleven states in northern Nigeria. Health workers offer
care and treatment at sites located within the communities, providing easy access to
services for families of undernourished children. Clinics run on weekly or two-weekly
basis at the local health facility for:

e Growth monitoring to track undernutrition status

e rationing of RUTF

e screening and treatment for common childhood diseases such as malaria, intestinal

parasites and bacterial infections

Regular clinic visits enable health workers to track progress and identify severe and
complicated cases that may need referral for professional management. The programme
enrolment runs for 6 — 8 weeks until the children attain adequate weight gain and regain
health. Reports from June 2013 to June 2014 showed that caring and treating 251, 314
severely wasted children (Children's Investment Fund Foundation, 2014), the programme
yielded 81% success compared to that of the previous year. Therefore, this programme’s
effectiveness for that period of report exceeded the international minimum standard of 75%
cure rate for CMAM programmes in hon-emergency settings. However, the impact of
CMAM coverage is faced with the challenges of lack of awareness about SAM and
CMAM services among caregivers, particularly in the most affected communities in
Nigeria (ACF International, 2015).

At the UNTH, Enugu, the paediatricians usually refer undernourished children as either
outpatients or inpatients to the dietitian-nutritionists for the institution of medical nutrition
therapy as an intervention. The referred undernourished children aged 6 — 60 months of
age receive a locally formulated high protein high-energy mixture from the hospital’s
department of Nutrition and Dietetics. As a local equivalent of F-75 and F-100 supplied by
the UNICEF, this mixture uses ‘akamu’ (locally prepared cereal porridge from fermented
corn/maize, sorghum, or millet) as its base. The constituents are vegetable oil, equal
quantities of sugar and glucose, powdered milk (ground dried meat or processed soybean

flour replaces powdered milk, for cases of diarrhoea or lactose-intolerance), vitamin C, and
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vitamin B complex. The protein and energy compositions of this mixture are calculated
according to the age and nutrient requirement of the individual undernourished child.
Reconstituting these ingredients with boiled water, produces a high protein high-energy
mixture (otherwise known as ‘HEMIX’) kept in a thermos flask for feeding the infant over
a 24-hour period. For the first 3 — 5 days of treatment, the undernourished child receives
three-hourly feeds of half strength of this fluid diet, including vitamin A supplement
prescribed by the paediatrician on the ward. Thereafter, the strength, quantity, and intake
frequency of the feed decreases or increases according to the tolerance and observed
clinical state of the individual child. During this period of nutrition intervention, the
dietitian-nutritionist assigned to the paediatric ward, counsels its mother/main carer on how
to prepare and feed the child with the high protein high-energy mixture, when discharged

home from hospital.

Management of undernutrition in Nigerian infants younger than six months

There is no ‘gold standard” management for SAM in infants younger than 6 months, but
managing most cases in in-patient settings optimise the quality of care offered to individual
cases. However, physiological processes, including thermoregulation and renal and
gastrointestinal functions, are relatively immature in early infancy. Hence, the current
guidelines do not recommended RUTF for infants younger than 6 months; similarly, the
use of high protein high-energy mixture excludes this population because their immature
kidneys cannot cope with the high solute load. Moreover, there is the risk of interfering
with the EBF aim (Kramer and Kakuma, 2012), as the infant could become ‘dependent’ on
receiving this rather sweeter mixture then breastmilk and become ‘unintentionally’ weaned
off the breast. The literature suggests that the commonest cause of the development of
severe acute undernutrition in this age group reflects suboptimal breastfeeding practices
(Black et al., 2013). Therefore, the common practice is undertaking a thorough interview
of the mother, focussing on establishing, or re-establishing EBF. Thereafter, offering
individual nutrition and EBF counselling to mothers of very young infants, according to
the specifically identified cause of the poor nutritional state. Nutrition education efforts
should aim to involve the child’s father and/or other significant members of the family, and
emphasis made on the benefits of EBF and the risks of using breastmilk substitutes for
infant feeding. Lactation management, includes enhanced breast support, correct
positioning of the infant on the breast, increased frequency of infant suckling, and
increased duration of breastfeeding sessions. Moreover, addressing the sources of maternal

stress, such as tiredness and high maternal working hours in addition to taking care of a
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large family, could promote breastmilk production and flow. Further verifying if maternal
undernutrition is the cause of undernutrition in the infant, could entail supplying the
mother with high protein high-energy fluid diet. Thereafter, the energy and nutrients she
assimilates through the ingested high protein high-energy fluid diet would be made
available to her undernourished infant via her breastmilk. Furthermore, emphasis should be
made on the need to increase maternal food and fluid intake, including water, local soups,

soy based or milk drinks (if they are affordable), in order to increase breastmilk flow.

1.3 Summary and Implications of review of the literature

Determining the prevalence and pattern of undernutrition in early infancy helps to show
the burden of the condition, and therefore form a template for intervention strategies to
reduce the problem in an environment (Manyike et al., 2014). The literature search on
childhood undernutrition yielded mainly reviews, modest cross-sectional studies and few
longitudinal studies, particularly from developing countries. Although most of the
literature focussed on children 6 — 60 months of age, the limited literature on infants
younger than 6 months suggests that undernutrition is a problem during this period of
recommended EBF for optimal growth and development. Young infants with underlying
disease are mostly affected, particularly in developing countries (Bloss et al., 2004,
Olusanya et al., 2010, Okoromah et al., 2011, Kerac et al., 2011, Patwari et al., 2015, Dani
et al., 2014). In these countries, food insufficiency, poor water and sanitation, and
restricted access to high quality primary care are all associated with household and
community poverty, which is the main cause of childhood undernutrition (WHO/UNICEF,
2003). Moreover, sub-optimal infant feeding patterns or intake of nutritionally inadequate
diets highly contributes to early childhood undernutrition (Black et al., 2013). Furthermore,
using growth charts to identify infants and children at risk for undernutrition is suggested
ineffective due to poor health staff understanding, application, and interpretation of growth
patterns in early infancy (Ruel et al., 1991, Morley, 1994, Cooney et al., 1994, de Onis et
al., 2004, Qayad, 2005, Thandrayen and Saloojee, 2010, Mutoro and Wright, 2013, Ahmad
et al., 2014). At this period of life, the risk for undernutrition increases the rate of
morbidity and mortality (Jeejeebhoy, 2003, Friedman et al., 2005, Marteletti et al., 2005,
Ehrhardt et al., 2006, Joosten et al., 2010, Black et al., 2013), with increase in length of
stay and expenses in hospitalised infants (Correia and Waitzberg, 2003).
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Undernutrition, though common in hospitalised children, is often unrecognised by health
staff (Hendrikse et al., 1997). Rather the primary focus is the primary medical problem

(Joosten and Hulst, 2008) and little attention given to the child’s nutritional status.

Nonetheless, identifying the child’s nutritional state at the time of admission enables the

early establishment of appropriate nutrition intervention to minimise the risk of

undernutrition (Pichler et al., 2014), improve clinical outcomes and reduce healthcare

costs. However, there is little information on the growth patterns of Nigerian infants

younger than six months, particularly hospitalised infants; how growth velocity of these

infants relate to their nutritional status; standardised methods for assessing risk for

undernutrition and morbidity in infants; and evaluation of health staff use of growth

56

patterns to identify infants at risk for undernutrition. Attempting to fill this information gap

led to the formulation of some research questions:

1) What is the prevalence of undernutrition in hospitalised infants under six months

old?

2) What are the implicated feeding patterns and medical conditions of these infants?

3) Can feeding information and growth patterns be used to predict undernutrition in

these infants?

4) s health staff use of growth patterns in identifying undernutrition in early infancy

effective?

Focussing on hospitalised infants, therefore, the aim was to investigate ways of diagnosing

undernutrition in this population towards suggesting a better evidence-based approach to

improve practice with the following objectives:

e To compile weight velocity in healthy infants used to generate the reference to

compare that of their hospitalised peers in relation to WHO-CGS

e To determine undernutrition prevalence using the SGNA, mid upper arm

circumference (MUAC) and skinfolds, and determine predictors of undernutrition

e To investigate health staff understanding, application/interpretation of growth

patterns in identifying undernutrition in young infants

The project was based at the University of Nigeria Teaching Hospital (UNTH), Enugu,

southeast of Nigeria, from February to July 2012. The process involved the researcher who

is a registered dietitian-nutritionist who worked with research assistants to investigate the

problem of undernutrition from three perspectives, stratifying the project into three studies.

The first study set out to document a population representative dataset of the growth
patterns of healthy breastfed infants (0 — 26 weeks old) and generate a reference for
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comparing that of their hospitalised peers in relation to the WHO-CGS. The second study
set out to explore ways of assessing the risk for undernutrition in hospitalised infants (0 —
26 weeks old) using feeding and growth information. The third study set out to test the
accuracy of health staff understanding and application/interpretation of growth patterns in
identifying undernutrition in infants (0 — 26 weeks old). In order to verify earlier
investigations in this very important area of research, evaluate methodologies employed by
those researchers, and identify the gaps that the current project could fill, there was the
need to review the literature. Evidence from the literature, therefore, justified the research
design and methodology adopted for the three studies that constitute the project, as

described in chapter 2.
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CHAPTER 2 RESEARCH DESIGN AND
METHODOLOGY

2.1 Research Design and Methodology

2.1.1 Research Design

A pilot study was conducted to pre-test and prove the research instruments at the Royal
Hospital for Sick Children (RHSC), Yorkhill, Glasgow, Scotland, in March 2011, prior to
the three studies of the project conducted at Enugu city, Nigeria. All these studies,

including the pilot study adopted a cross-sectional, observational design.

2.1.2 Research Methodology

Growth monitoring using anthropometry

Assessment of growth, as the epidemiological measurement that best defines the health and
nutritional status of infants and children, has anthropometry as a basic component.
Anthropometry remains the most practical tool for assessing nutritional status in infants
and children in developing countries, despite its inherent limitations (World Health
Organisation, 1995). Anthropometric measures are easy to collect, inexpensive, non-
invasive, and accurate, however, anthropometric indices combine two or more measures to
give more detailed information about nutritional status and adequacy of child growth than
single measurements. Therefore, anthropometric markers are important in classifying
patients according to their nutritional conditions for admission to hospital; and using
anthropometric measurements of body dimensions and body composition quickly assesses

nutritional status.

i) Anthropometry of body dimensions

Body dimensions typically reflect a cumulative exposure to the diet (especially the energy
content of the diet) and illness. The most basic measurements in infants, weight and length,
are fundamental because they give the simplest measures of attained size and tissue mass.
Head circumference measurement takes the maximal occipito-frontal circumference and is
used to identify children with a head size or growth pattern that attracts further evaluation

for pathology.

© Ifeyinwa Obiageli Ezeofor 2015



Research Design and Methodology 59

i) Anthropometry of body composition
Body Mass Index (BMI)

BMI, which is defined as weight in kilogrammes divided by length/height in metres
squared, is a simple and reproducible index that reflects body composition by proxy.
Measures of body proportionality, such as BMI and ponderal index (PI) (weight in
kilogrammes divided by length in metres cubed), had earlier been proposed as
complementary tools for assessing growth and nutritional status in newborns since both
measures take into account the weight/length ratio (Onyiriuka and Okolo, 2007). Using
BMI in assessing body proportionality therefore, may give information about growth
patterns in early infancy. BMI Z-score has been suggested for use as a complementary
measure in neonatal growth assessment over PI; however, both measures are poor
predictors of adiposity at birth (De Cunto et al., 2014). Below the age of 2 years, weight
and length are the preferred parameters for monitoring growth rather than BMI.
Nonetheless, BMI-for-age is a good indicator of variability in energy reserves in infants
despite its age-dependency. Early detection and correction of current energy deficit
(indicated by low BMI-for-age and wasting) have been suggested to reduce the risk of
infection and enable the child to continue in weight and height growth trajectories
(Ramachandran and Gopalan, 2009). Although BMI-for-age is highly used in population
studies, it is unable to provide accurate information about the body compartments and the

changes they undergo in the course of illness or nutrition intervention.

Conditional Weight Gain (CWG)

When assessing the weight change in infants, there is a change in standard deviation scores
(SDS) - either positive or negative depending on whether it is a gain or loss in weight. This
indicates the individual infant’s position relative to the population within two time-periods
of weight measurement (SDS¢imez — SDStime1). The value of difference must be interpreted
in the light of the value of SDS;ime; used in its calculation (Wright et al., 1994a). The
phenomenon of “regression to the mean” had earlier been described as ““a tendency in
biological measurements for individuals at the extreme of the distribution to subsequently
move inwards towards the average, their place being taken at the extreme by new
individuals moving outwards” (Healy and Goldstein, 1978). Smaller infants tend to move
upwards through the centiles and large infants tend to cross downwards. A method was
described based on conditional standards to correct for this “regression to the mean” and

produce a measure of the discrepancy between predicted and actual growth — the ‘thrive
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index’ (Wright et al., 1994a, Cole, 1995). Assessing change in SDS considers the
prediction of the expected value of SDSime; With the observed value of SDSme1, Which is
the idea behind conditional standards (Healy, 1974, Cameron, 1980, Heimendinger and
Laird, 1983, Wright et al., 1994a).

Practically, the SDS at time 2 is predicted from that at time 1 and the former compared
with this prediction. The statistical tool required for making a prediction of the expected
value of SDS;ine2 IS regression, but as SDS has, by definition, mean 0 and SD 1, the
regression takes a particularly simple form:

SDSpredict = *SDStime1
where:
r = correlation between SDS at times 1 and 2 (Wright et al., 1994). This quantifies the
regression to the mean making an infant who was initially above or below the population
mean to stay on the same side of the population mean on the average but closer to it. The
change in weight is derived by the difference SDSiime2 — SDSpredict = SDStime2 — *SDStimet.
Transformation of the data (otherwise known as conditionality) entailed adjusting or
compensating for the tendency of infants to regress to the mean, thereby determining how
much variation their weights showed and its direction from the population mean of 0, as
earlier described (Wright et al., 1994a). Conditional weight change represents the change
in weight within the first six months of life relative to the birthweight, in the context of the
mean growth pattern of the population. Thus, slow weight gain was identified using
conditional weight change and the ‘thrive index” method (the slowest weight gaining 5%
of the population) which takes into account the phenomenon of regression to the mean
(Wright et al., 1994a, Wright et al., 2006b). The ‘thrive index” identifies and quantifies
abnormal weight gain in early infancy, and therefore suggested useful in identifying a
vulnerable group of children (Wright et al., 1994b).

Patterns of weight gain in infancy are more appreciated using the conditional weight
change Z-score system (Argyle, 2003). In the UK, a descriptive analysis of the Cambridge
Infant Growth Study database (comparative dataset) and a Newcastle dataset (the
normative dataset) expressed CWG as an SD score or centile based on the UK 1990
growth reference (Cole, 1995) (Table 2.1). The comparative dataset recorded a mean
SDSgain 0f -0.12, SD SDSg.in of 1.00 while the normative dataset recorded a mean SDSgjin
0f 0.11, SD SDSgai of 1.05 (Cole, 1995). In another investigation, infants’ weights in the
same dataset (Growth and Development Study) were transformed into SD scores using the

Cambridge Growth Standards applying the LMS method (see section 2.1.3.2), which
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ensures that SDS is essentially normally distributed (Wright et al., 1994a) (Table 2.2).
These authors reported that the ‘thrive index’ was initially defined as the 3" centile and
later the 5™ centile generating a conditional weight growth score of -1.69 for the former
and -1.48 for the latter. A similar investigation assessed infant growth by calculating the
difference in z-scores between two time points and adjusting for regression towards the
mean using the UK 1990 growth reference. A mean Z-score of -0.66 was derived at birth, 8
weeks and 9 months for the UK Avon Longitudinal Study of Parents and Children
(ALSPAC) dataset (Emond et al., 2007) (Table 2.2). A corresponding conditional weight
growth score of -1.645 and a growth Z-score with a mean (SD) of -2.12 (0.49) were
generated from 8 weeks to 9 months of age. In Denmark, using CWG and the ‘thrive
index” method taking into account the normal phenomenon of regression to the mean
(Olsen et al. 2010), the ‘thrive index’ value defining the 5% with the slowest weight gain
(CWG) was <-1.46 (Table 2.3). The slowest weight gain of 5% was observed in the age
interval: 0 — 2 weeks, 2 weeks to 4 months, and 4 — 8 months, corresponding to the ‘thrive
index’ at or below -1.6033, -1.0721 and -1.0217, respectively (Olsen et al., 2010). In
Nigeria, a prospective birth cohort study based on Z-scores below the 5th centile with
standardised weight gain, reported that 3.6% of the infants demonstrated evidence of
failure to thrive (Z-score <1.645) for the cohort (Olusanya and Renner, 2011).
Furthermore, an investigation applied low weight for age, low BMI, low CWG and
Waterlow’s criterion, to compare the seven criteria of failure to thrive to the birth cohort,
and found that no single measurement on its own seemed to be adequate for identifying
nutritional growth delay (Olsen et al., 2007a).
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Table 2.1 Studies on conditional weight change in infants

Source Location

Study Design

Population/Setting

Sample size

Method QOutcome

Cole (1995) UK

Description of a

conditional

reference charts

for assessing the
weight gain of

British infants.

1) The Cambridge Infant Growth Study
database, which was set up in 1983 to
monitor the pattern of growth of infants
fed according to the Department of
Health dietary guidelines.

2) The Newcastle Regional Health
Authority database used to validate the
conditional weight gain reference
generated from 1) above.

1) Four separate
cohorts of infants
of 244 mothers
from the City of
Cambridge

2) A total of 4879
weights of 761
infants from the
Newcastle
Regional Health
Authority database

The conditional reference
provided a valid
assessment of the weight
gain of British infants,
over time-periods of four
or more weeks, throughout
the first two years of life.

1) The infants were weighed and measured
every four weeks (+3 days), from the age of
4 to 52 weeks, and at 18 and 24 months. At
each visit, weight and five other
anthropometric measures obtained using
standard methods.

2) The validation of the conditional weight
gains reference using a dataset of 4879
weights from 761 infants, 727 infants from
the Newcastle Regional Health Authority
database. These infants were seen twice or
more, weighed whenever the infant was
brought to the clinic between the ages of 4
and 24 months. The median number of visits
per infant was seven, maximum 10.

All the Cambridge and Newcastle weights
converted to SD scores using the UK 1990
weight reference; regression analysis and
correlation performed on both datasets;
validation of the result with the Newcastle
data.

© Ifeyinwa Obiageli Ezeofor 2015



Table 2.2 Studies on conditional weight change in infants

Source Location Study Design Population/Setting Sample size Method Outcome

Emond et al. UK Prospective birth Infants from the Avon Longitudinal 11,900 infants The conditional weight gain of the Of the 528 cases of growth faltering from birth

(2007) cohort Study of Parents and Children infants calculated for the periods to 8 weeks, only 30 (5.7%) also had poor
(ALSPAC) born at 37 — 41 weeks from birth to 8 weeks and 8 weeks growth for the second period. Although only
gestation; without major to 9 months. Cases of growth 0.6% were of Asian origin, of the 495 cases
malformations and with weight faltering defined as those with a from 8 weeks to 9 months growth faltering was
measurements in infancy (83% of conditional weight gain below the 3 — 4 times as common in this group, which
the original (ALSPAC cohort) 5th centile. had a similar mean weight Z-score of -0.66 at

birth.
Wright et al. UK Prospective birth An annual cohort of children, 3418 full term Infants’ weights were transformed The value of the ‘thrive index’ below which
(1994a) cohort resident in Newcastle in November  children aged 18 into SD scores using the Cambridge  only a minority of children fell provided a

1989 identified using the Child
Health Computer system

— 30 months

Growth Standards, constructed
using the LMS method that ensures
that SDS is essentially normally
distributed. The ‘thrive’ index was
defined.

lower threshold for normality. While most
children below the 3" centile for weight at 9 —
24 months of age also had a subnormal weight
gain, 41% of those with subnormal weight gain
had not fallen below the 3" centile.

© Ifeyinwa Obiageli Ezeofor 2015



Table 2.3 Studies on conditional weight change in infants

Source Location Design Population/Setting Sample Method used Outcome
Olsen et al. Denmark Prospective  The Copenhagen Child Cohort 2000 (CCC 2000) 6090 Seven criteria of failure to thrive, including ~ No single measurement on its own seemed to be
(2007a) birth cohort  consisting of births in the Copenhagen County children low weight for age, low BMI, low adequate for identifying nutritional growth
during the calendar year 2000, constituting 9% of conditional weight gain and Waterlow’s delay
children born in Denmark during that year. Data criterion were applied to the birth cohort.
from the first year of life came from three The criteria were compared in two age
sources: 10 standardised public health nurses' groups: 2 —6 and 6 — 11 months
records; 2) the National Birth Register; and 3) the
National Patient Registry.
Olsen et al. Denmark  Prospective ~ The Copenhagen Child Cohort 2000 (CCC 2000) 6090 The ‘thrive index’ method, which takes into  Different anthropometric criteria currently used
(2007b) birth cohort  consisting of births in the Copenhagen County children account the normal phenomenon of for the identification of failure to thrive, identify
during the calendar year 2000, constituting 9% of regression to the mean. different subgroups of children with different
children born in Denmark during that year. Data Three different anthropometric criteria were  risk profiles and different rates of prevalence
from the first year of life came from three investigated: (A) the 5% of children with ranging from 2% to 21%. Slow conditional
sources: 10 standardised public health nurses' the slowest weight gain, conditional on weight gain seems to truly identify children at
records; 2) the National Birth Register; and 3) the birthweight (conditional weight gain below  risk, with prenatal growth retardation and
National Patient Registry. 5%); (B) the combination of criterion (A) postnatal symptoms of developmental delay,
and BMI under 5" percentile; and (C) thus indicating risk mechanisms operating
downward crossing of weight with two or already in foetal development.
more major centiles.
Olsen et al. Denmark Prospective  The Copenhagen Child Cohort 2000 (CCC 2000) 6090 Weight faltering defined as the slowest Regardless of the age of onset, slow weight gain
(2010) birth cohort  consisting of births in the Copenhagen County children weight gaining 5% of all children within was strongly associated with feeding problems,

during the calendar year 2000, constituting 9% of
children born in Denmark during that year. Data
from the first year of life came from three
sources: 10 standardised public health nurses'
records; 2) the National Birth Register; and 3) the
National Patient Registry.

three separate periods: 0 — 2 months, 2 — 6
months, and 6 — 11 months. The average
ages of measuring within the three age
bands were approximately 2 weeks, 4
months, and 8 months. Slow weight gain
identified using conditional weight gain and
the ‘thrive index’ method, taking into
account the normal phenomenon of
regression to the mean.

but the risk factors involved differed according
to the age of onset. Thus, onset within the first
weeks of life clearly differed from faltering later
on, the former being strongly associated with
low birthweight and gestational age.
Conclusively, weight faltering in infancy is
clearly associated with contemporary measured
feeding problems, but the risk mechanisms
involved differ in early versus late onset.
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Mid-upper arm circumference (MUAC)

Both subcutaneous fat and muscle mass is contained in the arm of a human being. In
situations of reduced food intake, lower levels of these two entities correspond to decrease
in MUAC and is used to diagnose undernutrition (Fernandez et al., 2010). As a simple
measure of nutritional status to detect changes in body composition, MUAC has been
found to be the best indicator for screening and detection of undernutrition in children in
the community (Myatt et al., 2006) and during emergencies. In clinical practice, MUAC
often used in assessing and monitoring nutrition interventions; and in combination with
skinfolds, MUAC is useful in identifying undernutrition in hospitalised medical patients. A
validity study compared MUAC with indicators of undernutrition [BMI and Triceps
skinfold thickness (TSFT)] in conjunction with SGNA for outcome (Burden et al., 2005).
From that study, MUAC<5" percentile was found to have a higher specificity, but lower
sensitivity and not a good predictor of clinical outcome. Although MUAC was not justified
to be used as a single measure for assessing the risk for undernutrition, MUAC and TSFT
were shown to be reliable measures for assessing changes in body composition but not
good methods of assessment of nutritional status in hospitalised patients like SGNA and
BMI (Burden et al., 2005).

Skinfolds

Anthropometric measurements serve as easily performed, non-invasive techniques to
estimate infant growth. Skinfold thickness, as one of the anthropometric measures, is a
validated parameter of subcutaneous fat accumulation (Fok et al., 2006, Addo and Himes,
2010). Subcutaneous fat is very specific to adipose tissue and can be measured
noninvasively; therefore, skinfold thickness remains an important and valid anthropometric
indicator of regional and total body fatness, especially in research settings (Bellisari and
Roche, 1996, Bedogni et al., 2003, Addo and Himes, 2010). The correlation between the
subcutaneous fat measurement by skinfold calipers and direct measurements of fat-width
by x-ray is high (from 0.85 to 0.90). Thus, such measurements have been variously used in
the nutritional assessment of children and adults over four decades (Tanner and
Whitehouse, 1962, Farr, 1966). Skinfold thickness measurement has been shown to be a
convenient and non-invasive method for the assessment of total body fat and perinatal
nutritional status (Farr, 1966). Adjusting skinfold thickness measurement for body weight
Is @ more precise assessment of total body fat deposition (Schmelzle and Fusch, 2002) and
has been shown to be a better indicator of perinatal nutritional status (Harrington et al.,
2004).
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2.1.3 Diagnhosing undernutrition in hospitalised infants
using screening tools

Currently, there is no consensus on the ideal method to determine which children on
admission are at risk to develop undernutrition during hospital stay since no universally
accepted paediatric nutritional screening tool exists. Such a screening tool is different from
measuring actual nutritional status with weight and height (Joosten et al., 2010). The
purpose of nutrition screening is to predict the probability of a better or worse outcome due
to nutritional factors and if nutritional treatment is likely to influence this (Mueller et al.,
2011). A nutrition screening tool may determine the extent of undernutrition within the
population group and is associated with a decrease in length of hospital stay, morbidity and
mortality, and impaired nutritional status (Kondrup et al., 2003). Most screening tools
address four basic questions: recent weight loss, recent food intake, current body mass
index and disease severity (Gerasimidis et al., 2010, Chermesh et al., 2011). The

“reference measure” for assessing the risk for undernutrition appears to be dietetic review.

i) Paediatric Subjective Global Nutritional Assessment (SGNA)

Subjective Global Nutrition Assessment (SGNA) screening tool assesses nutritional status
based on the application of medical history and physical examination making it the most
commonly used tool for hospitalised patients in developed countries (Detsky et al., 1987).
Initially clinical judgement was validated for evaluating nutritional status in adults (Baker
etal., 1982). A structured clinical approach (SGA) emerged, was refined (Detsky et al.,
1987), applied, and finally validated internationally for clinical, epidemiological and
research purposes (Ulander et al., 1993, Niyongabo et al., 1999, Duerksen et al., 2000,
Stephenson et al., 2001, Wyszynski et al., 2003, Steiber et al., 2004, Gupta et al., 2004). A
review of SGA, found it to be “a simple, safe and inexpensive tool allowing for widespread
use by trained clinicians and remains the ‘gold standard’ for new bedside assessment tools”
(Keith, 2008). An adapted version of SGA for use in a paediatric population for identifying
children at risk for malnutrition during hospitalisation was developed and called the SGNA
(Secker and Jeejeebhoy, 2007). SGNA has been proven a valid tool for assessing
nutritional status in children and identifying those at higher risk of nutrition-associated
complications and prolonged hospitalisations (Secker and Jeejeebhoy, 2007, Mahdavi et
al., 2009, Gerasimidis et al., 2010). Moreover, SGNA has been found to be an inexpensive,
quick method and reliable tool for conducting nutrition assessment and predicting

outcomes (readmission and mortality) at the bedside of patients, particularly the critically
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ill patients (Yamauti et al., 2006, Fontes et al., 2014). Furthermore, SGNA is more in-
depth than a nutrition-screening tool, being used to assess nutritional status children in
circumstances that expose them to the risk of undernutrition. For example, children living
in poverty, children who are hospitalised, children with neurocognitive disabilities or
chronic illnesses/diseases. However, SGNA does not measure acute change in nutritional

status, by design (Secker and Jeejeebhoy, 2012).

Documentations of the use of SGNA in children in developing countries are scarce.
However, SGNA (Secker and Jeejeebhoy, 2007) was used in the current study. The SGNA
considers seven specific features of a nutrition-focused medical history and three features
of a nutrition-focused physical examination for signs of inadequate energy and/or protein
intake. Nutritional status is an important factor that determines hospital stay, and the
SGNA is a candidate tool for screening on admission based on the practitioner’s clinical
judgement rather than objective, quantitative measurements (Secker and Jeejeebhoy,
2007). Secker and colleague assert that paediatric SGNA employs historical, symptomatic,
and physical parameters while aiming to identify the subject’s initial nutritional state and
consider the interaction between the factors that influence the progression or regression of
nutritional abnormalities. SGNA considers seven specific features of a nutrition-focused
medical history and three features of a nutrition-focused physical examination for signs of
inadequate energy and/or protein intake. In addition, the nutrition-focused medical history
includes appropriateness of current height-for-age, appropriateness of current weight-for-
height, unintentional changes in body weight, adequacy of dietary intake, gastrointestinal
symptoms, nutritionally related functional capacity, and metabolic stress. Furthermore, the
nutrition-focused physical examinations include loss of subcutaneous fat, muscle wasting,
and nutrition-related oedema. The subjects are categorised into ‘normal/well nourished’,
‘moderately malnourished’, and ‘severely malnourished’. The progression of the subject’s
nutritional status is considered in relation to the subject’s usual status; therefore, the overall
SGNA ranking of the subjects is subjective and not based on a numerical scoring system.
For any subject, the more the checkmarks are on the right side of the questionnaire, the
more likelihood of being malnourished; and the more of them on the left, the more the
likelihood of being normal/well-nourished (Secker and Jeejeebhoy, 2012). These workers
tested and proved that SGNA is a valid tool for assessing nutritional status in children and
identifying those at higher risk for nutrition-associated complications and prolonged
hospitalisations. These workers observed a statistically significant increase in postoperative
length of stay, infectious complications, and minor complications in children classified as

malnourished using SGNA standards. SGNA has also been reported as possessing a
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potential to predict clinical outcomes that influence health-related costs and morbidity
(Wessner and Burjonrappa, 2014). Therefore, SGNA has been recommended as a simple
method for identifying patients needing nutrition intervention (Barbosa-Silva, 2008).
However, although SGNA is designed to identify undernourished children, it does not
differentiate children with adiposity from well-nourished children (Secker and Jeejeebhoy,
2012).

i) The Paediatric Yorkhill Malnutrition Score (PYMS)

The Paediatric Yorkhill Malnutrition Score (PYMS) was developed (Gerasimidis et al.,
2010) as a nurse-administered screening tool. PYMS is a four-stage evaluation based on
four questions considering the BMI value, recent weight loss, decrease of food intake the
previous week, and expected affect on nutrition by the admission/condition for the next
week. The performance of PYMS was validated for use in identifying children at risk of
malnutrition in Glasgow (Gerasimidis et al., 2010) by classifying the children as having
‘low’, ‘medium’ or ‘high’ malnutrition risk. Using a full dietetic assessment (dietary
history, anthropometric measurements, nutrition-associated physical examination, ability to
maintain age-appropriate energy levels, and review of medical notes) as a ‘gold standard’
for nutritional assessment rated 47% of the children as ‘high risk’ against 59% nurse-
rating. A pilot investigation was conducted under the current research project, in March
2011 at the RHSC, Yorkhill in Glasgow, in order to test and prove the research instruments
and further apply PYMS in the main study conducted in Nigeria (a developing world
setting). Although the latter was not realized, the findings from that study showed that
among 10 hospitalised infants aged 9 days to 11months, 6 (60%) were never breastfed and
4 (40%); were breastfed ranging from 2 days to 2 months. The weight SD scores of these
infants ranged between -2.81 and 1.43 while the change in weight SDS from birth ranged
between 0.20 and 1.34. The morbidities recorded were respiratory tract infections (4,
40%), congenital cardiac disease (1, 10%), urinary tract infection (2, 20%), and surgical
cases (3, 30%) while the mean hospital stay was 3.1 + 1.7 days. Although the small size of
this pilot dataset posed a limitation to further analysis, the picture was that the majority of

very young infants were at ‘moderate’ to ‘severe’ risk for undernutrition.
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2.1.4 Standard operating procedures/instruments used for the
studies of the project

Anthropometric measurements

According to the WHO-recommended measurement protocols (World Health

Organisation, 1995), anthropometric data collection includes:

i)

Weight measurement taken, using a SECA 385 electronic baby scale that is
regularly calibrated with a known weight. The infant, without any clothes and
diaper, is placed on the scale so that the weight distributes equally about the centre
of the pan. When the infant lies quietly, weight is measured and recorded to the
nearest 109 (see Figure 2.1).

Recumbent length measurement taken, using a SECA 416 infantometer. The infant
lies in a supine position on the infantometer with the crown of its head touching the
stationary, vertical headboard. An assistant holds the infant’s head, with the line of
vision-aligned perpendicularly to the plane of the measuring surface, with the
shoulders and buttocks flat against the table top, and the shoulders and hips aligned
at right angles to the long axis of the body. The legs are gently extended at the hips
and knees and lie flat against the table top, and the arms rested against the sides of
the trunk. The measurer ensures that the legs remain flat on the infantometer and
shifts the mobile board against the heels, to measure and record the length to the

nearest 0.1 cm (see Figure 2.2).

Iii) Head circumference measurement taken, using a Child Growth Foundation re-

usable LASSO tape. The infant, without wearing a hat or bonnet, is held or seated
on the laps of its mother/main carer. Objects such as or hairpins are removed from
the hair. The tape is positioned just above the eyebrows and placed posteriorly to
give the maximum circumference. The tape is pulled sufficiently tight to compress
the hair and yield a measure that “approximates” cranial circumference, to measure
and record the circumference to the nearest 0.1 cm.

MUAC measurement taken, using a narrow re-usable non-stretch tape, with the
infant wearing loose clothing without sleeves to allow total exposure of the arm and
shoulder area. The infant’s trunk is kept erect, with the arms hanging freely at the
sides of the trunk, and the palms towards the thighs, for the circumference at the
midpoint of the arm to be measured. To locate the midpoint, the infant’s elbow is
flexed to 90" with the palm facing upward, the measurer locates the lateral tip of the

acromion at the shoulder, and a small mark made at the identified point. The most
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distal point on the olecranon process of the ulna (at the point of the elbow) is
located and marked. The measuring tape is placed over these two marks used to
find the midpoint between them, which was marked. With the infant’s arm relaxed,
the elbow extended and hanging just away from the side of the trunk, and the palm
towards the thigh, the tape is placed around the arm and positioned perpendicular to
the long axis of the arm at the marked midpoint. The tape is placed snug to the skin
but not compressing soft tissues, to measure and record the circumference to the
nearest 0.1 cm.

v) Triceps and subscapular skinfolds measurements taken, using the Holtain skinfold
calipers.

a) The triceps skinfold is measured in the midline of the posterior aspect of the
arm, over the triceps muscle, at a level midway between the lateral
projection of the acromion process of the shoulder and the olecranon
process of the ulna (at the point of the elbow). With the infant’s arm
hanging loosely at the side and the elbow flexed to 90", the midpoint is
determined by measuring the distance between two landmarks using a tape
measure and marked on the lateral side of the arm. With the right hand, the
measurer holds the calipers and with the left thumb and index finger gently
picks up a vertical fold of skin and subcutaneous tissue, approximately one
cm proximal to the marked level. The tips of the calipers are applied
perpendicular to the skinfold at the marked level, to measure and record the
triceps skinfold to the smallest unit of graduation (the last completed 0.2
mm).

b) The subscapular skinfold is picked up gently on a diagonal, inclined infero-
laterally at approximately 45" to the horizontal plane in the natural cleavage
lines of the skin. The site to be measured is just inferior to the inferior angle
of the scapular, with the infant’s trunk kept erect and the arms relaxed at the
sides of the body. To locate the site, the measurer palpates the scapula,
running the fingers inferiorly and laterally along its vertebral border to
identify the inferior angle. The calipers are applied 1cm infero-lateral to the
thumb and finger raising the fold, to measure and record the thickness to the

smallest unit of graduation (that is the last completed 0.2 mm).
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Figure 2.1 The researcher measuring the weight of an infant admitted to the paediatric ward
of the UNTH, Enugu

Figure 2.2 The researcher measuring the recumbent length of same infant as above
WHO Anthropometric software

The “WHO Anthro’ — anthropometric software designed and developed for assessing the
growth and development of the world’s children (Bl6ssner et al., 2010) — uses the LMS
method to generate variables such as Z-scores (standard deviation scores) for
anthropometric measures. The LMS method summarises the distribution of an
anthropometric measure by age and sex in terms of three curves called L (lambda), M (mu)
and S (sigma). The M curve is the median of the anthropometric measure by age, the S
curve is the coefficient of the anthropometric measure, and the L curve expresses the
skewness of the distribution of the anthropometric measure in terms of the Box-Cox power
needed to transform the data to near normality (Cole, 1990, Cole and Green, 1992, Cole,
2007).
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RTH growth chart

The RTH growth chart is a variant of the 1978 NCHS/WHO growth reference, therefore it
is the old WHO growth chart based on the RTH format first designed by Prof David
Morley for use in developing countries. The RTH chart comprises two reference curves —
upper 50™ centile for boys and lower 3" centile for girls. The space between the two curves
is the weight channel or road to health-zone of normality for most children in the
population. Normal growth is shown above the 3" percentile and will run parallel to the
two reference curves. The RTH growth chart is a simple, cheap and convenient home-
based method of monitoring child growth in developing countries (Tarwa and de Villiers,
2007). This growth chart is contained in the cards that act as mobile databanks with
relevant records on the child’s important health events. The data include the personal/birth-
related details, parents and sibling history, illness history, reasons for special care,
immunisation history, vitamin A supplementation; rating of growth patterns,
developmental milestones, infant feeding guidelines, and preparation of salt sugar solution
for home treatment of diarrhoea (Morley, 1973). The format of the RTH growth chart has
the weight vertical axis (weight axis) represented in kilograms both on the left and right
margin of each year, starting at 0 kg with the 2.5 kg line. These axes are marked at 0.5 kg
intervals (in dotted lines) with the 1.0 kg intervals (solid lines) exactly one centimetre
apart. The horizontal axis (age axis) has one space (column) per month for the entire period

represented by a block for entering the appropriate month.

WHO growth chart

The new WHO growth chart is based on the WHO-CGS used worldwide for assessing and
monitoring the growth and development of children (0 — 5 years old). This chart was
designed with the LMS format (Cole et al., 2007) (see section 2.1.3.2). Five reference
curves are contained in the chart as follows: +3SD uppermost, +2SD next below, 0SD at
the centre, -2SD next below, and -3SD the lowermost curve. The effect from comparing
growth chart is not so relevant when monitoring individual children, but substantial when
assessing the health of groups of children (Ziegler and Nelson, 2010). Comparing the RTH
and new WHO growth charts reveals important differences with implications for child
health monitoring. For the realisation of effective child health monitoring which is the
purpose of developing the new WHO charts based on a totally different format from the
RTH charts, health staff should be trained before embarking on their use. Nonetheless, it
has been suggested that the WHO chart is more suitable for inter-country comparisons
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while country-specific growth references are better used for describing the growth of

children at a given locality (Ziegler and Nelson, 2012) .

Modified Latin Square Design

A Latin Square (LS) is an experimental plan in the square form whereby randomised
distribution of treatments takes two courses, namely in the rows and in the columns. Each
treatment analysed is known to appear only once in each row and each column. In this way
the effect of two sources of non-homogeneity of experimental material is being eliminated.
LS serves as the model for experimental design as well as the basis and generator for other
experimental designs (Lakic, 2002). LS is used in experimental designs for comparing
treatments and controlling two other known sources of variation. For an experiment
comparing n treatments, n levels of each of the two sources of variation to be controlled
are needed (Clarke-O'Neill et al., 2002). LS was first used in agricultural experiments. In
agronomy, the LS design is a category of complete block design, which is suitable for
allocating a small number of treatments to plots or experimental units and handling two
sources of variations among experimental units. Every treatment occurs only once in each
row and each column. The total sources of variation are made up of row, column, treatment
differences, and experimental error. The experimental error which is a measure of the sum
of variation between plots or units receiving same treatments should be controlled in order
to be able to estimate the treatment effects properly and compare effects of various
treatments effectively (Rojas and White 1957).

An (n x n) k Semi-Latin Square has been defined as an arrangement of nk symbols
(treatments) in an (n x n) square array such that each row-column intersection contains k
symbols and each row and each symbol occurs once in each row and each column (Chigbu,
1995); (Bailey and Chigbu, 1997). The Modified Latin Square (MLS) design is a
rectangular square distribution with n rows and t columns, classified into n sections,
whereby each contains k continuous columns and thereby each treatment appears only once
in each row and once in each section. The MLS design possesses two features, which make
it attractive. In agronomy, it controls soil heterogeneity in two directions as does the
ordinary LS, but does not require as large number of replications (Rojas and White, 1957).
The MLS design does not require as large a number of replications as the LS design.
Therefore, the MLS design was applied in allocating the two growth charts containing two
different scenarios in three versions of the self-completion questionnaire givinga2 x 2 X 3

design. This approach was used in order to avoid using fewer permutations or more charts
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per respondent, which would create errors in the results from data analysis. Two different
scenarios of the growth patterns of infants (0 — 26 weeks old) were shown on both the old
growth chart (RTH growth chart currently used in Nigeria) and the new growth chart
(WHO growth charts) for boys from birth to 6 months (percentiles). The two chart formats
were used to show different scenarios of the growth patterns of the infants. The accuracy of
the growth chart plotting exercises and overall interpretations of the growth patterns of the
infants contained in the three versions of the survey questionnaire (Appendix C.3 — C.5)
administered to the health staff was tested. The weight gain of the infants, the degree of
anxiety over an infant who was not growing well, the need for further assessment, and the

need for nutrition intervention were rated using Likert scales.

2.2 Broad Settings

2.2.1 Nigeria

Nigeria is a federal constitutional republic made up of 36 states and its federal capital
territory situated at Abuja. Located in West Africa, Nigeria shares boundaries with Chad
and Cameroon in the east, Benin in the west, Niger in the north, and the Gulf of Guinea in
the south (Figure 2.1). There are over 250 ethnic/language groups in Nigeria with
Hausa/Fulani tribe in the north, Igbo tribe in the southeast, and Yoruba tribe in the
southwest being the major ethnic groups and others rated as the minority groups. The
location of Nigeria in the tropics gives her a seasonally damp and humid climate with
temperatures as high as 44°C in the far north, and ranges between 21°C and 25°C on the Jos
plateau (central Nigeria). There are two distinct seasons in Nigeria determined by rainfall,
the rainy season starting around March/April and extending into September/October and
the dry season covering the rest of the year. With a total land area of 910,770 square
kilometres, Nigeria is divided into six geopolitical zones: north east, north west, north
central, south east, south west and south south. Nigeria is the most populous country in
Africa accounting for approximately one-fifth of the sub-Saharan African population.
There are two majorly practiced religions in Nigeria, Christianity in the south and central
parts, and Islam in the north. However, a minority of the people practise traditional and

local religions, including Igbo and Yoruba religions (Wikipedia, 2014).
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Figure 2.3 Map of Nigeria in relation to Africa
Source: Demographic and Health Survey, 2008

The UNICEF statistics for Nigeria in 2012 (see Table 1.2) show a fast growing population
of 168,833,000 at an annual of 2.6% but a fairly low life expectancy of 52.1 years. Over
half of this population live below the poverty threshold. Urbanisation, with a very low
national economic growth reflected in an equally very low public spending on health. The
maternal and child health sector shows a low rate of hospital delivery with a high annual
birth rate (7028 thousands per annum) reflecting a fairly high rate of delivery of infants
below 2500g weight and overall high neonatal mortality rate. With an equally high under-
five mortality rate of 124 per 1000 live births in a high under-five children population
(29,697,200), that is 17.6% of the general population against 5 per 1000 live births in 6.4%
of the general population of the UK. The commonest causes of child morbidity are malaria
(26%); diarrhoea (15%), acute respiratory infections (15%) (World Health Organisation,
2012a). Despite high rates of early initiation of breastfeeding, there are reported sub-
optimal infant feeding patterns with very low rates of EBF and high rates of early
introduction of complementary feeds to infants accompanied by decreased breastfeeding
before the age of two years (Uvere and Ene-Obong, 2013).

© Ifeyinwa Obiageli Ezeofor 2015



Research Design and Methodology 76

2.2.2 Enugu City

During the colonial era, Enugu city (also known as coal city because of its rich coal
deposit, the largest in Africa) was the headquarters where the seat of government of eastern
Nigeria was located. Enugu city is now the capital of Enugu state, which is situated in the
southeast geopolitical zone of Nigeria. Enugu is located in a tropical rain forest zone with a
derived savannah climate with the highest humidity between March and November and a
mean daily temperature of 26.7 °C. According to the national population census of 2006,
the population of Enugu state and Enugu city are 3.5 million and 722,664, respectively
(National Population Commission, 2006). The inhabitants of Enugu are mainly Igbos and
cut across all social-economic classes. The population of Enugu is predominantly
Christian, as is the rest of southeast Nigeria. Like the rest of Nigeria, most people in Enugu
speak Nigerian English alongside the dominant language of the region, which is Igbo.
Nigerian English is often used because of ethnic diversity and sometimes because of the
diversity of dialects in the Igbo language. Most of the non-indigenous people of Enugu are
migrants from other parts of Nigeria, which include the majority Yoruba, Hausa, Fulani
tribes; and the minority Tiv, Idoma, ljaw, Efik, Ibibio, Urhobo tribes. The former eastern
Nigeria was famed for producing half the world’s total output of palm kernels. Other
agricultural products include palm oil, yam, cassava, cocoyam, plantain/banana, rice,
maize, varieties of fruits and vegetables. The main social and economic activities include
farming, small, and medium scale trading, skilled manual works while a significant
number of people are also employed in the various goods manufacturing companies,

government, and educational institutions.

Healthcare facilities/services in Enugu city

Healthcare services can be accessed at moderate cost from several government-controlled
referral health institutions in Enugu city, including the University of Nigeria Teaching
Hospital (UNTH), Enugu University of Science and Technology Teaching Hospital
(ESUTH).
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University of Nigeria Teaching Hospital (UNTH), Enugu
New Site

The UNTH, which is located 21 kilometres from the Enugu capital city along Enugu-Port
Harcourt expressway, as a centre of excellence for cardiothoracic medicine and surgery has
broad objectives of service, teaching, and research. The hospital aims to achieve these
objectives through the provision of in-patient and outpatient services to its clients through
her highly trained staff, and provision of adequate clinical materials for service and
training. Others include equipment for research, provision of teaching facilities for training
her students and other professionals in the health delivery team as well as conducting and
promoting research on all matters pertaining to health. Altogether, there are 41 main
departments in the hospital with three out-posts as follows: comprehensive health centres
at Obukpa near Nsukka, Enugu state, Abagana in Njikoka local government area of
Anambra state and Isuochi in Abia state. There are nine training schools/programmes in
the hospital: the schools of nursing, midwifery, medical laboratory science, anaesthesia,
community health, post ophthalmic nursing, peri-operative nursing, cardiothoracic nursing,
and medical records. These schools currently operate at the old site, but plans are already
on the ground to provide structures for them at the new site as soon as possible. It is also
worthy to mention that community services rendered by the UNTH extend to various states
in the country, particularly those in the southeast geopolitical zone. The hospital serves as
the main referral centre for Enugu state residents as well as other neighbouring states in the
southeast, including Anambra, Imo, Abia, Ebonyi and Benue states. The location of the
new site of the hospital, far from the city centre and in a rural setting, makes it a catchment
of both the urban and rural populations of patients. The paediatric inpatient services are
accessed through a neonatal ward called the ‘New Born Special Care Unit’ (NBSCU) with
full complement of modern equipment for neonatal resuscitation and ventilation; two
paediatric medical wards; and one paediatric surgical ward each of which has 30 beds and
full complement of nursing, resident, and consultant medical staff. Most infants and
children were admitted via the children’s emergency room (CHER), children outpatient
clinic (CHOP), or specialist clinics.
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Old Site

The infant welfare clinic (IWC) was established in April 1987 at the Institute of Child
Health (ICH) of the UNTH, Enugu. The ICH functions as an establishment of research,
teaching of maternal and child health in the training of various categories of health
professionals and delivery of health services. The main objectives of the ICH are:
1) To deliver efficient preventive and promotive child health services to the
community within and outside Enugu through its child health clinic (IWC)
2) To determine the normal rate of growth of healthy children
3) To determine the normal haematological and biochemical parameters (to act as
reference values) in children
4) To organize lectures/demonstrations to mothers
5) To organize guest lectures, seminars/workshops and refresher courses for different
cadres of medical doctors, nurses, other health professionals and students
Outpatient services offered by this unit are infant immunisation, growth monitoring, under-
five clinics for health education, parent counselling, assessment of infants’ development
and referral of sick infants to appropriate clinics. Other services include the sickle cell
clinic; nutrition rehabilitation clinic; mother craft classes; health education and
immunisation for pregnant mothers; and vitamin A supplementation for infants, children,
and lactating mothers. The ICH interacts with the department of paediatrics and
department of community medicine to achieve its objectives and utilises the services of
research fellows, nutritionists, laboratory scientists, nurses, midwives, health visitors,
health educators, medical records clerks, medical statisticians, and administrative staff
among others. At the time of data collection, the ICH that houses the IWC was still at the
old site of the UNTH since the portion of land allocation for the ICH at the new site had
not been developed. Therefore, ICH toggled its services between the old and new sites on
days allocated for each of the services, for example, routine immunisations and vitamin A

supplementation held on Thursdays at both sites.
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Enugu State University Teaching Hospital (ESUTH), Park Lane, Enugu

The Enugu State University of Technology established the Enugu State University
Teaching Hospital (ESUTH) in 1979 from the former Enugu state general hospital for the
training of medical doctors, nurses, midwives, and laboratory scientists. Medical
professional students use ESUTH for postings and clinical practice. This tertiary health
facility is situated in Enugu metropolis where it serves as a referral centre for the primary
and secondary health facilities in Enugu state and environs. The hospital is structured into
clinical departments: community medicine and primary health care, obstetrics and
gynaecology, paediatrics, medicine, surgery, radiology, accident & emergency, ear, nose
and throat (ENT), ophthalmology, and anaesthesia. The medical department includes
dermatology and cardiology. The surgery department includes paediatric surgery; urology;
orthopaedics and plastic surgery. The Paediatric department includes the paediatric clinic,
paediatric wards and IWC. The teaching hospital is also well equipped with x-ray and
ultrasound facilities, service laboratories, outpatient facilities, operating theatres, recovery
room, intensive care unit, and wards for the various disciplines. There is also a befitting
newly built and well-equi