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Abstract

Background: Low birth weight (LBW) remains a major public hibaproblem in developing
countries, but is only one measure of size at b@thers include small-for-gestational-age
(SGA) and low ponderal index (PI). The objectivéthe thesis were: to estimate the
prevalence of LBW, SGA and low PI in a cohort ofgdkese infants; to identify risk factors for
small size, and to investigate whether predictiadets were useful for screening; and to

assess the effects of size at birth on subsequeéctroes.

Methods: Mothers enrolled in a prospective trial wereduoled through pregnancy and
delivery. Child anthropometry was collected attbahd at two years of age. A range of indices
of size at birth were described. Multivariable esgion models were developed to predict

them, and their associations with subsequent olgsom

Results There was a high prevalence of LBW (25%), SGA4%and low PI (70%) at birth.
None of the prediction models for size at birth wasticularly good, the strongest being for
birth weight (R=33%). Common predictors were parity, pre-pregnameight, gestational
weight gain, gestational duration and infant seBMLwas associated with neonatal (OR 3.5,
95% CI 1.4-8.9), infant (3.6, 1.6-7.9) and youndcc(B.7, 1.7-7.8) mortality, and stunting (3.4,

2.2-5.3), wasting (2.9, 1.5-5.6) and underweight (3.5-5.5) at two years of age.

Discussion:In southern Nepal, many newborn infants were diassas small, and most were
disproportionate. The modifiable risks for smatlesat birth were few, even though it was

associated with mortality and size in childhood.

Conclusion The previously undescribed disproportionate nigjaf Nepalese infants is

worrying for public health. However, measuremenbioth weight is not yet routine and it



seems better to recommend LBW as a single risk unedlsan to add new and more

complicated activities.
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Abbreviations and acronyms

AGA Appropriate for Gestational Age

AHW Auxiliary Health Worker

AIDS Acquired Immune Deficiency Syndrome
ANM Auxiliary Nurse Midwife

API Appropriate Ponderal Index

BINP Bangladesh Integrated Nutrition Project
BMI Body Mass Index

Cl Confidence Interval

DALY Disability-Adjusted Life Years

DHS Demographic and Health Survey

HSD Health Systems Development

HAZ Height-for-age Z Score

HIV Human Immunodeficiency Virus

IUGR Intrauterine Growth Retardation/Restriction
LGA Large for Gestational Age

LBW Low Birth Weight

LMP Last Menstrual Period

LPI Low Ponderal Index

MICS Multiple Indicator Cluster Survey

MOH Ministry of Health

NBW Normal Birth Weight

NDHS Nepal Demographic Health Survey
NFHS National Family Health Survey

OR Odds Ratio

PCA Principal Component Analysis

PI Ponderal Index

SD Standard Deviation

SES Socioeconomic Status

SGA Small for Gestational Age

SPSS Statistical Package for the Social Sciences
USMR Under Five Mortality Rate

UN United Nations

UNICEF United Nations Children’s Fund

WAZ Weight-for-age Z Score

WHO World Health Organization

WHZ Weight-for-height Z Score
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Definitions

Low birth weight
Very Low Birth Weight

Extremely Low Birth Weight

Intrauterine Growth
Retardation
Small for Gestational Age

Appropriate for Gestational

Age
Large for gestational Age

Appropriate Ponderal Index

Low Ponderal Index
Preterm

Term

Post term

Miscarriage

Stillbirth

Neonatal

Early Neonatal

Late Neonatal

Infant

Neonatal Mortality
Early Neonatal mortality
Late Neonatal mortality
Infant Mortality

Post Neonatal Mortality
Child under-five Mortality
Z Score

Stunting
Mild Stunting
Moderate Stunting
Severe Stunting
Wasting
Mild Wasting
Moderate Wasting
Severe Wasting
Underweight
Mild Underweight
Moderate Underweight
Severe Underweight
LMP
DALY

Birth weight of an infant less than 2500 g irrespective of gestation
Birth weight of an infant less than 1500 g irrespective of gestation
Birth weight of an infant less than 1000 g irrespective of gestation
Fetus fails to fulfill inherent growth potential

Birth weight for gestational age below 10" percentile
Birth weight between 10™ and 90" percentile for gestational age

Birth weight above 90" percentile for gestational age

Ponderal index above 10" percentile

Ponderal index below 10" percentile

Infant born before 37 completed weeks of gestation

Infant born between 37 and 42 completed weeks of gestation

Infant born after 42 completed weeks of gestation

Cessation of confirmed pregnancy before 23 weeks’ gestation
Delivery of an infant showing no signs of life after 23 weeks’ gestation
Period from birth to 28 complete days

Period from birth to 7 complete days

Period from 7 to 28 complete days

Period from birth to 1 year of age

Death of a live born infant within 28 complete days of life

Death of a live born infant within the first 7 complete days of life
Death of a live born infant from 7 to 28 complete days of life

Death of an infant in the first year of life

Death of an infant between 28 days and one year of life

Death of a child in the first 5 years of life

Application of transformation rules: how far and in what direction, that
item deviates from its distribution mean, expressed in units of its
distribution’s standard deviation. The transformed scores will have a
mean of zero and a standard deviation of 1

Height-for-age <-2SD below the reference median (WHO standard)
More than one and up to two z scores below the median (>1 — 2 SD)
More than two and up to three z scores below the median (>2-3 SD)
More than three below the median (> -3 SD)

Weight-for-height <-2SD below the reference median

More than one and up to two z scores below the median

More than two and up to three z scores below the median

More than three below the median

Weight-for-age <-2SD below the reference median

More than one and up to two z scores below the median

More than two and up to three z scores below the median

More than three below the median

First day of the last menstrual period

Measure of a future stream of healthy life lost as a result of disease or
injuries
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Chapter 1. Introduction and objectives

1.1. Scope of the thesis

“The category of low birth weight in particular isinformative and seldom justified.”

Size at birth is a multidimensional entity deteredrby the sizes of different constituents of the
body: bone, muscle, other tissues and fluid spadtsedimensions include birth weight, birth
length, head circumference, chest circumferenceupper arm circumference and abdominal
circumference. Size can also be expressed by camgimese primary measures into composite
indices, of which body mass index is the most femiBoth gestational age and rate of fetal
growth contribute to size at birth, which is alssi@tmined by the interaction between genetic
characteristics (maternal and paternal) and enwisstial factors (nutritional). Optimal fetal
growth is achieved if the infant has achieved optimsize at birth for gestational age, sex and

ethnicity.

Birth size is the result of prenatal growth andititeauterine environment. It has important
implications for mortality, morbidity, growth anddelopment, cognitive outcomes and
academic achievement. Associations have also beaprmktrated between small size at birth
and coronary heart disease and its risk factorsetgnsion, non-insulin dependent diabetes
mellitus and abnormalities in lipid metabolism dnidod coagulation. At the opposite end of
the spectrum of size at birth, bigger infants acgenprone to obesity, an increasing public

health problem in developed countries and an emgrghae in developing countries.

The usual measure of size is birth weight, an gasitl precisely measurable anthropometric
parameter. Birth weight is often the only anthroptnic parameter used, and has been the most
studied. Epidemiological studies have shown itd@hdeterminant of infant mortality. Because
infant mortality rates in developing countries high, there has been a large amount of work

on low birth weight and studies of risk factors kaw birth weight and intrauterine growth
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retardation were a natural step forward. Low hiviight is linked adversely with morbidity,
mortality, growth and development. A strong asdimieof birth lengthwith development at 12
months has been demonstrated. Low birth lengttalsasbeen related to mortality and
hospitalization. Smatiead circumferencmdicates poor development of brain - as seen in
symmetrically growth-retarded infants — and is aiged with compromised cognitive

development.

Although birth weight has been used as a standasksure of size at birth, it is only one
dimension of size and is a crude marker of fetalgn. Each dimension of size has different
implications and should be measured at birth, beteixisting literature is dominated by
discussions of weight alone. Moreover, birth weighhe only birth parameter measured in
many hospitals as a proxy for birth size and amdicator of health. The patterns, associations

and implications of the various dimensions aresthigject of the thesis.

The expression low birth weight was used interckabty with prematurity for four decades
between the 1920s and 1960s. In the 1970s, preityednd intrauterine growth retardation
were understood as two separate concepts, as Vfferences in mortality between them. This
evolution of concepts over time, and the arbiti@aroff point set on the basis of mortality
rates and ease of measurement should make us walnoigrthe credibility of low birth weight
as an entity Even today, risk factor studies for low birth gilei are popular among
researchers. Because the studies conducted inatiiffsettings showed different results, the
causal relationship between important risk factord low birth weight is difficult to establish.
However, the extensive previous work on risk fagtan be used for better understanding and

documentation of their usefulness.

This thesis brings together evidence from pastcament research. It will address important
issues with regard to current work on size at bigarticularly the meaning of size at birth and
its risk factors - and discuss its relevance. Hasis discusses the identification of research on

birth size: past and current. It assesses the lngskiof the current pool of knowledge on size
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at birth. The idea is to address, in a semi-rigtlrgy in Nepal, an important public health

problem in relation to what is already known.

The scope of the thesis includes:

(a) Describing the distribution of different indtors of size at birth in a cohort of infants in

Nepal, which has not been done before,

(b) Development of prediction models for differémdicators of size at birth, and assessment

of how useful they might be.

(c) Looking at the outcomes in infants and youhifdeen of different classifications of size at

birth.

1.2. Objectives

1.2.1. General objectives

The general objectives of the work carried outtfar thesis were:

1. To understand size at birth in order to improvédchurvival and prevent adverse

outcomes in Nepal.

2. Tounderstand the implications of measuring diffi¢garameters of size at birth —
weight, length and head circumference - and usarniyeld indices such as size for

gestational age, body mass index and ponderal index

1.2.2. Specific Objectives

The specific objectives were:

Describing size at birth
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1. To describe the distribution of size at birth inanort in southern Nepal: birth weight,

length, head circumference, body mass index andgrahindex.

2. To estimate the prevalence of low birth weight, bifaa gestational age and low

ponderal index in the cohort.

Risk factors for size at birth

1. To examine the independent effects of maternal deaphic factors, nutritional status

and health status on size at birth.

2. To identify important risk factors for abnormalesiat birth.

3. To generate models for prediction of abnormal aizeirth and to investigate whether

known risk factors can predict size at birth adeglya

Effects of size at birth

1. To assess the effects of size at birth on mortaltity month and in early childhood.

2. To assess the effects of size at birth on malinutrét two years of age.

3. To assess the effects of size at birth on morbatityvo years of age.

1.3. Role of the investigator

| was the clinical trial coordinator for a doublénbl randomized controlled trial of antenatal
multiple micronutrient supplementation in southBiepal from 2001 to 2007 | was based in
Janakpur, Dhanusha for most of the research pdfmdhe trial, | was trained in obstetric
ultrasonography and worked from a base at Janaqmal Hospital. | supervised enrollment of
participants, follow-up in pregnancy, measureméimfants at birth and follow-up of children

at two years of age. | was trained in and perforthedbbstetric ultrasonography for the trial. |
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was responsible for maintaining the database, iegtand cleaning data. | co-ordinated the
follow-up study, designing the questionnaire anthblase and supervising piloting and field

work. In summary, | am answerable for the data uisele thesis, from collection to analysis.

1.4. Sequence of the thesis

The thesis is organized as follows. It includeshagiers:

The second and third chapters describe the literaaview. Chapter two summarizes the
Millennium Development Goals and gives a snapshti@UN declaration of the

responsibility of the world as a whole for humani&dy, equity and dignity. The thesis is
particularly focused on thé"goal: reduction of child mortality. The chapteoyides a general
idea of the gravity of childhood health problemsd @articularly neonatal mortality. It
discusses low birth weight as an important pubdialth problem in developing countries and
an underlying factor in neonatal mortality, andréfiere a major contributor to deaths of
children under five. A number of anthropometricgraeters at birth are described as a
background to using them in later work. Gestati@us and Z score are also described. This is
followed by a detailed consideration of the clasatfon of abnormal birth sizes and the
identification of abnormal size. The next chaptvars the subject of what is already known
about risk factors for low birth weight in low ino® countries and high income countries. This
draws upon work on risk factors and provides dcaiitreview of the methodological
approaches to the research work. It gives a petigpaan the risk factors relevant to the

context of the thesis.

The fourth chapter discusses the study desigringethd methods for the field research. It
provides a detailed description of the setting imiclr the study was carried out, and the
procedures that were followed. The stages of thdiets are summarized from selection of
participants to follow-up, and the tools used aathdnanagement are described. Ethical

considerations and maintenance of data qualitalsecovered.
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Chapter five generally describes the data availfdvléhe study.

Chapter six presents the basic results of an a@safsize at birth. It begins with maternal
demographic characteristics followed by the pravateof small size at birth using a population

sample who did not receive multiple micronutriempglementation.

Chapter seven summarizes risk factor analysisjapefocusing on prediction models to draw

on the determinants of size at birth.

Chapter eight summarizes the investigation of ffexts of size at birth on immediate and
longer term outcome. It describes neonatal, infauat childhood mortality, morbidity and

malnutrition represented by stunting, wasting andemweight.

Chapter nine summarizes the key findings, discusgebmitations of the studies and goes on

to discuss the implications of the findings. Ittgardarly considers their generalisability.

The final chapter attempts to draw clear and siropleclusions in this complex field.
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Chapter 2. Background to the consideration of size at birth

Figure 2.1. Normal birth weight and Low birth weigh  t infant born at >37 weeks of
gestation

2.1. The Millennium Development Goals

In September 2000, heads of state of 189 courdppsoved the UN Millennium Declaration.
Many member countries are committed to the MillenmDevelopment Goals (MDGSs) to
reduce poverty and hunger, and to tackle ill heaiéimder inequality, lack of education, lack of
access to clean water and environmental degraddti@goals are set to be achieved by 2015.
Table 2.1 presents the MDGs, targets and indicaitdrsre are eight goals, 16 targets and 48
indicators, out of which one goal, one target amadicators are related to child health. The
fourth goal is to reduce child mortality. The targgeto reduce under-five mortality by two-
thirds between 1990 and 2015. There are threehiaaicators to measure the progress
towards the target: under-five mortality rate, mfenortality rate and the proportion of one-

year children immunized against measles.

The measurement of achievement of MDG 4 over thiegef 25 years will be reported by the
degree of reduction in child mortality across coi@st To review progress, an interim analysis
was carried out. It showed an asymmetrical redndtianortality: in urban Sub-Saharan

Africa, only five out of 22 countries studied mbettargeted reduction of 4% per year between

1990 and 2000, and the rest of the countries shakdr an increase or a nominal decline in
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mortality* Similarly, another analysis for the year 1990 2864 in 60 countries with the
highest mortality showed only 7 countries to bdrack, 39 making nominal progress and 14
off-track (serious concern categoryJhis analysis gave an overview of the progress and
recommended country-specific and time-specific geann efforts and coverage of
interventions in those countries which were lagdiegind. It included equitable coverage of

interventions to all economic strata in poor comstr

Table 2.1. Millennium development goals, targets an  d indicators related to health

Goal 1 Eradicate extreme poverty and hunger

Target 1 Halve, between 1990 and 2015, the proportion of people whose income is less than one dollar
a day

Indicators  Proportion of population below one dollar a day
Poverty gap ratio (Incidence * depth of poverty)
Share of poorest quintile in national consumption

Target 2 Halve, between 1990 and 2015, the proportion of people who suffer from hunger
Indicators  Prevalence of underweight children under five years of age
Proportion of population below minimum level of dietary energy consumption

Goal 2 Achieve universal primary education

Target 3 Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a full
course of primary schooling

Indicators  Net enrolment ratio in primary education
Proportion of pupils starting grade 1 who reach grade 5
Literacy rate of 15-24 year-olds

Goal 3 Promote gender equality and empower women

Target 4 Eliminate gender disparity in primary and secondary education, preferably by 2005, and at all
levels of education no later than 2005
Indicators  Ratio of girls to boys in primary, secondary and tertiary education
Ratio of literate women to men, 15-24 years old
Share of women in wage employment in the non-agricultural sector
Proportion of seats held by women in national parliament
Goal 4 Reduce child mortality
Target 5 Reduce by two-thirds, between 1990 and 2015, the under —five mortality rate
Indicators  Under-five mortality rate
Infant mortality rate
Proportion of one-year —old children immunized against measles

Goal 5 Improve maternal health
Target 6 Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio

Indicators Maternal mortality ratio
Proportion of births attended by skilled health personnel
Goal 6 Combat HIV/AIDS, Malaria and other diseases
Target 7 Have halted by 2015 and begun to reverse the spread of HIV/AIDS
Indicators  HIV prevalence among pregnant women aged 15-24 years
Condom use rate of the contraceptive prevalence rate
Condom use at last high-risk sex
Proportion of population aged 15-24 years with comprehensive correct knowledge of
HIV/AIDS
Contraceptive prevalence rate
Ratio of school attendance of orphans to school attendance of non-orphans aged 10-14 years
Target 8 Halve halted by 2015 and begun to reverse the incidence of malaria and other major diseases
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Indicators

Goal 7
Target 9

Indicators

Target 10

Target 11

Goal 8
Target 12

Target 13
Target 14
Target 15

Target 16

Target 17

Target 18

Indicators

Prevalence and death rates associated with malaria

Proportion of population in malaria-risk areas using effective malaria prevention and treatment
measures

Prevalence and death rates associated with tuberculosis

Proportion of tuberculosis cases detected and cured under DOTS (Directly observed short-
course)

Ensure environmental sustainability

Integrate the principles of sustainable development into country policies and programs and
reverse the loss of environmental resources

Proportion of land area covered by forest

Ratio of area protected to maintain biological diversity to surface area

Energy use (kg oil equivalent) per US$1 GDP (PPP)

Carbon dioxide emissions per capita and consumption of ozone-depleting CFCs (ODP tons)
Proportion of population using solid fuels

Halve by 2015 the proportion of people without sustainable access to safe drinking-water and
sanitation

Proportion of population with sustainable access to an improved water source, urban and rural
Proportion of population with access to improved sanitation, urban and rural

By 2020 to have achieved a significant improvement in the lives of at least 100 million slum
dwellers

Proportion of households with access to secure tenure.

Develop a global partnership for development

Develop further an open, rule-based, predictable, non discriminatory trading and financial
system

Address the special needs of the least developed countries

Address the special needs of landlocked countries and small island developing states

Deal comprehensively with the debt problems of developing countries through national and
international measures in order to make debt sustainable in the long term

In cooperation with developing countries, develop and implement strategies for decent and
productive work for youth

Unemployment rate of young people aged 15-24 years, each sex and total

In cooperation with pharmaceutical companies provide access to affordable, essential drugs in
developing countries

Proportion of population with access to affordable essential drugs on a sustainable basis

In cooperation with the private sector, make available the benefits of new technologies,
especially information and communications

Telephone lines and cellular subscribers per 100 people
Personal computers in use per 100 people
Internet users per 100 people

Adapted from United Nations declaration: http://www.undp.org/mdg/basics.shtml accessed on 18
September 2008°

2.2. Status of the world’s children

Almost 130 million children are born every year.phpximately 11 million die before attaining

the age of five years, out of which more than fimilfion children die in the Asia and Pacific

region alon€.Most of these deaths are in low and middle-incomntries. Table 2.2 shows

that developing countries fall into low, lower-middnd upper-middle income categories, and

that these account for quite a range of possildenes. 90% of the child deaths occur in just

42 countries of the world and 50 % in just five ooies?
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Table 2.2. World Bank classification of the economi es of member countries

Categories Gross National Income per capita
(2007) in US$

Low Income 935 or less

Lower middle income } Developing countries 936 - 3,705

Upper Middle income Most child deaths 3,706 — 11,455

High Income 11,456 or more

Adapted from World Bank figures®

2.2.1. Causes of Child Mortality

The World Health Organization (WHQO) presented eatés of medical causes of under-five
deaths in geopolitical regions for the years 2@0R003. The estimates are shown in Figure
2.2. The figure shows that a considerable percermsgnder-five deaths (37%) occur during
the first 28 days of life — the neonatal perfb@he next most important categories of mortality
are acute respiratory infections (19%), diarrhde®4), malaria (8%), measles (4%), and
HIV/AIDS (3%). The majority of listed causes areypentable and treatable, such as malaria,

measles, diarrhoea and acute respiratory infections

Figure 2.2. Causes of deaths in children under five , 2002 - 2003

@ Neonatal Causes

13%

B Acute Respiratory Infections
37% 4 Diarrhoeal Diseases (Post Neonatal)
O Malaria

B Measles

OAIDS

19% . o
m Other Diseases and Injuries

Adapted from*
2.2.2. Child Survival and Malnutrition

Malnutrition among children still causes major paliiealth problems in many countri€dn

South Central Asia alone, 40% of preschool childvene stunted (71.5 million), 41%
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underweight (73.4 million) in the year 2000 and 15%sted in the year 199%™ In 1968,
Scrimshaw described a synergistic effect betwednutrition and infection (Figure 2.35.
Poor nutritional status makes children more sudglepio infections by lowering immune
status. Infections in turn lower the nutritionatsis of the children by lowering appetite and gut
absorption of nutrients (reduced protein absorpip20 to 30% in diarrhoea, vitamin A
malabsorption in systemic febrile iliness); andigreasing metabolic rate (catabolism of
musle protein for gluconeogenesis, participatiohamones regulating carbohydrate
metabolism in host defence, anabolism of aminosaftid synthesis of immunoglobulin and
lymphokines) and by changing nutrient levels inlbey - lipids, vitamin A (reduced in acute
respiratory infection, , measles, gastroenteritibpflavin (reduced in sandfly fever), iron (in
malaria) and ascorbic acid, for exampl&alnourished children are more likely to die from
infectious diseaséand undernutrition (low weight-for-age) is a leaglunderlying cause for
more than half of under-five mortality among chiéldrin developing countries. Mild to
moderate malnutrition is responsible for as muc&7@ of child deaths, in comparison to

severe malnutritioh®

Figure 2.3. Pathways of malnutrition and child morality

Malnutrition
Appetite ]
Immunity + l Immunity
Altered metabolism

Infection

Adapted fromt® Child mortality
apted fro
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Figure 2.4 shows how under-five mortality has bestegorized into age groups. Since there
has been a considerable decline in post-neonatahlity due to vaccines, treatment of
infections and oral rehydration therapy, there [isessing need to address the problem of
neonatal mortality? The first seven days of life- the early neonataiq - is a crucial period.
Three-quarters of neonatal deaths occur in thi@gemainly within 24 hours of birth. A meta-
analysis from six developing countries showed pretgelivery as the leading cause of early
neonatal death, followed by asphyxia and birthrtraucongenital anomalies, unknown causes

and infections respectivefy.

Figure 2.4. Categorization of under-five mortality

Under- five martality

! !

Infant death Children death from 1 to
(From birth to 1 year of aze) 5 years of age

Neonatal death Post-neonatal death
(From birth to 28 days) (From 28 days to 1 year of ape)

v +

Eanly Meonatal death Latz nzcmatal dzath
{From bixth ta 7 days) (From 7 days to 28 days)

The inclusion of stillbirths with early neonataladles constitutes perinatal death. It is estimated
that for every neonatal death there is one stilibiPerinatal death alone is responsible for 7%
of the total global burden of disedsét is ranked third after lower respiratory trastections

and diarrhoeal diseases. (Table 2.3)

Neonatal deaths account for two-thirds (64%) cémfmortality? The main causes of death
in the neonatal period have been identified andlaepected in Figure 2.5, which shows that
prematurity presents the greatest risk for neortiaths (28%). Sepsis contributes the second

most to neonatal death (26%), followed by asph{&&26). Congenital anomalies, tetanus and
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diarrhoea contribute a small part to the overalises of deaths, just 16% when combined

together?’

Figure 2.5. Causes of neonatal deaths
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| Tetanus
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@ Congenital
3% m Other

23%
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Adapted from®

In summary, neonatal mortality is mainly due toipatal events, whereas post-neonatal
mortality is mainly due to environmental factorgarlg neonatal death is mainly due to
asphyxia, preterm birth and congenital defectslateneonatal death is predominantly due to

infections.

Table 2.3. Leading global burden of disease, 1990

Disease/Injury DALYs (thousands) % of total
Lower Respiratory Infection 112898 8.2
Diarrhoeal Disease 99633 7.2
Perinatal condition 92313 6.7
Depression 50810 3.7
Ischemic Heart Disease 46699 3.4
Cerebrovascular Disease 38523 2.8
Tuberculosis 38426 2.8
Measles 36520 2.7
Road Traffic Accident 34317 25
Congenital Anomaly 32921 2.4

Adapted from Lopez 2005
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2.2.3. Child survival and low birth weight

Approximately 130 million infants are born everyayeUsually, the only birth size indicator
measured at birth is weight. Of the babies borfp Wvkigh less than 2500 g — low birth weight.
Back in 1985, McCormick and colleagues noted thatlhirth weight was one of the major
causes of neonatal mortafityLow birth weight was responsible for 60-80% obnatal

deaths. It has been shown to have a strong reddtipnvith infant mortality: the cut-off point

of 2500 g was mortality-baséd.

Birth weight has been demonstrated to be a seesitdicator of neonatal and post-neonatal
mortality as shown by birth weight specific mortal{Table 2.4). Low birth weight infants are
more prone to sepsis due to altered immanigsphyxia, hypothermia and feeding probléfns.
Term low birth weight infants weighing 2000 — 2498ave 4 and 2 times higher risk
respectively of neonatal and post-neonatal moytgiian infants weighing 2500 - 3000 g.
Likewise, they have 10 times and 4 times highena&a and post-neonatal mortality than

infants in the weight group 3000-3499’g.

Low birth weight is a result of preterm birth, neted intrauterine growth or a combination of
both. The majority of low birth weight in develogiountries is due to growth retardation.
Preterm delivery is directly causal in 28% of ndahdeaths and term intrauterine growth
retardation in 1-2% of neonatal death&rowth retarded infants not only suffer intrapartu
asphyxia, low apgar scores and meconium aspirdtioimg late pregnancy, they are also prone
to hypothermia due to reduced body fat mass, pthgrgia secondary to hypoxia,
hypocalcemia and hypoglycemia in the early neonaebd. Term growth retarded infants are
born with low weight and less fat. They lack ingida and energy thus making them prone to
hypothermia and poor growth. They may show catclgropvth during early infancy and attain
a normal growth curve by one year of age. Howeaeem growth retardation is linked with
increased mortality, morbidity, disability, poorogth, cognitive development in children and

morbidity in adults.
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Table 2.4. Relative risks of neonatal and post-neon  atal mortality

Relative Risks

Term birth weight (g) Neonatal mortality Post-neonatal mortality
(death within 28 days) (death between 28 days and 364 days)
2000-2499 4 2
2500-2999 1 1
3000-3499 0.4 0.5
3500-3999 0.3 0.5

Adapted from *’

2.2.4. Childhood morbidity and low birth weight

The important consequences of low birth weight leitdbood morbidity include disabilities,
hospitalizatiorf® poorer language developméntliarrhoeal diseadtand acute respiratory

infections®® Cognitive, psychological, behavioural and educstialeficits may also be seeén

2.2.5. Size is important

The above evidence confirms the importance of biight to childhood and adult health and
survival. However, there is more to birth size thast low birth weight. Very few studies have
gone beyond low birth weight to investigate the amance of other dimensions of birth size,
especially in developing countries, where fetalgloretardation and child mortality is
common. Little is known about the association tikeotdimensions of size at birth with

childhood and adult outcomes.

The importance of size at birth has increased thighadvent of the fetal origins hypothesis
(now known as the Developmental Origins of Heattl Adult Disease, DOHAD), which
states that adult disease is programmed in uteooigh influences which alter fetal growth.
Programming is the process of adaptation of thesfai nutrition by altering the metabolic,
physiological and structural parameters of the bédetal malnutrition (adverse intrauterine
environment) may occur in any phase of fetal dgualent and for variable duration and
severity (acute and chronic malnutrition). Eaclu$dtas its own genetic potential and
intrauterine environment, which influences fetadwth pathways. Infants with similar weights
at birth could have other different birth dimenserength, head circumference, body mass

index, ponderal index, abdominal circumferencetajesal duration and so on. Birth weight is
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the most studied anthropometric parameter among than could describe fetal size, prenatal
growth and birth size. It is used as a marker efittrauterine environment. However, it is just

a crude marker of fetal growth.

Different anthropometric measurements have diffieiraplications. For instance, head
circumference reflects brain size and gro#tBmall head circumference indicates poor
development of the brain - as seen in symmetricalbyth-retarded infants — and is associated
with compromised cognitive development and poceliettual performanc&.A strong
association of birth length with development aniénhths has been demonstrated, and there

appears to be an association with blood pressuadiitthood™’

Duration of exposure to intrauterine malnutritioamifests as proportionate growth retardation
and disproportionate growth retardation, a featdirgdaptation. Chronically malnourished
fetuses present with proportionate growth retaotafr his is manifested as visually
appreciable change in birth size parameters edfyesimaller head circumference, shorter
length and reduced weight and altered tissue nsasslarly, acutely malnourished fetuses

present with disproportionate growth retardaticornmal birth weight and length, with wasting.

The importance of the opposite end of the spectiibirth weight has also been recently
recognized. Infants who are bigger at birth areenmone to obesif§; an increasing public

health problem in developed countries and an emgrghae in developing countries.

2.3. Cost of abnormal birth size

Cost of providing care for low birth weight infarigshigh not only for families, but also for
health services and communities. Because of itgyafr short term and long term
complications, LBW imposes an enormous economicegnational burden on the family
throughout life. In developing countries where pineblem is epidemic, health services and
systems face functional difficulties. Modern teclugy for management of affected infants is

next to impossible for the time being. Setting uiole health systems is a major challenge in
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itself. Preventive care and intervention might bmrercost effective than the management of
the problem and its complications. For example gRbet al recommended a participatory
intervention with a women’s group in the rural segtof Nepal where supply side interventions
are probably not feasible on a large scale becaiuibe vast resource requiremetithe
intervention offers an affordable means of reduciagnatal mortality and could benefit from
expansion. Mass production of interventions likeratal iron and folate supplements cost an
estimated less than $1 per person throughout pnegnand might improve birth outcomes

among women in developing countries.

2.4. Measurements of size at birth

Anthropometry is the external measurement of thredrubody and is used to assess nutritional
status, growth and development. Anthropometric nnegsents at birth are the easiest, quickest
and most inexpensive method of estimating bodyaikidentification of newborn infants at
risk for adverse outcomes. Anthropometric measunésria common use are birth weight,
length and head circumference, but mid-upper aroaugiference, abdominal circumference
and chest circumference are sometimes used. Thés®pometric measurements can be
assessed against gestation at birth, but thistialmays done. Although it is not

anthropometric, since gestation at birth is onthefimportant determinants of birth size, a

section on it is included.

2.4.1. Birth weight

Birth weight is the first weight of an infant measd after delivery. It does not take account of
gestation, but is one of the most important ancelyidsed anthropometric measurements.
Weight is used for assessment of fetal growth dswlta imply the maturity attained by birth.
The newborn infant loses 10% of birth weight in fingt week and, if all remains well, regains
it in the next few days. Therefore, it is importémiveigh the infant within the first hour of
birth, preferably before significant postnatal weitpss occurs. It is essential to note the age

and time at which birth weight is measured. Curietgirvention studies accept measurements
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of birth weight made within the first 72 hours. $lig a compromise between accuracy and

feasibility.

2.4.1.1 Measurement

Birth weight can be measured with a spring or bbakance or precision electronic scales. It is
measured in grams. The measurement of birth wédgidt consistent and tends to show inter-
observer and intra-observer variation. The religbénd validity of weighing scales should be
checked and calibrated from time to time. It iskpematic if the weighing scale does not have
an infant pan. In this event, the mother is weighétl and without the infant and the

difference is equated with the weight of the infant

Depending on the birth weight, newborn infantsaategorized into 5 groups, low birth weight
(<2500 g), very low birth weight (<1500 g), extrdydw birth weight (<1000 g), normal birth
weight (>2500 - <4000 g) and high birth weight (88@y). These strata have different survival

rates and require different levels of care.

2.4.1.2 Practical problems

In developing countries, it is often not possildethieve consistency in birth weight data for
the following reasons. Firstly, the weighing scaded may not be up to international standards.
Secondly, the weighing scale may not be reliabtbvaatid because of lack of calibration at
intervals and lack of durability. Thirdly, it maynfeasible to weigh the infant within the first
hour of birth because most deliveries occur at hdraéle 2.5 shows how uncommon birth in
hospital with a skilled attendant is in some Agianntries. In Nepal, the figure for home birth

is 9206

As can be noted from the classification, the cfippoint used for the definition of normal and
low birth weight infants is a fine line. Infantstiibirth weight of 2499 g are termed low birth

weight while those of 2500 g are not. This is cdogted by observation error and digit
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preference while recording birth weight. Digit prednce is the tendency of the observer to
prefer terminal digits such as 0 or 5, so thatrit§af fractionally less than 2.5 Kg are
classified as 2.5 Kg. This hides the real picturéhe incidence of low birth weight and should

be avoided or corrected when analyzing data amdgirgting results:

Table 2.5. Place of birth

Country Home Skilled Birth Traditional Source

delivery  Attendant Birth

Attendant

Nepal 92% 19% - NFHS 1996
India 65% 42% 35% NFHS-2*
Bangladesh  92% 12% 64% WHO™*®
Pakistan >89% B 80% National health survey of Pakistan 1990-94*
Indonesia 90% 37% Ronsmans 2001*°

* http://www.whoban.org/skill_birth_training.htnaiccessed on 19th September 2008
2.4.2. Gestation

2.4.2.1 Definition

Gestation is the period of development from coricepb birth. The average duration of
gestation is 280 days or 40 weeks. Gestationahadeaate of fetal growth determine the size of
an infant at birth. Clinical decisions for managetrend resource allocation largely depend
upon gestational age at birth and birth weight. ilm@ortance of correct estimation of
gestational age has been recognized for a longaimdestudies have been carried out to test
methods of assessing't!’ In recent years, because of the necessity tordiffate small-for-
dates infants from appropriate-for-dates infants ate born prematurely (Dubowitz),
assessment has gained more value as small-foridédess are at risk from different

conditions than appropriate-for-gestational-agarité. Furthermore, neurological behaviour in
the neonatal period depends on gestational agassgbsment helps to interpret it and the

subsequent development of the inf&ht.
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2.4.2.2 Measurement of gestational age

Many parameters have been used to estimate gestidige, but none of them is error free. Of
interest are: biological methods using basal bedyperature; last normal menstrual period;
ultrasound scan using fetal crown-rump length, tigtal diameter, femur length and abdominal
circumference; clinical methods such as measureofaht height of the uterus per abdomen
from the symphysis pubis (symphysio-fundal heighasking about the first movement of the
fetus felt by the mother (quickening), fetal hesotind detection and immunological methods
such as urine luteinizing hormone (LH) and humaoricimic gonadotropin (hCGY,* The
commonest method is a combination of reliable texfdhst normal menstrual period and early

ultrasound scarng:>

In the postnatal period, gestational age can bmat&d by a scoring system depending on
physical and nervous system maturation. In pracsiseh systems are too time consuming and
cumbersome to use routinely. The methods of PaBatiard, Dubowitz and Robinson are all
options which can be used if the gestational agedystrual dates is not compatible with the
physical and neurological appearance of the newindant*>°. Figure 2.6 gives Ballard score
for newborn maturity rating. Gestational assessroétttis type, which is usually based on a

summary score, is presumed to be accurate to witBimeeks'
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Figure 2.6. Ballard score for the assessment of ges
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2.4.2.3 Classification

Depending on gestation, the newborn infant is diadgsinto one of three categories: preterm,

term and post-term (See Table 2.6).

Table 2.6. Classification of newborn infants depend  ing on gestation

Preterm Infants born at < 37 completed weeks (up to 36 weeks + 6 days or < 259 days)
Term Infants born between 37 and 41 weeks of gestation (259-293 days)
Post-term Infants born at term: > 42 weeks or > 294 days

2.4.2.4 Practical problems associated with gestational agesessment

Accurate estimation of gestational age is essefttidhe diagnosis of abnormal birth size like
small-for-gestational-age. Gestational age estondily last normal menstrual period is based
on maternal recall which depends on the memorysguerk and intention of the respondent.
In 1988 Kramer demonstrated a systematic underasamof gestation up to 37 weeks and
progressive overestimation after 40 we&ksurthermore, estimation is complicated by other
factors: use of oral contraceptives, irregular @asj bleeding in early pregnancy, ovulation
bleeding, delayed ovulation and use of lunar manthisasound estimation of gestational age
in the early period of gestation is correct to with days, but in developing countries where
most of the population are poor estimation by stitand is an expensive, non-affordable,

sophisticated and undesirable method.

2.4.3. Head circumference

Occipito-frontal head circumference is routinelyasered in many countries. It provides a
clinical indication of head growth in utero, braiolume® and cerebrospinal fluid space.
Although it has no simple relationship with branowth, deviation from normal head
circumference suggests intracranial pathology aag Ioe related to intelligence, growth and
development. It is an easy, reliable and reprodecii®ans of assessing fetal growth which can

be measured with a simple measuring tape.
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2.4.3.1 Measurement

Head circumference is measured at the level of maixi circumference over the supra-orbital
ridge anteriorly (glabella) and the occipital ptodwance posteriorly. At birth, the term head

circumference measures 31-38 cm.
2.4.3.2 Classification

Depending on head circumference, head size isifiéabs three categories: microcephalic,
normal and macrocephalic. Microcepaly describesaltircumference which lies below the

h

10t percentile, more than 3 SD below the mean ortlems the g] centile for age, sex and

gestation. It may imply dysmorphic syndromes, itadamicrocephaly, congenital infections, or

intrauterine growth retardation. Macrocephaly diéss a headircumference above the%

centile for age, sex and gestation. (see Table B.may imply hydrocephalus or macrosomia

Table 2.7. Cut-offs used for classification of infa nt head size

Cut-offs for age, sex and gestation

Microcephaly <10 percentile
>3SD below the mean
th :
<5" percentile
<2SD
Macrocephaly >90™" percentile

2.4.3.3 Practical problems

Although measurement of head circumference witleasuring tape seems like a simple
procedure, it needs practice to get the right posiSpecial care should be taken while reading
the decimals on measuring tapes. Bartram claimslitlaold worn out tape tends to stretch,
which may not be clinically significant but is ssically significant>® It is especially important

in developing countries where the measuring tapgmoabe replaced frequently.
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2.4.4. Mid-upper arm circumference

MUAC is a standard anthropometric measurement tftimnal status. It can be used as a
proxy for birth weight”®?, for which it has been described as a reliabldipter °#®* Some
studies have shown that there is a direct assoniafi mid-upper arm circumference with both
birth weight and gestational a8f&° It is a useful tool especially for developing ctigs where
women are illiterate and recall of last normal ntered period is difficult, and where most
deliveries are conducted at home and reliable virggbcales are not available. It is an easy,
quick and reproducible anthropometric measurentamves for MUAC have been developed

for newborn infant§%¢’
2.4.4.1 Measurement

MUAC is measured at the midpoint between the aavamrocess and the tip of the olecranon

process. It is measured to the nearest 1 mm.
2.4.4.2 Classification

MUAC can be used to classify infants as normahbiveight and low birth weight, for which a
cut-off point of 9 cm has the best combinationeisitivity and specificity>® (see Table 2.8)

MUAC reference data are available for ages betvéeand 60 month®. For children between
2 and 20 years old, percentiles are generally uHeake less than théha'percentile are
underweight while those above the%ﬁercentile are overweight. Children between thtnt;;I 85

and géh percentiles are at risk of becoming overweight.

Table 2.8. Classification of newborn infant based o n mid upper arm circumference

Mid upper arm circumference Classification
<9 cm Low birth weight
>9 cm Normal birth weight
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2.4.4.3 Practical problems

Although it is suggested as a useful tool for depilg countries, MUAC is almost never
measured at birth. Like other anthropometric mesrsents, there are chances of intra-observer
and inter-observer variation. MUAC should be meadwrhen the infant is relaxed. The
observer should be careful not to squeeze thdissite but place the tape firmly on the arm.
The measurement should be taken three times. Trerehe observer should have enough

practice before actually starting to take measungsne

2.4.5. Chest circumference

Chest circumference is measured at the time df birsome institutions, and is a pointer to
intrauterine fetal growth. In a normal newborn imtfachest circumference is smaller than head
circumference by about 2.5 cm, but becomes rougdpial to head circumference by the end of

the first year and greater thereafter.

A 1993 WHO collaborative study conducted in 22 eenof the world on 400 consecutive
samples found that chest circumference could be ase proxy to identify infants at risk of
low birth weight. It could be used in communitiesexe the accurate early weighing of
neonates is not feasibleA cut-off point of< 29 cm could be used with high predictive value,
sensitivity (91%) and specificity (94.7%) for trdentification of intrauterine growth retarded

infants’

2.4.5.1 Measurement

Chest circumference is measured at the level ofiifiyges. It is simple, easy to measure and

does not require expensive equipment.
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2.4.5.2 Classification

Chest circumference is one of the parameters wsdigtinguish between proportionate and

disproportionate intrauterine growth retardatiohjcl will be discussed later.

2.4.5.3 Practical problems

The chest moves with inspiration and expirationiclvitan make a difference to measurements
if the observer is not careful enough. Circumfeeesicould be measured at maximum

inspiration.

2.4.6. Crown-heel length

Crown-heel length is a good measure of skeletalfroMeasurement of length is a routine
part of the clinical examination of the newborreintfin many countries and is of importance in
detecting abnormal skeletal growth. Crown-heel flerigimeasured for infants and children of

length< 85cm’® Body height is measured for children with lengtB5>cm.

2.4.6.1 Measurement

Length can be measured on a bespoke length metetheiinfant in extended position. The
heels should be placed against the foot piecetivéthead touching the base of the board and
knees in an extended position. The measurementdshelwaccurate to 1 mm. At birth, length is

approximately 50 crff

2.4.6.2 Classification

Length has been used to classify growth-retardiahis into proportionate and

disproportionate intrauterine growth retardatidwbich more later.
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2.4.6.3 Practical problems

Two observers are required to do the measurementay be difficult to find a flat surface to

place the length measurer in rural areas of deidomuntries.

2.4.7. Waist circumference

Waist circumference is a measure of abdominalifdtidution (abdominal obesity), and has
been related to increased risk of cardiovascukseadi& and type Il diabeteS.Obesity is an
emerging public health problem in developed andcebiging counties. Waist circumference
has recently been demonstrated to have a closeslaton with obesity-related risk factors for

health than BMI®

2.4.7.1 Measurement

Waist circumference is an easy, non-invasive metiiadeasuring abdominal obesity and does
not require sophisticated equipment. It is measatdbe level of the narrowest part of the

abdomen or midway between the iliac crest and Idexazl of the ribs in the mid-axillary line.

2.4.7.2 Classification

Studies have chosen various cut-off points forrdedj obesity-linked health risk in terms of
waist circumference. For instance, Wildman in 2@f4hd that the Chinese population was at
lower risk of developing cardiovascular disease tivastern populatiors.The WHO
recommended cut-off point 94 cm for men ang80 cm for womenr® This is based on a
western population. Deurenberg demonstrated thianAsopulations were at risk at lower
levels of waist circumference and should not usectit-off based on data from western
subjects’”’ Cut-off points should be sex specific and ethpisjtecific. A recent retrospective

study on 2746 people aged 18-72 years with body imaex 18—60 kg/frand waist
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circumference 65-150 cm showed that waist circuemfeg was an independent risk factor for

insulin resistance. Waist circumference <100 cnusberd insulin resistancg.

Table 2.9. Cut-off points for waist circumference

Increased risk Substantially increased risk
Men 94 cm or more 102 cm or more
Women 80 cm or more 88 cm or more

Adapted fronf®

2.4.7.3 Practical problems

Different studies have used different methods chisneement. Some have used the natural
waistline while some have used the mid-point betwtbe highest point of the hip and lower
ribs in the mid-axillary line. We have been unaloléind internationally recommended cut-offs

for waist circumference in newborn infants.

2.5. Composite indices of size at birth

The most commonly used indices for measurementsitoitional status and growth in children
are weight-for-age, weight-for-height, and height-ge. However, these indices are not
generally used for newborn infants. The commomeatites in use are body mass index and

ponderal index.

2.5.1. Body Mass Index

BMI (Quetelet’s index) is an anthropometric measwnt of nutritional status based on ideal

weight-for-height. It was first described by AdodpRQuetelet, between 1830 and 1850. BMI is

defined as weight (in Kg) / height squared (iﬁ.rBMl is a validated measurement of adiposity
in adults and probably in children and adolesc&@0yrs§°®:, and is a marker of
cardiovascular risk: blood pressure, lipids andiseinsulirf*®? diabetes and heart disease and

asthma in childref?
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Although it attempts to describe size, BMI doestaék into account the percentage of fat,
muscle or bone. Again, although it is a well-knawdex, BMI is little used in young children.
Different ultrasonically derived growth standards fietal size parameters for different
gestational ages are available to determine thienapt growth achieved: biparietal diamé&fer
head circumference, abdominal circumferéhdemur lengtf® and different growth standards
for newborn infants are also available for gestatiage, sex, and ethnic groups. It has not
been possible to find literature that has used Bfghdards or reference data for the fetus and
newborn infant, apart from a paper by Odland, whisbd body mass index in newborn infants

to compare the effects of essential trace eleniemtsternal serum on birth siZe.

2.5.2. Ponderal Index

Pl has been used as an indicator of fetal growthas described by Lubchenco in 1966 for the
detection of intrauterine growth retardatf8fi° The index is calculated by dividing birth weight
in grams by the cube of crown-heel length in ceeties (and therefore is expressed in gfcm
Pl is a gender- and gestation-independent neovatiable which is an important indicator of

fetal malnutrition.
2.5.2.1 Normal values

In general terms, a value of 2.5 gfémconsidered normal in neonafesvhile a value of less
than 2 g/cris considered low for a child. Morris has classifinfants with values <2.6 as low

Pl, 2.6-2.8 as average ap@.8 as high”
2.5.2.2 Classification of infants

Pl has been used to categorize small-for-gestdtam®infants with intrauterine growth

retardation into proportionate and disproportiorgataups.? IUGR infants with low PI - below

the 1dh percentile - are disproportionate or asymmetnjogitbwth retarded and wasted. Only

the weight of the infant is compromised. This isgumed to be due to acute or subacute
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intrauterine malnourishment. Basically, infants ‘#ager and thinner’. It seems that this type
of IUGR is more likely to be seen in developed ddes® * IUGR infants with Pl above the

10th

percentile are proportionate. Proportionate grawthrded infants have appropriate Pl and
are assumed to have been chronically malnourishatero. Weight and length are both
compromised. This type is seen mostly in developimgntries. Infants with Pl above the"90

percentile have high PI. They are ‘shorter andfatTherefore, Pl is also referred to as a

measure of fatness.

2.5.2.3 Ponderal index and outcome

Studies have described the effect of Pl on heooatalbme. Although birth weight-for-
gestational-age and birth weight percentile arel fisediagnosis of growth retardation,
Walther and Fay’s studies found PI to be equallgnore useful to predict neonatal problems
and intrauterine growth problems respectivéfy A Guatemalan studyshowed that term

IUGR classified by PI for gestational age (lowgimediate, high and appropriate) had
different neonatal outcomes. Infants with low Ré#lttw 13" percentile) had the highest
morbidity and those with high PI (above™fercentile) the lowest. There is evidence thaybod
proportionality is itself related to morbidity, asown by the higher morbidity in normal birth

weight infants with low P{%*’

2.6. Classification of size at birth

Birth anthropometric measurements are usually aiatetbtecting an abnormality in birth size,
especially LBW and IUGR. This section will deal wihe basic concepts and causal factors of
entities such as LBW, macrosomia, small-for-gestati-age, large-for-gestational-age,
microcephaly, macrocephaly, proportionate and digprtionate IUGR (low PI). For the
purposes of the thesis, we have developed the frtarkesummarized in Figure 2.7. The

framework allows us to classify abnormal birth siz¢hree ways: based on a single

48



measurement, a relation between a single measutememestational age, and a composite

index based on more than one measurement.

Figure 2.7. Classification of abnormal size at birt  h

Abnormal birth size

l

Single measurement Single measurement for Composite measurement
gestational age

| Y\ !

Low Birth Weight Birth weight Head Low Ponderal Index
circumference
High Birth Weight l l High Ponderal Index
Small for -
gestational age Macrocephaly
Large for Microcephaly
Gestational Age

2.6.1. Single measurement: birth weight

An anthropometric parameter may be used to desiriéet size at birth, irrespective of
gestational age, sex and ethnicity. The obviousngkais birth weight, which is often
classified into three groups: low, normal and higlgh birth weight is defined as a birth
weight of more than 4000 g. Risk factors for higtthbweight include maternal obesity,
prolonged gestational duration and gestationaledesb High birth weight infants are prone to
low blood glucose in the early neonatal period usther dystocia, cerebral palsy, obesity and
type 2 diabetes in later life. Low birth weightdefined as a birth weight of less than 2500 g.
There are two main causes: prematurity and intrenggrowth retardation. Infants born before

37 weeks of gestation are termed preterm or premaand those born after 37 weeks of
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gestation are term. Most preterm infants are LBWGR infants are those whose weight for

gestational age is below theﬂi@)ercentile.

2.6.2. Relation between single measurement and gestatameal

Birth size for gestational age adds the time dirimnsand is therefore more meaningful than a
measurement of size alone. Separate referenceastinare available for infant sex and
ethnicity. Birth weight for gestational age is afehe most commonly used parameters to
describe size at birth. Authors have used diffeceioff points in studies to classify the

newborn infant. These are summarized in Table 2.10.

Table 2.10. Cut-offs used for classification of new  born infant size for gestational age

Classification Cut-offs used Authors

Small-for-gestational-age <10th percentile for gestational age Usher et al., 1969 *°

(Small-for-dates) Goldernberg et al., 1989 %
<3rd percentile for gestational age Starfield et al., 1982'%°
<5th percentile for gestational age Fitzhardinge et al., 1972

Michaleis et al., 1970
Appropriate-for-gestational- Between 10th and 90th percentile Most authors
age

(Appropriate-for-dates)

Large-for-gestational-age >90th percentile for gestational age Most authors
(Large-for-dates)

AGA infants are ‘normal’ size for gestational alytost studies have used a cut-off of between
the 10" and 98 percentiles for gestational age. SGA is a functibhirth size and gestational
age, not a diagnosis of a pathological conditf3it may describe a constitutionally small
infant as well as an infant with growth retardatiStatistically, SGA also includes 10% of
infants with normal growth if a cut off point of¢HlLd" percentile is used for definition. This
means that infants can be classified as normal 2GAgrmal SGA and growth restrict?d.
Normal SGA infants are SGA infants with no growgistriction and no fetal abnormality.
Abnormal SGA infants are SGA infants with fetal sas - chromosomal, structural or
infective. SGA infants who are small due to plaekdi/sfunction are categorized as having
fetal growth restriction. Since they represent end of the spectrum, it is thought that normal

SGA infants are no different neurodevelopmentatyrf AGA infants'%*
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There is no uniformity in the use of parameters eutebff points across studies. Different cut-
off points for different fetal parameters have basad to define SGA, including birth weight,
length and abdominal circumferen®!® This brings more confusion to the detection of SGA

and to comparison between studies. WHO has reconwdahe use of the sex-specific, single

or twin-specific 18' percentile of birth weight for the classificatiohSGA %1%

Most studies have used a cut-off point oftgmzrcentile for gestational age to define SGA.
th
Some have used gepercentile or >2SD below the mean orcéntile as the cut-off point.

Similarly, the most commonly used parameter ishhireight below the fbpercentile ona
gestational age chart. Smith and Colleagues hasa fesal abdominal circumference for the

prediction of small-for-dates infants, since ithge best predictor of fetal weight. The cut-off

used is 2 SD below the mean for gestational ageshaorresponds with the 2'?':‘percentile1.07

2.6.2.1.1 Large-for-gestational-age

Infants with birth weight > 9Dpercentile for gestational age are categorisddrgs-for-
gestational-age (large-for-dates). Both ends okgleetrum of the size of newborn infants are
associated with problems. Small-for-dates and logelates infants have increased mortality
and morbidity and more chance of developmentallprob. Large-for-gestational-age infants
are at risk of obesity and subsequent cardiovasdigaas&®'*°and type 2 diabetes

mellitus°
2.6.2.2 Head circumference for gestational age

Normally, an infant’s head circumference is aboat2larger than her chest circumference.
There are two abnormal head size categories foati@sal age: microcephaly and
macrocephaly, both of which are associated witloehal brain growth. Brain growth occurs
during the intrauterine phase and the first 2 yeaitde, so that micro- and macrocephaly may

be present at birth or develop during the earlyyedlife.
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Microcephalic infants have head circumference be2d®bDs of the mean for gender, age and
race. Microcephaly, as mentioned above, is eitbagenital or develops in the first few years
after birth. Common causes include genetic probleyrsdromes, chemical exposures,
radiation, alcohol, drugs, and intrauterine infect. Later in life, microcephalic children may
present with neurological problems such as conentsidevelopmental delay, hyperactivity

and spastic quadriplegia.

Head circumference above 2 SDs of the mean forageade and race is termed macrocephaly.
It may present at birth or develop later in lifadds often due to abnormal brain growth. Some
infants’ heads may be constitutionally large. Maeqghaly may also be genetic (osteogenesis
imperfecta, agenesis of corpus callosum, achondsig)), or due to hydrocephalus or
intracranial bleeding. There are important assamiatwith low intelligence and learning

difficulties.

2.6.3. Intrauterine growth retardation

Intrauterine growth is a complex dynamic procedsmained by the interaction of maternal,
uterine, placental and fetal factors. Each fetsitsaown growth potential, which is both
genetically determined and influenced by environtalkfiactors such as maternal height and
nutritional status. An infant is said to be growetarded if she fails to reach or follow the
genetically determined growth trajectory for a givgestational age. This may be due to
intrauterine insult by single or multiple etiologldactors, but the mechanics of the effect are
poorly understood. Since growth is dynamic, attléas intrauterine assessments of fetal size
are required to trace the course of growth andagrbse IUGR™ It is recommended that fetal

size be assessed at four-to-six week intervalthicorrect diagnosis of IUGE?

The prenatal detection of abnormal fetal growtimigortant. Growth retardation has been
related to perinatal morbidit}? and mortality*****and clear distinction of growth-retarded

infants is necessary. However, small-for-gestatiaga and IUGR have been used
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interchangeably although they are not identitsmall-for-gestational-age is simply a
description of the size of an infant at a particgjestational age. Small-for-gestational-age
infants may be small but not necessarily growthrded. They may also be constitutionally
small on the basis of ethnicity, parity, maternalght and height. This distinction can avoid
unnecessary intervention during pregnancy, whidrectly linked to the safety of the mother
as well as appropriate use of resources. Furthernioe issue of small-for-gestational-age
versus IUGR has confused clinicians as well asarebers and hampered them from a clear
vision of the causes, consequences and clinicahgeanent of growth retarded small-for-

gestational-age infants.

2.6.3.1 Diagnosis of intrauterine growth retardation

In developing countries where ultrasonography geesive and is not a routine investigation,
diagnosis is based on clinical suspicion when tielew maternal weight gain, lag in fundal
height by 4 cm or greater, or when there is ardienttal finding on ultrasound of fetal

measurements smaller than expected for gestathigeal

As mentioned above, the diagnosis of intrauterimevth retardation should not be based on a
single estimate of fetal size. Customized and ngtenized fetal biometric charts have been
produced by researchers for the screening of fefuSE®Non-customized fetal growth charts
have been used conventionally. They allow assessnfiéetal size against gestational age for
males and females. Customized charts are adaptéutifeidual pregnancies and take into
account physiological variables that are documetadthve a significant effect on intrauterine
growth: maternal ethnicity, parity, height, and gidiat first visit. Their use reduces false
positive diagnosis of IUGR. There are also othethimgs for detection of intrauterine growth
retarded infants, such as uterine artery Dopplaeoabalities, cardiotocography, and fetal

venous Doppler, but all of these require sophitit@quipment.
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Chapter 3. Knowledge of size at birth

3.1. Chapter summary

This chapter describes what is already known andhea of study and reviews global and
regional status of low birth weight. It tells uswhaost studies are focused on birth weight and
underscores the dubiousness of its role in undetstg adverse consequences like neonatal

and infant mortality. It highlights the lack of iestigation of other parameters of birth size.

3.2. Low birth weight

Low birth weight is a major problem and a challet@enost developing countries because of
its high prevalence (16.5%, its multiple and complex associated factors (nmate placental,
fetal or combinatiortf®, and its major contribution to the mortality andriidity of neonates,
infants and adults. The influence of intrauterinewgh on adult health has recently developed
into a field of study in its own right: the Devehopntal Origins of Health and Adult Disease

(DOHAD).

Table 3.1 summarizes a number of factors that baea assumed to have a causal association

with premature low birth weight and low birth weighith growth retardation.
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Table 3.1. Causes of low birth weight in newborn in

retarded

fants born preterm and growth

Causes of Low Birth weight
Prematurity

Intrauterine growth retardation

Maternal

Pre-eclampsia, pregnancy-induced hypertension'?*
Chronic illnesses: heart, kidney

Acute illnesses: Urinary tract infections'?, vaginal
infections (Group B streptococcus) *2*%°

Drug use: cocaine, alcohol, smoking

Uterine abnormality: unicornuate, bicornuate uterus
Cervical incompetence 24’

Previous preterm delivery*?®

Polyhydramnios

Chronic maternal ilinesses: diabetes,
hypertension, heart disease

Infections - Cytomegalovirus, Rubella,
Toxoplasmosis, Herpes

Abuse: smoking, alcohol, drugs
Immunologic: Anti-phospholipid syndrome*®
Metabolic: Phenylketonuria*®*, Poor maternal
nutrition

Low socioeconomic status

Premature rupture of membrane ***

Fetal

Infections

Multiple pregnancies
Congenital defects

Multiple pregnancies

Genetic disorders: Triploidy, Trisomy 13'%

Placental

Infections

Structural malformation: Placenta praevia
Placental abruption*®

Placental insufficiency: Pre-eclampsia,
Idiopathic elevated maternal alpha-feto-
protein

Structural malformation of placenta-
Placental abruption™>, Placental
praevia™®**" | Circumvallate placenta™®,
Placenta accrete™*®

133;134
’

Low birth weight infants have 20 times more oddslyifig than heavier infants? It is

generally believed that timely prevention, detatimd intervention may improve the outcome
of LBW. However, definite measures have not beelh uvalerstood. It is the intricate nature of
LBW that has led researchers and governments talspeich energy, resources and research
on finding the most effective solution. It is natlpa problem of poor countries but also a
problem of the poorest groups in wealthier coustridowever, differences lie in the cause of

LBW in poor and well-off countries.

In developed countries, prematurity of unknown eamsikes a major contribution to LBW,
while in developing countries IUGR is the most impat causé® This statement is supported
by Table 3.2, published by Belizan and colleadi&he information is clearly depicted by
Figure 3.1 and Figure 3.2. This shows that bottetibged and developing countries have
almost the same proportion of premature infantsdifterent prevalence of LBW. This implies
that the higher percentage of LBW in less afflusotieties is due to term LBW, and presumed
IUGR. As the prevalence of LBW increases, the peage of term LBW increases. For

instance, in developing countries like Guatemadaeeially in the less affluent areas, the
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percentage of LBW is high. There are higher numbétBW infants born at term, compared
with preterm infants. The number of preterm infaraatributing to the total prevalence of
LBW is almost the same in developed and developmtries, supporting the fact that the
high incidence of LBW in less affluent societieslige to term LBW, which is not the case in

the affluent societies.

Table 3.2. Contribution of preterm and term to LBW, by proportion of infants born LBW

Proportion of LBW Proportion of all infants
infants
Proportion of Preterm Term Preterm Term
infants born (%) (%) (%) T (%)
LBW
United States 6%° 69.5 30.5 4.2 1.8
Argentina (Urban Poor) 10%" 50.0 50 5.0 5
Guatemala (Rural Ladino) 16%° 27 73 4.0 12
Guratemala (Urban Poor) 23% ° 23 77 5.0 18
Guatemala (Rural 41.6%° 17 83 7.2 34.4

indigenous)

a: National figures from United States, b: Urban poor population, Argentina (Belizan, J.M,: unpublished
data, 1975), c: Rural Ladino population, Guatemala (Delgado, G.: unpublished data, 1977), d: Urban poor
population, Guatemala (Belizan, J. M., and Berganza, E.R.: unpublished data), (e) Rural indigenous
population, Guatemala.

Source: Belizan 1978

Figure 3.1. Incidence of LBW and proportion of term and preterm infants in all infants
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Adapted from*°

56



Figure 3.2. Incidence of LBW and proportion of pret  erm and term in LBW infants

80 —
70 —
60 —

50 —{ | @ % lbw
40 || |Opreterm-lbw
O term-lbw

proportion

20 ,_

BN | 1 -

us Argentina Guatemala Guatemala Guatemala
(urban poor)  (ruralladino)  (urban poor) (rural
indigenous)
countries
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3.2.1. Epidemiology of low birth weight: a global picture

A UNICEF and WHO report on LBW published in 2004eg the overall picture of the
prevalence of LBW in the world for the years 19902° The report, although not without
drawbacks, claims to give a better picture of LBt previously because of improved
reporting systems. Table 3.3 shows that every ggamd 130 million infants are born in the
world, of which more than 20 million are LBW (15.%% he majority of LBW infants are born
in less developed countries. Of the United Nati@gsons, Asia has the highest number of
births - about 77 million - out of which approxirait 40 million occur in South-central Asia,
the world’s most populous region. Around 27% ofhsrin South-central Asia are LBW. It is

therefore fair to say that the global burden of LB®% in South-central Asia.

LBW estimates are based on the data obtained fediarmral household surveys and routine
reporting systems in developing countries and fsemnvice based data and national birth
registration in developed countries. It is commanwledge, verified by studies in developing

countries (Nepal NFHS 1946 India NFHS-2 1998 — 99, that most deliveries occur at home.
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They are generally not attended by skilled headttspnnel (doctors, nurses, midwives) and
infants are not weighed at birth. Therefore, LBVE bften been classified on the basis of
mothers’ subjective assessments of infant sizéoNaltand regional estimates have also been
derived using a range of data sources and metlooddl the countries and territories with

>300,000 population.

The estimates of LBW prevalence by UNICEF and WH®derived from surveys. Survey
data are less reliable than birth registration eigfig when there is no weighing of infants at
birth. In developing countries more than half af thfants (58%) are not weighed at birth. In
South-central Asia, where most of the births tdkegy approximately 74% of infants are not
weighed at birth. Also, there are 44 developingntoes where routine service reporting is
used as the source of information, but there &k of information about the completeness of
reports. Furthermore, this analysis does not comtgient information from 18 countries. For
the global and regional estimates, the main weakisethe low percentage of newborn infants
weighed in populous countries with high prevaleotEBW. For example, only about 1in 3

births in DHS surveys in India are weighed.

Table 3.3. Percentage and number of low birth weigh  t infants

Regions 2000 % Low birth weight Number of low birth Number of live births
infants weight infants (1000s) (1000s)
World 15.5 20,629 132,882
More developed 7.0 916 13,160
Less developed 16.5 19,713 119,721
Least developed 18.6 4,968 26,639
Africa 14.3 4,320 30,305
Asia* 18.3 14,195 77,490
South central Asia 27.1 10,819 39,937
South east Asia 26.2 10,069 38,452
Europe 6.4 460 2,709
Latin America and 10.0 1,171 11,671
Caribbean
Northern America 7 343 4,479
Oceania 10.5 27 255

Adapted from™™
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3.2.2. Status of Low birth weight in South Asia

Table 3.4 shows LBW prevalence in South Asia, and i differs between countries. The
table uses figures from majaor national initiatigesh as Demographic and Health Surveys.
The prevalence ranges from 15% in Bhutan to 30®simgladesh and India. All the South
Asian countries have higher LBW prevalence thareltsed countries. For instance, the
United Kingdom had a prevalence rate of 8% forytsa@ 2000 (National Report on follow-up
to World Summit for Children) and Sweden had a listh weight prevalence as low as 4% in

1994 (WHO database for Europe).

Table 3.4. Prevalence of low birth weight in South Asia

Country Year Low birth weight % Method of collection

Bangladesh 1998 30 BINP, MOH, family
welfare 1998

India 1999 30 DHS 1999

Maldives 2001 22 MICS 2001

Srilanka 2000 20 DHS

Nepal 2001 21 DHS 2001

Pakistan 1991 19 DHS 1991

Afghanistan NA

Bhutan 1999 15 WHO 1998-2000

Adapted from™*, http://www.childinfo.org/areas/birthweight/database.php
Accessed on 18th April 08

Table 3.5 presents a summary of studies of theafwage of LBW in South Asian countries. It
includes all published studies with data from whidpulation estimates might be made. The
variation of prevalence within countries is striliri-or instance, in Nepal the incidence was
estimated to be 17% in 2001 at Patan missionarpitabsan urban hospit4f, while it was

25% in Janakpur zonal hospital, a secondary refeaspital® Christian in 2003 estimated the
incidence of low birth weight as high as 43% iugat setting in southern Nep4f.Likewise,
Bangladesh had a low birth weight percentage rangom 24% to 36% for the year
2004314This wide range could be attributed to differeattérs: type of population,
socioeconomic status, settings, timings and metlggiof collecting data. However, the
internationally recommended cut-off point for pelitiealth action is a LBW proportion >15%,

and the prevalence of LBW in all the South Asiardits exceeds this.
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Table 3.5. Studies of the Prevalence of low birth w

eight in South Asian countries

Country Year Setting Sample Study design  L3W Mean birth
Prevalence weight
(gram) (sd)
Deshmukh India 1994 Urban 210 Survey 30.3% NA
community pregnant
Hirve India 1994 Rural 1922 Prospective 29% NA
community pregnant
Unicef Nepal 1999 Urban 2700 Prospective 27% 2800
Hospitals births
Bondevik Nepal 2000 Urban 1400 Case control 17% NA
Hospital Prospective
Christian Nepal 2003 Rural 1037 Prospective 43.4% NA
community control
Osrin Nepal 2005 Semi-rural 600 Case control 25% 2733 (422)
Hospital control Prospective BW <72h
Goodburn Bangladesh 1994 Rural 255 Prospective 51% 2420
community mothers 83%
weighed <72
h
Salam Bangladesh 2003 National 3843 live National 36% 2632 (433)
- 04 births survey Rural 37% BW <72
Urban 29% hours
Hosain Bangladesh 2005 Rural 350 Prospective 24% 2961
women BW <48
hours
Najimi Pakistan 2000 Hospital Prospective 19%, 2910

70% preterm
16% growth
retarded

14% premature
and growth
retarded

Adapted from

3,141-147

3.2.3. Underlying causes of low birth weight

The maternal, fetal and placental unit should workarmony for the fetus to reach her

inherent growth potential. One of the underlyingses of LBW is inadequate supply of

nutrients and oxygen to the fetus. The defect neawkthe placenta, in the mother or in the

fetus. Low blood flow to the fetus caused by vasstaction is seen in pre-eclampsia, use of

alcohol and drugs, and smoking. Low levels of ruti$ in the blood are seen in maternal

undernutrition, anemia, and infections. In devatgpiountries, maternal nutritional status is

the major determinant of LBW?
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3.2.3.1 Studies of risk factors for low birth weight in é&ping countries

Table 3.7 presents a summary of studies of ristofador LBW in developing countries. The
literature search included PubMed, recommendafiams colleagues and hand searching of
the literature cited in individual articles. Seatelms included ‘low birth weight’, ‘risk factors’
and specific risk factors such as ‘weight gain’ andternal prepregnancy weight'. As the
thesis will discuss later, there are many studiastry to examine risk factors for LBW. There
have been many such studies, possibly becausedtodology requires a number of LBW
infants, a number of non-LBW infants and a quest#ire (or hospital records) which provides
demographic and anthropometric information on mi@hieor this reason, the studies in the
table were chosen systematically. The reasonsébuding particular studies were (a) to report
research from countries similar to Nepal, sucmdgaland Pakistan; (b) to report key risk
factors documented as important in large studiesudfiple factors; (c) to highlight evidence
based on studies with robust methodology; anddi)dlude the major studies cited by in the

literature.

It includes studies that categorized cases by weigh00 g irrespective of age and sex. 13
articles that looked into risk factors associatéith WBW were identified from developing
(Guatemala, India, Mexico, Brazil and Pakistan) dadeloped countries (United Kingdom,
United States, Sweden, Latin America and Greecaf) oOthese, three studies looked into a
number of risk factors and 10 looked into a singdke factor: smoking, alcohol (1), teenage
pregnancy (2), maternal anaemia (1), inter-pregnanerval (3), ethnicity (1), maternal

weight (2), hard work (1) and socioeconomic stél)s

A study from India* assessed maternal risk factors in 210 pregnantewdrom a house-to-
house survey in an urban community between Jararatyay 1994. The data showed a
significant association of LBW with maternal anent@R 4.8; 95% CI: 1.7-12.4), low
socioeconomic status (4.0; 2.1-6.5), short birtarival (3.8; 2.1-8.4), tobacco use (3.1; 2.1-

4.9), maternal height (2.8; 1.9-3.9), maternal @jé; 1.7-3.8), maternal body mass index (2.0;
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1.3-3.1) and primiparity (1.6; 1.2-2.1). Since thias not a hospital-based study and the LBW
prevalence in the community was high - 30% - likisly to be representative of the population.
Unfortunately, the study does not give definitiamsl cut-off points used for anemia, birth

interval, maternal age, weight gain, or height,domparison with other studies.

Neel and colleagu&® described maternal risk factors for LBW and IUGRBD6 hospital

births between July and November 1988 in a regiboapital in Guatemala. Their data
demonstrated that pregnancy related variablestypaiith interval and prenatal care), nutrition
related variables (maternal height, maternal tscgpnfold thickness, maternal weight) and
sociodemographic indicators (maternal educatiare eand socioeconomic status) were
significantly associated with birth weight. It isiking that the study did not show any

association of LBW with infant sex, since thishs usual case.

There is one recent Pakistani study that attemptadsess the influence of maternal anaemia
on the outcome of pregnanty.Comparable groups of 313 anaemic and 316 non-dgnaem
pregnant women in terms of race, language, edugaimnomic status and family structure
were enrolled at a tertiary hospital between O€&12énd 2002. There was a four-times
increased odds of preterm delivery (95% CI. 2.3-r&1 two-times increased odds of LBW
(95% CI 1.0-3.4) in the anaemic compared to noreami@cohort. Moreover, there was two-
times more odds of low Apgar score< at 1 minute (95% CI: 1.2-3.7) and four-times more
odds of intrauterine death (95% CI: 0.9-14.6) im ithfants of anaemic than non-anaemic
pregnant women. Since the investigators did nottimethe method of determination of

gestational age, the reliability of the preternmivdely outcome could not be assessed.

In a hospital-based case-control sttifigf the effect of socioeconomic factors on thedecice

of LBW in pregnhant Mexican women, the socioeconofaators of 158 LBW infants and 474
normal controls were adjusted for reproductive ipaprior preterm delivery, prior LBW),
nutritional (calcium and iron supplementation),-gestational weight, prenatal care, morbidity

during pregnancy, tobacco exposure and demogrégttiars. The data demonstrated
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socioeconomic factors as the main risk factord.8W. Women of low socioeconomic status
were 2.7 times more likely to give birth to LBW amits, independently of other confounding

factors.

Lima and colleagues reported a retrospective cattody of the influence of hard work during
pregnancy on birth weight conducted in two matgrhaspitals in a palmers district in Brazil,
where most of the population (72%) was engagedgarcane productioli* This hospital
based study of 250 cases and 708 controls clainsdHere was a significant fall in the mean
birth weight of infants among women who worked gmieulture throughout pregnancy
compared to housewives, by 190 g. The proportidoBW was significantly higher among

women who worked throughout pregnancy (10.4%) timrsewives (7.1%).

There are 4 different studies that assessed theteff interpregnancy interval as an
independent risk factor on pregnancy outcome. ®thteam, one was conducted in Latin
America®? and three in developed countries. Conde-Agudetocatieagues examined the
perinatal outcomes of interpregnancy interval fintarge sample of 1,125,430 derived from
the database of the Latin American Centre for Réningy (Uruguay, Peru, Argentina,
Colombia, Honduras, Paraguay, El Salvador, Chit#ivia, Costa Rica, Panama, Dominican
Republic, Nicaragua, Brazil, Ecuador, Mexico, BahanBelize and Venezuela) between 1985
and 2000 Women with interpregnancy interval of > 59 months 12 months had
independent risks of giving birth to LBW, SGA infanpreterm delivery and increased infant
mortality during the intranatal and neonatal pesidomen with an interpregnancy interval of
< 6 months had almost 100% odds of giving birthBdV infants even after adjustment for

other confounding factors.

Risk factors for LBW in developing countries arensnarized in Table 3.6. The risk factors
listed are categorized as important based on pesiisults in previous studies, showing a
causal relationship with birth outcome. Of all thek factors reviewed, 15 have shown

significant associations with LBW. They are catéggt under three subheadings.
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Table 3.6. Summary of risk factors for low birth we

ight in developing countries

Based on positive findings in studies discussed above

Nutrition related

Pregnancy related

Socio-demographic

Maternal height
Maternal weight
Maternal BMI

Maternal triceps skin-fold
thickness

Anemia

Parity
Birth interval: short and very long
Prenatal care

Fetal sex

Maternal education
Race

Socioeconomic status
Maternal hard work
Tobacco

Maternal age

Fuel
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Table 3.7. Studies of risk factors for low birth we

ight in developing countries

Site and date Case definition Sample Methods Result s Comment
India, 1994™ LBW: birth weight Urban community House to house survey LBW 30.3% Reason and number of
<2500 gram Prospective SES Kuppuswamy's scale Anaemia OR: 4.81 exclusion given

Guatemala
19884

Maternal weight gain:
weight gained from 12
weeks till delivery

LBW

Premature: birth < 37
gestational weeks
IUGR: term birth weight
< 10th percentile for
gestational age

Type | IUGR :
proportionate
Type Il UUGR:

disproportionate
Ponderal Index

Gestational Age: A
Ballard method

N 210 pregnancies

61 LBW and 140 normal
birth weight newborn
infants

Hospital
July — Nov 1988
N 306

Exclusion

Premature
Congenital anomalies
Twins

Maternal illness
Refusal

Birth anthropometric
measurement in <1h for
hospital delivery and 24h for
home delivery

Interview

Birth anthropometric
measurement in <36h of birth
Nutritional, demographic,
obstetric, socioeconomic data

Low SES OR: 3.96

Short Birth interval OR: 3.84
Tobacco OR: 3.14

Height OR: 2.78

Maternal age OR: 2.68

BMI OR: 2.02

Primi parity OR: 1.58

Prevalence: Type | IUGR: 27%, Type Il
IUGR: 7% of Newborn

Sex: Non significant for BW and IUGR
Race: significantly lower BW in Indians
than Ladino even after controlling for
SES, height

Parity: Positive correlation up to 4th
pregnancy; significantly higher type | & Il
IUGR from 1st pregnancy

Maternal age: association with birth
weight; incidence of IUGR & type | IUGR
higher in teenager

Anthropometry: Postpartum weight <107
pound > IUGR & small infants; height
<143 cm- more IUGR, type | & Il

Education: NS (SES controlled)

SES: Significant (controlled for race); >
IUGR in low SES

Running water: > IUGR & type |
compared to no running water

Prenatal care: direct relationship; NS
trends towards higher BW who had an
early 1% visit; NS difference in private &
public physician

Birth interval: BW increased up to 48m
interval but declined after 48m

Definition of anaemia,
classification of birth
interval, BMI, Height, age
not mentioned

Positive association with
anemia, low SES, short
birth interval, tobacco,
height, age, BMI and prim
parity

Sex: Non significant

Parity: significantly more
IUGR in primiparous
mothers

Age: direct relationship with
increasing age

Race: Significant

Private Physician: 113 g
heavier than public health
providers

Birth interval: Heavier in
longer birth interval,

Uneducated receiving
adequate prenatal care
deliver significantly heavier
babies than uneducated
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Site and date

Case definition

Sample

Methods

Result s

Comment

Pakistan 2001-
02153

Zimbabwe
1994-99 4

Guatemala
2002 %

Anemia (WHO)
Hb=11g/L

Anemia (Exposure)
Hb< 11g/L in labor and
on 2 previous
occasions in the
current pregnancy

Fuel: wood, dung,
straw, LPG, natural gas
and electricity

BW to the nearest 10g
Health card BWto the
nearest 100g

Fuel

LBW <2500g
Gestational age: LMP
corroborated by
postnatal grading of
somatic characteristics
of newborn
Socioeconomic status:
house construction,
floor material, literacy,
marital status

Hospital based

N 629 pregnant women
Anemic 313

Not anemic 316

Inclusion criteria

(<16 gestational weeks,
>16yrs, singleton
pregnancy, complete
medical records)

Exclusion criteria

Past history of preterm
birth, obstetric
complication, medical
illness

3559 child births
Confounders: sex, birth
order, education,
nutritional status,
prenatal care, household
living standard, other
potential confounders
like residence,

N 1717 women and
newborn

Rural and urban
Home births 572
Public hospital 1 145

Household fuel
Fire
Socioeconomic

Interview
2" day and at 1 month of
delivery

Questionnaires

Hb 28-32 (1st antenatal visit,
33-37 weeks, labour)

Confounding factors:

Age, Education. Employment
status, family structure, monthly
income,

Demographic health survey (5
years preceding 1999)

2 stage cluster sample : first
area selection by equal
probability and second by
probability proportional to size
Questionnaire field tested

BW recorded by trained workers
in clinics, health cards at home
or maternal recall

Confounding factors:economic,
social and maternal

BW to the nearest 50g (home)
and 25g (hospital)

Maternal anthropometry to the
nearest 0.1cm: height, calf
circumference,

Most Muslims, urban, speak Urdu

Risk of preterm is 4 times and low birth
weight is 2.2 times and IUGR is 1.9 times
with Anemia

Birth weight was 1759 [95% CI:-300 - -
50] lighter for those using wood, dung or
straw fuel than LPG, gas and electricity

Cooking on open fires 861, lowest mean
birth weight 28199 [95% CI: 2 790 — 2
848]

Chimney intermediate BW 2 863 [2824 —
2902]

Cleanest fuel 2948 [2898 — 2998]

LBW%: 18.8 (hospital), 17.1 (home),
LBW % : 19.9 (open fire), 16.8 (chimney),
16 (electricity),

Wood users birth weight 63g lower
P=0.05

Gestational age estimation
method not mentioned

Well matched confounding
factors

Fuel may be associated with
birth weight

Nationally representative
sample

Response rate 97.8%
Taken account into
important confounders
except for history of
smoking by household
members

Wood fuel (carbon
monoxide exposure) use
reduced birth weight
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Site and date

Case definition

Sample

Methods

Result s

Comment

Mexico 1996™°

Brazil 1992 %!

LBW <2500 g

GA Capurro method

Case control study
Hospital study

LBW n= 158
Control n= 474

Retrospective study
Hospital based

N 958

[Housewives 708

2nd and 3rd trimester
work for 3 months 250]
Inclusion

No congenital anomaly
No chromosomal

No congenital infection
Low income

Singleton pregnancy

Interview at delivery
Questionnaires

Review of newborn records
Data

Socioeconomic: Age,
education, civil status,
occupation, income, owning
certain goods

Reproductive: Parity, prior

preterm, low birth weight infant

Nutritional: Calcium, Iron

pregestational weight, prenatal

care, morbidity, tobacco

Interview 12-48h after delivery
Anthropometry and gestation
within 24h of delivery

Low socioeconomic status: significant
OR 2.19 (CI ') than medium and high
socioeconomic status

Hypertension, Calcium: marginally
significant OR 1.53(Cl) and 1.86 (Cl)

Exposed women: poorer, older,
grandmulti, poor antenatal care, lighter,
shorter with similar BMI, birth interval and
prior LBW and fetal loss

Mean BW 190 g lower in women who
worked in field for 9 months compared to
housewives

Mean BW 1179 lower (significant) after
confounding factors are controlled
Heavy work on 6, 7 or 8 months: no
significant effect

Low socioeconomic status:
most important risk factor
for LBW independent of
other factors: reproductive,
nutrition, smoking, morbidity,
accessibility of health
facilities and prenatal care

Hard work throughout
pregnancy significantly
reduces BW in low income
population

Latin America
1985-2004'%2

GA: LMP and birth date
interval

Inter-pregnancy
interval: time between
last delivery and LMP
for index pregnancy

N: 1125430

Inclusion: Parous,
Singleton, Previous
delivery >19w

Exclusion: Multiple
pregnancy

Hospital data
Records

Prevalence: 7.9% LBW, 13.9% SGA,
9.3% preterm

<12 month interval: younger mothers with
late and less prenatal care, prior
miscarriage, LBW, fetal deaths, early
neonatal deaths

>59 months interval: older mothers with
adequate prenatal care, greater BMI,
heavier previous baby

No difference: parity, education, smoking
and marital status

<6 months: 80-100% increase in LBW
than 18-23 months interval, very LBW,

<12 and >59 months birth
interval has significant
greater risk for LBW
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Site and date Case definition Sample Methods Result s Comment

preterm and very preterm, 30% increase
in SGA risk

>60 months: 20% increase risk in LBW
Maternal characteristics or infant birth
weight and gestational age controlled: not
much of the difference

BW: Birth weight; GA: Gestational age; H: hour; Hlaemoglobin; IUGR: Intrauterine Growth RetardatibBW: Low Birth Weight; LMP: Last Menstrual Pedp NS: Non

significant; OR: Odds Ratio; SES: Socioeconomatist; SGA: Small for Gestational Age; W: weeks; @/HVorld Health Organization; Yr: Year;
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3.2.3.2 Studies of risk factors for low birth weight in ééped countries

There have been a number of studies from induigie@icountries. Some of their findings are
relevant to a consideration of size at birth inedleping countries. For the sake of clarity, onlg th
larger studies, systematic reviews and meta-aralydkebe discussed here. A large retrospective
study of 134,088 births in Utah between 1970 ar@D18oked for an association of pregnancy at
younger age with infant outcom&8 The risk of LBW, SGA and preterm delivery was eised in

a limited cohort of white, educated, married priraigdae with healthy lifestyles (less prevalence
of smoking, use of alcohol and drugs) and adequateatal care. The relative risk of low birth
weight in teenage pregnancy (< 17 years of age)lwag5% Cl: 1.5-2.0) compared to the 20-24
years age group. Regarding premature delivery &AW i8 younger teenage pregnancies, there was
a relative risk of 1.9 (1.7-2.1) and 1.3 (1.2-kdjnpared with older mothers (20-24 years). The
investigators related these adverse effects oromédo young gynaecologic age and ongoing
maternal growth. The data also showed that inadequanatal care doubled the odds of having a

LBW infant.

Another retrospective hospital-based case-contuolysconducted in the United States compared
the incidence of LBW in 1102 teenagers and 1258ralbmen delivering between 1996 and
1999°" The study showed a negative relationship betwestenmal age and LBWYounger
teenagers were more likely to give birth to LBW6@) and growth restricted infants (2.6%) than
older teenage (5.1% and 2.2% respectively) and ohd¢hers (7.5% and 2.3% respectively).
However, the published study does not presentatafsotential pregnancy related and
socioeconomic confounding factors. The authorsntedahat teenagers were more likely to be
nulliparous (88%), Hispanic (80%), unmarried (9623 not having prenatal care than older
women in the cohort. Furthermore, the study wagtdidnby drawing its sample from a teenage care

programme.
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Table 3.10 presents two studies on interpregnarteymal conducted in affluent countries: Greece
*L and the USA®. Dafopolous and colleagues used a six-month pregniaterval as the cut-off
point for looking at the incidence of preterm biiiha sample of 652 urban Christian and 578 rural
Romany Muslims of Greece, who were socio-econofyieadd racially different. In comparison
with urban Christians, prevalence of preterm bivits significantly higher in rural Muslims and
only rural Muslims demonstrated interpregnancyhbiinterval as an independent risk factor for
preterm births. The prevalence of preterm birth ©6% versus 7% for birth interval <6 months

and >6 months respectively.

Murphy and colleagues in 2000 performed a systemetiew (14 studies) and metanalysis (8
studies) to determine the association between anséow birth weight®® They showed
increased odds of low birth weight infants for nesthwho reported physical, emotional or sexual
abuse. The major limitation of the studies involveas the definition of the variable used to
describe abuse. The review concluded that abuseébmayeracting with other factors in the

causation of LBW.

Flynn and colleagues published a metaanalysis stddies (all except two from industrialized
countries) on bacterial vaginosis and risk of preemity published between 1966 and 1984t
showed significant associations between bactesiginosis and several outcomes: preterm
delivery, LBW, preterm premature rupture of memilerand preterm labor. There was an almost

two-fold increased risk for all outcomes.

The study by Zhu and coIIeag&@s:onsidered seven birth interval categories, 0-b1,612-17, 18-
23, 24-5, 60-119 and >/=120 months, in Utah, UnB&ates. The authors confessed that the
drawback was use of retrospective data with eskimatf gestational age based on different
methods: last menstrual period and date of bitdriral, clinical methods and ultrasound scans and

low prevalence of reproductive risk factors. Ingirggly, the study found that shorter
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interpregnancy interval of <6 months was not riski@mpared to birth interval of >120 months.

The safest interval was 18-23 months for this ltaspased population.

Brooke and colleagues in 1989 carried out a prdbsgehospital-based study of the effect of
smoking, alcohol, caffeine, socioeconomic factord psychological stress on LBW in 513 women
in London {*Y. Although smoking showed a significant associatigth LBW, passive smoking
showed no effect. The study reported an equalafi¢lBBW in infants of ex-smokers and non-
smokers. There was no independent risk of alcaadleine, socioeconomic status or

psychological stress in the non-smoking population.

A study from Californid®* compared the incidence of LBW in a large sampl20&,815 black and
white residents of California. Race was a signiftdadependent risk factor for LBW and black
infants had 1.7 times greater odds of being vemyloth weight and 1.6 times greater odds of
being moderately low birth weight (1500-2499 g)slunclear whether the authors included both
term and preterm LBW infants. They do not repogt tfiethod of gestational age estimation.
Moreover, the researchers mentioned that thereldmub bias due to differences in missing data in
black and white groups. Other independent riskofadincluded education, maternal age, prior
history of LBW or premature baby, primigraviditygroplications during pregnancy, labour and

delivery, no insurance for prenatal care and meld@arsehold income.

Cnattingius and colleagues carried out a largespgctive study in Sweden of 167,750 singleton
pregnancies from medical birth records registeetd/ben 1992 and 1993 and paediatric records,
to look for an association between prepregnancy Bl adverse pregnancy outcome (late fetal
death, preterm delivery and small-for-gestatior)a® This study demonstrated that underweight
mothers (BMI <20 kg/m2) were likely to have lesteléetal death, more SGA infants compared to

heavier mothers and less consistent associatidnpséterm delivery. However, the findings were

71



weakened by recall bias (maternal recall of preppamcy weight) and case definition of SGA was

not mentioned.

Table 3.8 summarises reviewed studies of LBW irettgped countries. It is possible to categorize

them under three general headings- nutrition, @agy and sociodemographic. The modifiable

and non-modifiable possible risk factors are sunmadrin Table 3.9. The table does not include

the effects of sanitation and diet on birth weiditese have been suggested as potential risk

factors, but the literature does not provide sidfit evidence for their inclusion

Table 3.8. Summary of risk factors for low birth we

ight in developed countries

Based on positive findings in studies discussed above

Nutrition related

Pregnancy related

Socio-demographic

Pre-pregnancy BMI

Birth interval
Prior LBW or preterm
Primigravida

Complications during pregnancy,
labour or delivery

Bacterial vaginosis

Smoking

Race

Maternal education
Insurance for prenatal care
Maternal age

Abuse

Table 3.9. Summary of risk factors in terms of modi

fiability

Modifiable risk factors  Non modifiable risk factor

s Uncertain

Pregnancy
related

Nutrition related

Socio-
demographic

Birth interval Prior LBW
Complications during

pregnancy, labor or

delivery

Bacterial vaginosis

Pre-pregnancy BMI

Maternal anemia

Race
Primiparity

Smoking

Teenage pregnancy
Maternal education
Abuse

Fuel

Preterm delivery

Insurance for prenatal care
Abuse
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Table 3.10. Studies of risk factors for low birth w

eight in developed countries

Site and Case definition Sample Methods Result Comment
date
Utah LBW: <2500 g N 134 088 Records 13-17y: unmarried, poor perinatal care  Younger age is at
1970- Prematurity: <37 18-19y: age inappropriate education increased risk of adverse
90"® weeks Inclusion: White, Confounders level pregnancy outcome-
SGA- birth weight singleton, first born controlled: LBW, preterm, SGA,
<10th percentile for infants, 13-24 years Socio-demographic Prevalence in <17y, 18-19y and >20 independent of
gestational age and of age, complete data  covariates analysis LBW: 7%: 5% and 4% sociodemographic factors
sex with comparable Preterm: 10%,8% and 5%
mothers SGA: 14%, 12% and 10% younger age, Unmarried
Maternal age groups- inappropriate education,
13-17y <17y mother compared to >20y inadequate prenatal care
18-19y mother (reference category) increase the risk of LBW,
20-24y LBW [OR:1.7 (95% CI: 1.5-2)] preterm, SGA
Preterm [OR: 1.9 (1.7-2.1)]
SGA [OR:1.3 (1.2-1.4)]
Poor prenatal care: strongly
associated with LBW, preterm, SGA
No prenatal care: twice more likely to
be LBW than adequate care
US 1996- Teenage: <20y Retrospective Records: prenatal Comparable demographic, marital Younger the teenager
99"’ SGA: <10th percentile  Case control study and hospital status, mostly non-private patient more likely to give birth to

for Gestational age
Macrosomic: >4000g
at term or >90th
percentile for
Gestational age

Maternal age: years
completed at the time
of delivery

<16, 16-19, >20

Hospital based

N 1102 teenagers
delivered between
1996-99

<16y (n=116)
16-19y (n=986)

>20y (control): 1250

More Hispanic, fewer Caucasians,
more nulliparous, weighed less and
gained less weight in the youngest
group

Birth weight increased with advancing
maternal age

Younger the gravida the more likely for

her to give birth to very LBW- not
significant

Relatively high incidence of LBW
among young gravida, not preterm but
relatively higher IUGR

Lower rate for macrosomia in <16y
and significantly fewer postterm births

LBW or very LBW or
IUGR infants but few
post-term infants
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Site and Case definition Sample Methods Result Comment
date
Greece Inter-pregnancy Retrospective study Confounders Prevalence of preterm births was 16%  Pregnancy interval an
2002% interval: Interval Singleton pregnancy controlled: and 7% for short and long independent risk factor
between 2 with prior single term Age at delivery, interpregnancy interval in rural Muslim  and significantly more in
consecutive deliveries  pregnancy with no smoking during community respectively <6 months
minus gestational age  abortion pregnancy (>5/d), interpregnancy interval in
of the 2™ neonate Urban Christian prenatal care after 1st  Since no significant difference in the rural Muslims than Urban
(13w=3months) n=652 trimester, few risk factor among women in <6 and Christian
Cutoffs: 6 months Rural Muslim n= 578 antenatal care visits >6month pregnancy interval in both
(<8) Rural and Urban population, it could Strengths: Potential
Gestational age: <6mo inter-pregnancy not be causing preterm birth confounders assessed
LMP if regular cycles interval
and Ultrasound scan Urban n= 46 Limitation
in 1st and 2nd Rural n= 87 Small sample size in
trimester women with <6month
Preterm prevalence pregnancy interval so
Preterm <37w 5.9% (primi) should be cautious while
8.4% (multi) interpreting results
Abuse: physical, Case control and Metaanalysis: 14 studies reviewed Significant association
2001™°  sexual, emotional cohort studies 2 investigators 8 studies selected
LBW: <2500g 178 to 1897 Medline, Cochrane OR: 1.4 (95% CI:1.1 — 1.8) Strengths: methodogical
Consecutive or library, CINAHL quality assessed;
selective participants  (1966-99)
interviewed at Bracken'’s guidelines Limitation: variation in the
prenatal or postnatal for observational definition of exposure and
period studies to analyse outcome; reporting bias;
methodological low socioeconomic status
quality women mostly so not
OR using fixed effects generalisable;
models
Bacterial vaginosis Inclusion Metaanalysis 19 studies selected (all except 2 were  Significant risk factor for
1999 Case control and 2 investigators from developed countries) prematurity

Premature delivery
Preterm birth: delivery
<37 weeks of
gestation

Low birth weight
Preterm PROM
Preterm labour

cohort studies

Risk factor: bacterial
vaginosis

Outcomes:
gestational age or
birth weight

Excluded: non english

Mediline (1966-96),
bibliographies,
personal contact with
leading researchers
OR using fixed and
random effects
models

OR for preterm delivery: 1.85 (95% ClI:

1.62-2.11)

OR for LBW 1.57 (1.32-1.87)

OR for preterm PROM: 1.83 (1.39 —
2.44)

OR for preterm labor: 2.19(1.73-2.76)

Limitation

Publication bias:absence
of studies finding that BV
protects from delivery of
LBW infant (funnel plot)
Appropriateness of
combining different
studies
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Site and Case definition Sample Methods Result Comment
date
Utah LBW <2500 g N 173 205 Birth certificates Prevalence : (LBW: 4.3%, <3month: risk highest
1989- Preterm <37 weeks Hospital based 16 maternal Preterm:5.7%, SGA:8.6%, <6 months 18-23month: risk lowest
968 SGA Birth weight reproductive risk interpregnancy interval: >23month: risk increased
<10th percentile for Inclusion: Singleton, factors
gestational age and live, at least one live Risk (reference groups 18-23 mo) Strengths:
sex infant, multigravida, Short interval: Young <6 months Potential confounding
information on birth unmarried, Hispanic LBW: [OR:1.4 factors assessed except
GA: LMP and date of weight, sex, or non white, less Preterm: [OR:1.4 for number of losses of
birth interval or gestational age, date  educated, tobacco, SGA [OR:1.3] pregnancy, Larger
ultrasound scans or of previous delivery of  poor prenatal care, sample size
physical or a live infant prior infant death >120 months longer
neurological LBW: [OR:2] Limitation:
assessment Birth interval Long interval: Old Preterm: [OR:1.5] Different methods of
<6month, >120 month unmarried, tobacco or SGA [OR:1.8] assessment of GA, use of
Interpregnancy alcohol, recent records, prevalence of
interval: period stillbirth or abortion 18-23 months interval reproductive risk factor
between delivery and No association: Lowest risk relatively low (author
conception- Interval maternal height, pre- confessed)
between 2 pregnant weight,
consecutive deliveries pregnancy weight
minus GA of 2nd gain, prior SB,
infant abortion,
pregnancies, area of
residence
California LBW: <2500g N 203 815 Parental, infant, community risk Black race had increased
19922 very LBW: 500-1499g factors controlled- OR reduced from risk of LBW
Moderately LBW Exclusion 3.37t0 1.73 in very LBW and 2.5 to
1500-2499¢g Missing birth 1.6 in moderate LBW for black parents  Strength
certificate Large sample size

Race: Black and white
mothers

Missing variables
Multiple births

Independent risk factors: parental
education <13y, Primi parity, previous
preterm or LBW, pregnancy, labour
and delivery complications and no
insurance for prenatal care and
gestational age <259d

Independent risk factors for
moderately LBW: maternal and
paternal age >34, education,
unmarried, no previous births, >3
previous births, previous premature or
LBW babies, tobacco during

Proxy for data on the
SES of individuals
validated

Limitation

Selection bias: racial
differences in the
proportion of cases
excluded due to missing
data. It may not be
representative

Underreporting of
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Site and Case definition Sample Methods Result Comment
date
pregnancy, pregnancy complications, information
labor and delivery complications, no
insurance for prenatal care, no
medical care, median household
income < $20 000 per year, younger
gestational age, female infant
Sweden Pre-pregnancy BMI: N 167 750 Medical birth register ~ Preterm delivery: Higher pregnancy weight
1992-93 weight(kg) divided by  singleton Pediatric record In primi, obese women had protects against SGA and
163 square of height(m) Pre-pregnancy weight  significantly higher risk of preterm underweight mothers
recall delivery than lean mothers OR:1.6 have higher risk for SGA
Categories of BMI: (95% Cl:1.1-2.3)
Lean <20 In Parous women, risk highest among  Association between low
Normal 20-24.9 lean mothers BMI and preterm delivery
Overweight 25-29.9 is less consistent
Obese =30 Small-for-gestational-age: Lean women had lower
Risk less with increasing BMI among risk of adverse outcome
Very preterm 32w multigravida than Primi
Preterm <37w Low weight gain is positively Strength
Still birth 28w associated with small-for-gestational- Large population based
ENND: death during age but lots of missing data so should  sample
the first week after be interpreted with caution
birth
London GA: LMP or early USS  Hospital Interview and Smokers: strong relationship Smoking significantly
1989"* Prospective Structured antenatal Passive smoking: not significant associated but not

Smokers
>15 cigarettes per day
<14 cigarettes per day

N 1860 white mothers
at booking for delivery

Exclusion: insufficient
English, booked after
24w, insulin
dependent diabetes,
multiple pregnancy

Estimated BW
Births in Sheffield

and obstetric record

At booking, 17, 28, 36
weeks

General health
guestionnaire
Modified Paykel’s
interview

Eysenck personality
questionnaire at 17w

40 indicators of
socioeconomic status
and Psychosocial
stress

Ex smokers and non smokers: no
difference

Non smokers and smokers >15
cigarette per day: 241g difference at
40w, smokers <14cig/d: 140g at 40w

Alcohol: significant decrease in BW
Non smokers- no effect of alcohol
smokers: effects

women consuming 100g/w 0.069 or
7% between non drinkers and drinkers

)

Caffeine: significant
No significant dose response trend
Smoking controlled: non significant

passive smoking

No independent effect of
alcohol, caffeine, few
socioeconomic and
stress in non smokers

No independent effect of
4 socioeconomic factors
after smoking is controlle

Social and psychological
factors : little or no effect
on birth weight
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Site and Case definition Sample Methods
date

Result Comment

BW for GA adjusted
for height, parity and
Baby’'s sex

Smoking-BW relationship remained
with alcohol and caffeine controlled

Psychological stress:

Missed antenatal care reduced bw
But disappeared when smoking is
controlled

Bad neighbours increased bw but
effect remained with smoking
controlled

Socioeconomic factors: reduce BW

BW: Birth weight; EBW: Estimated birth weight; GA: Gestational age; IUGR: intrauterine growth retardation; LBW: Low birth weight; LMP; Last Menstrual

Period; SGA: Small-for-gestational-age, SES socioeconomic status, S significant, NS Non significant, Cl: Confidence interval; ENND: Early neonatal death;

OR: Odds ratio
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3.3. Studies of size at birth in South Asia

A number of studies have been carried out on dib&th other than LBW. Table 3.11 shows the
different indicators of size considered in studieSouth Asia. There are studies on prevaléeﬁce
risk factors* %51 consequencd®®’*® interventiond**?and growtf®**° In all the published
studies of birth size, birth weight is the only @arne that was measured consistently. Some studies
present data on length and head circumferfit¥’ Interestingly, there are also studies that have
not calculated ponderal index in spite of availatdéa on birth weight and lengtfi”*"*except for
studies by Kumaran et al, Arifeen et al and Cheatreg**°**"?A zinc supplementation study
conducted in Bangladesh by Osendarp and colleagaasured its effects on weight, length and
circumference - head, chest and MUAC - at birthe @hthors investigated almost all except for
abdominal circumference and skinfold thickness. Jingplementation showed no effects on birth
size. However, similar type of zinc supplementastudy chose only 3 birth parameters-birth
weight, length and head circumfereri€&The study showed that 20 g of zinc supplementdtamh

no effect on size at birth.

Anderson and colleagues’ investigation of the plenee of early neonatal hypoglycaemia in
uncomplicated pregnancies was stratified by birgiight (<2.5 kg, 2.5-3 kg and >3 kg). Attempts
to consider other birth parameters as risk fadtmriypoglycaemia were not seen, despite the
evidence of strong association between birth weagldt hypoglycaemia. The study suggested that
55% of LBW infants suffered hypoglycaemia compaied82% of normal birth weight infants.
Christian and colleagues investigated the role wfiple micronutrient supplementation on birth
size: weight, length, head circumference and otiesimferencé?? Multiple micronutrient
supplementation during pregnancy was shown to ed&V compared to placebo, but not
compared to government recommended supplementaiibriolic acid and iron. The study also
demonstrated an effect on head and chest circuntferdut not on length. Another study

published by the same team did not investigatetfeet of anthelmintic on parameters of size at
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birth other than birth weight' in the same sample frame of 4130 live birth ingantSarlahi,

Nepal. Anthelmintic increased birth weight by 58yl reduced infant mortality at six months by
41%. In the same cohort, Katz and colleagues iigatsd the hypothesis that the treatment effects
actually varied by birth weight percentil¥sThe authors chose only one birth weight to
investigate the hypothesis and dropped other sogmif birth anthropometry, specifically chest and

head circumference.

Bondevik and colleagues investigated the assoastid maternal characteristics with LBW and
preterm delivery** Severe maternal anemia was associated with botd &Bd preterm birth.
Karim and colleagué® chose weight and length at birth to measure gramvthe first year of life
at monthly intervals. The authors compared grovitinfants against NCHS reference data for
height-for-age, weight-for-age and weight-for-heigfhey found that the first six months of life
involved catch-up and catch-down growth, followgdgbowth influenced by genetic and earlier
intrauterine effects in the later half of infanéyifeen et al examined the infant growth pattems i
relation to birth weight, SGA, proportionate SGAsptoportionate SGA, prematurity and length,
from birth to one year of ad&’ They concluded that weight at 12 months was atfomof weight
at birth. Finally, a multicentre hospital-baseddst conducted in Nepal measured weight, length

and head circumference at bitfi The authors reported the prevalence of LBW.

As expected, birth weight tended to get particat&ntion for research over other measurements of
size. Given that it is such a major public healtblyem, it is surprising to see how few studies

have focused on size at birth, even LBW. The exopptare a growing number of investigations

on the effect of size on outcomes (mortality, maitlpi growth and development). This is mainly
due to the recently developed area of study of DOHPor example, Yajnik and colleagues
recorded six birth size parameters in additionitthlweight'® The authors believe that birth

weight alone does not represent intrauterine gramthbody composition, which may be relevant

to morbidity and mortality later in life. Youngdighter, shorter Indian mothers with lower BMI

79



gave birth to lighter infants with smaller abdoniomcumference and mid-arm circumference
compared to infants in Southampton, UK. Intere$yinipdian babies were longer and had more
adipose tissue in the 2800-3300g birth weight aategrhe proposition was that other birth

anthropometric parameters should be investigatamualith birth weight.

Rao and colleagues explored six birth size anthrmtdc parameters, including birth weidft.
Excessive maternal activity during pregnancy wasedapendent risk factor for size at birth. The
effect was reflected in weight, head circumferesce MUAC. In the Pune Maternal Nutrition
Study, 631 term live births were investigated toklat the influence of parity on birth siZ8.

Seven neonatal anthropometric parameters were meghgwt of which three were shown to have
an association with parity: birth weight, abdomicatumference and skinfold thickness. One may
argue that if the effects of risk factors are obedron different parameters of size at birth, why
should other birth size parameters be given lepsitance than birth weight. These findings urge

us to take our studies of size at birth beyondbirgight alone.
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Table 3.11. Studies of size at birth in South Asia

Study and Sample frame BW BL HC CC AC MUAC Pl SFT Birthgesta tion Sample size Comment

date

Nepal

Anderson Urban + Capurro method 226 infants Hypoglycemia study
19937 Hospital LBW as risk factor
Kathmandu

Unicef 2000"**  Urban + 2700 infants Prevalence study
Kathmandu Hospital

Bondevik Urban + LMP 1400 infants Risk factor study

2001 Hospital Maternal characteristics and LBW and
Patan preterm delivery

Christian Rural + LMP 4130 infants Supplementation study
2003 Community Birth size, infant mortality
Sarlahi district

Christian Rural + LMP 4130 infants Anthelmintic study

2004 Community Birth size, infant mortality
Sarlahi district

Katz 2006'"° Rural + LMP or urine test 4096 Supplementation study
Sarlahi district ~ Community pregnancies Birth weight, infant mortality
Osrin 2005° Semi-rural + Ultrasound 1200 infants Supplementation study
Dhanusha Hospital Birth weight

district

India

Stein 1996,  Hospital + No gestational age 517 infants Outcome study

Mysore in records Coronary heart disease
Kumaran Hospital 1934- + Maternal weight 435 infants Outcome study

2000% 53 Small size at birth and Blood pressure
Mysore

Tripathgl Hospital 1998- + Ballard score + LMP 11223 infants Outcome study

2002"' 2000 Neonatal mortality

India

Rao 2003'°° Rural + +  LMP + Ultrasound 797 Effect of maternal activity
Pune Community pregnancies Birth size, placental weight
Yajnik 2003'"®  Community + + LMP 631 infants Consequence study
Maharashtra 1994-96 Placental weight

Yajnik 2003 **°  Hospital 1998 + +  LMP + Ultrasound 157 infants DOHAD

Maharashtra Diabetes

Mutha%)ya Hospital + + 712 Descriptive study

2006 pregnancies Arm fat index, arm muscle index, Birth
Bangalore weight and MUAC
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Study and Sample frame BW BL HC CC AC MUAC Pl SFT Birthgesta tion Sample size Comment
date

Bangladesh

Arifeen 2000™®°  Urban + 4+ + LMP + Capurro 1654 infants Outcome study

Dhaka community method Growth

Osenlg?rp Hospital + + + + + LMP 559 women Supplementation study
2000 1996 Zinc

Matlab

Karim 2001*"°  Poor Urban + 4+ _ 91 infants Outcome study

Dhaka, 1993-95 Growth

Pakistan

Cheun Community + + + Dubowitz method 1476 live born ~ Outcome study

2001" 1984-87 LMP Diarrhoea

Lahore

Joshi 2005 Community + o+ o+ + + + + LMP 814 Effect of Parity on birth size
Pune 1994-96 pregnancies

Hafeez 2005'"®  Community + o+ o+ B 242 women Supplementation study
Pakistan Hospital 2003- Zinc

04

BW: Birth weight; BL: Birth length; HC: Head circumference; CC: Chest circumference; AC: Abdominal circumference; LMP: Last menstrual period; MUAC: Mid-upper
arm circumference; PIl: Ponderal Index; SFT: Skinfold thickness (triceps, sub-scapular).
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Chapter 4. Study design, setting and methods

4.1. Chapter summary

The thesis describes a prospective study of sibatatin a cohort of 600 infants, and
predictors and outcomes of size at birth in a cobb1200 infants. This chapter describes the
methods and processes used in the data colledtitve gtudy. The main aim was collection of
information on birth size, its determinants andcoutes. This involved collection of
information and measurements in sequential stagesmethods employed were short
structured interviews, physical examination, labmmaexaminations and anthropometric

measurements.

The study had five stages:

1. Enrolment of pregnant women.

2. Follow-up of pregnancies.

3. Measurement of birth size.

4, Assessment of neonatal morbidity and mortality.

5. Anthropometry, morbidity and mortality assessthanwo years of age.

4.2. The antenatal multiple micronutrient supplementatian trial

The study was conducted within a double blind ramded controlled trial conducted in
southern Nepal. The trial ran for 2 years from Aatg2002 to July 2004. 1200 pregnhant women
were randomised to receive monthly supplementatitim either iron and folic acid (control
group) or multiple micronutrients (intervention gp), and followed up until delivery and one

month post delivery.The trial showed that antenatal multiple microieutr supplementation
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was associated with a mean increase in birth weii7 g. We did not observe any
association with gestational duration. At a me&ny2ars of age, children in the intervention

group were also 204 g heavfePublications from the trial are available in anfeand B.

4.3. Setting

4.3.1. Nepal

Nepal is a small landlocked country in the SoutieAsegion. It covers an area of 140,800
square km. It is bordered by India on three sidast( west and south) and by Tibet to the
North. It has a varied altitude ranging from 10@nabove 8000 m above sea level, which

contributes to large climatic variation.

Nepal is roughly rectangular in shape, about 650rklangth from east to west and 200 km in
width from north to south (see Figure 4.1). Itigided administratively into five development
regions: eastern, central, western, mid-westerrfamgestern, and three distinctive regions
topographically: mountain, hill artérai (plain). It is further divided into 14 zones artl 7
districts. The study covered the population of tligiricts, Dhanusha and Mahottari. These are

part of the central development region in the ptaigion.

In Nepal, there are 92 mother tongues and 103@gmips based on the census of 260The
national language is Nepali, which is spoken ardewstood by most of the population. The
other main languages are Maithili, Bhojpuri, Tharamang, Nepal Bhasa, Magar, Awadhi,
Bantawa Rai, Limbu and Bajjika. The 11 largest &tlynoups are Chhetri, Hill Brahmin,
Magar, Tharu, Tamang, Newar, Muslim, Kami, Rai, @g and Damain. Nepal has three main

religions: Hindu, Buddhist and Muslim.

Nepal had a population of about 23.2 million in 2@&sed on the report published by the
Central Bureau of Statistics in 2006. The poputattogrowing at a rate of 2.25 % per year

1991-2001). Nepal has a population density of d&7square k'’ The sex ratio was 997
( p pop y q
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males per thousand females in 2001. Nepal hasss gamestic product of US$ 39 billion, a
per capita income of US $ 1402 and a human devedapindex of 0.527. Life expectancy at

birth is 60.4 yrs — 60.1 yrs for males and 60.7fgrdemales in 2001.

& %‘ NEPAL
Qﬁ. ; 7

/

Mahottari
Dhanusha

The total literacy rate was 54% in 2001 (66% foterand 43% for females). There are
gender, household wealth and ethnic disparitiesimol attendance rates, though this disparity
has narrowed over the past few years because efigment scholarships for femaléslits
(untouchables), disabled children and needy childfemales residing in rural aredalits and

the poorest are less likely to go to school.

Based on the 2006 NDHS report, which provides egtisover the five years 2001-2005, the

neonatal mortality rate was 33 deaths per 1000iistes, post-neonatal mortality 15, infant
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mortality 48, child mortality 14 and under-five nality 61 per 1000, and the perinatal
mortality rate was 45 per 1000 births respectivéyortality rates have declined over the last
10 years. More deaths are likely to occur in paonifies with no education residing in the

rural hills of the eastern region.

4.3.2. Dhanusha and Mahottari

The caste system used by the locals in these @r&aslitionally defined based on occupation
and religion. There are Brahmins (priests and sgbplKshatriya, (rulers and warriors),
Vaishya (merchants) and Sudra (peasants and miaaaérs, the untouchables). Dhanusha, a
place of great cultural and historic value, comrsarea of 1180 sq. km in tterai at a sea

level of 61-610 m. It is bordered by India in tloeih, Mahottari district to the west, Sindhuli to
the north and Siraha to the east, and is 400 ki s@st of Kathmandu. It has one municipality
where Janakpur Zonal hospital is located. Dhanisshainly the home of the traditional
Maithili ethnic group. The results of the 2001 agnsevealed that it is the 5th most populous
district in Nepal, with 671,364 residents. The aditdracy rate is 49 % and human

development index 0.534 (200%5.

Mahottari, a district adjoining Dhanusha, is 1062lan in area at a sea level of 61-808 m. It
has one municipality and 76 Village Development Gutrees (VDCs). The district
headquarters is Jaleswor (named after the presditice god Mahadeva in a water source),
another spot of religious value. Mahottari has putation of 553,481 (2001 population
census). The literacy rate of 34% is lower than tidhanusha and the human development
index is 0.322. Mahottari is bounded by Dhanushhédceast, Sarlahi to the west, Sindhuli to

the north, and the Indian state of Bihar to thetsou
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Figure 4.2. Janaki temple
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4.3.3. Janakpur Zonal Hospital

The study was conducted in collaboration with tleemity and paediatric units of Janakpur
Zonal hospital. This is a government hospital dighbd in 1973, situated in Janakpur
municipality of Dhanusha district. It is a secondeaferral centre providing services to people
from Dhanusha, Mahottari, and Sarlahi districtesthreferred from lower level health
institutions and also to people from the adjoiranga of India. The sanctioned number of beds
is 100, but the bed availability at the time of #tedy was 170, out of which 20 beds were in
the maternity department and 20 beds in the paedddpartment. Among 72 sanctioned staff
(32 doctors and 40 nurses), most of the posts fillr@. The hospital provides specialist care —
paediatrics, obstetrics and gynecology, medicingyesy, laboratory services, radiology,
dermatology, ear, nose and throat, dental and emeygcare. It is managed by a development

committee and funded mainly by government, selfegation of income and donations.

The obstetrics and gynaecology department has glepeivate and semi-private rooms. There
are no separate rooms for maternity and gynaeaabgases. It has one labour ward with three

beds and two neonatal resuscitaires, There areamsiltant, three medical officers, staff
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nurses, auxiliary nurse midwives and student nuiBes unit has a fairly good maternity

recording system, supported regularly by trainiggh® Nepal Safe Motherhood Programme.

The total number of hospital outpatients includémgergencies was 14,629 for the fiscal year
2002/2003. There were 9930 surgical admissiond.1@? deliveries, no maternal deaths were

recorded. 25% of women delivering at the hospital made four antenatal clinic visits.

At the beginning of the study, antenatal servicésted but were provided in mixed clinics.
There was no designated antenatal clinic. The stodyributed to the setting up and support of
an antenatal clinic, in partnership with the DidtRPublic Health Office and the hospital. The
clinic was staffed by two auxiliary nurse midwivi@gNMs) supervised by one staff nurse.
Auxiliary nurse midwives are trained in specificstdtric care. Their qualifications and
responsibilities are summarised in Table 4.1, aleitly those of Auxiliary Health Workers.

The new antenatal clinic provided free care to paggy mothers, distributed free iron and folic

acid tablets, and referred to the hospital obsfatns in case of risk and complications.

Table 4.1. Qualifications and responsibilities of h  ealth workers in the community

Maternal health

Child Health

Training

Auxiliary Nurse Midwife

Auxiliary Health worker

Antenatal care
Postnatal care
Delivery

Manual removal of
placenta

Emergency Obstetric
First Aid

Family planning

Family planning
Treatment of minor
illnesses related to
maternal health
Referral

Immunizations

Acute respiratory
infection

Diarrhoeal disease
(treatment and referral)

Treatment of minor
ilinesses related to child
health

Referral

10 years of school
18 months of training

10 years of school
18 months of training

Adapted from™**

4.4. Participants

The cohort constituted pregnancies in the MIRA BpoaAntenatal Multiple Micronutrient

Supplementation StudyWomen were eligible to enter the cohort if thegmdled the hospital

antenatal clinic.
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4.5. Eligibility and inclusion criteria

All women who attended the antenatal clinic wemesoed for eligibility for the study. Women
were eligible to participate in the study if (1ethlast menstrual period corroborated by
physical examination showed a gestational agettess20 completed weeks, and (2) they lived
not too far away from Janakpur Zonal Hospital famtily antenatal and home follow-up.

Inclusion criteria (assessed after basic eligjiltvere:

1. Viable fetus.

2. Gestational age of up to 20 completed weeks.

3. Singleton pregnancy.

4. No gross fetal anomaly detected on ultrasound exatioin.

5. No chronic maternal medical illnesses that coulgptially affect birth weight.

4.6. Procedures

4.6.1. Enrolment

In the antenatal clinic, ANMs took a short medicddstetric, and gynaecological history and
the date of the last menstrual period. They peréarphysical examination to confirm the
pregnancy, physical health and to detect pregnamtiask. Blood and urine were also sent for
laboratory examination. Detailed addresses werntédk pick up those pregnant women
residing in the area covered by the study. Eligitbenen were referred to a special study room

for further discussion.

In the study room, participants who fulfilled thiggibility criteria were screened by ultrasound
scan for confirmation of gestational age, viabjlfgtal number and detection of gross

congenital anomalies. If the ultrasound confirmeat 2 pregnant woman was suitable for the
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study, she was explained the objectives and praifebe trial and provided an information

sheet, which was available in Maithili, Nepali afidglish.

A written consent form was prepared in English tradslated into Nepali and Maithili. (see
annex C and annex F) This was read to particigaeftsre enroliment. Participants were
encouraged to clear all their doubts regardingsthdy and to take the opinion of their family
members, especially heads of family. Well-informattten consent, preferably in the presence
of family members, was taken. Written consent va&en by staff who were fluent in Maithili,

Nepali and English.

A series of detailed questionnaires were filledmyantenatal clinic visits. The first
questionnaire, (enrolment questionnaire) was filléidr the participants give formal consent
for inclusion (see enrolment form in annex C).dbtained the participant’s identification
information, socio-demographic details, dating fgmancy, family and personal medical
information, current general illnesses, birthingrd, clinical obstetric and anthropometric

examination details and details of previous births.

4.6.2. Ultrasound screening and gestational assessment

In order to confirm gestational age at enrolmeret,olstained history of last menstrual period
and performed ultrasound scans for dating of pregna/Ne used only ultrasound-based dating
of pregnancy for the trial. All scans were perfodwdth an Aloka SSD 900 ultrasound unit
with a 5 MHz obstetric transducer probe (Aloka, yok Eligible participants were explained
the process and purpose prior to the scan (SeexAfndt was conducted in the presence of
the woman’s partner or mother-in-law in a quiet griglate room. Verbal report of the scan
was provided to the women in an understandable iWaxd copies of scan-reports were kept
for evidence. The measurements were also recordedaily into the participants’ record files.
Pregnancies with non-viable fetus or congenitahaaly were referred to the hospital

gynaecologist or radiologist for further investigatand management.

90



Most women had a single scan at enrolment. An ahosean was arranged at approximately
20 weeks of gestation if the first scan was undteridbefore 16—18 weeks or if gestational age
estimation was not reliable due to fetal positibhe anomaly scan involved a series of checks,
including inspection of spine, head shape and strecnuchal pad translucency, abdominal
shape and content at the level of stomach, kidasgisumbilicus, thorax at the level of cardiac
four chamber view, arms and legs numbers and bignueserus, radius, ulna, tibia, fibula and
femur) and face and lips. All measurements werertdly a single observer (AV) to minimize

observational error, except nine scans (taken byhan doctor).

Crown-rump length (CRL) was used for dating of pragries for fetuses up to 12-14 weeks of
gestation (Robinson and Fleming chadffsand biparietal diameter (BPD) for fetuses of $4-1
weeks gestation (Chitty chartf. If it was difficult to measure these parameters tuunusual
positioning of the fetus, either repeat ultrasowas performed one month later or femur length
(FL) **’or abdominal circumference (Atjwas used. CRL was measured at the longest length
along the longitudinal axis of the fetus. BPD measent was made from the outer margin of
the proximal to the inner margin of the distal $kable using internal electronic calipers, at the
level where the cross section appeared oval witlea outline of the calvaria, and the cavum
septum pellucidum and falx cerebri lying antericatyd posteriorly in the midline respectively.
Head circumference was measured along the outeyimairthe calvaria at the same level as
BPD. FL was measured from the greater trochantdraalistal metaphysis at the level where
the longest image of the femur with sharp ends agake AC was measured in the axial plane
at the level of the umbilical vein-ductus venososiplex. Measurements were taken at the

outer perimeter of the abdomen.

Ultrasound training and quality control were praddoy the Superintendent Ultrasonographer
of University College London Hospitals. Scan stillsre printed and stored in the participant

file, and scan videotapes were sent to the UKdgular quality control examination.
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4.6.3. Follow-up

We developed a system to follow participants upyeteo weeks: monthly at the antenatal
clinic and monthly at home on an alternate basigvry antenatal clinic visit, participants
were provided with iron and folic acid and montplyysical examination as recommended by
His Majesty’s Government, Nepal: maternal weightpld pressure, urine stick test for pH and
albumin, and blood tests for hemoglobin concerdratblood group, rhesus and rapid plasma
reagin test for syphilis were taken at enrolmert 32 weeks. Blood haemoglobin was assayed
spectrophotometrically with a HemoCue system, wily calibration checks (HemoCue,
Switzerland). Other tests were performed by theitalspathology department. Participants
were referred for any pregnancy related complicatito the obstetric or medical department of

the hospital.

Every month, participants received a home visihofne-visit team of four was trained to take
birth anthropometry. The team visited participantsry four weeks at home and encouraged
them to have regular antenatal check-ups, to tekegcommended iron and folic acid tablets

regularly, and to visit the antenatal clinic foyasomplications.

We defined loss to follow-up as failure to attehd aintenatal clinic for three months and
failure to meet the participant after three honsitsi We defined miscarriage as the cessation
of confirmed pregnancy before 23 weeks gestatidllhigh as the delivery of an infant
exhibiting no signs of life — movement, breathimdieartbeat - after 23 weeks gestation, early
neonatal death as the death of a liveborn infatttérfirst seven days after birth, and late

neonatal death as the death of a liveborn infaat akven but within 28 days.

In the event of significant illness, we arrangedtfe participant to be seen by a consultant
obstetrician or physician. There were two pre-diggtideviations from protocol. If a
participant’s enroliment blood haemoglobin levekvieelow 7 g/dl, she was given an extra 60

mg of iron daily, antihelminthic medication, and Idood haemoglobin was rechecked after

92



one month. If a participant described night blirgkat any time, she was given 2Q@0of

vitamin A daily and referred for medical follow-up.

4.6.4. Measurement of birth size

Participants were encouraged to have their deligetiie hospital or to inform the home visit
team in case of home delivery as soon as pos3ibeemain aim was to measure size within 72
hours of birth. If the participant delivered in pdal, she was recognized by the study
midwives in the obstetric ward or contacted th@gtmidwives in case of hospital delivery.
This was aided by a coloured enrolment card. Migwiwere well trained to measure birth
anthropometry: birth weight, birth length and headumference were taken and a form
containing details of the birth was completed. Meaments were taken as soon as possible
after delivery. If the participant delivered at hentheir family informed the home visit team
(all except one AHWS). Trained team members coragléirth detail forms and birth

anthropometry as soon as they were informed aredtabkach the home.

Birth weight was measured on Seca 835 electromiles@ccurate to 10 g, tared before each
measurement (Seca, Germany). We attempted to slaghsoon after birth as possible, but
defined late birth weight as a measurement recoafted 72 hours. Infant length was measured
on a Kiddimetre board accurate to 1 mm (Raven Egeiy Ltd, UK) in hospital and at home
births where vehicular access was possible. Sofaatitengths were measured on a
Rollametre (Raven Equipment Ltd, UK) when sever@soon conditions made transport of the
large, heavy Kiddimetre to the home impracticalcipitofrontal head circumference was
measured with a plastic length tape accurate ton]l taking the central value of three

consecutive measurements.

4.6.5. Follow-up at one month

Participants were asked to come for a postnatalkebip one month after delivery (see one

month check form in Annex C. Information was gagtikon their infant’s feeding and ilinesses
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(cough, fever, diarrhoea, breathlessness) andeindivn postnatal illnesses. Information on
deaths was also recorded. In the event of illieants were referred to the hospital

paediatrician. In the event of death, neonatalaleabtopsies were conduct&d

4.6.6. Follow-up at two years of age

All infants were followed up at home at 2—-3 yedrage. A new home visit team of five was
set up after training them in anthropometric meas@nts and filling forms for infant iliness
and verbal autopsy. One of them was appointedcasminator. The quality of measurements
and observer variation was assessed in a samplefs800 schoolchildren and women not
involved in the original trial. Repeatability ofdhmeasurements was tested within observer and
between observers. We were particularly conceroexdinimise inter-observer variation since,
for example, it accounted for 23% of the variatiomead circumference, while intra-observer
variation accounted for 8%Because of these variations, the measuremeneof th
anthropometry was assigned to two members of tira tgith minimum inter-observer and
intra-observer variation, and filling of forms toaher two team members to keep the
measurement bias to a minimum. Each team con$t@ge measurer and one form-filler.
Visiting schedules were set according to the a§é@sdividual children and the need to cover
flood-prone areas outside the monsoon seasonafticipants who had not relocated beyond
the possibility of follow-up were visited at honaeprocess that required up to five visits.
Participants were categorized as lost to followfupey could not be found after three
attempts. The main reasons were that they movedfdhe study area, moved to a new address
which could not be traced, or withdrew from thaltriThe field workers were unaware of the
initial supplement allocation as access to the seds restricted to principal investigators.
They took informed verbal consent from heads ofsebold and mothers after explaining the
purpose of study. At first, forms were filled inadlay the child’s anxiety and to gain the
child’s confidence by taking time to be friendlydaplayful. The parent was then asked to lay

the child on her lap and measurements were caotied

94



Weight was measured with Seca 835 electronic s¢al@mburg, Germany) accurate to 10 g.
Standing height was measured with a portable Leicasadiometer accurate to 1 mm, barefoot
and with the head in the Frankfurt plane. Headraitdupper arm circumferences were
measured with disposable insertion tapes accurdtertm (Harlow Printing Ltd, South

Shields, Tyne and Wear). Head circumference wamtakthe maximum occipito-frontal
measurement. Mid-upper arm circumference was medsira level midway between the tip

of the olecranon process and the acromion proGesst, waist and hip circumferences were
measured with a plastic measuring tape accurdtertm. Chest circumference was measured
at the level of the nipples, midway between ingraand expiration during quiet breathing.
Waist circumference was measured at the leveleh#tural waist, and hip circumference at
the level of maximum circumference over the buttodkiceps skinfold thickness was
measured with Harpenden callipers accurate to J(GHED 120, UK). The measurement was
taken midway between the tip of the olecranon gee@nd the acromion process, in the
midline of the posterior surface of the extendenhithant arm. All measurements except weight

and height were made three times and the middieevacorded for analysis.

We collected information about the number of ilkesin the first year of life and about
specific illnesses in the 14 days preceding theriiew (Annex D). Medical reports were
examined where available and verbal autopsy quesices were completed in the event of
mortality. These were analyzed for cause of degttwb paediatricians, one of whom was the

author.

All data were entered in a relational database gemant system in Filemaker Pro 5.5. Data

were rechecked manually for accuracy, with refeeeiocthe hard copy forms..

4.7. Ethical considerations and funding

The trial was funded by a project grant from Thellédene Trust. The follow-up study was
conducted under a grant from an anonymous chagitddnhor. The trial was approved by the

Nepal Health Research Council and the ethics camendf the Institute of Child Health and

95



Great Ormond Street Hospital for Children, and e@sducted in collaboration with His
Majesty’s Government Ministry of Health, Nepalwlas also approved by the Medical
Superintendent of Janakpur Zonal Hospital and fis&ibt Public Health Officer. The approval
covered all the data collection involved in thesibestudy. Benefits to participants included the

supply of supplements, free health care, and etgabdéferral in the event of complications.

Participants were numerically coded and only tiseaecher and research assistants knew their
names. Participants’ names did not appear on acyndentation, analyses or outputs. All study
documents were kept confidential and will be dgs&dofive years after the completion of the

study.

96



Chapter 5. Data available for analysis and analytical methods

5.1. Data available for analysis

The first participant joined the trial on"August 2002 and the 120@n 22° October 2003.

As a result of the process described in Chaptamtimber of questionnaires and tools were
available for examination. They are summarizedabl& 5.1. Data were collected at four
points: during pregnancy, at birth, at one montth atntwo years of age. As mentioned above,
the women invited to participate were selected feopool that included all those who attended

the antenatal clinic.

Table 5.1. Questionnaires providing data for analys  is

During pregnancy

Enrolment questionnaire

Monthly follow-up questionnaires

At birth

Birth questionnaire and anthropometry
At one month

Follow-up questionnaire

At two years

Maternal and child anthropometry
Infant and child morbidity questionnaire
Infant or child verbal autopsy (when required)

Table 5.2summarises the data available from all the toofslined. Of the 1985 women who
came to the antenatal clinic, 785 were not enrolledusion was based mainly on the
possibility of tracking the healthy woman and fefiusn early pregnancy (at less than 20 weeks
gestation) until delivery. Most of the exclusionisratial screening occurred for two reasons.
Either participants lived outside the study arelaictv made it impossible to achieve monthly
visits - at the hospital or at home - or their géen was more than 20 completed weeks
according to estimates based on the date of thensstrual period, corroborated by
symphysis-fundal height measurement. The secoge siiascreening involved obstetric
ultrasound. Exclusions at this stage resulted feghrer a gestation confirmed to be over 20
weeks, or from the identification of a congenitaharmality that might interfere with fetal
growth. The third stage of screening involved maldexamination. Medical conditions that

could interfere with fetal growth were barred fréme study.
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Table 5.2. Data available for analysis

Antenatal Birth 1 month 2 years
Mothers Fetuses Infants Infants Children Mothers
Measurements Age BPD Weight, Weight
Height HC Height Height
Weight at 1stvisit  AC HC BP
Weight gain FL CC wcC
Parity EFW wcC HC
BMI Gestation Hip Circumference MUAC
Blood pressure MUAC Triceps skinfold
Morbidity Triceps skin-fold thickness thickness
Urine protein Blood pressure
Urine sugar Mortality and Morbidity
Outcomes LBW Neonatal deaths Stunting
SGA Morbidity Wasting
Low PI Underweight
Infant death
Child death
Morbidity

BPD: Biparietal diameter; HC: Head circumference; AC: Abdominal circumference; FL: Femur length; EFW: Estimated fetal weight; BW: Birth weight; BL: Birth length;
HC: Head circumference; CC: Chest circumference, WC: Waist circumference; MUAC: Mid upper arm circumference; BP: Blood Pressure
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Most exclusions at enrollment were for gestatiommater than 20 weeks. Maternal illnesses
that led to exclusion were: recently treated resnircysticercosis (1), chlorpromazine (1) or
anticoagulant (1) medication with changing dosed, symptomatic mitral stenosis (1) or
multivalvular heart disease (1). Fetal exclusiomsexvtwin pregnancies (6), anencephaly (1),
occipital meningocoele (1), encephalocoele (1) ddmal atresia (1) and a grossly dilated

pelvicalyceal system (1).

Figure 5.1 is the study profile for the MIRA JanakMultiple Micronutrient Supplementation
Trial. 20 participants enrolled in the trial butneenever seen again, even after a thorough
search in the areas they had given as their addret8 participants moved out of the areas in
which they could be tracked and we did not knovirthigth outcomes. Seven participants
suffered spontaneous abortion. 14 participantsdréiv from the trial because they felt it
would not benefit them. One participant withdreweafleveloping generalized itching. In
deviations from protocol, four participants receivseatment for severe anaemia and tloee
night blindness. Information about 1139 deliveriess available for the analysis of gestational
duration. Because most of the stillborn infantsemsot weighed, we included only liveborn

infants in the analysis of birth weight. The bivtkight outcome was available for 523 (&%)

infants in the control group and 529 [@%) in the intervention group.

In the childhood follow-up phase, we located arsited917 mothers and children from
December 2005 to December 2006: 455 in the cogtmlp and 462 in the intervention group.
Retention rates from enrolment (after discontimrgtfetal loss, stillbirths, infant deaths, post-
infancy deaths and loss to follow-up) were 76% &nth respectively. Retention rates of
children who could potentially have been followgdaiter the neonatal period were 85% in the

control and 86% in the intervention group.
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The following sections describe the data handlorglie three studies covered in the thesis:
characteristics of mothers and infants, includiizg at birth, predictors of size at birth and

associations of size at birth with mortality, malibf and malnutrition in childhood.
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Figure 5.1. Study profile for the MIRA Janakpur Tri  al

1985 women screened for eligibility
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785 did not meet inclusion criteria

1200 randomised
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600 allocated intervention
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20 lost to follow-up
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8 moved beyond follow-up |
12 discontinued trial >
5 miscarriage
7 withdrew from trial

19 lost to follow-up
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11 moved beyond follow-up
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2 miscarriage
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568 delivered
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523 birth weight analyzed
12 neonatal death
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27 birth weight taken late or never

571 delivered
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17 neonatal death
539 potential follow-up
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5.2. Characteristics of mothers and infants, including &e at birth

Table 5.3 presents summaries of size at birthlfanfants born in the MIRA Janakpur trial.

51% of infants were male.

Table 5.3. Size of infants at birth

Available Mean (SD) Frequency (%)

Gestational age at birth (w) 1048 39.46 (1.71)

Weight (Kg) 1048 2.777 (0.429) LBW 231 (22.0)
SGA 542 (51.9)

Length (cm) 1035 48.89 (2.56)

Ponderal index (g/cm3) 1035 2.38 (0.34) LPI 701 (67.7)

Body mass index (Kg/m?) 1035 11.60 (1.50)

Head circumference (cm) 1039 33.59 (1.49)

SGA: small for gestational age (< -1.28 z score ~ <10" percentile); LPI: low ponderal index (<2.5 g/cm®);
LBW: low birth weight (<2.500 Kg)

Because we wanted to describe size at birth igéimeral population, the overall study
presented us with a problem. The effects of an&madlitiple micronutrient supplementation,
though not large, could make the analysis unreptatiee of the usual situation. For this
reason, we described size at birth for only infamthe control group. In later chapters, we
included all the infants because we could contotlie intervention in multivariable

regression analysis.

5.2.1. Outcomes used in the analysis

The primary outcome of interest was birth weighte Dther measurements taken at birth were
length and head circumference. Body mass indexpanderal index were calculated and
small-for-gestational-age was computed using amogpiate reference. A cut-off of <2500 g
was used to define low birth weight 2@orld health Assembly, 1976), <2.5 g/tor low
ponderal indeX®, and birth weight below the ¥(ercentile of the British population (British
reference LMSGrowth software) for SGA. The cuttofdefine small for gestational age in this

population was < -1.28 z score, which is equivatert1d" percentile.
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5.2.2. Statistical methods

Preliminary analysis involved baseline maternalsdemographic, nutritional, health and
reproductive characteristics. Infant size at bivs described in terms of mean, standard
deviation and as a percentage of all infants mealswithin 72 hours of birth. The Datadesk

program was used for the detection of outliersahdnalyses were performed in SPSS.

5.3. Predictors of size at birth

We included infants born in both arms of the titathis analysis. The database was restricted

to cases with available primary outcome.

5.3.1. Outcomes used in the analysis

We examined the associations of potential riskofisctvith a range of indicators of size at birth.
These included weight, length, head circumfereBé#\; and PI; and LBW, SGA, and low PI.
Cases without the outcomes in question were remfreedthe analysis. For the analysis of
each birth size indicator, the cases without amthneetric measurements were not included in
the analysis. Therefore, the total number of casagiable for analysis varied across the birth

size indicators analyzed.

5.3.1.1 Statistical methods

Based on the literature review, potential preditufrsize at birth were chosen from the
database that had been develofféthere were 21 variables of interest. They weregmized
under two main headings, maternal and fetal. Matdattors included socioeconomic status,
illness during pregnancy, obstetric history, anplormetry and nutritional status. Fetal factors

included infant sex and gestational age at birth.

To describe socioeconomic status, we used an ssx@hg system that was recommended for

similar work and had been used before in NéPdt.was divided into 4 categories: 0 (did not
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own any household durables), 1 (possessing a dadlq, iron, or bicycle), 2 (possessing a
sewing machine, cassette player, camera, fan todbjiland 3 (possessing a motor vehicle,
television or refrigerator). However, since thatdiit has become more usual to use lists of
assets collected in Demographic and Health Survgys assets are listed independently and
then a composite score is generated using theitpehof principal components analysis.
Socioeconomic status was assessed based on lardsbim possession of household durables
and husband’s occupation. There were eight faetodsthe score was generated from the first

component of the principal components analysis rlixg to published guideliné?

For maternal morbidity, common complaints duringgmancy were abdominal pain, itching,
dysuria, vaginal bleeding, constipation, parasifedtation, pneumonia, fever, perineal
problems, nausea, backache, abdominal bloatingsske vaginal discharge, weakness or
cramp, urinary tract infection, visual problemsgrdhoea, and cough. Table 5.4 presents the
categories of maternal morbidity during pregnanagdal on time, number and nature of
complaints. Maternal morbidities were divided ibtm groups based on which trimester the
complaints were made. Second and third trimestéemnmal health complaints were again
grouped under four categories: 0 (no complaintdiptl (abdominal complaints), 2

(infections) and 3 (other complaints).

Table 5.4. Categories of maternal morbidity during pregnancy based on time, number and
nature of complaint

Time of morbidity Complaints Categories of complaints

First trimester morbidity First complaints (1) No complaints at all 0)

Second trimester morbidity Second complaints (I1) Abdominal complaints (2)
Infections (2)
Other complaints 3)

Data patterns were examined through two-way sqattis: A two-step statistical analysis was
carried out to identify independent factors pradedf size at birth. First, univariable analysis
was carried out to determine the association betwaeh independent factor and the

dependent variable. Second, multivariable anabyfsal significant factors (at p <0.05) in the
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univariable analysis was run to develop a predictimdel. Some important predictors
(maternal weight, maternal height, previous histafrgmall birth, parity, gestational age at
birth, infant sex, socioeconomic status and mictdent supplementation) were included in the
multivariable regression irrespective of significarevel in the univariable analysis’, fhe
coefficient of determination, was used to measheesize of contribution of variables to
outcome. We used logistic regression for dichotasraependent variables (LBW, SGA and PI)
and linear regression for continuous dependenabbes (birth weight, length, head
circumference). A factor was considered significatrp < 0.05. All the variables that were
significant in the univariable analysis were endidiiest in continuous form into the model,

after which they were tested in categorical versidie looked particularly at their effects on
the coefficients of determination and regressiogffacients. The models were tested to see if
the addition of variables previously not signifidgrassociated made a difference, since a lack
of association in univariable analysis may hidessociation after adjustment. Third, the
adequacy of each model was ascertained using h gfapsidual values plotted against
predicted values. The distribution of errors waarmixied by histogram and normal probability

plot.

5.4. Associations of size at birth with mortality, morbidity and malnutrition in
childhood

Once again, we included infants born in both arfith@trial in this analysis. The database was
restricted to cases with indicators of size athbi@ases without birth size indicators were
removed from the analysis. Therefore, the total memof cases available for analysis varied

across the birth size indicators analyzed.

5.4.1.1 Outcomes used in the analysis

We examined the associations of different clas#ifins of size at birth on the following
outcomes: mortality (neonatal death, infant deettild death before follow-up), illness in

infancy (cough and fever, diarrhoea and fever, eaghfever, frequency of iliness), and illness
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in the preceding two weeks (fever, cough, diffigldteathing, diarrhoea), and malnutrition
(stunting, underweight, wasting). The definitiomsl &ut-offs for the factors used in this

chapter were as follows.

Weaning was defined as the introduction of solidfto infants who were not fed something
other than breast-milk and water. The rate of esiekubreastfeeding was defined as the
proportion of infants who were not fed somethinigentthan breast milk. A cut-off of 2 SD
below the median weight-for-age, height-for-age amijht-for-height in the WHO reference

data was used for defining children as underwegghited or wasted.

We asked mothers about the illnesses in the faat gf life at follow-up at 2-3 years of age.
The illnesses were classified as cough and feesp{ratory infections), diarrhoea and fever
(gastroenteritis), rash and fever and frequendirafss. Diarrhoea was defined as passage of 3
or more loose watery stools daily. Frequency ok#ls was categorized into five groups: 0-2, 3-
4, 5-7, 8-10 and >10 times. These were further d@dea dummy variable in which <4 times

took a value of 0 and >5 times a value of 1.

5.4.1.2 Statistical methods

Cox proportional hazards modeling was used to egplee role of measurements at birth in the
prediction of death from birth to the end of follmp. The predictor variables explored were
weight, weight z-score, ponderal index and gestatiage at birth. The time from birth until
deaths at one month, one year and at the endloffolp were explored. We also used logistic
regression to examine the effects of categorieszefat birth on subsequent outcomes. The
predictors evaluated represented the permutatibbBW, SGA and low PI. They are

presented in Table 5.5.
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Table 5.5. Newborn classification based on anthropo  metric parameters

Single index Combination of 2 indices Combination of 3 indices
LBW Birth weight and ponderal index LBW-LPI-AGA
LPI LBW-LPI LBW-API-SGA
SGA LBW-API LBW-LPI-SGA

NBW-LPI LBW-API-AGA

NBW-API NBW-LPI-AGA

NBW-API-SGA

Birth weight and weight for gestational age NBW-LPI-SGA

LBW-SGA NBW-API-AGA

LBW-AGA

NBW-SGA

NBW-AGA

Ponderal index and weight for gestational age

LPI-SGA

LPI-AGA

API-SGA

API-AGA

There was a range of possible confounders forffieeteof size at birth on health outcomes.
These were dealt with as follows. First, univaraéssociations were examined between each
outcome and possible confounders. Second, threelgagre developed for each outcome.
Model | was an unadjusted logistic or linear regi@s of outcome on parameter of size at
birth. Model Il was an adjusted multivariable reggien using only variables that showed
significant association and that demonstrated alsigaificant association with the outcome in
the first step. The confounder adjusted for nedmbgath was weight at enrolment and for child
death was gestational age at birth. Infant deashbasignificant confounders. Similarly, the
significant confounders that were adjusted for tignwere parity, education, socioeconomic
status, weight at enrolment, gestational age #t,kage at weaning, age at follow up and
frequency of iliness. Underweight had same sigaificconfounders. The exceptional factor
was age at follow up. Wasting was adjusted for dwly significant factors- education and
weight at enrolment. For illness during infancy doefounders adjusted were as follows.
Cough and fever was adjusted for maternal age dnck¢gion. Diarrhoea and fever was
adjusted for ethnicity, supplementation and adelitw up. Rash and fever was adjusted for
maternal age and education. Frequency of illnessadpusted for parity, education,

socioeconomic status and infants gender. Simildhhess in the last fortnight before follow up
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was adjusted for the following factors. Fever wdiisted for four significant factors. They
were parity, education, socioeconomic status, weigenrolment and age at weaning. Cough
was adjusted for seven factors- parity, educasonioeconomic status, weight at enrolment,
infants gender, age at weaning and age at follovDifficulty breathing was adjusted for

parity, education, age at weaning and age at follpwDiarrhoea had six significant
confounders- parity, education, socioeconomic stateight at enrolment, age at weaning and
age at follow up. Systolic blood pressure was ddpuor parity and maternal age and diastolic

blood pressure was adjusted for parity, ethniaity education.

Model 1l was an adjusted multivariable regresgising all possible confounders. They were
maternal age, parity, ethnicity, education, soaoemic status, supplements, weight at
enrolment, gestation at birth, infant sex and ageeaning for neonatal, infant and child
deaths. For malnutrition, the factors adjusted vgarae. We also adjusted for one more factor -
frequency of iliness. For illness during infancydan the fortnight before follow up, it is also

same as deaths. The extra factor adjusted wasf apddat follow up.
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Chapter 6. Results: characteristics of mothers and infantsicluding

size at birth

6.1. Chapter summary

This chapter describes size at birth in the infaftsn initial sample of 600 pregnant women
recruited into the control group of the MIRA DhahasAntenatal Multiple Micronutrient
Supplementation Trial. The previous chapter sunmedrthe study profile for participants and
infants in both arms of the trial. The whole datagas used for the analysis of predictors and
outcomes of size at birth (described Chapters 78andowever, a reduced dataset was used in
this chapter because the objective was to destirébdistribution of size at birth in Nepalese
infants. Since the maternal multiple micronutrisapplements were associated with greater
size at birth, it was felt that including infanthi@se mothers had taken them would reduce the
external validity of the findings. After describitasses to enroliment and follow-up, the
chapter summarises the final dataset availablariatysis. It describes baseline characteristics
of the study participants, anthropometry of newkiafants, composite indices (BMI and PI),
and then a detailed presentation and comparisorditfes of small size (LBW, low Pl and

SGA).

6.2. Exclusions from analysis

Table 6.1 summarises the reasons for exclusiommicipants from the main analysis. From
the 600 women enrolled, 523 infant birth weightsenenalyzed. The analysis was restricted to
mothers who completed the study and gave birthliteednfant whose anthropometry was
taken within 72 hours of birth. Participants weediited as lost to follow-up if they failed to
visit the antenatal clinic for three consecutiventhg, and if the home visit team failed to meet

them at home after three visits in spite of rigarattempts.
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Table 6.1. Exclusions from analysis

Dropped out during pregnancy
Lost to follow-up

12 Never found Wrong address provided at enrolment
8 Participants moved Beyond study follow-up area
Across the country
Ceased trial
5 Miscarriages 4 Spontaneous
1 Induced
7 Withdrew from trial Generalized itching

Not doing her any good
No reason given
Problems with birth weight ascertainment
18 Stillbirths Unknown reason
27 Birth weight measured at >72 hours Lack of easy communication: telephone facility,
transport facility
Weakness in convincing participants

In general, early losses were due to miscarriagewillingness to take part in the study, and
later losses were due to movement out of the stwely. It is a tradition for women in Dhanusha
to go to their maternal homes for later pregnamay @elivery. Overall, the birth weights
available for analysis were 87% of the initial gpolthe mean gestation at loss to follow-up

was 26.8 weeks (SD 7.9), equivalent to 80 days43D

6.3. Characteristics of mothers

Table 6.2 summarises maternal characteristicsratreant. It allows comparison of the women
in the trial control group with women who were lostfollow-up. The mean gestation at
enrollment was 16 weeks (SD 2.6). 44% of the womere in their first pregnancy.
Approximately 86% of the cohort was of Maithili etb origin and the rest belonged to ethnic
groups from Nepal’s hills (6%). Most of the paniants were Hindu (95%), with half of them
dwelling in town (53%). As expected, all the motherere married. Mothers tended to be
young and in their second pregnancy, with a mearnég1.5 years (range: 15-38) and median
parity of 1 (range: 0—6). Less than one third ef phegnant women were teenagers (171, 29%).

More than half of the participants had some edanati

No participant said that she smoked, but the datgmot be reliable due to social stigma. One

third of participants had mild to moderate anaeatianroliment (35%). There were no mothers

110



with severe anaemia. The mean weight at enrolmastd8.1 kg (SD 6.0) and the mean height
was 151.0 cm (SD 5.7). Mean BMI was low (19.8, S£).28% of pregnant women had a BMI

lower than 18.5 Kg/fa

Table 6.2. Maternal characteristics at enrollment

Cohort (%) Lost to follow-up (%)
(n=523) (n=77)

Residence

Urban 273 (52.2) 43 (55.8)
Rural 250 (47.8) 34 (44.2)
Religion

Hindu 497 (95) 71 (92.2)
Muslim 25 (4.8) 6 (7.8)
Buddhist 1 (0.2)
Ethnicity

Terai Brahmin 69 (13.2) 14 (18.2)
Terai Chhetri 15 (2.9) 2 (2.6)
Terai Vaishya 360 (68.8) 46 (59.7)
Terai Sudra 11 (2.1) 1 (1.3)
Hindu Brahmin 16 (3.1) 4 (5.2
Hindu Chhetri 14 (2.7) 2 (2.6)
Muslim 26 (5) 6 (7.8)
Newar, Tibeto-Burman and others 12 (2.3) 2 (2.6)
Age (y) 21.54 (3.54) 22.39 (4.54)
<19 153 (29.3) 18 (23.4)
20-29 346 (66.2) 52 (67.5)
230 24  (4.6) 7 (9.1)
Education

None 238 (45.5) 33 (42.9)
Primary, class 1-5 52 (9.9) 15 (19.5)
Secondary, class 6 or higher 233 (44.6) 29 (37.7)
Anthropometry

Weight (Kg) [mean, SD] 4519 (6.00) 44,70 (5.85)
Height (cmg [mean, SD] 151.13 (5.77) 150.04 (4.85)
BMI (Kg/m®) [mean, SD] 19.79 (2.41) 19.84 (2.27)
Low BMI (<18.5) 148 (28.4)
Medical Status

Blood haemoglobin at enrolment (g/dL) 11.55 (1.56) 11.38 (1.48)
[mean, SD]

<110 g/L 177 (34.2) 24 (36.4)
<70 g/L 0 (0.0) 0 (0.0)
Blood haemoglobin at 32 w gestation (g/dL) 11.79 (1.35) 11.88 (1.53)
[mean, SD]

Systolic blood pressure (mmHg) [mean, 103.43 (9.66) 101.56 (10.0)
SD]

Diastolic blood pressure (mmHg) [mean, 63.18 (7.92) 61.95 (8.28)
SD]
Obstetric Status
Parity at birth of index child [median, range] 1 (0-6) 1 (0-6)
0 231 (44.2) 35 (45.5)
1 162 (31.0) 14 (18.2)
2 70 (13.4) 15 (19.5)
3+ 60 (11.5) 13 (16.9)
Gestation at booking (wk) [mean, SD] 15.96 (2.55) 16 (2.51)

Data are frequency (%) unless otherwise indicated
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Table 6.3 presents indicators of socioeconomiaistaflost of the participants had some land,
with off-farm employment to supplement low farmamee: small-scale shops (19%), waged
employment (11%) and migration for labour (1%). fttdlthe participants’ families were

ranked as having a good economic condition basdatleohousehold ownership of a set of
consumer durables. This could be misleading beoafuiselusion of television ownership in

the first rank. A small television could be prodalifer as little as 1000—1500 Nepalese Rupees

(£9-14).

Table 6.3. Indicators of socioeconomic status

Cohort (%) Lost to follow-up (%)

(n=523) (n=77)
Land owned
None 33 (6.3) 6 (7.8)
<10 kattha 277 (53.2) 35 (45.5)
>10 kattha 211 (40.5) 36 (46.8)
Husband's occupation
No work 59 (11.3) 2 (2.6)
Farming 78 (14.9) 14 (18.2)
Salaried 217 (41.5) 35 (45.5)
Small business 97 (18.5) 17 (22.1)
Waged labour 57 (10.9) 9 (11.7)
Student 8 (1.5)
Out of country 7 (1.3)
Ownership of Consumer durables
Motor vehicle, television, refrigerator 277 (53) 24 (31.6)
Sewing machine, cassette player, camera, fan, 27 (5.2) 7 (9.2
bullock cart
Clock, radio, iron, bicycle 137 (26.2) 30 (39.5)
None of the above 82 (15.7) 15 (19.7)

10 kattha is about 0.3 hectares

6.4. Characteristics of infants

Table 6.4 presents figures on birth characteristi8$o of deliveries were conducted at the
hospital. Most had no signs of birth asphyxia at fininutes after birth, and only 7% required
resuscitation. Less than one percent suffered seasgghyxia on assessment at five minutes
after delivery. 7% of infants were born with congglhanomalies. The physical state of a
newborn is recorded at one minute and five minatea score -Apgar score- based on
respiratory rate, heart beat, skin colour, musamte tand reflexes. The total score is 10.
Newborn with severe birth asphyxia has a scorérefet or below; moderate birth asphyxia has

a score of four to six and mild birth asphyxia ormal newborn has a score of seven or more.
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Table 6.4. Infant status at birth

Frequency (%)

Delivery [n=566]

Hospital 300 (53)
Home 246 (43.5)
Other 20 (3.5)
Apgar Score at 1 minute [n=295]

Severe Asphyxia 5 (1.7)
Moderate Asphyxia 21 (7.1)
Mild Asphyxia/ Normal 269 (91.2)
Apgar Score at 5 minutes [n=546]

Severe Asphyxia 4  (0.7%)
Moderate Asphyxia 21 (7.1%)
Mild Asphyxia/ Normal 269 (91.2%)
Resuscitation [n = 555] 38 (6.8%)
Congenital Anomaly [n =591] 38 (6.8%)

6.5. Infant size at birth

6.5.1. Distributions

Birth anthropometry was analysed for 523 infantse @ewborn, an extreme outlier in the birth
weight distribution, due to extreme preterm dejp&00g at 28.14 weeks gestation), was
removed from the dataset. Other anthropometric ureagents which were outliers were not
analyzed. There were four birth length outliers and head circumference outliers. Figure
6.1, Figure 6.2 and Figure 6.3 illustrate the distiions of birth weight, length and head

circumference. All were normally distributed.

Figure 6.1. Distribution of birth weight Figure 6.2. Distribution of birth length
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Figure 6.3. Distribution of birth head circumferenc e

Frequency

MM}HTM

T T T T ¥ T
28.00 30.00 3200 34.00 36.00 38.00 40.00
Head Circumference

6.5.2. Measures of central tendency

Measures of central tendency and spread for majbr@pometric indicators are shown in
Table 6.5. Mean birth weight of live-born singlefafants was 2736 g, mean length was 48.8
cm, and mean head circumference was 33.5 cm. Tha gestational age at delivery was 39
weeks and 2 days. Two composite indices are preseRt, with a mean of 2.4 g/énand

BMI, with a mean of 11.5 kg/Mm

Table 6.5. Birth anthropometry

Birth Size Mean (SD) [n] 95% ClI Range

Birth Weight (g) 2736 (414) [522] (2701-2772) 1500-4040
Birth Length (cm) 48.77 (2.47) [513] (48.56-48.99) 41.2-56.8
Birth Head Circumference (cm) 33.48 (1.47) [517] (33.35-33.60) 28.5-38.2
Gestational Age (weeks) 39.34 (1.76) [522] (39.19-39.50) 31.58-45.14
Ponderal Index (g/cm3) 2.37 (0.33) [513] (2.34-2.39) 1.48-3.68
Body mass index (kg/mz) 11.50 (1.46) [513] (11.37-11.63) 7.74-17.45

6.5.3. Birth size by gestation: term and preterm

Table 6.6 presents the prevalence of “abnormaé’ atzirth: LBW, low Pl and SGA. 133

(25%) infants met the WHO definition of LBW. Out thfese, 77% were born at term. The ratio

of term to preterm LBW was 3.4:1 (77:23). 70% (36Binfants were born with low PI, and

287 (55%) were classified as SGA, most being botaran (97%).
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Table 6.6. Figures for abnormal size at birth

Abnormal size category Frequency (%, 95% CI)
LBW 132/522 (25.3, 21.6-29.2)
Term LBW 104/522 (19.9, 16.6-23.6)
Preterm LBW 30/522 (5.7, 3.9-8.1)
Low PI 358/513 (69.8, 65.6-73.7)
Term low PI 328/513 (63.9, 59.6-68.1)
Preterm low PI 30/513 (5.8, 4.0-8.2)
SGA 287/520 (55.2, 50.8-59.5)
Term SGA 274/520 (52.7, 48.3-57.1)
Preterm SGA 13/520 (2.5, 1.3-4.2)

6.5.4. Size at birth by infant sex

Table 6.7 summarizes size at birth stratified Bgnhsex. As expected, male infants had higher
birth weight, length and head size compared to fesndhe mean gender differences were 128
g, 0.76 cm and 0.59 cm, respectively. All theséedinces in birth anthropometry reached
statistical significance. In spite of this, therasronly a small difference in mean PI. Though
marginally larger in males than females, this ditineach statistical significance. Male and
female infants were both wasted at birth (Pl <2a8)shown by mean Pls of 2.37 (SD 0.36) and
2.36 (SD 0.32) respectively. In contrast, there avaifference in BMI of 0.25 g/chibetween

males and females. This was closer to statistigaifscance (p = 0.06).

The table also presents the odds ratios for abrdrinh size in females compared with males.
81 girls (31% and 51 boys (20yavere born with LBW, irrespective of gestationakaBoys

had almost half the odds of being born LBW thaitsdi©R 0.54; 95% CI 0.35-0.84). This was
highly significant (p = 0.006). 70% of newborn infa were wasted at birth (low PI). Boys had
14% lower odds of being born with low ponderal idean girls, but as mentioned above this
was not significant (OR 0.86; 95% CI 0.58 — 1. Znilarly, boys had 5% lower odds of being

SGA than girls but the difference was not significa
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Table 6.7. Birth size stratified by infant sex

Birth Sizes

Males

Mean (SD) [n]

Females
Mean (SD) [n]

Difference (95% CI)

Birth weight (Kg)
Length (cm)
Head circumference (cm)

Composite birth indices
Pl (g/cm®)

BMI (Kg/m?)

Abnormal birth sizes
LBW

Low PI

SGA

2.800 (0.419) [262]
49.15 (2.51) [256]
33.77 (1.44) [260]

2.37 (0.36) [256]
11.62 (1.50) [256]

51 (19.5%)
171 (66.8%)
134 (51.5%)

2.672 (0.399) [260]
48.40 (2.38) [257]
33.18 (1.45) [257]

2.36 (0.32) [257]
11.38 (1.41) [257]

81 (31.2%)
187 (72.8%)
153 (58.8%)

0.128 (0.06-0.20)
0.76 (0.33-1.18)
0.59 (0.34-0.84)

0.02 (-0.04-0.07)
0.25 (-0.01-0.50)

OR = 0.54 (0.35-0.84)
OR = 0.86 (0.58-1.29)
OR = 0.95 (0.64-1.39)

6.5.5. Comparison of categorizations of size at birthittiweight and ponderal index

Table 6.8 shows the results of combining LBW andl&4sifications. The prevalence of low Pl
was 70% (n = 358) and of LBW was 25% (n = 129)algé proportion had low Pl: 64% in

normal birth weight and 88% in LBW infants.

Table 6.8. Proportion of newborn infants based on b
classification

irth weight and ponderal index

Normal birth weight LBW Total
API 139 (36%) 16 (12%) 155 (100%)
Proportionate
LPI 245 (64%) 113 (88%) 358 (100%)
Disproportionate
Total 384 (75%) 129 (25%) 513 (100%)

API: Appropriate Ponderal Index (normal or stunted); LPI: Low Ponderal Index (wasted)

Figure 6.4 shows a scatterplot of ponderal indebiréth against birth weight, with quadrants
representing different categories of newborns. Eixthrepresents a single newborn. Two lines
pass through the cut-off points of 2.5 for ponda@rdex and birth weight in their respective
units. The right upper quadrant represents newbaitfisnormal birth weight and appropriate
PI. Out of 513 infants with available data, only2Were normal in terms of both weight and
Pl. 22% were abnormal on both classifications (LBRI). Only 3% of infants were
proportionate but LBW. Almost half of infants warermal birth weight for their gestational
age but had abnormal PI. If the purpose of theysivak to identify normal infants in terms of

both birth weight and PI, then only 27% of infamsuld be classified as normal
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Figure 6.4. Scatterplot of Ponderal Index at birthagainst Birth Weight
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6.5.6. Comparison of categorizations of size at birthittiweight and weight-for-gestation

Table 6.9 shows the results of combining birth \Wweend weight-for-gestational-age
classifications. The sample available for analygis 520. The prevalence of SGA was 55%
and of LBW was 25%. SGA accounted for 45% of norhidh weight (173/388) and 86% of

LBW infants. It is striking that almost 60% of SGi#fants had normal birth weights.

Table 6.9. Proportion of newborn infants based on b irth weight and weight-for-
gestational-age classification

Normal birth weight LBW Total
AGA 215 (55%) 18 (14%) 233 (100%)
SGA 173 (45%) 114 (86 %) 287 (100%)
Total 388 (75%) 132 (25%) 520 (100%)

Figure 6.5 shows a scatterplot of birth weight drecagainst birth weight. As in Figure 6.4, the
guadrants are defined by lines passing througleukeff points for small for gestational age (-
1.28) and low birth weight. The right upper quandne@presents newborns with normal birth
weight and appropriate weight-for-gestational-&#8 of infants were small in terms of birth
weight and weight for their gestational age (LBWAGwvhereas only 41% had appropriate
weight for their gestational age at birth and werfP500g (AGA-NBW). In spite of having
weight appropriate for their gestational age, adod® of infants had birth weight <2500 g

(LBW-AGA). 33% of infants had normal birth weightitovere SGA (NBW-SGA).
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Figure 6.5. Scatterplot of Birth Weight Z score agmst Birth Weight
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6.5.7. Comparison of categorizations of size at birth: gieifor-gestation and ponderal

index
Table 6.10 stratifies SGA and AGA infants into stdugps based on PI. The number of cases
available was 511. The numbers differ from previsestions because of some missing data for
birth length. The overall incidence of SGA was 56%4284) and of low Pl was 70% (n=356).
Most SGA infants were disproportionate (82%) andertban half of infants of normal weight-
for-gestational-age were actually wasted (n = $244) The ratio of proportionate to

disproportionate SGA was almost 1:4.5.

Table 6.10. Proportion of newborn infants based on weight-for-gestational-age and
ponderal index classification

AGA SGA Total
API 103 (20.2%) 52 (10.2%) 155 (100%)
Proportionate
LPI 124 (24.3%) 232 (45.4%) 356 (100%)
Disproportionate
Total 227 (44%) 284 (56%) 511 (100%)

API: Appropriate Ponderal Index (normal or stunted); LPI: Low Ponderal Index (wasted)
AGA: Appropriate for gestational age; SGA: Small for gestational age

Figure 6.6 shows a scatterplot of ponderal indexiresg birth weight Z-score. Two intersecting
lines pass through the cut-off point of 2.5 for deral index and -1.28 for weight for
gestational age. The left upper quadrant repregeafrtionate SGA (SGA-API), the right

upper quadrant proportionate AGA (AGA-API), thetlefiver quadrant disproportionate SGA
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(SGA-LPI) and the right lower quadrant dispropantite AGA (AGA-LPI). Only one fifth of
infants (103) were normal for both weight-for-ge¢istaal-age and Pl (AGA-API), and one tenth
were stunted SGA (SGA-API). 45% and 24% of newbevare disproportionate SGA (SGA-

LPI) and disproportionate AGA respectively.

Figure 6.6. Scatterplot of Ponderal Index at birthagainst Birth Weigh Z score
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6.5.8. Comparison of categorizations of size at birthittiweight, ponderal index and weight
for gestation
Table 6.11 presents categories of size based omhication of all three classifications: birth
weight, weight-for-gestational-age and PI. Theltotanber of infants with data available for
all three classifications was 513. The prevalerfdeBd was 26%, of SGA 56%, and of low PI
was 70%. The table includes a ‘composite classifina Because the combinations of
categories are hard to visualize, we have triegsigopost them in terms of what sort of baby
they represent. The descriptions are not alwagsfoueach infant, but they give an idea. For
example, an infant who is AGA-LPI-NBW is of gendyalf normal size but has some wasting.
This would tend to apply to term infants with soaweite growth restriction. An infant who is
SGA-API-LBW is of generally small size, is small fgestation but is proportionate. This
would tend to apply to preterm infants with chrogiowth restriction, or to term infants with

chronic growth restriction.

119



Table 6.11. Proportion of newborn infants based on birth weight, weight-for-gestational-
age and ponderal index classification

Newborn Classification

Weight for GA Pl Birth weight Composite classificati on Frequency %
AGA API NBW Term 103 20.1
LBW Preterm (chronic GR) 2 04
LPI NBW Term (acute GR) 109 21.2
LBW Preterm (acute GR) 15 29
SGA API NBW Term (chronic GR) 38 74
LBW Preterm/term (chronic GR) 14 2.7
LPI NBW Term (acute GR) 134 26.1
LBW Preterm/term (acute GR) 98 19.1
Total 513 100

GR: growth retardation; AGA: Appropriate for gestational age; SGA: Small for gestational age; API:
Appropriate Ponderal Index (normal or stunted); LPI: Low Ponderal Index (wasted); NBW: Normal birth
weight; LBW: low birth weight

To visualize the relationship between classifiaadibased on three anthropometric parameters,
we have presented a venn diagram (see FigureThé&)figure shows three small rectangles
representing LBW, SGA and LPI and a large rectangtside them representing infants with

all normal features in every respect (AGA-API-NBWhe figure shows all the possible
combinations of birth anthropometric categoriese @fth of infants were born with normal

birth anthropometry in all three classificationS3A-API-NBW: 20%). One fifth were

abnormal in all three classifications (SGA-LPI-LBWA %). One fifth had normal birth weight
and were appropriate for gestational age, but wested (AGA-LPI-NBW: 20 %). One fourth
had normal weight but were SGA and disproportioi(&@A-LPI-NBW: 26 %). Finally, 3% of

infants had normal weight for gestational age vioerte wasted and LBW (AGA-LBW-LPI).
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Figure 6.7. Venn diagram of newborn size based orirth weight, ponderal index and weight for dates
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Chapter 7. Results: Predictors of size at birth

7.1. Chapter summary

It is evident from the results in Chapter 6 tha&t pmoblem of small size at birth is large from a
public health perspective in Dhanusha districtetature review suggests that size at birth has a
strong association with infant morbidity and matyahnd the aetiology of LBW has been well
studied over decades. However, addressing thegurobf small size at birth has not been
successful. The study provided an ideal sampléefimg a series of risk factors that are
believed to affect size at birth. This chapter dégs an extensive investigation of associations

- maternal and fetal - of size at birth.

The objectives of the investigation were: 1) toraiee the effects of known predictive factors
of size at birth; 2) to develop models for prediotdf abnormal size at birth; and 3) to
investigate whether known risk factors predict sizeirth adequately. However, the analysis
had an ulterior motive. As suggested in the intobdiy chapters of the thesis, there is a feeling
that the studies of risk factors are more aboutyoay out a study than achieving a public
health change. Part of the reason for the analygssproposition before being carried out —
was that we felt that it was unlikely to yield résuhat were either unpredictable or
particularly useful, and that we were keen to makéatement about the redundancy of such

approaches.

7.2. Relationship between variables

The Figure 7.1, Figure 7.2 and Figure 7.3 showteqalots of birth weight, length and head
circumference against independent variables ugetthégprediction of birth size. An
examination of the relationship between independanables showed a few outliers in

maternal height and weight at booking.
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Figure 7.1. Scatterplots of outcome (birth weightagainst independent variables
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Figure 7.2. Scatterplot of birth length against inépendent variables
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Figure 7.3. Scatterplot of head circumference at bih against independent variables
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7.3. Characteristics of mothers

Of 1200 subjects enrolled in the randomized colgdatrial, 1052 newborn infants were
available for weighing within 72 hours of birth. dkgoreterm infants, extreme outliers for birth
weight, were removed from the data. The numbemrdigpants available for analysis was
1048. The sample size was 1048 for birth weightleBid/, 1045 for SGA, 1035 for BMI, PI

and low PI, and 1039 for head circumference. Ap#its’ characteristics at enrolment for
1048 women are shown in Table 7.1. As mentiongtérprevious section (which considered a
sub-cohort of 600), most participants were middiesme Hindu Maithili women in their
twenties, in their second pregnancy, with monthiteaatal visits, low mean BMI and some
education. Around 1% said they had suffered ecléar{jas convulsions associated with

pregnancy).
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Table 7.1. Participants with valid infant anthropom  etry: characteristics at enrolment

Variables Frequency (%)
[n =1048]
Residence
Urban 546 (52.1)
Rural 502 (47.9)
Education [mean (SD)] 47 (4.7)
None 474 (45.2)
Primary 101 (9.6)
Secondary 473 (45)
Age (y) [mean (SD)] 21.45 (3.42)
Ethnicity
Terai Brahmin-Chhetri 172 (16.4)
Terai Vaishya 693 (66.1)
Terai Sudra 25 (2.4)
Hindu Brahmin-Chhetri 62 (5.9)
Muslim 65 (6.2)
Newar, Tibetoburman or others 31 (2.9)
Religion
Hindu 978 (93.3)
Muslim 64 (6.1)
Buddhist 6 (0.6)
Land Owned (kattha) [mean (SD)] 21.9 (44.9)
Husband’s occupation
No work 122 (11.6)
Farming 153 (14.5)
Salaried 450 (42.9)
Small business 192 (18.3)
Waged labour 104 (9.9)
Student 13 (1.2)
Out of country 14 (1.3)
Ownership of consumer durables
(3) Motor vehicle, television, refrigerator 554 (52.9)
(2) Sewing machine, cassette player, camera, fan, bullock cart 48 (4.6)
(1) Clock, radio, iron, bicycle 289 (27.6)
(0) None of the above 157 (15)
Anthropometry
Weight (kg) [mean (SD)] 45.26 (5.95)
Height (cmz) [mean (SD)] 150.9 (5.6)
BMI (kg/m?) [mean (SD)] 19.9 (2.3)
Nutritional status
Blood haemoglobin (g/dl) [mean (SD)] 11.53 (1.57)
Anaemia (<11 g/dI) 362 (34.9)
Weight gain between 15.9 wks and last visit before delivery (Kg) 7.06 (3.04)
[mean (SD)]
Multiple micronutrient supplements 526 (50.2)
Health Status
Systolic Blood pressure (mmhg) [mean (SD)] 103.56 (9.60)
Diastolic Blood Pressure (mmhg) [mean (SD)] 63.11 (7.65)
Eclampsia 7 (0.7)
Obstetric History
Primigravida 472 (45)
Prior miscarriage [n = 1046] 86 (9.2)
Prior history of LBW infant [n = 1044] 22 (2.1)
Prior Still Birth [n 1046] 64 (6.1)

Data are n (%) unless otherwise indicated.
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7.4. Predictors of birth weight

The corresponding results of the univariable anttimawiable analysis for all the outcomes are
presented. The final prediction models presenv#@bles based on significance level. Among
the likely determinants of birth weight listed imfle 7.2, the univariable analysis showed that
the significant predictors were: ethnic group, madéage and education; maternal parity;
maternal height and weight; maternal weight gaith amenatal supplementation; and sex and

gestation at birth.
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Table 7.2. Univariable analysis of associations wit

h birth weight

Parameters B (95% CI) P value
n = 1048

Maternal factors

Ethnicity 0.027 (0.012-0.043) 0.001
Terai Brahmin Reference

Terai Chhetri 0.028 (-0.127 -0.184) 0.7
Terai Vaishya -0.077 (-0.155-0.001) 0.05
Terai Sudra -0.176 (-0.352 - 0.003) 0.06
Hindu Brahmin 0.061 (-0.095-0.216) 0.4
Hindu Chhetri 0.028 (-0.150-0.206) 0.8
Muslim 0.102 (-0.023-0.227) 0.1
Newar -0.038 (-0.288 -0.212) 0.8
Other small ethnic groups 0.379 (-0.175-0.582) 0.001
Demographic

Education level in years 0.012 (0.006 —0.017) 0.001
Residence urban or rural 0.017 (-0.035-0.069) 0.5
Socioeconomic status in scores -0.013 (-0.039-0.013) 0.3
Age 0.019 (0.011-0.026) 0.001
Morbidity

Systolic Blood Pressure at enrolment 0.001 (-0.001 - 0.004) 0.3
Diastolic Blood Pressure at enrolment 0.002 (-0.001 - 0.006) 0.2
2" trimester morbidity | * 0.002 (-0.024 -0.028) 0.9
None Reference

Abdominal complaints 0.050 (-0.022-0.122) 0.2
Infections 0.081 (-0.047 - 0.209) 0.2
Other -0.021 (-0.103-0.062) 0.7
2" trimester morbidity 11 | 0.009 (-0.020-0.039) 0.5
None Reference

Abdominal complaints -0.061 (-0.177-0.055) 0.3
Infections 0.027 (-0.159-0.213) 0.8
Other 0.037 (-0.056 —0.131) 0.4
3" trimester morbidity | * 0.003 (-0.022 - 0.028) 0.8
None Reference

Abdominal complaints 0.025 (-0.044 -0.094) 04
Infections 0.153 (0.013 - 0.293) 0.03
Other -0.019 (-0.098 —0.061) 0.6
3" trimester morbidity Il ' 0.015 (-0.017-0.048) 0.4
None Reference

Abdominal complaints -0.071 (-0.212 - 0.071) 0.3
Infections 0.168 (0.001 - 0.336) 0.05
Other 0.026 (-0.080-0.132) 0.6
Eclampsia at birth -0.118 (-0.437 - 0.202) 0.5
Obstetric history

Parity 0.054 (0.0031-0.078) 0.001
Prior small infant 19394 -0.016 (-0.186 —0.153) 0.9
Prior miscarriage 5% 0.063 (-0.006 —0.131)  0.07
Prior stillbirth®® -0.042 (-0.124 -0.041) 0.3
Prior child death®’ -0.004 (-0.052 —0.044) 0.9
Anthropometry

Height 0.017 (0.012-0.021) 0.001
Weight'%%1° 0.018 (0.014-0.022)  0.001
Nutrition

Gestational weight gain 0.042 (0.034 - 0.051) 0.001
Hemaoglobin status 0.001 (-0.017 - 0.016) 0.9
Supplements3 0.081 (0.029 - 0.133) 0.002
Fetal factors

Sex 0.101 (0.049 -0.153) 0.001
Gestational duration 0.111 (0.098 — 0.125) 0.001

' First complaints of antenatal iliness in the specified trimester t: Second complaints of antenatal iliness

in the specified trimester

128



Table 7.3 presents the final prediction model afjdsted B in multivariable analysis for birth
weight. The strongest predictors of birth weightevgestation, gestational weight gain, infant
sex, maternal weight at enrolment and parity (pG90), followed by antenatal
supplementation, maternal height and education.|8@&% of the variance in the birth weight

was explained by these variables.

Each Kilogram increase in gestational weight gaadjrted a 27 g increase in birth weight, and
every centimetre increase in maternal height iregeédirth weight by 5 g. Taking supplements
during pregnancy translated into an increase af B8birth weight. Maternal education had
small positive effects on birth weight. A woman wined a unit more education gave birth to a
heavier infant by 6 g. The effect of gestationaladion on birth weight was the strongest. For
every week increase in gestation a 89 g increab@timweight was predicted. Male infants
were a mean 118 g heavier than females. A motherhal children was more likely to give
birth to a heavier infant than a mother who ne\at bhildren before; the difference was a

mean 109 g.

Table 7.3. Multivariable analysis of associations w ith birth weight

Predictors of birth weight (kg) B (95% CI) T P value R
n=1048

Gestation (wks) 0.089 (0.076 — 0.102) 13.19 0.001 0.327
Maternal weight gain (kg) 0.027 (0.020 - 0.035) 7.144 0.001

Male sex 0.118 (0.075-0.162) 5.353 0.001

Maternal weight at enrolment (kg) 0.012 (0.007 - 0.016) 5.241 0.001

Multiparity 0.109 (0.055 -0.164) 3.928 0.001

Supplement 0.058 (0.014 - 0.101) 2.596 0.01

Maternal height (cm) 0.005 (0.001 — 0.009) 2.053 0.04

Education 0.006 (0.001 - 0.011) 1.973 0.05

Figure 7.4, Figure 7.5 and Figure 7.6 show theogistms of residuals, normal probability plot
and residual plot, respectively. The histogramesiduals produced by the model confirms a
fairly normal distribution. The normal probabilipjot shows residuals lying around the
diagonal line. The residual plot shows points sratt randomly around 0, showing no obvious
patterns in the residual distribution. The plodigate that the normality assumption is

satisfied.
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Figure 7.4. Histogram of residuals for
birth weight
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7.5. Predictors of low birth weight

The univariable associations between LBW and tbependent variables are shown in Table
7.4. LBW showed a positive association with matkedacation, age, parity, weight, height,
weight gain, antenatal supplementation, gestatiagalat birth and infant sex. Maternal age,
education and parity explored as categorical viatahlso showed positive associations with
LBW. There was no association with ethnicity, reside, socioeconomic status, antenatal
morbidity and previous adverse obstetric histogafth of children, miscarriage and birth of a

LBW infant).
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Table 7.4. Univariable analysis of associations wit

h low birth weight

Parameters B (95% CI) P value
n=1048
Maternal factors
Ethnicity 0.96 (0.87 - 1.05) 0.3
Terai Brahmin reference
Terai Chhetri 0.42 (0.14 - 1.29) 0.1
Terai Vaishya 1 (0.65 — 1.55) 0.9
Terai Sudra 2.1 (0.87 —5.13) 0.1
Hindu Brahmin 0.97 (0.40 — 2.34) 0.9
Hindu Chhetri 0.62 (0.20-1.92) 0.4
Muslim 0.69 (0.32-1.48) 0.3
Newar 0.68 (0.14 - 3.26) 0.6
Other small ethnic groups 0.64 (0.17 — 2.32) 0.5
Demographic factors
Education 0.96 (0.93-0.99) 0.007
Residence 0.96 (0.72 — 1.29) 0.8
Socioeconomic status 1.07 (0.93 - 1.24) 0.4
Age (category) 0.91 (0.86 — 0.95) 0.001
Morbidity
Eclampsia 2.67 (0.59 —12.04) 0.2
Systolic Blood Pressure at enrolment 0.99 (0.98 — 1.01) 0.5
Diastolic Blood Pressure at enrolment 0.99 (0.97 — 1.01) 0.2
2" trimester morbidity | 1 (0.86 — 1.15) 1
None Reference
Abdominal complaints 0.77 (0.50 - 1.18) 0.2
Infections 0.61 (0.27 — 1.38) 0.2
Other complaints 1.12 (0.71-1.17) 0.6
2" trimester morbidity I 0.91 (0.76 — 1.09) 0.3
None Reference
Abdominal complaints 0.94 (0.49 — 1.81) 0.9
Infections 0.57 (0.17 - 1.97) 0.4
Other complaints 0.81 (0.47 — 1.42) 0.5
3" trimester morbidity | 0.99 (0.86 - 1.14) 0.9
None Reference
Abdominal complaints 0.72 (0.48 — 1.09) 0.1
Infections 0.50 (0.19 - 1.31) 0.2
Other complaints 1.09 (0.70 — 1.67) 0.7
3" trimester morbidity I 0.86 (0.70 — 1.05) 0.1
None Reference
Abdominal complaints 0.97 (0.44 - 2.16) 0.9
Infections 0.28 (0.07 — 1.21) 0.09
Other complaints 0.73 (0.38 — 1.38) 0.3
Obstetric history
Parity (category) 0.76 (0.65 —9.88) 0.001
Prior small infant 1.81 (0.79 - 4.17) 0.2
Prior miscarriage 0.65 (0.40 — 1.05) 0.08
Prior stillbirth 1.35 (0.90 — 2.05) 0.2
Prior death of child 1.04 (0.80 — 1.35) 0.8
Anthropometry
Height 0.93 (0.91-0.96) 0.001
Weight 0.94 (0.91-0.96) 0.001
Nutrition
Weight gain 0.82 (0.77 - 0.86) 0.001
Blood haemoglobin 1.02 (0.93-1.12) 0.6
Supplements 0.69 (0.51 -0.92) 0.01
Fetal factors
Sex 0.55 (0.41-0.74) 0.001
Gestation at birth 0.62 (0.56 — 0.69) 0.001
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Table 7.5 shows significant predictors of LBW dedvrom multivariable logistic regression
analysis of significant variables from univariablgalysis. The final model identified six
statistically significant predictors. Among the gictors, there was a strong negative

association between LBW and gestation at birthemai weight gain and infant sex.

Table 7.5. Multivariable analysis of associations w ith low birth weight, with odds ratios

Predictors of low birth weight Odds ratio  (95% CI) Wald P value
N = 1048

Birth gestation (wks) 0.65 (0.58 - 0.72) 61.4 0.001
Maternal weight gain (Kg) 0.85 (0.80—-0.91) 24.8 0.001
Male sex 0.45 (0.32-0.64) 20.5 0.001
Maternal Weight at enrolment (Kg) 0.96 (0.92 - 0.99) 5.8 0.02
Supplementation 0.71 (0.51-0.99) 3.96 0.05
Multiparity 0.66 (0.44 - 1.00) 3.87 0.05

The odds of giving birth to an infant with LBW farmother who was 1 Kg heavier at
enrolment and who gained 1 extra Kg of weight dupregnancy were 4% (OR 0.96; 95% CI
0.92 - 0.99) and 15% (0.85; 0.80 -0.91) lower resipely. Increasing gestational duration by 1
week lowered the odds by 35%. Similarly, multigchmothers had a lower odds of giving birth
to a LBW infant (0.66; 0.44 — 0.99) compared to Imeos in their first pregnancy. Antenatal
supplementation lowered the odds of LBW by 30%. éthmar bearing a male fetus had 55%
lower odds of delivering a LBW infant. Positive asmgtions between LBW and maternal age,

height and education disappeared when other vasatre taken into consideration.

7.6. Predictors of small for gestational age

The sample available for analysis was 1044. Fosesavere removed due to missing data. The
results of univariable analysis with regressionfitccents and 95% confidence interval are
shown in Table 7.6. Significant variables that wemnéered into the multivariable logistic
regression were socioeconomic status, maternalpagey, prior history of miscarriage,

weight, height, weight-gain, supplementation dugpnggnancy and gestation at birth.
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Table 7.6. Univariable analysis of associations wit

h small for gestational age

Parameters B (95% CI) P value
N = 1044
Ethnicity 0.1
Terai Brahmin reference

Terai Chhetri 0.84 (0.40 - 1.76) 0.7
Terai Vaishya 1.12 (0.77 — 1.61) 0.6
Terai Sudra 1.10 (0.47 — 2.55) 0.8
Hindu Brahmin 0.84 (0.40 - 1.76) 0.7
Hindu Chhetri 1.10 (0.47 — 2.55) 0.8
Muslim 0.67 (0.37-1.22) 0.2
Newar 0.94 (0.29 - 3.07) 0.9
Other small ethnic groups 0.25 (0.08 — 0.80) 0.02
Demographic
Education 0.99 (0.96 — 1.03) 0.6
Residence (urban or rural) 0.98 (0.77 — 1.25) 0.9
Socioeconomic status 0.85 (0.75 - 0.96) 0.01
Age 0.96 (0.93-1.0) 0.04
Morbidity
Eclampsia 2.33 (0.45-12.05) 0.3
Systolic Blood Pressure at enrolment 1.00 (0.99 - 1.02) 0.6
Diastolic Blood Pressure at enrolment 1.00 (0.99 - 1.02) 0.9
2" trimester morbidity | 0.99 (0.88 —1.12) 0.8

0 Reference category 0.86 (0.62 —1.21)

1 Abdominal complaints 0.83 (0.46 — 1.50)

2 Infections 1.05 (0.46 — 1.50)

3 Other complaints 1.11 (0.71 - 1.54)
2" trimester morbidity Il 0.97 (0.85-1.12) 0.7

0 Reference category

1 Abdominal complaints 0.85 (0.50 — 1.46)

2 Infections 1.49 (0.61 — 3.62)

3 Other complaints 0.88 (0.57 — 1.35)
3" trimester illness | 0.96 (0.85 —-1.08) 0.5

0 Reference category

1 Abdominal complaints 0.83 (0.60 — 1.14)

2 Infections 0.84 (0.43 - 1.62)

3 Other complaints 0.92 (0.64 — 1.33)
3" trimester illness I 0.87 (0.74-1.01) 0.06

0 Reference category

1 Abdominal complaints 0.75 (0.39 — 1.45)

2 Infections 0.47 (0.21 - 1.06)

3 Other complaints 0.74 (0.45 - 1.21)
Obstetric history
Parity 0.88 (0.79-0.98) 0.02
Prior LBW infant 1.20 (0.54 - 2.67) 0.7
Prior miscarriage 0.67 (0.48 — 0.94) 0.02
Prior stillbirth 1.11 (0.75 - 1.63) 0.6
Prior child death 0.97 (0.77 — 1.212) 0.8
Anthropometry
Height 0.94 (0.92 - 0.96) 0.001
Weight 0.93 (0.91 - 0.95) 0.001
Nutrition
Weight gain (Kg) 0.92 (0.89 —0.96) 0.001
Blood haemoglobin (g/dL) 1.03 (0.95-1.11) 0.5
Supplements 0.77 (0.60 —0.98) 0.04
Fetal factors
Sex 0.84 (0.66 — 1.06) 0.1
Gestation at birth 1.27 (1.18 — 1.38) 0.001

134



Table 7.7 shows the results of the multivariabtgession analysis. The strongest predictors of
SGA were maternal weight at enrolment, gestatiamadjht gain and parity. Another predictor
was antenatal supplementation. A woman who was hd&yier at enrolment and who gained 1
Kg more weight during pregnancy had 6% lower oddsivong birth to a SGA infant (OR

0.94; 95% CI1 0.92 — 0.97 and 0.94; 0.92 — 0.9&aetively) when maternal education, parity,
prior history of miscarriage, height, antenataldamentation and infant sex were taken into
consideration. With a unit increase in parity, nesghhad 0.19 times lower odds of giving birth
to a SGA infant when other factors were taken auosideration. Women who received
supplementation had 0.29 times lower odds of giwintp to a SGA infant when other factors

entered in the model were controlled for.

Table 7.7. Multivariable analysis of associations w  ith small for gestational age, with odds
ratios

Predictors of Small for Gestational Age Odds (95% CI) Wald P

N = 1044 ratio value
Maternal weight at enrolment (Kg) 0.94 (0.92 -0.97) 18.22 0.001
Maternal weight gain (Kg) 0.94 (0.92 —0.98) 7.32 0.007
Parity 0.81 (0.69 — 0.95) 6.81 0.009
Antenatal supplementation 0.71 (0.55-0.92) 6.6 0.01

7.7. Predictors of birth length

The sample available for analysis was 1033. Sikigipants did not have measurements of
birth length and nine implausible outliers were ogad from the dataset. The univariable
associations of independent variables with birttyte are shown in Table 7.8. Birth length
showed an association with systolic blood presatismrolment (p=0.02). An association with
diastolic blood pressure was possible but not Sagnit (p=0.07). No associations were
significant in the obstetric history category excepor history of death of a child. For maternal
anthropometry, maternal height and weight at enealnshowed strong associations.
Gestational weight also had a significant assamatiith birth length. Other significant
variables were maternal age, fetal sex and gestatibirth. There was no association with

socioeconomic status (p=0.06) but it was almostiSaant.
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Table 7.8. Univariable analysis of associations wit

h birth length

Parameters B (95% CI) P value
N = 1033

Maternal factors

Ethnicity 0.094 (0.001 - 0.186) 0.001
Terai Brahmin Reference

Terai Chhetri -0.173 (-1.108 — 0.762) 0.7
Terai Vishya -0.386 (-0.852 — 0.080) 0.1
Terai Sudra -1.284 (-2.339 - -0.229) 0.02
Hindu Brahmin 0.141 (-0.794 - 1.076) 0.8
Hindu Chhetri 0.265 (-0.807 — 1.338) 0.6
Muslim 0.265 (-0.487 — 1.018) 0.5
Newar -0.635 (-2.119 - 0.848) 0.4
Other small ethnic groups 1.498 (0.262 — 2.736) 0.02
Demographic

Education 0.030 (-0.012 - 0.073) 0.2
Residence 0.108 (-0.200 - 0.417) 0.5
Socioeconomic status 0.148 (-0.006 — 0.302) 0.06
Age 0.058 (0.013 - 0.103) 0.01
Morbidity

Eclampsia 0.018 (-3.286 - 0.469) 0.1
Systolic blood pressure at enrolment 0.018 (0.003 - 0.034) 0.02
Diastolic blood pressure at enrolment 0.019 (-0.001 - 0.039) 0.07
2" trimester morbidity 0.076 (-0.077 — 0.228) 0.3
None Reference

Abdominal problem 0.031 (-0.394 — 0.456) 0.9
Infection 0.728 (-0.034 - 1.489) 0.06
Other 0.127 (-0.362 — 0.616) 0.6
2" trimester morbidity -0.009 (0.090) 0.9
None Reference

Abdominal problem -0.403 (-1.098 — 0.292) 0.3
Infection 0.638 (-0.455 - 1.732) 0.3
Other -0.025 (-0.574 - 0.523) 0.9
3" trimester general iliness 0.027 (-0.122 - 0.177) 0.7
None Reference

Abdominal problem 0.285 (-0.122 - 0.692) 0.2
Infection -0.097 (-0.945 - 0.750) 0.8
Other 0.058 (-0.415 - 0.531) 0.8
3" trimester general iliness 0.031 (-0.161 - 0.222) 0.8
None Reference

Abdominal problem 0.350 (-0.482 - 1.181) 0.4
Infection 0.005 (-0.982 — 0.991) 1
Other 0.072 (-0.551 - 0.695) 0.8
Obstetric history

Parity 0.121 (-0.018 — 0.260) 0.09
Prior small infant -0.375 (-1.396 — 0.647) 0.5
Prior miscarriage 0.061 (-0.349 - 0.472) 0.8
Prior still birth -0.306 (-0.793 - 0.181) 0.2
Prior death of child -0.297 (-0.581 - -0.013) 0.04
Anthropometry

Height 0.086 (0.059 - 0.113) 0.001
Weight 0.093 (0.067 — 0.118) 0.001
Nutrition

Weight gain 0.141 (0.090 - 0.193) 0.001
Blood haemoglobin 0.016 (-0.083 - 0.114) 0.8
Supplements 0.190 (-0.118 — 0.498) 0.2**
Fetal factors

Sex 0.583 (0.277 — 0.890) 0.001
Gestation at hirth 0.538 (0.453 - 0.622) 0.001
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The coefficients and standard errors of the sigaift variables in the multivariable linear
regression model for this population are presemmtddble 7.9. The results indicate that the
strongest predictor of infant birth length was géenal duration. The other predictors were
infant sex, maternal weight at enrolment and artggnmeeight gain, followed by maternal
height. Among the variables that were significanthie univariable analysis, maternal
ethnicity, education, age, systolic and diastolaod pressure did not remain significant when

other variables were accounted for.

Each week increase in gestational duration wascaged with a 4.7 mm increase in infant
birth length. Being male was likely to increasetblength by 6.6 mm. Each cm increase in
maternal height and each Kg increase in maternigihtvat enrolment was likely to increase
birth length by 3 mm and 5 mm, respectively. EMa@lggram increase in maternal weight gain
was associated with an increase in birth lengtid bym. Similarly, a mother with a unit
increase in the number of children who died was@ated with a decrease in the length of the

index newborn by 2.9 mm.

This optimal model for birth length had a low ad@adsR of 0.19. The model was able to
explain about 19% of the variance in the lengthrofnfant at birth. The tolerances for
variables in the regression model were not closeto and the variance inflation factors (VIF)

were below 10 for all variables.

Table 7.9. Multivariable analysis of associations w ith birth length, with odds ratios

Predictors of birth length in cm B (95% CI) t P R

N = 1033

Birth gestation (weeks) 0.47 (0.38 -0.55) 10.79 0.001 0.19
Male sex 0.66 (0.38 -0.94) 4.64 0.001

Maternal weight at enrolment 0.05 (0.02 - 0.08) 3.59 0.001

(Kg)

Maternal weight gain (Kg) 0.07 (0.03-0.12) 2.95 0.003

Maternal height (cm) 0.03 (0.00 —0.06) 2.20 0.028

Prior death of child -0.29 (-0.57 --0.02) -2.07 0.039
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Figure 7.7 shows a roughly normal distributionediduals for birth length. The standardized
normal probability plot shows residuals falling damly across the diagonal line (Figure 7.9)
The standardized residuals plotted against thalatdized predicted values show no obvious

patterns (Figure 7.8). All these indicate thatriael is adequate.

Figure 7.7. Histogram of residuals for Figure 7.9. Normal probability plot for birth
birth length length
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7.8. Predictors of body mass index at birth

The sample available for analysis was 1034. Theauigible associations of BMI at birth and
possible determinants of size at birth are showrainle 7.10. The analysis showed that ten
variables were significantly associated with BMbath: ethnicity, socioeconomic status, age,
parity, height, weight, antenatal weight gain, aatal supplementation, age, infant sex and

gestational age at birth.
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Table 7.10. Univariable analysis of associations of

body mass index

Parameters B (95% CI) P value
n =1033

Maternal factors

Ethnicity 0.071 (0.016 — 0.126) 0.01
Terai Brahmin Reference

Terai Chhetri 0.201 (-0.355 - 0.758) 0.5
Terai Vishya -0.110 (-0.388 — 0.167) 0.4
Terai Sudra -0.093 (-0.721 - 0.535) 0.8
Hindu Brahmin 0.154 (-0.402 - 0.711) 0.6
Hindu Chhetri 0.076 (-0.562 — 0.715) 0.8
Muslim 0.345 (-0.103 - 0.793) 0.1
Newar 0.158 (-0.725 - 1.041) 0.7
Other small ethnic groups 0.840 (0.104 - 1.576) 0.03
Demographic

Education 0.014 (-0.012 - 0.039) 0.3
Residence -0.002 (-0.185-10.182) 0.9
Socioeconomic status 0.135 (0.044 - 0.226) 0.004
Age 0.050 (0.023 - 0.076) 0.001
Morbidity

Eclampsia 0.177 (-0.938 — 1.291) 0.8
Systolic Blood Pressure at enrolment -0.002 (-0.012 - 0.007) 0.7
Diastolic Blood Pressure at enrolment  0.001 (-0.011 -0.013) 0.9
2" trimester illness | -0.011 (-0.101 - 0.079) 0.8
None Reference

Abdominal complaints 0.194 (-0.059 — 0.446) 0.1
Infections -0.031 (-0.483 -0.421) 0.9
Other -0.086 (-0.376 — 0.204) 0.6
2nd trimester illness Il 0.041 (-0.062 — 0.144)) 0.4
None Reference

Abdominal complaints -0.007 (-0.419 — 0.405) 1
Infections -0.198 (-0.847 - 0.451) 0.6
Other 0.166 (-0.160 — 0.491) 0.3
3" trimester illness | 0.015 (-0.073 - 0.104) 0.7
None Reference

Abdominal complaints -0.015 (-0.256 — 0.225) 0.9
Infections 0.629 (0.127 - 1.130) 0.01
Other -0.045 (-0.325 -0.235) 0.8
3" trimester illness I 0.045 (-0.068 — 0.159) 0.4
None Reference

Abdominal complaints -0.451 (-0.943 — 0.040) 0.07
Infections 0.706 (0.123 - 1.289) 0.02
Other 0.052 (-0.317 - 0.420) 0.8
Obstetric

Multiparity 0.455 (0.273 - 0.636) 0.001
Prior LBW infant 0.045 (-0.561 — 0.651) 0.9
Prior miscarriage 0.189 (-0.054 - 0.432) 0.1
Prior stillbirth -0.022 (-0.311 - 0.267) 0.9
Prior death of child 0.088 (-0.081 - 0.257) 0.3
Anthropometry

Height 0.031 (0.051 - 0.047) 0.001
Weight 0.036 (0.020 — 0.051) 0.001
Nutrition

Weight gain 0.111 (0.081 - 0.141) 0.001
Blood haemoglobin -0.012 (-0.071 - 0.046) 0.7
Supplements 0.216 (0.034 - 0.398) 0.02
Fetal factors

Sex 0.189 (0.007 — 0.372) 0.04
Gestation at hirth 0.222 (0.171 - 0.274) 0.001
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All the variables with significant associations wentered in the multivariable linear
regression. The effect of prior history of givinigth to a small infant was also explored for
their effect on the model. These variables didamainge the coefficients significantly. Table
7.11 displays the results of the multivariable esgion analysis for newborn BMI. The final
model contained six variables, which explained Id%he variation in BMI. The variables
which were strongly associated with BMI at birthrevgestational age at birth, gestational
weight gain and parity. Other predictors in the elogere maternal weight at enrolment, infant
sex and antenatal supplementation. The variabégssbre insignificant when other variables

were taken into account were maternal age, etlracitl socioeconomic status.

Each week increase in gestational duration incteB$4! at birth by 0.162 Kg/f Similarly, a
unit increase in maternal weight gain translated @ increase in infant BMI by 0.082 kgim
Multigravid mothers were more likely to give bittih bigger babies than women in their first
pregnancy: there was an increase in infant BMI BY5 kg/mi. Male infants tended to be
bigger than female infants by 0.220 k&/Bupplementation of mothers increased infant BMI
by 0.189 kg/m Similarly, heavier mothers were likely to givethito bigger infants. A gram

increase in maternal weight increased infant BMO22 kg/m.

Table 7.11. Multivariable analysis of associations of body mass index

Predictors of BMI (Kg/m?) B (95%CI) t-value P-value Adjusted R
N = 1033

Birth Gestation (w) 0.162 (0.110 - 0.215) 6.05 0.001 0.124
Maternal weight gain (Kg) 0.082 (0.051-0.112) 4.99 0.001

Multigravida 0.375 (0.159 - 0.590) 3.42 0.001

Maternal weight at enrolment (Kg) 0.022 (0.005-0.039) 2.49 0.01

Male sex 0.220 (0.049 - 0.392) 2.52 0.01

Antenatal supplements 0.189 (0.001 - 0.379) 1.96 0.05

The tolerances were not close to 0 and Variandatioh Factors were less than 10. Figure 7.10
demonstrates the distribution of the residualshttws that the residuals were somewhat
normally distributed. Figure 7.11 is the normallgability plot which shows no obvious

outliers. Similarly, Figure 7.12, a plot of predidtvalues against residuals, shows that the
residuals were roughly normally distributed. In soany, the residual analysis showed that the

residuals followed the normality assumption
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Figure 7.10. Histogram of residuals Figure 7.11. Normal probability plot for
for body mass index body mass index at birth
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7.9. Predictors of ponderal index at birth

The univariable associations of variables with el @resented in Table 7.12. The factors
significantly related to PI at birth in the line@gression analysis were parity, age, gestational

age at birth and antenatal weight gain.
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Table 7.12: Univariable analysis of associations of

ponderal index

Parameters B (95% CI) P value
N = 1033

Maternal factors

Ethnicity 0.011 (-0.002 — 0.023) 0.1
Terai Brahmin reference

Terai Chhetri 0.044 (-0.083 -0.172) 0.5
Terai Vaishya -0.006 (-0.069 — 0.058) 0.9
Terai Sudra 0.045 (-0.099 - 0.189) 0.9
Hindu Brahmin 0.020 (-0.108 — 0.147) 0.8
Hindu Chhetri 0.011 (-0.136 — 0.157) 0.9
Muslim 0.056 (-0.047 - 0.159) 0.3
Newar 0.060 (-0.143 - 0.263) 0.6
Other 0.113 (-0.056 — 0.282) 0.2
Demographic

Education 0.001 (-0.005 - 0.007) 0.7
Residence -0.006 (-0.048 — 0.036) 0.8
Socioeconomic status 0.020 (-0.001 - 0.041) 0.06
Age 0.007 (0.001 - 0.013) 0.02
Morbidity

Eclampsia 0.106 (-0.149 - 0.361) 0.4
Systolic Blood Pressure at enrolment -0.001 (-0.003 — 0.001) 0.2
Diastolic Blood Pressure at enrolment  -0.001 (-0.003 — 0.002) 0.7
2" trimester morbidity | -0.006 (-0.027 — 0.014) 0.6
None Reference

Abdominal problems 0.039 (-0.018 — 0.097) 0.2
Infections -0.043 (-0.146 — 0.060) 0.4
Other -0.025 (-0.091 - 0.041) 0.5
2" trimester morbidity II 0.009 (-0.015 — 0.032) 0.5
None Reference

Abdominal complaints 0.021 (-0.073-0.116) 0.7
Infections -0.072 (-0.221 - 0.076) 0.3
Other 0.035 (-0.039 - 0.110) 0.4
3" trimester morbidity | 0.003 (-0.017 — 0.023) 0.8
None Reference

Abdominal complaints -0.017 (-0.072 — 0.038) 0.5
Infections 0.141 (0.027 — 0.256) 0.01
Other -0.009 (-0.073 — 0.055) 0.8
3" trimester morbidity 11 0.008 (-0.018 — 0.034) 0.5
None Reference

Abdominal complaints -0.104 (-0.217 - 0.281) 0.07
Infections 0.148 (0.015-0.281) 0.03
Other 0.006 (-0.078 — 0.091) 0.9
Obstetric

Parity (category) 0.026 (0.008 — 0.045)** 0.006
Prior LBW infant 0.025 (-0.113-10.164) 0.7
Prior miscarriage 0.035 (-0.021 - 0.091) 0.2
Prior stillbirth 0.010 (-0.056 — 0.076) 0.8
Prior death of child 0.031 (-0.007 — 0.070) 0.1
Anthropometry

Height 0.002 (-0.002 - 0.006) 0.3
Weight 0.003 (-0.001 - 0.007)* 0.1
Nutrition

Weight gain 0.016 (0.009 — 0.023) 0.001
Blood haemoglobin (g/dL) -0.003 (-0.017 - 0.010) 0.6
Supplements 0.035 (-0.007 - 0.077) 0.1
Fetal factors

Sex 0.012 (-0.029 — 0.054) 0.6
Gestation at hirth 0.020 (0.008 — 0.033) 0.001
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The significant factors were entered in the muflisdale linear regression, which left three
variables significant (see Table 7.13): maternaityp§=0.02), antenatal weight gain

(p=0.001) and gestational age at birth (p=0.05).

Each unit increase in gestational weight gain wasslated as an increase in Pl by 0.014 §/cm
Multiparity increased PI by 0.062 g/cm3 compareg@rimiparous mothers. Longer gestational
duration was associated with increased PI. A weeldr gestational duration increased Pl by

0.012g/cr.

Socioeconomic status, education level, and pristiohy of small birth were entered into the
model, but showed no significant associations. Mbédel explained 3.2% of the variability in
the PI at birth. The best predictor was gestatisrmaght gain. There was no evidence of
collinearity: variance inflation factors were a#lbw 10 and tolerances for all the variables

were not close to 0. Standardized residuals wemaalty distributed (see Figure 7.13)

Figure 7.14 shows the normal probability plot ftarglardized residuals. It shows that the
residuals lie close to the line and no outlierseafident. Figure 7.15 shows that the residuals
were randomly distributed around the zero linessummary, no outliers were detected on

examination of the residual diagnostics.

Table 7.13: Multivariable analysis of associations of ponderal index

Pl at birth (g/cm®) B (95% CI) t P R square
n=1033

Maternal weight gain (kg) 0.014 (0.007 — 0.021) 3.78 0.001 0.032
Primiparity 0.062 (0.011 - 0.112) 2.40 0.02

Gestational age at birth 0.012 (0.000 — 0.025) 1.95 0.05
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Figure 7.14. Normal probability plot for
Figure 7.13. Histogram for residuals ponderal index
for ponderal index
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7.10. Predictors of low ponderal index at birth

The univariable regression coefficients and 95%idence interval for coefficients of the
potential determinants of low Pl are given in Table4. The variables that showed significant
association with low Pl were: parity as a categdn@ariable, antenatal weight gain,

socioeconomic status and gestational age at birth.
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Table 7.14. Univariable analysis of associations of

low ponderal index

Parameters B (95% CI) P value
N = 1033

Maternal factors

Ethnicity 0.93 (0.86 — 1.01) 0.08
Terai Brahmin Reference

Terai Chhetri 0.64 (0.30-1.36) 0.3
Terai Vaishya 1.10 (0.74 — 1.64) 0.7
Terai Sudra 0.76 (0.32 -1.82) 0.6
Hindu Brahmin 1.04 (0.47 — 2.32) 0.9
Hindu Chhetri 1.02 (0.41 — 2.54) 0.9
Muslim 0.73 (0.39-1.35) 0.7
Newar 0.34 (0.10-1.14) 0.08
Other 0.60 (0.22-1.62) 0.3
Demographic

Education 0.99 (0.95-1.02) 0.5
Residence 1.22 (0.94 — 1.58) 0.1
Socioeconomic status 0.85 (0.75-0.97) 0.02
Age 0.98 (0.94-1.02) 0.3
Morbidity

Eclampsia 0.64 (0.14 — 2.87) 0.6
Systolic Blood Pressure at enrolment 1.01 (0.99 - 1.02) 0.4
Diastolic Blood Pressure at enrolment 1 (0.98 — 1.02) 0.9
2" trimester illness | 1.04 (0.91-1.19) 0.6
None Reference

Abdominal complaints 0.78 (0.55-1.10) 0.2
Infections 1.04 (0.54 - 2.00) 0.9
Other 1.23 (0.80 —1.89) 0.4
2" trimester illness I 0.90 (0.78 — 1.04) 0.1
None Reference

Abdominal complaints 0.93 (0.52 - 1.66) 0.8
Infections 1.16 (0.45 - 3.02) 0.7
Other 0.68 (0.44 -1.07) 0.09
3" trimester illness | 0.98 (0.86 —1.11) 0.7
None Reference

Abdominal complaints 1.02 (0.72 — 1.44) 0.9
Infections 0.38 (0.19 - 0.74) 0.005
Other 1.10 (0.73-1.66) 0.7
3" trimester illness I 0.89 (0.76 — 1.04) 0.1
None Reference

Abdominal complaints 1.2 (0.57 — 2.53) 0.6
Infections 0.40 (0.18 — 0.87) 0.02
Other 0.80 (0.48-1.33) 0.4
Obstetric history

Parity (category) 0.71 (0.55-0.93) 0.01
Prior small infant 1.27 (0.51 -3.15) 0.6
Prior miscarriage 0.88 (0.63 - 1.23) 0.5
Prior stillbirth 0.93 (0.62 — 1.40) 0.7
Prior death of child 0.90 (0.71 - 1.14) 0.4
Anthropometry

Height 1 (0.98-1.03) 0.8
Weight 0.99 (0.97 -1.01) 0.3
Nutrition

Weight gain 0.93 (0.89 -0.97) 0.01
Blood haemoglobin 1.03 (0.95-1.12) 0.5
Supplements 0.82 (0.63 —0.99) 0.1
Fetal factors

Sex 0.88 (0.68 — 1.45) 0.4
Gestation at hirth 0.92 (0.85 —-0.99) 0.03
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Table 7.15 shows the final model of predictorsosf PI at birth. Introducing prior history of
giving birth to a small infant into the regressidid not change the model. Only two variables
were significant: maternal weight gain during pragey (p = 0.005) and gestational age at birth

(p =0.04).

The model showed that a unit increase in paritiy giestational weight gain decreased the
probability of giving birth to an infant with lowlPThe odds of giving birth to a low PI infant
for a woman of higher parity were 26% lower thanléaver parity mothers (OR 0.74; 95% CI
0.57-0.98). The predicted odds for giving birtlatoinfant with low PI for a mother who

gained 1 kg more during pregnancy were 6 % lowg4(00.90 — 0.98).

Table 7.15. Multivariable analysis of associations with low ponderal index, with odds
ratios

Factors Odds ratio 95% CI for OR Wald P value
N = 1033

Maternal weight gain (Kg) 0.94 0.90-0.98 7.89 0.005
Multiparity 0.74 0.57 - 0.99 4.27 0.04

7.11. Predictors of birth head circumference

The univariable associations between head circuaméer at birth and independent variables are
shown in Table 7.16. Variables that showed assoositvith head circumference at birth were
maternal height (p=0.001), weight (p=0.001), ant&naeight gain (p=0.001), socioeconomic
status (p=0.002), education level (p=0.01), inf@x (p=0.001), gestational age at birth
(p=0.001), parity (p=0.04), age (p=0.02) and phistory of giving birth to small infant. The

variable showing almost an association was antesapglementation (p=0.08)
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Table 7.16 Univariable analysis of associations of

head circumference

Parameters B (Std. Error) P value
N = 1038

Maternal factors

Ethnicity 0.008 (-0.047 — 0.064) 0.8
Terai Brahmin reference

Terai chhetri -0.050 (0.600 — 0.500) 0.9
Terai Vaishya| -0.193 (-0.468 — 0.083) 0.1
Terai sudra -0.117 (-0.745 - 0.511) 0.7
Hindu Brahmin -0.016 (-0.566 — 0.534) 1
Hindu chhetri 0.314 (0.325 - 0.953) 0.4
Muslim -0.180 (-0.623 — 0.262) 0.4
Newar -0.627 (-1.511 - 0.256) 0.2
Other 0.476 (-0.279 - 1.232) 0.2
Demographic

Education 0.032 (0.007 — 0.057) 0.01
Residence -0.101 (-0.280 — 0.080) 0.3
Socioeconomic status 0.147 (0.056 — 0.238) 0.002
Age 0.033 (0.006 — 0.059) 0.02
Morbidity

Eclampsia -0.102 (-1.216 - 1.012) 0.9
Systolic Blood Pressure at enrolment 0.002 (-0.007 - 0.012) 0.6
Diastolic Blood Pressure at enrolment 0.004 (-0.008 - 0.016) 0.5
2" trimester morbidity | 0.074 (-0.015 — 0.164) 0.1
None Reference

Abdominal complaints -0.052 (-0.304 - 0.201) 0.7
Infections 0.423 (-0.023 - 0.869) 0.1
Other 0.192 (-0.097 — 0.480) 0.2
2" trimester illness I -0.026 (-0.129 - 0.076) 0.6
None Reference

Abdominal complaints -0.335 (-0.740 - 0.069) 0.1
Infections -0.034 (-0.682 — 0.614) 0.9
Other -0.035 (-0.361 - 0.292) 0.8
3" trimester illness | 0.008 (-0.080 - 0.096) 0.9
None Reference

Abdominal complaints 0.056 (-0.185 — 0.296) 0.7
Infections 0.119 (-0.371 - 0.608) 0.6
Other -0.002 (-0.280 — 0.276) 1

3" trimester illness I -0.022 (-0.135 — 0.092) 0.7
None Reference

Abdominal complaints -0.496 (-0.995 - 0.002) 0.1
Infections 0.131 (-0.453 - 0.714) 0.7
Other -0.042 (-0.410 - 0.327) 0.8
Obstetric history

Parity (category) 0.195 (0.013 -0.378) 0.04
Prior small infant -0.545 (-1.149 — 0.058)* 0.08
Prior miscarriage -0.015 (-0.259 - 0.228) 0.9
Prior still birth -0.099 (-0.389 — 0.191) 0.5
Prior death of child -0.148 (-0.317 - 0.021) 0.1
Anthropometry

Height 0.039 (0.023 — 0.055) 0.001
Weight 0.036 (0.021 - 0.052) 0.001
Nutrition

Weight gain 0.102 (0.072 - 0.132) 0.001
Blood haemoglobin 0.017 (-0.041 - 0.075) 0.6
Supplements 0.165 (-0.020 - 0.350) 0.08
Fetal factors

Sex 0.469 (0.289 — 0.650) 0.001
Gestation at birth 0.305 (0.256 — 0.355) 0.001
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Table 7.17 shows the final contributors to the fmtéoh model for head circumference at birth.
The multivariable analysis demonstrated gestatidagdtion, infant sex and maternal weight
gain as independent determinants of head circumferel he univariable analysis suggested an
effect of maternal height, parity, education, maatrveight at enrolment, but this was
eliminated in the multivariable analysis. Similanigaternal age, parity and previous history of
giving birth to a small infant did not contribut the prediction model. The model explained

only 19% of the variability in head circumferendeoath.

A plot of standardized residuals revealed no spepdtterns; points were evenly distributed
around a horizontal line centred on zero (see Eigut8). Figure 7.16 shows the histogram of
the residuals. It revealed normal distributionediduals with no outliers. The normal

probability plot showed residuals distributed ambandiagonal line, as seen in Figure 7.17.

Table 7.17. Multivariable analysis of associations of head circumference

Head circumference (cm) B (95% CI) t-value P-value R*
N = 1038

18.8
Birth gestation (wks) 0.28 (9.23-0.33) 11.0 0.001
Male sex 0.51 (0.35-10.68) 6.11 0.001
Maternal weight gain (kg) 0.06 (0.03 — 0.09) 411 0.001
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Figure 7.16. Histogram of residuals Figure 7.17. Normal probability plot for

for head circumference head circumference at birth
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7.12. Summary

The coefficients of determination (adjusted fr all prediction models for size at birth
outcomes were not high, ranging from 2.8% to 32.7he highest of them was for birth weight

(32.7%), followed by birth length (19%), head cimtfierence (18.8%), body mass index
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(12.4%) and PI (3.2%). Nevertheless, the residoalyaes confirmed that the models were

adequate and did not violate the assumption of alityn

The number of parameters in the prediction modeiged from two to eight. The results of the
multivariable regression analysis showed that mmbt#te models contained gestation at birth,
maternal weight at enrolment and parity as the imamd determinants of size at birth.
Antenatal maternal weight gain was the strongetstraiénant present in the final regression
models for all birth outcomes. Similarly, gestatibage, infant sex and maternal weight at
enrolment were present in all models except farf low Pl. The same goes for parity, which
was present in all models except that for headiniference and length. Prior history of child

mortality was significant in the final regressiar fength at birth.

Birth weight, LBW and SGA had generally common pctats in the final regression models.
Birth weight had two more predictors than LBW - pratal height and education - although
their contributions were limited in the model. Tinedel for LBW contained six factors and
their rank order of contribution was the same adbidh weight. Since SGA is sex and
gestation specific, sex and gestation do not figuits final model. Otherwise, all the
predictors of LBW were the same as for SGA. Inghediction of birth length, parity,
education and antenatal supplementation were aoiegits of the model. Head circumference
had similar predictors as birth weight, althoughtyaheight, weight and antenatal

supplementation did not feature in the model.

The contribution of known risk factors in explaigithe variability in birth indices was as low

as 3-12%, the least explained being Pl. The commnedictors were parity and gestational
weight gain. The multivariable logistic regressidantified only two variables as significant
predictors of low PI - parity and maternal weightrgduring pregnancy - and three variables

for PI (parity, gestational weight gain and gestadi age). Table 7.18 summarises the results of

the various multivariable prediction models foreirgretation in subsequent discussion.
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Table 7.18. Main risk factors in the analyses

Variable Predicts to some degree in multivariable analyses

Gestation (wks) Birth weight, LBW, length, BMI, PI, head circumference

Maternal weight at enrolment (kg)  Birth weight, LBW, SGA, length, BMI

Maternal height (cm) Birth weight, length

Maternal weight gain (kg) Birth weight, LBW, SGA, length, BMI, PI, LPI, head
circumference

Parity Birth weight, LBW, SGA, BMI, PI, LPI

Infant sex Birth weight, LBW, length, BMI, head circumference

Supplement Birth weight, LBW, SGA, BMI

Education Birth weight
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Chapter 8. Results: Associations of size at birth with mortaty,

morbidity and malnutrition in childhood

8.1. Chapter summary

Previous chapters used a range of birth anthrop@anpetrameters and indices to define size at
birth. They demonstrated overlaps between classifins of size which put different
proportions of infants into risk categories. Thigpter describes an investigation of the
associations between different measures of sibagthtand short and longer term health
outcomes in a sample of 1048 children born to woimehe antenatal multiple micronutrient
supplementation trial. Information on outcomes walfected at two points: about 1 month

after birth, and 2-3 years of age.

The study profile was presented in Chapter 5, tsitnplified version for this analysis is shown
in Figure 8.1. The number of children with inforioat available varied across different indices
of size at birth. We included children whose bisttight was measured within 72 hours of
birth. The sample available for the analysis ofrsgtal deaths was 1048. The sample available
for analysis of infant and child deaths was 958rdfisses to follow-up. Child anthropometry

was available for 915 children after losses taofwHup, infant deaths and child deaths.

153



Figure 8.1. Study profile for outcome analysis

1985 assessed for eligibility
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1200 enrolled
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785 ineligible for study

1139 delivered
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39 lost to follow-up

20 could not be found
19 moved beyond study
22 discontinued trial

7 miscarriages

14 withdrew from trial

1 clinical problem

\ 4

1052 clean birth weight

A 4

785 ineligible for study

v

1048 birth weight analyzed

A 4

4 extreme birth weight outliers

915 child anthropometry

A 4

95 lost to follow-up

1 child not at home

23 neonatal deaths

14 post neonatal deaths
10 deaths <1 year

4 deaths >1 year
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Child characteristics

Table 8.1 presents infant nutritional and immunarastatus, child anthropometry and blood
pressure of children at follow-up. 99% of mothemsastfed their infants. Infants were

exclusively breastfed for a mean duration of sixnthe and were given solid food at a mean
age of eight months. The immunisation rate for hesawas 97%. BCG and DPT Vaccination

rates exceeded 98%. Around 94% of children receivedhepatitis B vaccination.

Table 8.1. Infant feeding, Immunization status, chi  Id anthropometry and blood pressure
of children at follow-up

Nutrition Frequency (%)

Breastfed [n=926] 913 (98.6)

Duration of exclusive breastfeeding in months [n=916] (mean [SD]) 6.44 (3.24)

Age at introduction of solids in months [n=919] (mean [SD]) 8.46 (3.41)
Immunization status [n=925]

BCG 919 (99.4)

DPT1 917 (99.1)

DPT2 914 (98.8)

DPT3 911 (98.5)

Measles 902 (97.5)

HBV1 868 (93.8)

HBV2 865 (93.5)

HBV3 858 (92.9)

Child anthropometry and blood pressure [n=915] Mean (95% ClI)
Weight (Kg) 10.80 (10.70-10.89)
Height (cmg 83.90 (83.59-84.21)
BMI (Kg/m®) 15.31 (15.21 - 15.40)
Systolic blood pressure (mmHg) [n=903] 99.79 (98.90 — 100.68)
Diastolic blood pressure (mmHg) [n=904] 62.40 (61.53 -63.28)
MUAC (cm) 1430 (14.23-14.37)
Head circumference (cm) 46.52 (46.43 — 46.62)
Chest circumference (cm) 48.12 (47.96 — 48.27)
Waist circumference (cm) 46.64 (46.46 — 46.83)
Hip circumference (cm) 46.14 (46.00 — 46.33)
Waist hip ratio 1.01 (1.00-1.02)
Triceps skinfold thickness (mm) 7.05 (6.95-7.16)

The mean age at follow-up of children was 2.56 y€&D 0.35) and half of them were male
(51%). The age ranged from 1.98 to 3.85 years.reig2, 8.3 and 8.4 show scatterplots of
weight, height and head circumference against &ghildren at follow-up. The association of
age with weight was not as strond €R0.134) as with height. R 0.321). There was little

association of age with head circumferenceR.055).
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Figure 8.2. Scatterplot of weight by age of childta Figure 8.3. Scatterplot of height by age of childta
follow up follow up
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Figure 8.4. Scatterplot of head circumference by agof child at follow up
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The mean weight was 10.80 kg (SD: 1.47; range f6.0®.10 kg) and mean height was 83.90
cm (4.75; 67.2 — 99.6). The mean systolic bloodgues and diastolic blood pressure were

99.79 (SD 13.61) and 62.40 (SD 13.38) respectively.

Figure 8.5, Figure 8.6 and Figure 8.7 show theageannual gain in weight, height and head
circumference agaist weight of infants at birthe3é averages were derived from the
difference between the initial and follow-up mea&suents, divided by the age at follow-up. In
fact, the true growth pattern will vary from yeanfear and these figures are simple summaries
based on only two measures. The average annuahinggam was around 3 kg for all levels of
birth weight: this absolute weight gain was quiteilar irrespective of actual birth weight.
Figure 8.6 and Figure 8.7 illustrate that the alteohnnual gain in head circumference and

length varied across the ranges of head circumferand length at birth. The annual gain in
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length ranged from 12.5 to 15.5 cm. The annual gairead size ranged from 7.5 cm when the

head size was 27 cm at birth, to 3.5 cm for a ls&aslof 38 cm at birth.

Figure 8.5. . Mean annual weight gain by birth Figure 8.7. Mean annual gain in head
weight circumference by head circumference at birth
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Figure 8.6. . Mean annual height gain by length at
birth
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These charts have expressed growth in terms ofidbsneasurements. Figure 8.8, Figure 8.9
and Figure 8.10 show the mean change in z-sconegight, height and head circumference for
age, relative to the WHO reference. Mean changessoores per year were -0.209 (SD 0.459),
-0.770 (0.579) and -0.358 (0.501) for weight, hemyid head circumference respectively. The
negative signs show that children became relatinedye underweight, stunted and smaller in
head size relative to WHO reference groups. Ithallfigures, the annual changes in z-score

were greater for infants with lower z-scores athbilThe annual change in weight z-scores
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decreased with increasing z-scores of birth weiglfénts with lower size at birth gained
relatively more weight, height and head circumfegethan larger infants. For most infants and
young children, the change in z-score was negatieeiever, the graphs show that at the lower
end of the distribution the change was positivee §aneral pattern was for a downward
movement in z-score with time, but smaller infaretsded to ‘catch up’ and larger infants

tended to ‘catch down'.

Figure 8.8. Mean annual change in z-score for Figure 8.9. Mean annual change in z-score for
weight for age, by z-score at birth height for age, by z-score at birth
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Figure 8.10. Mean annual change in z-score for heaisircumference for age, by z-score at birth
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8.2. Adjustment for possible confounding

We used an intuitive approach and the findingsrefipus studies to select confounders from
the pool of data available. The potential confouadessessed were: maternal age at
enrolment® parity ?®° ethnicity, education level, socioeconomic statmenatal
supplementation status, weight at enrolment, gesttage at birth, infant sex, age of
weaning, age of child at follow-up and frequencylloesses. Some confounders did not apply
to all the outcomes that were assessed. In theofamonatal death as an outcome: age at
weaning, age of child at follow-up and frequencyilokesses. In the case of infant and child
deaths: age at follow-up and frequency of ilinesbethe case of morbidity outcomes:
frequency of ilinesses. Age at weaning was prefetodrequency of breastfeeding as a

possible confounder because almost all women begbsteir newborns (99%). The month of

introduction of solid food varied across the papénts, ranging from 1 to 24 months.

All the above mentioned confounders were assessathivariable associations with birth
outcomes. Table 8.2 shows the results of univagildgistic regressions of mortality from birth
to 2.5 years of age on all confounders. Out of piossible confounders, only maternal weight
at enrolment showed a significant univariable aission with neonatal death. Infant and child
deaths demonstrated no association with any codfuidowever, gestation at birth was

closer to significance in its association with dhdeath (p=0.08).

Morbidity factors assessed during infancy were toaigd fever, rash and fever, and diarrhoea
and fever. The results of the univariable logistigression are shown in Table 8.3. Cough and
fever, and rash and fever showed no significard@agon with any of the possible
confounders. However, maternal age and educati@h eere closer to significant association
(p <0.09). Diarrhoea and fever showed significasioaiations with ethnicity, antenatal
supplementation and children’s age at follow-ugderency of illnesses was significantly

related to maternal parity, education, socioeconatitus and age of weaning.
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lliness during 14 days before follow-up was alsgeased for its association with possible
confounders (see Table 8.4). The particular symptasked were fever, cough, difficulty
breathing and diarrhoea. Fever, difficulty breaghémd diarrhoea were shown to have an
association with maternal parity, education andageeaning. Apart from that, fever was also
related to socioeconomic status and weight at greol. Cough was also associated with
socioeconomic status, infant sex, weight at enrotraed age at follow-up. Difficulty breathing
was associated with age at follow-up. Diarrhoea ass®ciated with socioeconomic status,
weight at enrolment and age at follow-up. Systbl@od pressure was univariably associated
with maternal age and parity. Diastolic blood puessvas associated with parity, ethnicity and

education (SeeTable 8.5).

Table 8.6 shows univariable associations betwednutrdion and possible confounders. For
malnutrition, all 12 confounders were examinedn8hg and underweight in children showed
significant associations with all confounders exdepmaternal age, ethnicity, antenatal
supplementation and infant sex. There was an algigsificant association with age of
children at follow-up (p=0.09) for stunting. Wagjiwas associated with only two factors:

maternal education and maternal weight at enrolment

As described in Chapter 5, we developed three rsddeleach outcome. The model was
developed following identification of possible conhders for deaths, illnesses and
malnutrition. Model | was an unadjusted logistidioear regression of outcome on parameter
of size at birth. Model Il adjusted for confoundtrat were associated with the outcome in
univariable analysis. Model Il adjusted for allgsthle confounders by including variables that

may not have shown univariable association, bueViet to be important.
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Table 8.2. Univariable association between possible

confounders and neonatal, infant and child mortali

Possible confounders

Neonatal death (n=1048)
OR (95% CI)

Infant death (n=953)
OR (95% CI)

Child death (n=953)
OR (95% CI)

Maternal age
Maternal parity
Ethnicity

Maternal education
Socioeconomic status
Supplements

Weight at enrolment
Gestation at birth
Infant sex

Age at weaning

0.89 (0.77-1.02) P = 0.1
0.86 (0.57-1.3) P = 0.5
1.07 (0.85-1.34) P = 0.6
0.97 (0.86-1.1) P = 0.6
0.88 (0.59-1.33) P = 0.5
1.56 (0.07-3.6) P = 0.3
0.9 (0.85-0.99) P = 0.04
0.88 (0.7-1.1) P = 0.2
0.74 (0.3-1.7) P = 0.5

0.98 (0.89-1.09) P =0.7
1.10 (0.82-1.48) P = 0.5
0.96 (0.77-1.19) P = 0.7
0.93 (0.83-1.04) P = 0.2
0.84 (0.60-1.18) P = 0.3
1.19 (0.59-2.39) P = 0.6
0.95 (0.89-1.01) P = 0.1
0.87 (0.72-1.01) P = 0.1
0.62 (0.31-1.26) P = 0.2
0.83 (0.62-1.11) P = 0.2

0.97 (0.88-1.07) P= 0.5
1.10 (0.83-1.45) P = 0.5
1.09 (0.91-1.3) P = 0.4
0.93 (0.83-1.03) P = 0.2
0.83 (0.60-1.14) P = 0.2
1.04 (0.54-2.01) P = 0.9
0.97 (0.91-1.03) P = 0.3
0.86 (0.72-1.02) P = 0.08
0.65 (0.33-1.27) P = 0.2
0.96 (0.77-1.18) P= 0.7

Table 8.3. Univariable association between possible

confounders and illnesses during infancy

ty up to 2.5 years of age

Possible confounders
n=953

Cough and fever
OR (95% CI)

Diarrhoea and fever
OR (95% CI)

Rash and fever
OR (95% CI)

Frequency of illness
OR (95% CI)

Maternal age
Maternal parity
Ethnicity

Maternal education
Socioeconomic status
Supplements
Weight at enrolment
Gestation at birth
Infant sex

Age at weaning

Age at follow up

0.94 (0.81-1.01) P = 0.08
0.99 (0.78-1.27) P = 0.9
0.99 (0.85-1.20) P = 0.9
0.94 (0.88-1.01) P = 0.06
0.81 (0.61-1.10) P = 0.1
1.28 (0.73-2.22) P = 0.4
1.03 (0.98-1.08) P = 0.3
0.94 (0.79-1.11) P = 0.5
0.89 (0.51-1.55) P = 0.7
1.05 (0.96-1.19) P = 0.3
1.11 (0.50-2.45) P = 0.8

0.96 (0.93-1.00) P = 1.00
1.07 (0.94-1.22) P = 0.3
0.92 (0.85-0.99) P = 0.04
0.98 (0.94-1.02)P = 0.3
0.95 (0.83-1.09) P = 0.5
0.75 (0.57-1.00) P = 0.05
0.99 (0.96-1.01) P = 0.3
1.00 (0.92-1.09) P = 0.9
0.84 (0.64-1.12) P = 0.2
1.04 (0.99-1.09) P = 0.1
0.61 (0.41-0.91) P = 0.02

0.95 (0.89-1.01) P = 0.08
0.98 (0.82-1.18) P = 0.8
1.07 (0.96-1.20) P = 0.2
0.95 (0.89-1.01) P = 0.09
0.90 (0.74-1.09) P = 0.3
1.06 (0.71-1.58) P = 0.8
0.99 (0.97-1.03) P = 0.97
1.07 (0.95-1.22) P = 0.3
0.97 (0.65-1.46) P = 0.9
0.99 (0.93-1.05) P = 0.7
1.05 (0.59-1.85) P = 0.9

0.99 (0.95-1.03) P =05
1.13 (1.00-1.30) P = 0.04
1.05 (0.97-1.13) P = 0.3
0.94 (0.90-0.97) P = 0.001
0.85 (0.75-0.97) P = 0.02
0.93 (0.71-1.21) P = 0.6
0.99 (0.98-1.02) P = 0.8
0.98 (0.91-1.06) P = 0.6
1.32 (1.01-1.72) P = 0.04
1.03 (0.99-1.08) P = 0.1
0.83 (0.51-1.20) P = 0.8
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Table 8.4. Univariable association between possible

confounders and ilinesses in the 14 days before fo

llow up

Possible confounders
n=915

Fever
OR (95% CI)

Cough
OR (95% CI)

Difficulty breathing
OR (95% CI)

Diarrhoea
OR (95% CI)

Maternal age
Maternal parity
Ethnicity

Maternal education
Socioeconomic status
Supplements
Weight at enrolment
Gestation at birth
Infant sex

Age at weaning

Age at follow up

1.01 (0.97-1.05) P = 0.5
1.18 (1.05-1.33) P = 0.007
1.02 (0.94-1.11) P = 0.6
0.91 (0.87-0.95) P = 0.001
0.82 (0.72-0.94) P = 0.004
0.99 (0.76-1.31) P = 9
0.95 (0.93-0.98) P = 0.001
0.96 (0.89-1.04) P = 0.9
1.18 (0.90-1.55) P = 0.2
1.05 (1.01-1.10) P = 0.02
1.03 (0.70-1.52) P = 0.9

1.01 (0.99-1.07) P =0.2
1.20 (1.06-1.35) P = 0.003
0.99 (0.92-1.08) P = 0.9
0.91 (0.88-0.95) P = 0.001
0.81 (0.71-0.92) P = 0.002
1.02 (0.78-1.33) P =1
0.97 (0.95-0.99) P = 0.01
0.94 (0.87-1.02) P = 0.1
1.32 (1.00-1.73) P = 0.05
1.07 (1.03-1.12) P = 0.001
0.69 (0.47-1.03) P = 0.06

1.03 (0.96-1.10) P = 0.4
1.30 (1.07-1.60) P = 0.008
0.93 (0.80-1.09) P = 0.4
0.86 (0.79-0.94) P = 0.001
0.85 (0.67-1.08) P = 0.2
1.26 (0.77-2.06) P = 0.4
0.98 (0.93-1.02) P = 0.3
1.05 (0.90-1.21) P = 0.6
1.15 (0.70-1.87) P = 0.6
1.09 (1.01-1.17) P = 0.02
1.93 (0.99-3.75) P = 0.05

0.98 (0.92-1.03) P = 0.39
1.18 (1.01-1.38) P = 0.04
1.0 (0.89-1.12) P = 1.00
0.94 (0.89-0.99) P = 0.04
0.85 (0.71-1.02) P = 0.08
0.87 (0.59-1.26) P = 0.5
0.95 (0.92-0.98) P = 0.003
1.01 (0.90-1.13) P = 0.9
1.21 (0.83-1.77) P = 0.3
1.07 (1.01-1.13) P = 0.02
0.50 (0.28-0.88) P = 0.02

Table 8.5. Univariable association between possible

confounders and blood pressure in children at 2.5

Possible confounders
n=915

years of age

Systolic Blood Pressure
OR (95% CI)

Diastolic Blood Pressure
OR (95% CI)

Maternal age
Maternal parity
Ethnicity

Maternal education
Socioeconomic status
Supplements
Weight at enrolment
Gestation at birth
Infant sex

Age at weaning

Age at follow up

-0.30 (-0.51 - 0.01)
-1.29 (-2.09 - 0.50)
-0.32 (0.85 - 0.21)
0.09 (-0.15 — 0.34)
-0.02 (-0.89 — 0.86)
-1.05 (2.83 - 0.73)
0.01 (-0.14 — 0.16)
-0.06 (-0.59 — 0.47)
0.40 (-1.38 — 2.18)
-0.08 (-0.36 — 0.19)
-0.07 (-2.61 — 2.47)

P =0.05 -0.16 (-0.41 — 0.09) P=0.2
P =0.001 -0.83 (-1.62 - 0.52) P =0.04
P=0.2 -0.54 (-1.06 — 0.02) P =0.04
P=0.8 0.276 (0.04 — 0.52) P =0.02
P=0.9 0.23 (-0.63 -1.1) P=0.6
P=03 -0.86 (-2.6 — 0.89) P=03
P=0.9 0.07 (-0.08 — 0.2) P=04
P=0.8 -0.4(-0.9 -1.12) P=01
P=0.7 -0.89 (-2.63 — 0.86) P=0.3
P=0.6 -0.16 (-0.43-0.11) P=03
P=1.0 1.31(-1.18 — 3.80) P=0.3

162



Table 8.6. Univariable association between possible

confounders and malnutrition in children at 2.5 ye

ars of age

Possible confounders
n=915

Stunting
OR (95% CI)

Wasting
OR (95% CI)

Underweight
OR (95% CI)

Maternal age
Maternal parity
Ethnicity

Maternal education
Socioeconomic status
Supplements
Weight at enrolment
Gestation at birth
Infant sex

Age at weaning

Age at follow up
Frequency of iliness

0.99 (0.96-1.03) P = 0.7
1.33 (1.17-1.51) P = 0.001
0.98 (0.91-1.06) P = 0.6
0.89 (0.85-0.92) P = 0.001
0.68 (0.59-0.77) P = 0.001
0.90 (0.68-1.16) P = 0.4
0.91 (0.88-0.93) P = 0.001
0.01 (0.84-0.99) P = 0.03
0.82 (0.63-1.06) P = 0.1
1.07 (1.03-1.12) P = 0.002
0.73 (0.50-1.05) P = 0.09
1.21 (1.08-1.35) P = 0.001

1.03 (0.95-1.11) P =05
1.17 (0.94-1.47) P = 0.2
0.89 (0.74-1.07) P = 0.3
0.93 (0.85-1.01) P = 0.09
0.93 (0.71-1.21) P = 0.6
1.11 (0.64-1.92) P = 0.1
0.89 (0.84-0.94) P = 0.001
0.90 (0.77-1.05) P = 0.2
1.25 (0.72-2.17) P = 0.4
1.05 (0.97-1.14) P = 0.4
1.04 (0.48-2.25) P = 0.9
1.17 (0.94-1.45) P = 0.2

1.02 (0.98-1.06) P = 0.2
1.35 (1.19-1.52) P = 0.001
1.03 (0.95-1.11) P = 0.5
0.89 (0.85-0.93) P = 0.001
0.69 (0.60-0.79) P = 0.001
0.93 (0.71-1.21) P = 0.6
0.89 (0.86-0.91)P = 0.001
0.88 (0.82-0.96) P = 0.003
1.00 (0.77-1.31) P = 0.9
1.06 (1.02-1.11) P = 0.008
1.20 (0.82-1.75) P = 0.4
1.22 (1.09-1.36) P = 0.001
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8.3. Effects of birth size on outcomes

Annex M shows associations between size at birthnaorbidity, mortality and growth from
birth to 2.5 years of age. It includes resultsdibthe models (I, Il and Ill). Understanding the
relationships between 16 outcomes and 23 birthcsitregories in 3 models was difficult. An
adjusted model was preferable, and model lll waseh for presentation because it did not

differ substantially from model Il and representealximal adjustment.

8.4. Size at birth and mortality

We investigated the effect of various classificasiof size at birth on mortality. The numbers
of deaths identified are shown in Table 8.7. Mdtaktes were high. The neonatal mortality
rate was 21 per 1000 live births, the infant mitstabte was 33 per 1000 live births and the

child mortality rate was 39 per 1000 live birthgfidminators adjusted for losses to follow-up).

Table 8.7. Numbers of deaths

Denominator Frequency Rate/1000
Neonatal death <28 d 1048 22 21.0
Early neonatal death <7d 1048 14 134
Late neonatal death >7 to <28 d 1048 8 7.6
Post-neonatal infant death >/=28d - <1y 953 9 9.4
Infant death <1 year 953 31 32.5
Child death <2.5 years 953 37 38.8

Most deaths took place in the neonatal period (h=QPthe neonatal deaths, nearly two-thirds
occurred in the first seven days of life. Neondtdths were due to preterm birth (two),
infection (seven), birth asphyxia (five), congehé&aomaly (one), sudden unexplained death
overnight (six) and aspiration during feeding (ori®&)st-neonatal deaths less than one year of
age were due to pneumonia (two), meningitis (omegsles (one), infection (one), a hepatic
syndrome (one), complications of cleft palate (paed sudden unexplained death overnight
(two). Child deaths below 2.5 years of age weretduaeasles followed by tuberculosis (one),

a bleeding disorder (one), convulsion (two) andrfizea (two).
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Table 8.8 shows the number of deaths and deadh patr 1000 live births by gestation of
infants at birth. Infant mortality was highestla very low gestational age at birth, 250 deaths
per 1000 live births at 31 weeks of gestation a2fsldeaths per 1000 live births at 34 weeks of
gestation. Mortality rate decreased until 40 wesflkgestation (18 deaths per 1000 live births)

but rose again in infants born post-term (77 p&0ldve births)

Table 8.8. Live hirths and child deaths by gestatiodage

Numbers Rates per 1000 live births
Live Early Late Post Infan  Post
Gestatio Birth  Early Late Post Post Neonatal Neonatal Neonatal t Infanc
n Neonatal Neonatal Neonatal Infanc (<7d) >7- (>28d - (<ly) vy
at Birth Deaths Deaths Deaths De athé/ 28d) <1y) (G1y-
(Week) 2.5y)
31 4 0 1 0 0 0 250 0 250 0
32 2 0 0 0 0 0 0 0 0 0
33 2 0 0 0 0 0 0 0 0 0
34 8 1 0 0 0 125 0 0 125 0
35 21 1 1 0 0 47.6 47.6 0 952 0
36 39 1 1 1 1 25.6 25.6 25.6 76.8 25.6
37 83 0 0 2 1 0 0 241 241 12.0
38 195 3 0 2 2 15.4 0 10.3 257 10.3
39 313 3 2 2 0 9.6 6.4 6.4 214 0
40 228 2 1 1 2 8.8 4.4 44 17.6 8.8
41 101 1 1 0 0 9.9 9.9 0 1938 0

over

The mean follow up age was 2.26 years and the mimimnd maximum follow up time was
from O years to 3.85 years. Cox proportional hazanddeling was used to explore the role of
measurements at birth in the prediction of deaimfbirth to the end of follow-up. Figure 8.11
illustrates graphically the survival rate from hitb an average 2.5 years of age. It shows that
there were more deaths in the first two weeks aftéch there was a sharp decline. This is
entirely predictable from known patterns of neohatal infant mortality. The overall survival

rates at 1 year and at the end of follow-up weB @nd 96% respectively.

165



Figure 8.11. Predicted survival for children born h the study from birth to 2.5 years of age
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Table 8.9 shows estimates of hazard ratio for nebnafant and child deaths, with 95%
confidence intervals calculated for different angfometric parameters measured at birth. None

of the anthropometric measurements was a signifbaterminant of survival.

Table 8.9. Estimates of hazard ratio for anthropometic measurements at birth

Predicted 1 mo survival Predicted 1 yr survival Predicted 2.5 yr survival
HR  (95% CI) P HR  (95% CI) P HR (95% CI) P
value value value
G 0.87 (0.43-2.05) 0.9 0.84 (0.45-1.57) 0.6 0.82 (0.47 —1.43) 0.5
BW 0.40  (0.00- 35.00) 0.7 0.91 (0.03 -32.45) 1.0 1.10 (0.05 - 26.90) 0.9
BWZ 0.82 (0.13-5.38) 0.8 0.66 (0.15-3.00) 0.6 0.56 (0.17 —2.56) 0.6
PI 1.19 (0.28-5.12) 0.8 0.76  (0.21-2.73) 0.7 0.67 (0.17-1.83) 0.3

BW: Birth weight; BWZ: Birth weight Z score; G: Gestation; HR: Hazard ration; mo: month; PI: Ponderal
Index; yr: year

Table 8.10 shows associations between differessifleations of size at birth and mortality.
Three groups of findings are shown: predictors ausng a single index (LBW, SGA or LPI),
predictors based on a combination of two indiced, @redictors based on a combination of

three indices

8.4.1. One anthropometric index as a predictor of moryalit

In a model adjusted for the potential confoundiactdrs, LBW was strongly associated with

neonatal, infant and child mortality (Table 8.1Dhe prevalence of LBW was 22%. 5% of
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LBW infants died in the first month, compared wit¥h of normal birth weight infants.
Similarly, 7% of LBW infants died in the first yeartompared with 2% of normal birth weight
infants. 8% of LBW infants died before theif Birthday, compared with 2% of normal birth
weight infants. The odds of dying during the neahperiod for a LBW infant were 3.5 times
higher than for an infant with normal birth weighte odds of infant death and childhood
death were also higher (3.6 and 3.7, respectiviEyontrast with LBW, LPl and SGA were

not by themselves associated with increased riskavfality at any of the three time points.

8.4.2. Two anthropometric indices as a predictor of madtyal

When LBW was combined with PI, proportionate LBVfaimts were at highest risk of neonatal,
infant and childhood mortality (API-LBW) but noneeve significant. As a group,
disproportionate LBW infants were only marginallpma likely to die in the neonatal period
than other infants. When LBW was combined with weiigpr-gestational-age, appropriately
grown LBW infants were at highest risk of neonataltality (LBW-AGA), but not at

increased risk of later death. LBW infants who w&A were at increased risk of mortality in
all three age bands, although the association wiasignificant in the neonatal period. When PI

was combined with weight-for-gestational-age, mmificant increases in odds were seen.

8.4.3. Three anthropometric indices as a predictor of rality

Two combinations were not analysed as no deaths sesn, a limitation of the sample size.
There were no deaths in LBW infants who were apjatg for their gestational age and had
normal Pl and normal birth weight infant who wenaadl for their gestational age and had
appropriate PIl. Three combinations of indices apmkto increase the risk of mortality,
although none achieved significance in all three lagnds. The highest risk appeared to be to
infants who were LBW, proportionate and SGA (LBWIAGA) but association was only
significant for infant deaths. Infants who were LBWsproportionate and AGA (LBW-LPI-

AGA) had significant risk for neonatal deaths.
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Table 8.10. Mortality in children of different birt ~ h sizes

Adjusted models

Neonatal death

OR (95% CI)

Infant death
OR (95% CI)

Child death
OR (95% CI)

Single index
LBW

SGA

LPI

2 index combination
LBW-LPI
LBW-API
NBW-LPI
NBW-API

LBW-SGA
LBW-AGA
NBW-SGA
NBW-AGA

LPI_SGA
LPI_AGA
API_SGA
API_AGA

3 index combination
LBW-LPI-AGA
LBW-API-SGA
LBW-LPI-SGA
LBW-API-AGA
NBW-LPI-AGA
NBW-API-SGA
NBW-LPI-SGA
NBW-API-AGA

3.46 (1.36 — 8.85)
1.11 (0.45 — 2.73)
1.26 (0.48 — 3.32)

2.65 (1.03 — 6.79)*
6.95 (2.45 — 19.70)
0.55 (0.22 — 1.40)
0.53 (0.17 — 1.61)

2.15 (0.86 — 5.38)
5.69 (1.02 — 31.83)*
0.45 (0.14 — 1.44)
0.60 (0.23 — 1.53)

1.15 (0.48 — 2.75)
1.1 (0.40-2.98)
0.92 (0.20 — 4.17)
0.76 (0.25 — 2.37)

6.55 (1.16 — 37.06)*
4.08 (0.82 - 20.19)
1.66 (0.63 — 4.36)

0.58 (0.17 — 2.02)

0.70 (0.22 - 2.23)
0.78 (0.25 — 2.44)

3.60 (1.63 — 7.93)*
1.34 (0.63 -2.85)
0.98 (0.45 — 2.12)

2.26 (0.90 — 1.03)*
5.98 (2.06 — 17.41)
0.51 (0.24 — 1.12)
0.60 (0.24 — 1.51)

2.79 (1.31 - 5.96)
2.30 (0.47 — 11.24)
0.40 (0.14 — 1.10)
0.63 (0.29 — 1.37)

1.15 (0.55 — 2.38)
0.86 (0.36 — 2.06)
1.46 (0.48 — 4.43)
0.85 (0.34 — 2.17)

2.52 (0.51 - 12.38)
6.46 (1.93 — 21.60)*
1.82 (0.81 — 4.08)

0.61 (0.23 — 1.63)

0.62 (0.26 — 1.68)
0.87 (0.34 — 2.22)

3.66 (1.73 — 7.75)*
1.67 (0.81 — 3.45)
1.03 (0.49 — 2..16)

2.13 (0.98 — 4.50)*
7.04 (2.31 - 21.44)
0.57 (0.28 — 1.19)
0.50 (0.20 — 1.24)

3.07 (1.50 — 6.30)
1.64 (0.35 — 7.85)
0.49 (0.19 — 1.25)
0.54 (0.26 — 1.14)

1.29 (0.64 - 2.58)
0.79 (0.35 — 1.80)
1.87 (0.67 — 5.16)
0.67 (0.27 — 1.70)

1.82 (0.38 — 8.75)
8.09 (2.64 — 24.78)
1.87 (0.87 — 4.03)

0.62 (0.25 — 1.55)

0.72 (0.28 — 1.83)
0.69 (0.27 — 1.75)

* Significantat p<0.05

8.5. Size at birth and morbidity

8.5.1. Size at birth and morbidity in the first year d€li

The association of categories of size at birth \llittess in the first year of life is shown in

Table 8.11. More than 90% (860) of infants wereortgad as having had an episode of cough

and fever during infancy. 70% (636) suffered diagd and fever. Only 11% had a bout of

illness with rashes and fever. Around 28% (307nhtdnts had more than five episodes of

illness. In the 14 days before follow-up at 2.5rgeat age, 14% were reported as having

diarrhoea, 36% had cough and <1% had measlesabledoes not suggest any associations

between different classifications of size at battd illness in infancy. The exceptions were

LPI, LBW-AGA and LBW-LPI-AGA. It reduced the riskf@ough and fever.
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Table 8.11. Summary of association between size at

birth and ilinesses in infancy

Adjusted
models

Cough and fever
OR (95% CI)

Diarrhoea and fever
OR (95% CI)

Rash and fever
OR (95% ClI)

Frequency of illness
OR (95% CI)

Single index
LBW

LPI

SGA

2 index combination
LBW-LPI
LBW-API
NBW-LPI
NBW-API

LBW-SGA
LBW-AGA
NBW-SGA
NBW-AGA

LPI-SGA
LPI-AGA
API-SGA
API-AGA

3 index combination
LBW-LPI-AGA
LBW-API-SGA
LBW-LPI-SGA
LBW-API-AGA
NBW-LPI-SGA
NBW-LPI-AGA
NBW-API-SGA
NBW-API-AGA

0.83 (0.40 — 1.72)
0.42 (0.20 — 0.88)*
1.10 (0.61 — 2.00)

0.69 (0.34 — 1.42)

0.65 (0.36 — 1.17)
2.18 (1.03 - 4.62)

1.14 (0.52 — 2.47)
0.18 (0.04 — 0.79)*
1.02 (0.54 — 1.93)
1.10 (0.61 — 1.99)

0.85 (0.47 — 1.52)
0.53 (0.28 — 1.00)
3.18 (0.75 - 13.52)
1.86 (0.81 — 4.29)

0.15 (0.03 — 0.68)*
0.97 (0.45 — 2.10)
0.86 (0.45 — 1.64)
0.68 (0.36 — 1.29)

2.55 (0.59 — 10.97)
1.83 (0.79 — 4.23)

0.88 (0.60 — 1.29)
0.96 (0.70 — 1.32)
0.94 (0.69 — 1.29)

0.93 (0.63 — 1.38)
0.68 (0.26 — 1.79)
1.01 (0.75 — 1.36)
1.06 (0.76 — 1.48)

0.99 (0.67 — 1.47)
0.45 (0.17 — 1.19)
0.94 (0.67 — 1.31)
1.14 (0.84 — 1.56)

0.96 (0.70 — 1.30)
1.05 (0.74 — 1.48)
0.99 (0.59 — 1.65)
1.02 (0.71 — 1.47)

0.48 (0.18 — 1.31)
0.73 (0.26 — 2.06)
1.02 (0.68 — 1.54)
0.34 (0.02 - 5.88)
0.90 (0.63 — 1.27)
1.08 (0.76 — 1.54)
1.06 (0.60 — 1.89)
1.04 (0.72 — 1.50)

0.65 (0.36 — 1.17)
1.10 (0.70 — 1.72)
1.23 (0.79 — 1.93)

0.58 (0.31 - 1.07)
1.63 (0.45 — 5.89)
1.45 (0.95 — 2.21)
0.90 (0.56 — 1.44)

0.80 (0.45 — 1.41)
1.48 (0.93 — 2.35)
0.92 (0.59 — 1.43)

0.95 (0.61 — 1.46)
1.12 (0.69 — 1.82)
1.81 (0.97 — 3.39)
0.64 (0.36 — 1.12)

1.88 (0.51 — 6.89)
0.70 (0.38 — 1.29)

1.18 (0.73 — 1.91)
1.34 (0.84 — 2.16)
1.73 (0.87 — 3.46)
0.65 (0.37 — 1.14)

1.31 (0.92 - 1.87)
1.18 (0.88 — 1.59)
1.31(0.98 — 1.75)

1.35 (0.93 — 1.95)
0.92 (0.36 — 2.36)
0.96 (0.74 — 1.29)
0.86 (0.63 — 1.16)

1.39 (0.97 — 1.99)
0.66 (0.25 — 1.73)
1.07 (0.78 — 1.46)
0.80 (0.60 — 1.07)

1.30 (0.97 - 1.73)
0.85 (0.62 — 1.18)
1.05 (0.66 — 1.68)
0.81 (0.57 — 1.13)

0.66 (0.24 — 1.81)
0.93 (0.35 — 2.50)
1.44 (0.99 — 2.09)
0.87 (0.05 — 14.93)
1.06 (0.76 — 1.47)
0.90 (0.65 — 1.25)
1.08 (0.64 — 1.82)
0.81 (0.57 — 1.14)

* Significant at p<0.05

8.5.2. Size at birth and morbidity in the fortnight befdolow-up

Mothers were asked about illness in the 14 daysredbllow-up. No association was seen

between size at birth and diarrhoea, cough oradiffy in breathing. The exception was

disproportionate NBW (NBW-LPI), normal birth weigAGA (NBW-AGA) and

disproportionate AGA (LPI-AGA). They have signifrdareduced risk. Table 8.12 gives the

impression that LBW might have been associated aitincreased likelihood of fever in the

last fortnight, since the association appearsdarran several categorisations.
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Table 8.12. Summary of associations between size at
before follow-up at 2.5 years of age

birth and ilinesses in last 14 days

Adjusted models

Fever

OR (95% CI)

Diarrhoea
OR (95% ClI)

Cough
OR (95% CI)

Difficult breathing
OR (95% ClI)

LBW 1.57 (1.09 — 2.25)* 1.05 (0.64 — 1.73) 1.43 (0.99 — 2.05) 1.29 (0.68 — 2.46)
LPI 0.88 (0.65 — 1.20) 0.82 (0.54 — 1.24) 0.83 (0.61 — 1.13) 0.97 (0.56 — 1.66)
SGA 1.10 (0.61 — 2.00) 0.94 (0.69 — 1.29) 1.23 (0.79 — 1.93) 1.31(0.98 — 1.75)

2 index combination

LBW-LPI 1.46 (1.01 — 2.12)* 1.00 (0.60 — 1.68) 1.34 (0.92 — 1.94) 1.38 (0.71 — 2.65)
LBW-API 1.62 (0.62 — 4.19) 1.07 (0.29 — 3.93) 1.55 (0.60 — 3.99) -

NBW-LPI 0.71 (0.53 — 0.95)* 0.72 (0.54 - 0.96)*  0.81(0.48 — 1.35) 0.84 (0.56 — 1.25)
NBW-API 1.09 (0.79 — 1.49) 1.16 (0.85 — 1.59 1.22 (0.80 — 1.86) 1.13 (0.66 — 1.96)
LBW-SGA 1.73 (1.20 — 2.49)* 1.12 (0.68 — 1.85) 1.43 (0.99 — 2.06) 1.36 (0.72 — 2.58)
LBW-AGA 0.51 (0.18 — 1.44) 1.02 (0.39 — 2.66) 0.61 (0.07 —5.18) 0.56 (0.12 — 2.70)
NBW-SGA 1.10 (0.80 — 1.52) 1.00 (0.72 — 1.39) 1.62 (0.93 — 2.82) 1.12 (0.72 - 1.74)
NBW-AGA 0.69 (0.51 — 0.92)* 0.88 (0.59 — 1.33) 0.80 (0.59 — 1.07) 0.54 (0.31 — 0.94)*
LPI-SGA 1.37 (1.02 — 1.84)* 1.05 (0.70 — 1.57) 1.11 (0.83 — 1.50) 1.46 (0.87 — 2.46)
LPI-AGA 0.57 (0.40 — 0.81) 0.54 (0.27 — 1.06) 0.71 (0.50 — 1.00)*  0.71 (0.43 — 1.18)
API-SGA 1.31(0.81 — 2.11) 1.25 (0.67 — 2.32) 1.31(0.81 — 2.11) 1.49 (0.71 - 3.15)
API-AGA 1.01 (0.71 — 1.44) 1.16 (0.72 — 1.86) 1.09 (0.77 — 1.55) 0.80 (0.41 — 1.57)

3 index combination

LBW-LPI-AGA 0.44 (0.15 — 1.34) 0.67 (0.14 — 3.27) 1.25 (0.46 — 3.38) 0.63 (0.07 — 5.43)
LBW-API-SGA 1.59 (0.58 — 4.31) 1.98 (0.73 — 5.37) 1.26 (0.34 — 4.70)

LBW-LPI-SGA 1.66 (1.14 — 2.42)* 1.05 (0.62 — 1.77) 1.31 (0.90 — 1.93) 1.43 (0.74 — 2.76)
LBW-API-AGA 1.94 (0.12 - 32.87) - - -

NBW-LPI-SGA 1.02 (0.73 — 1.43) 1.03 (0.65 — 1.62) 0.94 (0.67 — 1.32) 1.23 (0.70 — 2.18)
NBW-LPI-AGA 0.61 (0.43 — 0.88)* 0.72 (0.43 — 1.20) 0.68 (0.48 — 0.96) 0.54 (0.27 — 1.08)
NBW-API-SGA 1.23 (0.73 — 2.10) 1.24 (0.62 — 2.48) 1.16 (0.68 — 1.98) 1.92 (0.89 — 4.16)
NBW-API-AGA 1(0.70 — 1.42) 1.11 (0.78 — 1.58) 1.18 (0.73 — 1.90) 0.81 (0.41 — 1.58)

* Significant at p<0.05

8.6. Size at birth and malnutrition

Table 8.13 shows the associations of differentsifigations of size at birth with malnutrition

at 2.5 years of age. The prevalence of malnutritias high. 538 children (58.8%) were stunted

(chronic malnutrition), 55 (6%) were wasted (aautdnutrition) and 344 (37.6%) were

underweight (stunted, wasted or both).
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Table 8.13. Summary of associations between size at

of age

birth and malnutrition at 2.5 years

All confounders

Stunting

OR (95% CI)

Wasting
OR (95% CI)

Underweight
OR (95% CI)

Single index

LBW 3.40 (2.19 — 5.30)* 2.93 (1.53 — 5.59)* 3.69 (2.47 — 5.50)*
SGA 2.42 (1.75 — 3.36)* 1.56 (0.83 — 2.92) 3.05 (2.18 — 4.27)*
LPI 1.05 (0.76 — 1.45) 2.16 (1.05 — 4.44)* 1.30 (0.94 — 1.82)

2 index

combination

LBW-LPI 2.95 (1.89 — 4.63)* 2.63 (1.37 - 5.07)* 3.15 (2.09 — 4.75)*
LBW-API 5.29 (1.11 — 25.34)* 2.10 (0.54 - 8.17) 5.72 (1.70 — 19.21)*
NBW-LPI 0.59 (0.43 - 0.80)* 0.91 (0.50 — 1.65) 0.64 (0.47 — 0.88)*
NBW-API 0.85(0.61 - 1.18) 0.35 (0.15-10.79) 0.64 (0.45 - 0.90)
LBW-SGA 3.01(1.92 - 4.70)* 2.63 (1.39 - 4.97)* 4.08 (2.71 - 6.15)*
LBW-AGA 3.28 (0.85 - 12.69) 2.18 (0.49 -9.72) 0.65 (0.23 - 1.81)
NBW-SGA 1.31 (0.93- 1.85) 0.65 (0.32 - 1.28) 1.20 (0.85 - 1.69)
NBW-AGA 0.39 (0.28 — 0.54) 0.57 (0.30 — 1.08) 0.35 (0.25 - 0.49)
LPI-SGA 1.92 (1.39 — 2.66)* 1.99 (1.10 - 3.61)* 2.13 (1.54 — 2.93)*
LPI-AGA 0.47 (0.33 - 0.67) 0.89 (0.44 - 1.79) 0.49 (0.34 - 0.72)
API-SGA 1.85 (1.05 — 3.24)* 0.41 (0.12 — 1.40) 2.27 (1.34 — 3.82)*
API-AGA 0.72 (0.50 - 1.03) 0.58 (0.25-1.34) 0.45 (0.30 — 0.68)
3index

combination

LBW-LPI-AGA 5.17 (1.06 — 25.16)* 1.25(0.23-6.73) 0.63 (0.21 - 1.85)
LBW-API-SGA 11.26 (1.35 - 93.71)* 1.47 (0.30-7.11) 7.82 (1.99 - 30.74)*
LBW-LPI-SGA 2.58 (1.64 — 4.07)* 2.56 (1.34 — 4.90)* 3.59 (2.35 - 5.48)*
LBW-API-AGA 0.36 (0.02 — 6.14) 10.27 (0.49 — 215.12) 0.92 (0.05 — 15.99)*
NBW-LPI-AGA 0.42 (0.29 — 0.60)* 0.81 (0.39 — 1.69) 0.53 (0.36 — 0.78)*
NBW-API-SGA 1.40 (0.77 — 2.56) 0.17 (0.02 — 1.25) 1.65 (0.92 — 2.95)
NBW-LPI-SGA 1.22 (0.85 — 1.75) 0.99 (0.50 — 1.96) 1.00 (0.70 — 1.44)
NBW-API-AGA 0.73(0.51-1.05) 0.49 (0.20-1.19) 0.45 (0.30 — 0.68)

* Significant

8.6.1. One anthropometric index as a predictor of malridn

There was a significantly increased odds of maitioiramong children who were born with
LBW. The odds was highest for underweight (OR JIaljpwed by stunting (3.40) and wasting
(2.93) at 2.5 years of age. Low Pl in newborn itdaby itself had no significant association
with stunting or underweight in children. Howeviery Pl was associated with wasting (OR
2.2). SGA infants had increased odds of being stuahd underweight in childhood. The odds
was 3-fold for underweight (OR 3.05) and 2-fold $tunting (2.42). Children who were born

SGA were not more at risk for wasting.

8.6.2. Two anthropometric indices as a predictor of malitian

The greatest risk of subsequent malnutrition wazhitdren born LBW. Proportionate LBW
infants had a five-fold increased odds of stuniing underweight at 2.5 years of age.

Disproportionate LBW carried significant risks afisting, wasting and underweight during

171



childhood, although the odds ratios were in théoregf 2. LBW infants born SGA were more
likely to be malnourished in all three categorie2.a& years of age. There was not much effect
of combining PI with weight-for-gestational-age: S@®fants were more likely to be
malnourished at 2.5 years of age, and this assatiatas not modified much by

proportionality for stunting and underweight.

8.6.3. Three anthropometric indices as a predictor of mé#iition

The most striking risk groups were the combinatbhBW with SGA (LBW-API-SGA or
LBW-LPI-SGA), which was significantly associatedthwstunting and underweight at 2.5 years
of age. Proportionality did not seem to play a majart in the risk. LBW with AGA and low PI

showed increased risk for stunting (LBW-LPI-AGA).

The sensitivity, specificity and positive predigivalue of different categories of size at birth
in predicting the outcomes is given in Table 8I14hows the results only for those categories

which had a significant association with mortaityd malnutrition.
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Table 8.14. Sensitivity, specificity and positive p  redictive value for a range of possible
risk groups and outcomes

Sensitivity Specificity Positive predictive

Risk + Risk + Risk - Risk — (%) (%) value

Outcome + Outcome - Outcome + Outcome - (%)
Neonatal mortality
LBW 12 219 11 806 52.2 78.6 5.2
LBW-LPI 10 191 13 819 43.5 81.1 5.0
LBW-AGA 3 27 20 994 13.0 97.4 10.0
LBW-LPI-AGA 3 24 20 986 13.0 97.6 11.1
Mortality under 2.5y
LBW 19 212 18 799 51.4 79.0 8.2
LBW-LPI 14 187 22 810 38.9 81.2 7.0
LBW-API 4 21 32 976 111 97.9 16.0
LBW-SGA 16 185 21 822 43.2 81.6 8.0
LBW-API-SGA 4 19 32 978 111 98.1 17.4
Stunting
LBW 151 43 387 334 28.1 88.6 77.8
SGA 321 147 216 228 59.8 60.8 68.6
LBW-LPI 132 40 401 331 24.8 89.2 76.7
LBW-API 17 3 516 368 3.2 99.2 85.0
LBW-SGA 133 38 404 337 24.8 89.9 77.8
LPI-SGA 258 119 274 250 48.5 67.8 68.4
API-SGA 61 27 471 342 11.5 92.7 69.3
LBW-LPI-SGA 115 36 418 335 21.6 90.3 76.2
LBW-API-SGA 16 2 517 369 3.0 99.5 88.9
LBW-LPI-AGA 17 4 516 367 3.2 98.9 81.0
Wasting
LBW 23 171 32 689 41.8 80.1 11.9
LPI 44 572 11 277 80.0 32.6 7.1
LBW-LPI 20 152 35 697 36.4 82.1 11.6
LBW-SGA 20 151 34 707 37.0 82.4 11.7
LPI-SGA 31 346 23 501 57.4 59.1 8.2
LBW-LPI-SGA 18 133 37 716 32.7 84.3 11.9
Underweight
LBW 118 76 226 495 34.3 86.7 60.8
SGA 227 241 115 329 66.4 57.7 48.5
LBW-LPI 102 70 240 492 29.8 87.5 59.3
LBW-API 15 5 327 557 4.4 99.1 75.0
LBW-SGA 109 62 34 707 76.2 91.9 63.7
LPI-SGA 179 198 161 363 52.6 64.7 47.5
API-SGA 47 41 293 520 13.8 92.7 53.4
LBW-LPI-SGA 94 57 248 505 275 89.9 62.3
LBW-API-SGA 14 4 328 558 4.1 99.3 77.8
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Chapter 9. Discussion

9.1. Key findings

Examination of size at birth showed that there avaggh prevalence of LBW (25%), SGA
(55%) and LPI (70%) in the infants of women fromablsha and Mahottari districts involved

in the trial. Low Pl was particularly common.

As expected, none of the prediction models for aizsirth was particularly strong. The most
common predictors of size at birth were gestaticiaition, infant sex, maternal pre-
pregnancy weight, gestational weight gain, andtpafl and low Pl were the least explained

by potential risk factors.

LBW and LBW-LPI were associated with neonatal, intfand young child mortality and
indicators of malnutrition. LBW had higher oddsioatthan LBW-LPI. LBW-SGA was the

category with highest sensitivity and specificityapredictor across the board.

9.2. General limitations

As mentioned earlier, the study was based on artohpregnant women enrolled in a trial of
antenatal multiple micronutrient supplementatiohe Tntervention group showed effects on
size at birth that could have made the overallifigs unrepresentative of the population. We
tried to reduce bias by using only the control gréor quantification of the size at birth and
prevalence, whereas we adjusted for the supplet@mia risk factor and outcome analysis.

However, the effects of multiple micronutrientssire at birth cannot be ruled out completely.

The sample size was calculated to evaluate thie Wwigight difference for the multiple
micronutrient supplementation trial. We did not @avdependent sample size estimation for
other birth size indicators. The sample size wight} reduced for subsequent analysis

because of some missing measurements.
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Although participants came from both rural and arheeas in two districts, the core activities

of the study were hospital-based and, althougffitickngs are likely to be generalizable, we
cannot be sure of this. National figures suggest26% of pregnant women do not make
antenatal care visits (NDHS 2008j Conversely, though hospital-based, the study did n
exactly reflect the obstetric case-mix of the htadiecause many pregnant women came to the
hospital specifically to be enrolled in the studiiis was because the study provided free
antenatal care and ultrasound evaluation, whicha#d a wide range of women from better-

off to poor, ‘higher’ ethnic groups to untouchablasd students to business families.

Another potential limitation could be measuremeantre Although we trained, randomly
visited and checked the measurement technique,umeaent error cannot be ruled out
completely, especially for the measurement of atgirth because of involvement of a number

of observers for hospital and home delivery cases.

Other factors that might limit the generalisabilitiythe findings were the characteristics of the
study population. In general, the area is inhaliygdaithili ethnic groups and some other
groups who have migrated from other regions of Néfze relative proportions of ethnic
groups were not ‘representative’ of Nepal, althoitgk hard to see how this could be possible
without a national sample. The national figureZ0606 reported female education in the
reproductive age group (15-49 years) as 29% favrssary schooling or higher. The nutrition
statuses documented were: a mean BMI of 20.6 Kgimprevalence of low BMI of 24%, and
an anemia level (<110g/L) of 36%. The prevalenceBW was 14.3%. Comparison with this
study gives the impression that our sample corsisteelatively privileged groups with more
schooling (44%). It was felt that this was a resfithe case-mix of urban and rural women
with easy access to health facilities, and a madraoor population, rather than extremely
poor or wealthy groups. However, women in the studre more likely to be thin (mean BMI

19.79 Kg/m) and anaemic (35%), and more likely to give biat.BW infants.
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9.3. Limitations of the individual studies

9.3.1. Characteristics of mothers and infants, includimgesat birth

Most of the limitations of this part of the studlifunder the general heading. The other
limitations were sample size and the cut-offs usedefine abnormal size. The sample
available for describing size at birth was limit¥de omitted newborns born to mothers who
had taken multiple micronutrient supplements tadpossible contamination of the data.
Another drawback was the lack of a gold standatebffypoint to assess the proportionality of
infants based on PI. Different studies have usdrdnt cut-offs to define proportionality in
the newborn infant. We used a cut-off of 2.5 g/toncategorize infants into proportionate and

disproportionate group$?* This makes comparison with other studies diffiGulsome cases.

Similarly, another weakness of the methodology thasuse of British reference standards to
define SGA due to lack of a reference standardifieNepalese population. SGA was defined
as birth weight below the Tpercentile of the British population (British redace

LMSgrowth programme; T Cole, personal communicatidve used a cut-off of <-1.28 z
scores, which is equivalent to <"lpercentile. A further limitation was the classifiion of

SGA rather than IUGR, because of lack of diagnastgnatally through continuous monitoring
of growth trajectory. Although we did track somegmancies with serial ultrasound,
continuous monitoring of intrauterine growth wag feasible in the study setting. Individual
identification, clinical case management and prégerof complications do not tend to be a
priority in this populatiorf°? Bakketeig’s approach is to identify each and egowth

retarded infant in a clinical setting, but this bggin high-income countries. Finally, we were
unable to investigate low BMI in newborns, becawsecould not find studies that have used

low BMI to define abnormal size at birth.

9.3.2. Predictors of size at birth

The variables used to build the models includedidmmnted potential risk factors in low-

income countries. This may mean that relevant segafound to be risk factors in developed
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countries were omitted. However, these would ngehzeen significant in our population. For
example, health insurance is rare in Nepal. Psypdlicdl stress and hard work during
pregnancy might have an influence, but were notsoneal. Regarding the investigation of an
independent relationship with the outcome, one traghue that our failure to adjust for
maternal smoking was problematic, since maternaksarg has been shown to have an
independent effect on fetal growth and infant miytd > No participants reported smoking,

but we have the impression that this was not tke.ca

We used an ethnic group classification that wad lseally rather than nationally. The locally
prevalent ethnic groups were based on Hinduisni Bitthmins highest and Sudras lowest.
The NDHS survey used a broad classification andvmst of the ethnic groups in the region
under two categories: Yadav and other Terai oridihis would have been simpler, but we feel

that it might not have much real meaning.

The obstetric history obtained from mothers wastas maternal recall, which might not be
accurate. Reports of miscarriages could be unielidibe to the prevalent practice of female
feticide?* Mothers’ recall of giving birth to a small infamias used as a surrogate for previous

infants with LBW.

Generally, gestational age is determined basedtnaf last menstrual period (LMP).
Estimation of gestational age by ultrasound doesgeftect the usual practice in the general
population. Analysis of the difference in the megastational age by LMP and ultrasound
showed underestimation of gestational age by O&éka/in LMP-based gestational age (16.30
versus 15.87), which is equivalent to less thandaye However, 29% of the mothers could not
recall the date of their LMP. Accurate estimaticasvespecially important to quantify the

proportion of SGA and to classify size at birth ¢mstational age.

Another limitation might be our description of sseconomic status. This is difficult in a

context where more than one family member’s incemgces (farming and off-farming
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income like small business and labour) are involed the government tax system is not
properly established. The indicators collected wexecomprehensive because they failed to
quantify the total household wealth and cash incantkexpenditure. The asset score that we
used for the study was rough, and we have alreauhyqul out that the inclusion of a television
in the top group was probably unwise. Socioeconatatus score was based on principal
components methods used by the World Bank, whield osly the first component as an

indicator.

9.3.3. Associations of size at birth with mortality, matity and malnutrition in childhood

The age of children at follow-up ranged from 1.@8ns to 3.85 years. There were a number of
reasons for this: follow-up was started late dutitaling pressures; duration of follow up was
limited for the same reason and follow-up was déxtdy the age of children and necessity of

covering flood-prone areas ahead of the monsomosea

A question of particular interest is whether thépoits investigated were comparable to
international norms. We considered all outcomeaséncontext of international acceptability,
except for child mortality. The norm is to reportder-five child mortality rates, but the study
reported for children under about 2.5 years of dtés was an unavoidable result of the

follow-up timing.

The morbidity data were entirely dependent on nmatleneporting of illnesses. We failed to
compare the maternal reports with physician repditte bias in the result depends on the time
span that had elapsed between recall and illnessedBon this, morbidity data for the first year
of life was probably less reliable than that afiéés in the last 14 days before the interview. We
did collect information on physicians’ prescriptsofor recent morbidity if available, but we
could not rely on them because of haphazard useedicines (including antibiotics) for the
illness. The major limitation of morbidity datatime first year of life was that it was based on

retrospective maternal interviews at 2-3 yearsgef &he possibility of misdiagnosis was high.
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Firstly, data were collected using closed-questi@esondly, the illnesses were not properly
defined. No rigorous attempts were made to difféatem between upper and lower respiratory
tract infections or severity of illness. Lower riapory tract infections are usually of a more
serious nature than upper respiratory tract inéesti Cough and fever due to the common cold
is common in children and estimates are up to Bki€sses per year. No attempts were made
to exclude other causes like allergies. Althoughmyms were recalled better for the last 14
days, collection of only specific symptoms of ilisemade it difficult to diagnose cases with
certainty. Physician’s prescription was not utiifer the diagnosis for the reasons mentioned
above. For these reasons, we find the models waitiaity outcomes unconvincing. There
were some possible associations, but they could aegen from a ‘fishing expedition’, as a
many associations were tested. We do not make wiutie morbidity findings in either the

results or discussion chapters.

We compared our cohort with international WHO referes for describing child malnutrition
using z-scores (standard deviation scores). Hgwogpiate the international reference was to

the study setting is a matter for investigation.

9.4. Strengths

The study was based in a population where smalatibirth is a public health problem. The
major strength of the study was its use of prospectata. National birth data are based on the
DHS'®2 which uses maternal reports of small size ahbBtanc and colleagues reported
pitfalls in DHS data such as digit preference dradibfluence of cultural preferences on

maternal reporting of size at biftfy.

| am not aware of any prospective studies in Némt have followed up pregnancies from
early gestation to delivery, and have then followedhildren. The study was novel in
investigating anthropometric indices at birth -BiI and SGA - and in examining newborn
classification using combined anthropometric patanseand indices. We have found only two

studies which have reported similar indices (Pall @ind manandhar et &%:*°’ To our
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knowledge, this is the first time that the prevakenf SGA has been derived using reliable
estimates of gestational age. Furthermore, thatieterate of the participants was high (94%).

The sample available for follow-up of children v@&3 out of 1200.

The study used ultrasound based gestational aigeadéss. This is more appropriate than LMP
in this context for the following reasons. Firgcall of LMP was confusing because it was
based on recall of important events like festiaald full moon days. Second, since the study
was aimed at size at birth, it was important touls@sound-based gestational age for
consistency across the study participants andef@tility. Since it was performed by a single
observer except for nine cases, this reduced thsilfe inter-observer error. Another clear
advantage was that it allowed the quantificatio®GfA and the accurate assessment of term

LBW.

Data on birth anthropometry were available withtnhours of birth. This timing of evaluation

of size at birth is internationally accepted. Araatktrength of the study was that
anthropometric measurements were made by trainsehadrs using accurate scales: electronic
weighing scales accurate to 10 g, rollameters ateto 1 mm and measuring tapes accurate to
1 mm. One of the major strengths of the outcomeysisithe use of the median of three
anthropometric measurements. The observers wénedran child and maternal anthropometry
at follow-up. A pilot study was conducted to trdie field workers, to assess the inter-observer
and intra-observer variability among eligible olvees, and for practice. We employed only

two observers for measurements to reduce intraredssand inter-observer variation, and two
for interviews? Morbidity data were collected by ANMs and CMAsrfrahe local community,
who had been trained in IMCI. We believe that thag a better understanding of local
communities, health perceptions and medical knogdetlVe did not offer free medical

treatment which could have prevented mothers freen-ceporting illnesses.
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The prediction study was able to take account aftrnbthe well-known determinants of size at
birth applicable to Nepal. Apart from gestationgé amaternal characteristics used were readily

available and measurable at the time of bookirntgeénantenatal clinic.

9.5. Characteristics of mothers and infants, including &e at birth

The purpose of this part of the study was to irigagt the distribution of normal and abnormal
size at birth in a southern Nepalese populationtaraluate the implications of using
different classifications to define size at birflie special interest lay in what birth weight
really means in the prevention of morbidity and talitty, and in its implications for adult
health. The sample of women involved in the studynty constituted middle-income,
multigravid Maithili women in their twenties wittome education. Substantial percentages of
women were undernourished with low BMI at enrolmamtl anaemia (28% and 35%
respectively). For the derivation of mean birthrmopometric parameters for this population,
the analysis was restricted to healthy mothers wi@ on government recommended iron and
folic acid supplements. Conditions which were hkid affect fetal growth were excluded at
the time of enrolment. The data were therefordyfagpresentative of healthy mothers in this

population.

9.5.1. General findings

As expected, the size of infants at birth was siem@thpared to infants in high-income
countries’® |t is striking to note that the mean Pl was lowtfee population, indicating that
most infants born in the area have disproportiobatyy size at birth. This probably means that
the majority suffer acute or sub-acute malnutrifiomitero. Table 9.1 provides a comparison of
studies that have reported results on birth sig&idution for Nepal. The evidence from these
studies confirms the smallness of infants at bBtlandard deviations were similar across all

studies.
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Table 9.1. Studies reporting the distribution of in fant size at birth in Nepal

Study Place N Sex Weight (kg) Length HC (cm) Pl (g/cm ) BMI (kg/m?)  Comment
(year) (cm)
Present Hospital 522 2.736 (0.414) 48.7 (2.47) 33.48 (1.47) 2.37 (0.33) 11.50 (1.46)  Strengths: scale accurate to 1g; anthropometry
study 2002 -  Janakpur measured within 72 h; abnormal conditions that affect
03 Prospective pregnancy not included; included term and preterm,
singleton; ultrasound based gestation
M 2.800 (0.419) 49.15(2.51) 33.77(1.44) 2.37(0.36) 11.62 (1.49)
F 2.672 (0.399) 48.40 (2.38) 33.18(1.45) 2.36(0.32) 11.37 (1.41)  Limitations: hospital based
P value 0.001 0.001 0.001 0.6 0.06
Christian et ~ Community 685 2.587 (0.445) 47.2 (2.32) 32.5(0.46) Strengths: Community based; included term and
al. 1998-01 Sarlahi preterm; scale accurate to 1g; anthropometry obtained
142 Prospective within 72 h; LMP checked against week of positive
pregnancy test
Limitations: inclusion of twins; all mothers (healthy,
unhealthy) included
UNICEF Hospital 3636 2.810 (0.4) Strengths: more diverse hospital population; scale
1998'%* Biratnagar, accurate to 10g; gestation by LMP; included term and
Pokhara, M 2.850 (0.47) preterm singletons
Nepalgunj, F 2.770 (0.44)
Kathmandu P value <0.05 Limitations: inclusion criteria not mentioned for mothers
Cross- and time of measurement
sectional
Manandhar Hospital 1499 2.800 (0.400) Strength: Live singleton healthy newborns; gestation by
et al. 1997 Kathmandu M 2.800 (0.200) Ballard method; healthy mothers; weighed within 24 h;
210 Cross- F 2.700 (0.100)
sectional P value 0.001 Limitations: Scale accurate to 100g; only term infants
Manandhar Hospital 578 2.690 (0.390) 47.2 (2.1) 32.6 (1.3) 2.5(0.29) 12 (1.3) Hypoglycemia study 1993-94
et al. 1993- Kathmandu M 2.710 (0.390) 47.5 (2.1) 32.8(1.4) 12 (1.3) Strengths: Live singleton healthy newborns; healthy
942%" and Cross- F 2.660 (0.390)  46.9 (2.0) 32.4(1.2) 12.1 (1.4) mothers; scale accurate to 10g; weighed within 24 h;
Pal 2000 2°®  sectional P value >0.05 0.001 0.001 > 0.05 gestation by Capurro method

Limitations: Only term infants

Data presented are mean (SD)
M: Male; F: Female, S: Significance, +: significant difference between male and female infant (p <0.05);
HC: Head circumference; PI: Ponderal index, BMI: Body mass index
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Out of five studies, only one study by Christianl @olleagues was based in the commufifty.
The others were from zonal, regional or urban haplocated in different parts of Nepal. As
expected, the community-based study showed lowanrbath size than the present study: 149
g lower for birth weight, 1.57 cm for birth lenggind 0.98 cm for head circumference. Given
the expense involved in hospital care, includimgsport expenditure, users of public hospitals
are not necessarily representative of the genegallption. The poorest and richest groups tend
to be less represented in hospital samples. Asadxdén our study, richer people prefer to use
the private sector over government hospitals, agt families tend to access less antenatal and

delivery care.

Comparison of maternal anthropometric parameteesiaiment showed that despite having a
similar mean height of 150.1 cm, mothers from tiuelg in Sarlahi were 2.23 kg lighter and
0.79 kg/mi lower in BMI than mothers in our stud’. This could be a truer representation of
the general population, and the lower mean bib Bi Sarlahi could be partly explained by
maternal nutritional status. On the other handntieéhodology used in Sarlahi for the selection
of participants was different from our study: twinsd all mothers were included, irrespective

of their health status. This may have brought doveian estimates of birth size.

The four studies that investigated birth size iggitals had a range of findings. The
methodologies used differed in terms of sample, simdusion and exclusion criteria and scales
used for measurement. Hence, they are not direottyparable. The figures from the urban
maternity hospital in 1999 had a mean birth wefghtmales similar to our study, but 28 g
lower for female$™ Mean birth weight was 64 g greater. The drawbdtke urban hospital
study is that birth weight was reported to one m@tiplace, making comparison difficult.
Moreover, exclusion of preterm births from the stoatade comparison difficult and

presumably inflated mean birth size.
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The 1993 maternity hospital data showed lower kite?*®?°’ The findings were derived from
an urban hospital population of healthy infantshwihcomplicated deliveries. The mean values
are of interest in that male infants were 90 gtiglthan in our study, and female infants 12 g
lighter. Overall mean birth weight was 46 gramsdowl he study did not show a significant
difference in mean birth weight between sexes. I8igi mean length and head circumference
at birth were lower than the current study: 1.5lewer for birth length and 0.8 cm lower for
head circumference. There were significant sexetbfices in length and head circumference,
as in our study, but the study demonstrated infiggmit sex difference, in contrast to our study.
The differences in the two populations are thatstudy sample was not purely hospital-based,
and that the Kathmandu statistics did not inclugggsm infants. The data are also a decade
old. Birth anthropometry for the same urban matgindspital with the same study design
showed higher birth size in 1997 than 1993. Howesamparison was made difficult by the
reporting of measurements to one decimal pladgs.pbssible that during the intervening four
years there had been an improvement in birth aptimetric status. This finding may reflect a
trend towards increasing birth weight over time tlugnprovement in nutrition and
intergenerational effects. In the larger multicergtudy*®* however, infants were larger despite
the fact that the data were collected five yearbezdhan ours. The methods were quite similar

to our study, but involved diverse hospital sample®ss the country.

None of the studies discussed above reported meamdept that of Pal and colleagu&Sor
BMI, except that of Manandhar and colleagtfé&oth of these studies reported data for a
tertiary hospital sample with a sample size simibaours, but without preterm infants. The
mean BMI was also lower in our study. All the stglreported similar smaller mean birth
lengths (47.2 cm) and head circumferences (32321 cm). Interestingly, the infants born in
our study were heavier, longer and had larger b@admferences. Possible reasons for this

include differences in methodology, the years ofigtand the inclusion criteria.

Overall, the existing studies had a number of weakas. They tended to exclude preterm

infants, and were therefore documenting birth aizerm; they tended to be drawn from
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hospital deliveries, and included women with illpes, they tended to measure birth size to the
nearest hundred grams, which causes problems wyieg to classify infants measured as 2.5

Kg as normal or LBW; and few studies reported Pdipe for gestational age.

We still lack representative studies that docuntiesfprevalence of LBW country-wide. Our
study reported a prevalence of LBW (25%) similaotioer Nepalese studié&¥.The estimate
reported by the DHS was 21% for 2001, but this kbased on maternal recall of rough infant
size!® The best existing estimate was probably 27%, bardtie multi-hospital study of
1998!% There is a similarity in the prevalence in spit¢he different methodologies used. The

prevalence is well above the cut-off for public ltieatervention (>15 %).

9.5.2. Specific findings

The high incidence of LBW in Nepal is mainly duentrauterine growth retardatiochAs
expected, the ratio of term to preterm LBW showwet thost of the infants born in this part of
the country were smaller due to intrauterine inanti not due to shorter gestational duration.
The UNICEF study also demonstrated similar largepprtions of term LBW contributing to

the total LBW incidencé®

Having mentioned that SGA was based on a Britidreace, the actual prevalence might be
lower than observed in our study. The study clas$5% of infants as SGA. Table 9.2
summarises previous breakdowns of birth dimensdmsg these lines. As observed previously
among Nepalese infants, the incidence of SGA wasiderably higher than in high-income
countries’** However, the previous calculation was based oiméntimethods and the
observations seem unrealistic. Evidence is thaintidence was relatively lower. We have
calculated the prevalence of SGA for the first timsouthern Nepal, with precise dating. As

documented, most infants suffered SGA at term.
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Table 9.2. Studies describing abnormal birth sizes in Nepal

Study (year) Birth anthropometry Site Mean (SD) [n]

de Onis (1988) “* LBW Rural 14.3 %
LBW Urban 22.3%
IUGR-LBW Rural 11.8 %
IUGR-LBW Urban 18.2 %

Pal 2000 *°° LBW Urban 32 % [577]

The fact that so many infants had low Pl meritsendtiscussion. The pattern of compromised
growth was seen in most infants, including thosearmal birth weight and appropriate for
gestational age. It is difficult to interpret thésge discrepancy between Pl and birth weight
and weight-for-gestational-age. There are four ipdgges.. First, this is perhaps just the use of
the wrong index for defining size at birth. Secoihdpuld be due to selection of an arbitrary
cut-off point. It is possible that the cut-off stdie set higher for this population. To my
knowledge, there is no standard cut-off availabldefine low Pl. The only reason for our
choice was that it has been used in India, a cpwirmilar to ours® and that the cut-off used in
other countries is not that different. For instariderris used a cut-off of <2.6 g/Crfor a
population in Brazif* Third, the observation may be just a fluke an@inect. In my opinion,
this is unlikely because the anthropometric measargs are the main outcome of our study,
and were carried out within 72 hours of birth afigorous training with constant checking
throughout the study using accurate scales. Findiyestimation may be a true picture of
newborn size. | believe that this is the most {ik@bssibility because of the quality of the
study. It is quite possible that most Nepalesenitsfare disproportionate as a result of some

growth restriction.

9.5.3. Wider implications

What is the likely implication if most Nepaleseants are disproportionate? If most infants are
born after suffering fetal under-nutrition, the idip increasing epidemic of diabetes and

coronary heart disease in developing countries ntigtpartially accounted for. The fetal
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origins hypothesis states that disproportionata fgtiowth programmes later adult onset
disease&?*?Low Pl alone has been demonstrated to have apémdient association with
adult coronary heart dised5¥** diabete* and microalbuminuria, in turn related to insulin
resistance and cardiovascular disé&s# our hypothesis is correct, the previously
undiagnosed wasting in newborns would be a timelbsah to explode in the near future.
Furthermore, a positive association with later ridit has also been describ&d’ These
ideas raise questions regarding the use of Pldpitals as a standard practice and regarding

what can be done towards minimizing the risk ofledisease.

Different methods of classifying newborn infantséd on anthropometry might allow us to
develop a new classification. Small (LBW) infante at substantial risk of morbidity and
mortality whether due to preterm or to intrautergmewth retardation (represented by SGA).
Studies have shown that sub-categories of birthrsiay be associated with mortality,
morbidity and size in later life. For example, digportionate SGA infants are more at risk of

mortality than AGA infants compared to proporticn®GA infants?’

Most LBW infants in our study were SGA. This isiarportant public health problem. The
prevalence of LBW was as high as 25% and of SGhigisas 55%. If so many infants are
judged to be at risk on the basis of simple clasibn, it might be useful to sub-classify
infants to focus on particular groups at greatiskt IWasted SGA infants constituted nearly
80% of total SGA. Cuttini reported a considerableréase in neonatal deaths among stunted
SGA infants compared with wasted SGA infatfiisut disproportionate SGA infants have been
shown to have more early postnatal morbidity thapertionate SGA infant¥*"*°Our

results support the previous findings of low meathhweight in wasted infants®

There is a tendency to underestimate the propodfiégmfants at risk when a single method is
used. Only one fifth of infants were normal in teraf weight, Pl and weight-for-gestational-
age. It is noteworthy that a considerable proportibSGA infants had normal weight at birth

(>= 2500 g), and that a substantial proportion BY\Linfants suffered SGA, the majority of
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them being wasted. The importance of this findmgtithe clinical level where the use of
growth charts and serial ultrasound scans for tiatemtrauterine growth retardation is not the
usual practice, and where weight at birth is thig ordicator available. For instance, the most
popular category in use in developing countridsH%V. Table 9.3 demonstrates how other
abnormal categories are hidden in this single apttmetric category. Only 27% of NBW

infants have normal Pl and weight adequate for thestational age

Table 9.3 Subcategories of LBW and NBW

LBW (%) NBW (%)
SGA-LPI 76 35
SGA-API 10 11
AGA-LPI 12 29
AGA-API 2 27

In summary, we found levels of LBW similar to thakescribed in previous studies, but added
to this a clear understanding that many more isfamre small for their gestational ages, and
still more were disproportionate. These findingsehanplications for both early survival and

long term health.

9.6. Predictors of size at birth

The purpose of this study was to deepen existimgladge of factors associated with size at
birth and to provide information on how well thet@atial risk factors found in previous studies
explain size at birth. The hypothesis was that kmogk factors for LBW could be used to
predict size at birth in other dimensions. As namdid earlier in the thesis, although this
hypothesis was reasonable, | had a second reasasking the question. There have been
many risk factor studies, but | was not convindeat they could be translated into actual
practice in low-income countries. Not many of ttek factors seemed modifiable and, because
small size at birth is so common, | wondered iheetul analysis could argue that we have
reached the limit of usefulness. Of particular i@t was the question ‘do we need more risk

factor studies?’
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9.6.1. General findings

In this cohort of healthy mothers, we found thad\wn risk factors did not seem to explain size
at birth outcomes convincingly. The hypothesis teagsed through a prospective cohort with
normal pregnancy outcomes (live, singleton newliafants with no gross congenital
anomalies). The cohort of mothers was of low-todtédncome, in their twenties and mostly in
their second pregnancies. They had low mean BMIrenchronic illnesses. The study was
conducted in a semi-rural setting in Nepal withighlprevalence of LBW, low PI, SGA and
malnutrition in children, as illustrated in the peeling chapter. In short, the situation was a
good one for addressing the question. Table 9.4rarimes the findings of all of the analyses

in schematic form.

189



Table 9.4. Summary of significant associations of s

ize at birth in the study

Birth Ethnicity Education Rural SES Poor Maternal  Parity Maternal Maternal Weight Maternal Supplement  Gestation  Infant
Size or obstetric age height weight gain illness at birth sex
urban history

Y + + + b + + + + + + + + + + + + + + +
miscarriage

LBW + + + + + + + + + + + + + + +

SGA + + + + + + + + + + + + NA
miscarriage

L + ¥ ++ + I + + + + + + + SBP + + + +
death Tt DBP

BMI + + + + + + + + + + + + + + + +

Pl I + ++ ++ ++

LPI + + + + + +

HC + + + + + + ++ + + + +

W: weight; L: length; LBW: Low birth weight; SGA: Small for gestational age; BMI: Body mass index; Pl: Ponderal index; LPI: Low ponderal index; SES: socioeconomic
status; Poor obstetric history: prior history of stillbirth, LBW or dead child; NA: Not applicable- small for gestational age is sex and gestation specific.
+ significant in univariable analysis ++ significant in univariable and multivariable analysis ¥ almost significant in univariable analysis but not significant in multiivariable
analysis
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9.6.2. Specific findings

Table 9.5 is presented again here, since it surapmathe same findings as Table 7.18 but in a

different way.

Table 9.5. Main risk factors identified in the analyses

Variable Predicts to some degree in multivariable analyses

Gestation (wks) Birth weight, LBW, length, BMI, PI, head circumference

Maternal weight at enrolment (kg)  Birth weight, LBW, SGA, length, BMI

Maternal height (cm) Birth weight, length

Maternal weight gain (kg) Birth weight, LBW, SGA, length, BMI, PI, LPI, head circumference
Parity Birth weight, LBW, SGA, BMI, PI, LPI

Infant sex Birth weight, LBW, length, BMI, head circumference

Supplement Birth weight, LBW, SGA, BMI

Education Birth weight

Evaluation of associations with 21 potential deieants of size at birth showed that only a
few had an independent and significant associd@ti@ur sample (see Table 9.4). Maternal
characteristics that had no significant influennevarious dimensions of size at birth included
rural/urban residence, antenatal general illnedsbésod haemoglobin level. When these
potential factors were forced into the regressimme of them demonstrated any effect in the
final model. There was no effect of maternal restdeon birth size parameters in this
population univariably or multivariably. This goagainst the general perception that the urban
population are a more economically stable, moreathged group and are more likely to give
birth to bigger infants. None of the birth sizeigators had any association with maternal
general illness except for birth length. Systolid @iastolic blood pressure showed a
univariable association but showed no independsstdaation. Surprisingly, blood
haemoglobin status of women at enrolment showeassociation. The lack of effect of
maternal illness, blood pressure and blood haerhoglevel on size at birth is difficult to
interpret. Compromise in blood pressure or haentwglivel during pregnancy could affect
the supply of nutrients and oxygen to the fetuse fct that maternal eclampsia also had no

significant effect could be explained by the lirditeample size.
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Despite significant univariable association, soigk fiactors lost significance in the multiple
regression analysis. These were categorized asdhdweiubtful association, and included
maternal socioeconomic status, age, educationettashistory and ethnicity. It is interesting

to note that maternal socioeconomic status appéeareave no effect on size at birth in our
sample. It showed significant univariable assootatvith almost all birth size indicators except
for weight and LBW, but no independent associatior.length and P, the univariable
association was almost significant. Similarly, ss@ciation was observed between
socioeconomic status and maternal nutritional statlothers residing in urban areas were
better off than those from rural areas. The socdinemic status of the urban population is
boosted by the availability of non-agricultural ol o our surprise, despite mothers from
Janakpur municipality having significantly highecgeconomic status, maternal nutritional
status (anthropometry and hemoglobin level) renththe same. The only reason for this (and
here | speculate) is the possibility that women $iadlar dietary patterns driven by culture and
religion. Perhaps fasting, the hierarchy of focgtritbution in the family, and readily available

and affordable foods are driven more by culture thya socioeconomic status.

With the exception of low PI, maternal age showeiariable associations with all parameters
of size at birth, but the significance was not aingtd when other risk factors were adjusted for.
This suggests that maternal age does not havelapeéndent effect on size at birth. It is
consistent with the findings of the systematic eewby Krame#: high quality studies based on
criteria set out by the author showed no effecigsf on size at birtff®#?*(except one by
Yudkin®®). Teenage pregnancy has been linked with sizetht but our study did not support
this argument. It is possible that maternal agecadfsize at birth by affecting maternal height.
There was no significant difference in maternaghe{<150 cm versus >150.1cm) between
teenage and older mothers (<19 years ver2B years). There were also few mothers of
extreme ages at either end of the distributiorretineere no participants with age >35 years and
only 38 (0.9 %) with age <16 years. It is intenegtihat extreme teens (<16 years) were taller

than older mothers (>16years) (151.58 versus 18tB7Two possible explanations could be
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that maturity occurs earlier in this sample of exte teenagers, or that teenagers are becoming
taller than older women due to a reduction in $tntSince height has a positive effect on
birth weight, teenage mothers may end up moreyitebive birth to heavier and longer

infants. It is possible that the next generatioly imave less LBW problems.

An issue that might have affected the findingha information on past obstetric history was
based on maternal self-report. This may be subpecall bias. Furthermore, it is likely that
reports of previous miscarriages were under-reptegdadue to preference for male over female
children. Deep interrogation on this subject watsattempted, especially for previous history
of stillbirth, miscarriage and total number of chileaths. Similar findings were observed for
maternal education level. It had no significantvaniable association with all birth outcomes
except for birth weight, LBW and head circumferentiee effect became insignificant in all
cases when confounding factors were adjusted foep for birth weight. The effect of
maternal education on birth weight could operatwvim ways. Firstly, maternal education
might improve health care seeking behavior. Howeakthe participants experienced similar
free monthly antenatal care facilities and montidyne visits and consultation on health
problems. Secondly, education might improve undexing and support within the family,
with a more liberal and healthy psychosocial envinent. This is reflected in the parity and
significantly higher antenatal weight gain in ediecamothers. For instance, Terai Vaishya,
Sudra and Muslim women were less likely to be diterand tended to have significantly more
children than literate mothers. These ethnic graygreerally occupy lower social classes and
are more conservative. Thirdly, education mighlexdfsocioeconomic status. However,
socioeconomic status itself did not have an inddpetirelationship with size at birth
(including birth weight). There are a number ofgibke reasons for this. The socioeconomic
status score based on land and asset ownershipughdnd’s occupation may not be a true
indicator of socioeconomic differences in our seanpaternal education may be a better
indicator of the socioeconomic status in a womamsernal home, which would in turn affect

her nutritional status. Although it is fair to simyat marriage usually takes place between
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couples of similar socioeconomic status, educateshen had husbands with higher
occupational status. The majority of farmers, lab®ior those who were working abroad had
wives with no education. Similarly, most salariedriers, students, and businessmen had
wives with secondary or higher education. This sutgpthe idea of a healthier family

environment, compared to women with no education.

In our sample, ethnicity showed significant uniahié associations with birth weight, length
and BMI, but this association disappeared whenrgthtential risk factors were taken into
consideration. The absence of effect of ethnic gsaesiding in this area on size at birth

implies that there is no significant independefe@fof ethnicity in this sample.

With few exceptions, the risk factors that had peledent associations with most measures of
size at birth were maternal weight at enrolmergrinsex, parity, weight gain over pregnancy
and gestation at birth. Birth weight, length and IBire independently associated with all
these risk factors. The exceptional variables asréollows: length and head circumference
had no independent association with parity; Plf@adssociation with infant sex and pre-
pregnancy weight; and low Pl had no associatioh witant sex, maternal weight at enrolment
and gestational age at birth. Similarly, parity v@asociated with all birth size parameters
except for Pl and low PIl. Maternal weight gain whaes single risk factor which had a
significant association with all birth outcomesefregnancy weight and maternal weight gain
during pregnancy represent the nutrition of a gngwietus® In this study, mean maternal

weight gain was around 7.1 kg. The optimal weigtihgequired over pregnancy is 11%49.

Some potential risk factors showed an independssucation with fewer birth sizes. They
were maternal height, antenatal supplementatidor, pistory of child death and maternal
education. Maternal education has been discussbet potential risk factors with no
association. Apart from birth weight, it showedassociation with other birth sizes. The

exception is for birth length for which it showenlypa univariable association.
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Maternal height was an independent risk factoofdy weight and length at birth. Kramer
described it as the reflection of genetic potengavironmental influence and maturfty.
Although significant univariably with LBW, SGA, BMdnd head circumference, it showed no
independent association. It was not related Pll@andP| univariably or multivariably.
Antenatal supplementation showed an independeatias®n with weight, BMI, LBW and
SGA. It did not show any effects on length, headwhnference, Pl and low PI. Since the
sample was derived from the antenatal multiple omatrient supplementation trial, half of the
participants received iron and folic acid and ludiithem received multiple micronutrients.
Surprisingly, of all the adverse obstetric histeayiables, death of previous offspring showed

an independent effect on the size of the newbdne.rést showed no association.

Factors that were not investigated included patdraight and weight, maternal psychological
factors, pregnancy interval, caloric intake andrgpexpenditure. Other factors like antenatal
care, number of antenatal care visits, qualityasecsmoking, caffeine and drug intake, other
toxic exposures, malaria, urinary tract infectiganital tract infection, and prior infertility

were not thought to be important features of the@a. The women involved were healthy and
received monthly antenatal care and health cheskwiph no self-reporting of smoking,

caffeine or drug use.

Prediction of size at birth is important from thamagement point of view at delivery and
postnatally. A number of studies have consideredtiediction of birth weight. The methods
used can be categorized into three groups: (1)raldd palpation, (2) ultrasound biometry,
and (3) maternal characteristics. The most commethad in developing countries has been
palpation, the most sophisticated method is ultrad@and a promising method is the use of
maternal risk factors. The abdominal palpation metimvolves estimation of fetal weight by
clinicians by measurement of fundal height andgraéng the clinician’s experience with
obstetric histories. Maternal characteristics-bgsediction uses routine antenatal

measurements like height, weight, parity and age.
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Prediction of size at birth, especially through &ipns to estimate birth weight, has been
central to the development of obstetric ultrasoaphy. Fetal biometric parameters have been
used to develop prediction models for birth weiglatiticularly using biparietal diameter, head
circumference, abdominal circumference, femur lenghd fractional limb volum&> Several
equations have been published, and are used asoitnd machines worldwide to estimate
fetal weight, but all are based on data from higteime countries. Common examples are the
Hadlock formula for biparietal diameter and the Rsbn formula for crown-rump length.
Nahum demonstrated that most of the equations gareally accurate (except Warsof's
equation¥?®, but the most accurate of all was an equationtutkat! only abdominal
circumference, developed by Campbell and Wilkid975%’ Moreover, the prediction of fetal

weight is of limited value because 20-44% of estirmdie outside the band of 10% on either

side of the actual birth weigf®#?°

In the setting of semi-rural Nepal, ultrasonogra@treening remains a sophisticated procedure
inaccessible to the majority of the population.rédbund machines are expensive to procure
and maintain, and require skilled operators andhteaance teams. Ultrasound-based

prediction is further challenged by intra-obserard inter-observer variation in fetal
measurement. In this situation, the best soludn idevelop an inexpensive method of
prediction. Annex L summarizes a comparison of jotadility based on birth weight

estimation methods. It shows that maternal chatiatitemethods are comparable to ultrasound
methods, and that clinical methods of estimatioteah are more accurate than ultrasound. If
one has to choose one method over another detspfiedr predictability, it is economical and

practical to use maternal characteristics-baseat bieight prediction.

9.6.3. Wider implications

Although their effects were limited, key potentiik factors identified in the study were
maternal weight at enrolment, infant sex, paritgjght gain over pregnancy and gestation at

birth. Individuals with modifiable risk factors atlee targets of public health action. (see Table
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9.6 ). Only two factors in our list are easily attically modifiable: maternal pre-pregnancy

weight and weight gain during pregnancy.

Table 9.6. Risk factors established in the study, a  ccording to potential for modification

Birth anthropometry Modifiable determinants Determinants that would be difficult or

assessed unethical to modify
Weight Education Infant sex

Pre-pregnancy weight Gestational age at birth (uncertain)

Antenatal weight gain Parity

Supplementation Maternal height (possibly in the long term)
LBW Pre-pregnancy weight Parity

Maternal weight gain Infant sex

Supplementation Gestational age at birth (uncertain)
SGA Pre-pregnancy weight Parity

Maternal weight gain

Supplementation
Length Pre-pregnancy weight Maternal height (possibly in the long term)

Maternal weight gain Infant sex

Gestational age at birth (uncertain)

BMI Pre-pregnancy weight Parity

Maternal weight gain Infant sex

Supplementation Gestational age at birth (uncertain)
Pl Maternal weight gain Parity

Gestational age at birth (uncertain)

LPI Maternal weight gain Parity
HC Maternal weight gain Infant sex

Gestational age at birth (uncertain)

LBW: low birth weight; SGA: small for gestational age; BMI: body mass index; Pl: ponderal index; LPI: low

ponderal index; HC: head circumference

Gestational duration was associated with most atdis of size at birth, but what predicts
gestational duration and whether it can be sucalgshodified is governed by multiple

factors. Maternal height is classified as a noniffedale risk factor, although 30% of the
participants were teenagers. Although extreme tEIsg <16 years) were taller than older
counterparts, | observed that, although not sigaifi, teenagers (<19 years) were shorter than
older mothers. Maternal height had an independssacation with birth weight and birth
length. Delaying pregnancy could reduce the riskaime extent. All of the factors examined
were easily obtainable at the time of antenatal giscept for gestational age. The estimate of
gestational age used in the study was ultrasouadeband would not be available and

accessible to all in Nepal. The other drawbachkas the measurement of these variables has its
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own inherent errors, especially gestational agenaaiérnal anthropometry. The net effect is a

reduction in the predictive accuracy.

Table 9.7 summarizes studies of prediction modeisize at birth based on known maternal
determinants. | have compared eight studies whieim@ned potential risk factors for abnormal
birth weight and reported their predictive abiliihe present study confirms earlier repGfts
“Bthat size at birth is only partly explainable. §pyective hospital-based studies from 1966 in
Baltimore to 2007 in Bangladesh reported that padkrisk factors provided little explanatory
power in prediction models for birth outcomes. Targe of coefficients of determination was
2.5-33% (except in a study by Etikan et al condiiateTurkey, which claimed to have a

coefficient of determination of 59.8%. It includad extra variable, blood glucose level before

and after ingestion of glucose load).

A preliminary report of a study from India reportaedow coefficient of determination of 13.2%
for birth weight®®? The final model for birth weight and LBW consistefdmaternal weight on
the third day after delivery, prematurity, birttder and maternal height. The model applied to
both term and preterm infants. In contrast to oudys maternal weight gain was not included
in the final prediction model. Considering the fawt our study used ultrasound-based
gestation, it is not surprising to find the preintpower low in the Indian study. Our study

could not confirm previous reports that low socm®amic status and previous history of giving

birth to a small infant were likely to affect infesize?*°

One important and plausible prediction model fottbiveight has an Rvalue of 33%% This
finding is consistent with ours despite the faetttiine other study was conducted in term
infants in a European population. It was similathiat the pregnancies were uncomplicated, but
it involved a sample of only 262. Unlike the presstady, Nahum examined the role of blood
glucose screening in the third trimester, but ditlaonsider maternal education. Glucose
screening was not helpful in the prediction. Natsiaguation claimed the prediction of birth

weight to within 10.8% of actual birth weight.
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| am unaware of previous analyses that have exahtiveprediction of other parameters of
size using potential risk factors. In our study finedictive accuracies were all lower than that

for birth weight.
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Table 9.7. Studies of predictors of size at birth b

ased on maternal characteristics

Study, date  Maternal characteristics assessed Design Signific  ant predictors in final model Size at R* Inference
and birth
location
Present Ethnicity, education, residence, Hospital 1048 Gestational age, maternal weight gain, Weight 32.7 Healthy population, singleton
study, socioeconomic status, systolic blood Prospective infant sex, pre-pregnancy weight, parity, pregnancy, no gross congenital
Nepal pressure, diastolic blood pressure, general antenatal supplementation, maternal anomaly, no chronic maternal
antenatal illnesses, parity, prior history of height, maternal education, medical illness,
giving birth to small infant, miscarriage, still 19 variables explored, all
birth, child death, maternal height, maternal measurable at booking
weight, antenatal weight gain, hemoglobin
status at enrolment, antenatal Limitation
supplementation, maternal age, gestational Ultrasound based gestational
duration, infant sex. age, factors not explored-
Interaction: maternal age*parity. psychological stress, work load,
caloric intake and expenditure
Gestational duration, Infants gender, Length 19
antenatal weight gain, maternal height,
prior death of child
Gestational duration, antenatal weight BMI 12.4
gain, parity, pre-pregnancy weight, infant
sex, antenatal supplementation
Antenatal weight gain, parity, gestational Pl 3.2
duration
Gestational duration, infants gender, HC 18.6
antenatal weight gain
Gestation, infant sex, antenatal weight LBW
gain, maternal weight at enrolment,
antenatal micronutrient supplementation,
Parity
Antenatal weight gain, parity, LPI
Prepregnancy weight, antenatal weight
gain, parity, antenatal supplementation SGA
Nahar Maternal weight, antenatal weight gain and Community, 1104 Maternal Weight at registration (3-5 Weight 2.5t020 Only 4 maternal anthropometric
2007%% body mass index at 3, 4, 5 ad 6 months of longitudinal singleton  months) and at 9 months parameters explored
Bangladesh  pregnancy, maternal height healthy
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Study, date  Maternal characteristics assessed Design Signific ~ ant predictors in final model Size at R* Inference
and birth
location
Kutty Maternal age, height, weight, weight gain, Hospital, 1894 Maternal weight on 3™ day after delivery, Weight 13.7 Only 7 variables explored
20042% hemoglobin, blood pressure, weight post prospective height, parity, gestational duration <38 w Important variables not
India delivery explored: education,
socioeconomic status, parity,
infant sex
LBW
Etikan Blood glucose level before and after Hospital, 300 term  Gestational age, infant sex, body mass Weight 59.8 Different: blood glucose level
200523 ingestion of glucose load, age, body mass retrospective singleton  index, maternal height, blood glucose level after glucose loading
Turkey index, %of change in weight during healthy Limitation: Important variables
pregnancy, height, gestational age, parity, not explored: maternal age,
fetal sex education, socioeconomic
status
Nahum Maternal weight at 26 w, height, age, parity,  Hospital 262 Gestational age which affects male and Weight 33 Important variables not
199872 third trimester glucose screening test value, female separately, maternal height*weight explored: maternal
California obesity (body mass index at the start of the at 26w, parity*the rate of maternal 31 socioeconomic status,
3 trimester), and gestational duration trimester pregnancy weight gain education
Breschi®®® maternal height, BMI before pregnancy and  Hospital 503 maternal height, BMI at baseline and Weight 26 Limitation: height and body
Ohio at delivery, parity, week of delivery, fasting normal delivery, mass index explored together,
and 2-h plasma glucose concentrations, parity, week of delivery, fasting and 2-h education and socioeconomic
and male gender, maternal age, Smoking plasma glucose concentrations, and male status not explored
gender fasting and 2- hour plasma
glucose concentration also
explored
Abernathy Race, marital status, hospital type, Hospital 10000 Common to birth weight and length Limitation: infants with
1966°*° socioeconomic status, height, parity, prior prospective race, hospital type, maternal height, prior congenital anomaly included
Baltimore fetal and neonatal death, pre-pregnancy fetal and neonatal death, maternal weight, Other variables explored:
weight, hemoglobin, SBP, DBP, obstetric Systolic blood pressure, obstetric placental and cord condition
complications, placenta and cord condition, complications, congenital anomaly, included
congenital anomaly, placental and cord condition, infant sex Different form current study:
Interaction : maternal age*parity, (maternal Maternal age, obstetric
age)z*parity, agetillness, complications, maternal illness,
agetillness*socioeconomic status, sex, hemoglobin status formed the
paternal age, maternal age, (age)?, inter- final prediction model
current iliness
Age*illness*social class, hemoglobin Weight 16
Parity, agez*parity, age*iliness, paternal Length 7

age, maternal age*SES
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Study, date  Maternal characteristics assessed Design N Signific ~ ant predictors in final model Size at R* Inference

and birth

location

Abernathy Gestation, maternal weight, parity, smoking, Hospital 2700 gestation, gestation®, smoking, parity, Weight 24.03 Other variables explored:
19662 psychosomatic score, work, marital status, prospective parityz, sex, hemoglobin Ill, Hypertension Psychosomatic score and blood
Baltimore blood group, hemoglobin, hypertension, I, eclampsia I, 1, sex*parity group,

eclampsia, education, infant sex

Interaction : sex*parity, sex*parity*maternal
age, sex*maternal age, maternal age*parity,
PSS*parity, PSS*smoking, PSS*gestation,
PSS*parity*age, PSS*gestation; PSS*age,
smoking*parity, smoking*age,
smoking*age*parity

Different form current study:
hypertension, eclampsia,
hemoglobin and smoking in the
final model; pre-pregnancy
weight and maternal education
not in the final model

PSS: Psychosomatic score; LBW: low birth weigh#]IBbody mass index; PI: ponderal index; LPI: loangleral index; SGA: Small for gestational age;
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9.7. Associations of size at birth with mortality, morbidity and malnutrition in
childhood

9.7.1. General findings

In a study where information on confounders waglabke, we investigated the association of
size at birth with death, malnutrition and ilindéssm birth to 2.5 years of age. We found that
newborns of different sizes had varied risks far dlutcomes investigated. Risks for mortality,
morbidity and malnutrition were assessed againahge of classifications of size at birth.
Newborn infants were classified using a) a singli@pometric index, b) a combination of
two anthropometric indices, and ¢) a combinatiothoée anthropometric indices. A simplified

summary of the findings is presented in Table @@Table 9.9.

203



Table 9.8. Summary of significant increased odds ra  tios for mortality and childhood malnutrition on th e basis of potential risk groups for size
at birth

Proportion Neonatal death Infant death Young child death Stunting Wasting Underweight
LBW 22% 35 (1.4-8.9) 36 (1.6-7.9) 37 (1.7-738) 3.4 (2.2-5.3) 2.9 (1.5-5.6) 3.7 (25-55)
LPI 68% 2.2 1.1-4.4)
SGA 52% 24 (1.8-3.4) 31 (22-43)
LBW-LPI 20% 27 (1.0-6.8) 23 (09-1.0 21 (1-4.6) 3.0 (1.9-4.6) 2.6 (1.4-5.1) 32 (21-43)
LBW-API 2% 70 (2.3-21.4) 53 (1.1-25) 57 (1.7-19.2)
LBW-SGA 19% 28 (1.3-16) 31 (15-6.3) 3.0 (1.9-4.7) 2.6 (1.4-5.0) 41 (2.7-6.2)
LBW-AGA 3% 57 (1.0-31.8)
LPI-SGA 41% 1.9 (1.4-2.7) 2.0 (1.1-3.6) 21 (15-29)
API-SGA 10% 1.9 (1.0-3.2) 23 (1.3-33)
LBW-LPI-SGA 11% 2.6 (1.6-4.1) 2.6 (1.3-4.9) 36 (24-5.5)
LBW-API-SGA 2% 6.5 (1.9-22) 81 (2.6-25) 11.3  (1.4-93) 7.8 (2.0-30.7)
LBW-LPI-AGA 3% 6.6 (1.2-37.1) 5.2 (1.1 -25)

Values are OR (95% ClI)

Table 9.9 Summary of significant lowered odd ratios for mortality and childhood malnutrition on the ba sis of potential risk groups for size at
birth

Proportion Neonatal death Infant death Young child death Stunting Wasting Underweight
NBW-LPI 0.6 (0.4-0.8) 06 (0.5-0.9)
NBW-API 0.4 (0.2-1.2) 06 (0.5-0.9)
NBW-AGA 0.4 (0.3-0.5) 0.4 (0.3-0.5)
LPI_AGA 0.5 (0.3-0.7) 05 (0.3-0.7)
API-AGA 05 (0.3-0.7)
NBW-LPI-AGA 0.4 (0.3-1.6) 05 (0.4-0.8)
NBW-API-AGA 0.5 (0.3-0.7)

Values are OR (95% ClI)

204



The chief findings for the effects of birth size mortality were: (a) that LBW was a stronger
single predictor than SGA and LPI, (b) that projporaite LBW infants were at greater risk of
childhood death, (c) that appropriate for gestati@ye LBW infants were at greater risk of
neonatal death, and (d) that proportionate LBWritdfavho were SGA were at greater risk of
infant and childhood death. The most powerful prexats of neonatal mortality were LBW-AGA
and LBW-LPI-AGA. For infant mortality, the most peviul predictor was LBW-API-SGA, and
for childhood mortality it was LBW-API, with or wibut SGA. These associations were not
explained by gestational duration, socioeconongitust education level, maternal weight,

antenatal supplementation, ethnicity, infant sextamal age, birth order or age of weaning.

The incidences of neonatal, infant and young afdldths were high in the partly hospital-based
study sample. The rates were 22, 35 and 39 pes#molfor neonatal, infant and young child
mortality respectively. The national mortality ratsere 33, 48 and 61 for neonatal, infant and
under five child mortality in the five years preaegithe 2006 DHE’. Our mortality rates were
lower than national figures, possibly as a restithe care and attention that women and children
received in the study. The previous finding thatyemeonatal deaths constitute the majority of

neonatal deaths (and 75% of infant deaths) is stgghby our study.

A model that examined the relation between birtthi@mpometric parameters and survival showed
no significant associations (see Figure 8.11). &laee several possible reasons for this. As
mentioned earlier, the sample size was small fatatity data. Sample size was calculated only for
the antenatal multiple micronutrient supplementattudy, whose main outcome was not
mortality. Secondly, there are chances of datalapeFor example, birth weight, birth weight z-
score and ponderal index all involve birth weighdl adhe chance of collinearity is increased.
Thirdly, it could be true that the parameters welistd are actually not predictors of mortality. §hi

warrants further study on the use of size at laigtla measure of survival.
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A LBW classification put newborn infants into a rtadity risk group better than SGA or LPI. More
infants were categorized as SGA (52%) or LPI (68%&h LBW (22%). The benefits of this

finding are that birth weight is already in use addpting a single birth anthropometric category is
practical in poor countries. The combinations ab mnthropometric indices that were useful to
define risk groups were proportionate LBW (childrtatity), disproportionate LBW (neonatal,
infant and child mortality), LBW-SGA (infant andihmortality) and LBW-AGA (nheonatal

mortality).

The study suggested that if more than one anthrepanparameter was used, three groups were
categorised as high risk, the most striking belrggltBW-API group. This group had the highest
risk for child mortality, as high as a 7-fold ines® in deaths. The group made up 2% of infants.
The other two groups which showed highest riskifiortality were LBW-SGA and LBW-LPI, for
which the odds of mortality in infants and youngdten were 2-3 times higher. These groups each
made up about 19% of infants. If one had to chdwseanthropometric parameters for a risk
category, the first choice would be Pl and birthighie not an SGA-based category. There are a
number of reasons for this. First, Pl is easiaraigulate than SGA. It only requires measurements
of birth weight and length. SGA requires more theat measurements, particularly the comparison
of measurements against reference data or chduitsisTnext to impossible at the moment due to
lack of trained human resources. Second, LBW-S@8qRand LBW-LPI (19%) had the same
prevalence and conferred similar risks for infamd goung child mortality. Third, given the low
prevalence and highest risk for mortality in yougdren, it might be economical to follow-up

infants who are just LBW-API (2% and OR 7).

The analysis of combinations of three anthropométdices put two groups at highest risk: LBW-
API-SGA (prevalence 2%) and LBW-LPI-AGA (prevaler8¥). LBW-LPI-AGA infants had 7

times higher odds of neonatal death and LBW-API-S@A4 7-8 times higher odds of infant or
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young child death. The important finding here weet bnly 5% of newborn infants were in high

risk groups, compared to 22% in a system basedMi hlone.

In our study, size at birth conferred no highek far recalled illness in the first year of life.aV
have already discussed the lack of conviction lkthese findings. A report from the Family
Health Division documented the nationally repreatwe prevalences of stunting, wasting and
underweight as 48%, 11% and 47% respectively ilddn under three years of age for the year
19962% We found prevalences of 59%, 6% and 38% for stgntivasting and underweight at 2.5
years of age for 2005-06. Children in our studyesefd more stunting, less wasting and less
underweight compared to a national survey in 199@. comparison shows that malnutrition

among children is still markedly high ten yeargitat

All the categories based on single anthropometidices were associated with malnutrition. LBW
infants were significantly stunted, wasted and wweéaht as young children. LPI infants were
significantly wasted, and SGA infants were sigrifitly stunted and underweight. It is difficult to
identify the best predictor of stunting, wastinguoderweight. However, it is worth using LBW
because the prevalence is substantially lower laadisk of stunting, wasting and underweight was
higher in the LBW group. This means that from a ag@ment point of view it is more
administrable in the context of a poor country. Skasitivity, specificity and positive predictive
value for LBW was 28%, 89% and 78% respectivelystonting; 42%, 80% and 12% for wasting;
and 34%, 87% and 61% for underweight. The risk gsdaased on two anthropometric indices
which had higher risk of all three types of malitidn were LBW-LPI (19%), LPI-SGA (42%) and

LBW-SGA (19%). The odds were highest for the LBWAGoup (OR 3-4).

It is interesting to note that with a classificatioased on birth weight and weight-for-gestational-
age, only one category, LBW-SGA, was at risk oédahalnutrition. The prevalence of LBW-SGA

was 19% and it had an odds ratio of 3-4 for stuptimasting and underweight. As a predictor,
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LBW-SGA had sensitivity, specificity and positiveegictive value of 25%, 90% and 78%
respectively for stunting, 37%, 82% and 12% fortivasand 77%, 92% and 64% for underweight

respectively.

With classifications based on birth weight andt®b groups were high risk: LBW-API and LBW-
LPI. But LBW-API and LBW-LPI together are just LBWewborns who were LBW-API had the
highest risk for stunting and underweight in chddtd. The risk was 5 to 6 times higher than other
newborns, but it had a very low sensitivity desgioed specificity (3% and 92% respectively for
stunting and 4% and 99% for underweight). The pasjtredictive values were 85%, and 75%
respectively. The other category, LBW-LPI, had @n8s higher risk for all forms of malnutrition.
The sensitivity and specificity were 25% and 89%petively for stunting, 36% and 82% for
wasting and 30% and 88% for underweight. The pasjtredictive values were 77%, 11% and
60% respectively for stunting, wasting and undeghkiA classification based on Pl and weight-
for-gestational-age had two groups at higher Agk-SGA and LPI-SGA. But these are just
equivalent to SGA. LPI-SGA newborns were more {ikel be stunted, wasted and underweight
and the risk was 2-fold. As a predictor, LPI-SGAl ls&nsitivity, specificity and positive predictive
values of 49%, 68% and 68% respectively for sttty %, 59% and 8% for wasting and 53%,
65% and 48% for underweight. Similarly, API-SGA Hagdher risk for stunting and underweight
and the risk was 2-fold. The prevalence was 10%. Sgnsitivity, specificity and predictive value

for stunting were 12%, 93% and 69% and for undeghteivere 14%, 93% and 53% respectively.

When we examined combinations of three indicegelyroups were at risk: LBW-LPI-SGA,
LBW-API-SGA and LBW-LPI-AGA. Children born LBW-LPAGA (2%) were more likely to be
stunted. The sensitivity, specificity and positpredictive value were 3%, 99% and 81%,
respectively. LBW-API-SGA newborns (2%) were makely to be stunted (OR 11) and
underweight (OR 8). The sensitivity, specificitydgpositive predictive value were 3%, 100% and

89% respectively for stunting and 4%, 99% and 78fwhderweight. LBW-LPI-SGA children
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(17%) had 3-4 times higher risk of becoming stunteaisted and underweight. The sensitivity,
specificity and positive predictive value were 220% and 76% respectively for stunting, 33%,

84% and 12% for wasting and 28%, 90% and 62% fdeomeight.

The findings suggest that groups based on LBW &8MW1{SGA are a better choice than groups
based on other combinations. The reasons for thithat (1) only one category is a high risk group
for all forms of malnutrition and therefore eadi@r health workers to understand and apply in
daily practice, (2) the sensitivity, specificitydapositive predictive values were comparatively
better, even if not ideal for screening purposesu@s based on two indices were better predictors
than groups based on three. They had higher setysand specificity, the numbers of children

falling into a risk group were similar, and the eddtios for later malnutrition were higher.

9.7.2. Wider implications

The risks of malnutrition and mortality varied assalifferent categorisations of size at birth. The
relationship between size at birth and later matpigas not clarified by our analysis. Being LBW
alone conferred higher risk for morality and matitittn than LP1 or SGA. However, SGA infants
were at increased risk for stunting and underweagiot LPI for childhood wasting. The most
powerful predictors of neonatal mortality were LBYGA and LBW-LPI-AGA. For infant
mortality, the most powerful predictor was LBW-ABGA, and for childhood mortality it was
LBW-API, with or without SGA. We will attempt to geralize in rough terms about these

categories.

The key protective factor was to be born with ndrbigh weight. All categories with weight
>2500g had significantly lower odds of malnutritiand mortality. LBW-AGA were mostly
preterm.Most of them were immature fetuses whodradn normally so it is understandable that

the initial months were the high risk period of\gual. LBW-LPI-AGA infants were also mostly
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preterm, but were the disproportionate subgroupyTiad the highest odds of all for neonatal

mortality.

LBW-SGA infants were mostly term infants with [IUGRheir growth was compromised and they
had a higher risk of subsequent malnutrition aratfden childhood. On top of this, whether they
were proportionate or disproportionate did not séeaffect their mortality (LBW-SGA with

either LPI or API). So many of them were disprofmrate, however, that this is easy to understand

and highlights the need for studies with largergarsize.

Size at birth independently predicted size in dinlod. Most of the abnormal categories conferred
higher odds of malnutrition in childhood. For exdeymewborn infants with disproportionate
SGA, disproportionate LBW and LBW-SGA had similggrsficantly higher odds of stunting,
wasting and underweight. The key factor here was:Small babies end up small. Proportionate
SGA and proportionate LBW infants had higher odfdstunting. Preterm acutely malnourished
infants (LBW-LPI-AGA) were more likely to be stumtén childhood if they survived the neonatal
period. Proportionate LBW infants who were SGA ¢atically malnourished term or preterm

infants) were at greater risk of infant death, ainilod death, stunting and underweight.

The study confirms that LBW is a reasonable prediof later mortality and malnutrition. Would
there be a benefit in adding more indices? Aftéemsive analysis, candidate categories include,
for mortality, LBW-API, LBW-API-SGA and LBW-LPI-AGA and, for malnutrition, LBW-SGA.
Who are the infants represented by these cate@dri®¥/-API infants are term or preterm, LBW-
API-SGA infants are symmetrically small (chronigadirowth restricted preterm or term), LBW-
LPI-AGA are acutely growth restricted preterm, &m{V-SGA are chronically growth restricted
preterm or term. These categories are diverset fipar the fact that they all include LBW.
Introducing either PI or weight-for-gestational-agéikely to be a difficult task for Nepal's helalt

system, and we would require a simpler idea of gigkups to even consider it.
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Chapter 10. Conclusions

This thesis began with three general obectivesglwvaie presented once again.

1) Describing the distribution of different indicatarésize at birth in a cohort of

infants in Nepal.

2) Development of prediction models for different icatiors of size at birth, and

assessment of how useful they might be.

3) Looking at the outcomes in infants and young chkitdof different classifications

of size at birth.

To our knowledge, none of these had been doneinvBlépalese infants. In spite of studies of risk
factors for size at birth, the usefulness of défdrpotential predictors for prevention and public
health intervention remained questionable. Likewtise usefulness of different classifications of
size at birth in predicting outcomes had not besestigated in depth and had not been used in
practice. The quality of the data and the neednfastigation enabled this in-depth study of size a

birth.

In our study of measurements of size at birth migeiral communities in Nepal, we found that the
proportion of infants classified as having abnorsia¢ was high (LBW, SGA, Low PI). Although
LBW was common, the striking finding was the degewhich infants who would usually be
classified as normal appeared to be small andajigptionate. This probably indicates that the
majority of infants suffered intrauterine growthanelation due to acute or subacute malnutrition. If
the hypothesis of association of wasting with adoket disease is correct, this is an emergency

situation that needs immediate action. We needltow the infants born in the study into later
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childhood if we are to answer the questions thiaeaWill the excess of disproportionality be
associated with physiological tendencies to inskgsistance, hyperlipidaemia and hypertension?
The next step is to track the children as theyogechool, and to add more complex measurements

— body composition, blood tests — to the protocol.

Our understanding of the etiology of abnormal sitzbirth is limited. Importantly, previously
reported risk factors did not explain size at battequately. Only a few risk factors were shown to
have independent associations with size at birth vW&re unable to unravel the risk factors that are
important but omitted from usual analyses, inditgthat maybe we have reached the limit of
usefulness for these sort of studies. This is ealhedmportant as research on risk factors for
abnormal size at birth still seems to be priorilizend it is possible that further work could be a
waste of resources. Moreover, such studies may lmited importance in terms of explaining

observed size at birth and in the prevention andagement of the problem.

Given the fact that the potential risk factors akpéd a limited proportion of size at birth,
reduction in the problem of abnormal size remaidgfeult proposition. There are two ways to
address the problem. The first approach is preoprmf abnormal size at birth. Our findings
suggest that most of the underlying determinargshat clear and known determinants explain only
a small proportion of size at birth. This may explahy preventive measures have not led to
remarkable improvemeAt??*°Furthermore, most of the risk factors are non-mablié. The major
modifiable determinants of size at birth are fagtidee maternal nutritional status: under-nutrition
during childhood (maternal height), poor pre-cotigepnutritional status (pre-pregnancy weight),
poor nutrition during pregnancy (gestational weighin and antenatal supplementation).
Nutritional status is compromised in situationgpoferty and illiteracy, and these modifiable
determinants should be the targets for public heatervention. However, the problem is likely to
be preventable only to some extent through measuigsas antenatal supplementation, nutrition

improvement and behavior change.
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A second approach is the management of abnornehbsiairth to prevent adverse outcomes.
Prediction of size at birth is only possible withobust prediction model with high predictive
accuracy. As discussed above, the predictive acgufamaternal characteristic-based equations
and ultrasound based equations were almost sirkitaxever, in a situation where most
pregnancies fall into the high-risk group and nadghe population are poor, the management
options are limited. Recent studies on risk fachage added little information to our
understanding of causes or intervention and prémeefforts, and it is possible that the model is
unlikely to improve. In the absence of a significenprovement in the model, it might be better to
change the priority from risk factor studies taaus on intervention measures. The failure to
develop a robust prediction model using major deieints of abnormal size requires attention.
Indeed, it warrants rethinking the necessity oftfer work on risk factors. Furthermore, It might be
prudent to take a holistic view of known risk fastafocusing on modifiable factors like nutrition
and education, all of which are linked with poveigdressing this single factor could be the best

strategy to reduce the incidence of small sizerét.b

The third study confirmed associations of sizeidhlwith neonatal, infant and child mortality. It
also showed clear associations with malnutritionhiiidhood. The detailed analysis of the
anthropometric parameters to correlate with adveuteome showed that different combinations
have different odds, making it difficult to chodbe best group. From a public health intervention
point of view in a poor country like Nepal, one mighoose a few high risk groups based on
applicability in a situation with limited humanité and financial resources. The implication is that
we could prioritize intervention for a small groapinfants, thus saving effort and cost and
achieving important public health change. If on¢hef objectives of the study was to derive
screening categories for either mortality or maifition, further studies with larger sample size are
recommended. However, we feel it is unlikely thabanbination of parameters will prove more

useful than simple birth weight. We found that bptinderal index and weight-for-gestational age
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showed particular associations with later outcome®rtain cases, but it is not clear that adding
their assessment to current practice would helpherstand health workers to guard against future

risk.

The paradox of the thesis in this sense is thedtibut to explain that size at birth is so muchemo
than birth weight, but — after extensive analy$igand data — found that birth weight was
probably the most useful predictor after all. Measuwent of birth weight is by no means routine
across Nepal, and it seems better to recommendsftoimprove routine weighing and
classification of infants as low birth weight, thEanrecommend new activities which might dilute

the likely impact.

214



References

) Wilcox AJ. On the importance--and the unimpoce--of birthweight. Int J

Epidemiol 2001 December;30(6):1233-41.

2) Vaidya A, Saville N, Shrestha BP, Costello AManandhar DS, Osrin D. Effects
of antenatal multiple micronutrient supplementationchildren's weight and size at 2 years of age
in Nepal: follow-up of a double-blind randomisechtolled trial. Lancet 2008 February

9;371(9611):492-9.

3) Osrin D, Vaidya A, Shrestha Y, Baniya RB, Madhar DS, Adhikari RK et al.
Effects of antenatal multiple micronutrient suppéation on birthweight and gestational duration

in Nepal: double-blind, randomised controlled trizdncet 2005 March 12;365(9463):955-62.

4) Fotso JC, Ezeh AC, Madise NJ, Ciera J. Pesgr@wards the child mortality
millennium development goal in urban sub-SaharaitAfthe dynamics of population growth,

immunization, and access to clean water. BMC Puibdialth 2007;7(147):218.

(5) Bryce J, Terreri N, Victora CG, Mason E, Daahs B, Bhutta ZA et al.
Countdown to 2015: tracking intervention coveragrechild survival. Lancet 2006 September

23;368(9541):1067-76.

(6) http://www.undp.org/mdg/basics.shtmP008.

) Ahmad OB, Lopez AD, Inoue M. The decline hild mortality: a reappraisal. Bull

World Health Organ 2000;78(10):1175-91.

215



(8) Black RE, Morris SS, Bryce J. Where and wigy 20 million children dying every

year? Lancet 2003 June 28;361(9376):2226-34.

9) Country classification: www.worldbank.org/datountryclass/countryclass.html

2007.

(10)  Zupan J. Perinatal mortality in developimgictries. N Engl J Med 2005 May

19;352(20):2047-8.

(11) WHO. The World Health Report 2005: make gvaother and child count.

Geneva, Switzerland, World Health Organization (WHZDO05.

(12) de OM, Blossner M. The World Health Orgatitza Global Database on Child
Growth and Malnutrition: methodology and applicagoint J Epidemiol 2003 August;32(4):518-

26.

(13) de OM, Blossner M, Borghi E, Morris R, FrilmEA. Methodology for
estimating regional and global trends of child ma#ition. Int J Epidemiol 2004

December;33(6):1260-70.

(14)  Onis, M. and Blossner, M. WHO Global databas child growth and

malnutrition: Geneva. 1997.

(15) Scrimshaw NS, Taylor CE, Gordon JE. Intéoast of nutrition and infection.

Monograph Series No 57 World Health Organizatio6897:3-329.

(16)  Scrimshaw NS, SanGiovanni JP. Synergismutdtion, infection, and immunity:

an overview. Am J Clin Nutr 1997 August;66(2):46455.

216



(17)  Chandra RK. Nutritional regulation of immtynand risk of illness. Indian J

Pediatr 1989 September;56(5):607-11.

(18) Pelletier DL, Frongillo EA, Jr., SchroedeGPHabicht JP. The effects of
malnutrition on child mortality in developing couies. Bull World Health Organ 1995;73(4):443-

8.

(19) Lawn JE, Cousens S, Zupan J. 4 million nedrigeaths: when? Where? Why?

Lancet 2005 March 5;365(9462):891-900.

(20) Ngoc NT, Merialdi M, bdel-Aleem H, Carroli, Burwar M, Zavaleta N et al.
Causes of stillbirths and early neonatal deathts filam 7993 pregnancies in six developing

countries. Bull World Health Organ 2006 SeptembEO8699-705.

(21) Lopez AD. The evolution of the Global BurdafrDisease framework for disease,
injury and risk factor quantification: developirtetevidence base for national, regional and global

public health action. Global Health 2005 April 2&;15.

(22)  Stevens-Simon C, Orleans M. Low-birthweighgvention programs: the enigma

of failure. Birth 1999 September;26(3):184-91.

(23)  McCormick MC. The contribution of low birtheight to infant mortality and

childhood morbidity. N Engl J Med 1985 January 1@(2):82-90.

(24) Kramer MS. Determinants of low birth weightethodological assessment and

meta-analysis. Bull World Health Organ 1987;65(63637.

217



(25) Raqgib R, Alam DS, Sarker P, Ahmad SM, Ara¥Gnus M et al. Low birth weight
is associated with altered immune function in r@&ahgladeshi children: a birth cohort study. Am

J Clin Nutr 2007 March;85(3):845-52.

(26) Bang AT, Reddy HM, Bang RA, Deshmukh MD. Wihyneonates die in rural
Gadchiroli, India? (Part Il): estimating populatiattributable risks and contribution of multiple
morbidities for identifying a strategy to prevemiaths. J Perinatol 2005 March;25 Suppl 1:S35-

S43.

(27)  Ashworth A. Effects of intrauterine growttardation on mortality and morbidity

in infants and young children. Eur J Clin Nutr 12&huary;52 Suppl 1:S34-S41.

(28)  Overpeck MD, Moss AJ, Hoffman HJ, HendergB&t A comparison of the
childhood health status of normal birth weight & birth weight infants. Public Health Rep

1989 January;104(1):58-70.

(29) Vohr BR, Garcia CC, Oh W. Language develapnoé low-birthweight infants at

two years. Dev Med Child Neurol 1988 October;3@88-15.

(80)  Victora CG, Barros FC, Kirkwood BR, Vaugh#?. Pneumonia, diarrhea, and
growth in the first 4 y of life: a longitudinal sty of 5914 urban Brazilian children. Am J Clin Nutr

1990 August;52(2):391-6.

(31) Olsen J. The association between birth vigjghcenta weight, pregnancy

duration, subfecundity, and child development. S8caSoc Med 1994 September;22(3):213-8.

(32) Barker DJ. Fetal origins of coronary heasedse. BMJ 1995 July

15;311(6998):171-4.

218



(83) Cooke RW, Lucas A, Yudkin PL, Pryse-Daviekldad circumference as an index

of brain weight in the fetus and newborn. Early HDev 1977 October;1(2):145-9.

(34) Bergvall N, lliadou A, Johansson S, Tuvemdhattingius S. Risks for low
intellectual performance related to being born $foalgestational age are modified by gestational

age. Pediatrics 2006 March;117(3):e460-e467.

(85) Menezes AM, Hallal PC, Horta BL, Araujo Gligira MF, Neutzling M et al. Size
at birth and blood pressure in early adolescenpeospective birth cohort study. Am J Epidemiol

2007 March 15;165(6):611-6.

(86) Kumaran K, Fall CH, Martyn CN, Vijayakumar, Btein C, Shier R. Blood
pressure, arterial compliance, and left ventricalass: no relation to small size at birth in south

Indian adults. Heart 2000 March;83(3):272-7.

(837) Law CM, Egger P, Dada O, Delgado H, KylbErd avin P et al. Body size at birth
and blood pressure among children in developingt@s. Int J Epidemiol 2001

February;30(1):52-7.

(838) Parsons TJ, Power C, Logan S, Summerbell@iddhood predictors of adult

obesity: a systematic review. Int J Obes Relat Bl€&ord 1999 November;23 Suppl 8:S1-107.

(39) Borghi J, Thapa B, Osrin D, Jan S, Morridpitamang S et al. Economic
assessment of a women's group intervention to ingpbirth outcomes in rural Nepal. Lancet 2005

November 26;366(9500):1882-4.

(40) NFHS, 1996. Nepal Family Health Survey. WFatdealth Division, Department of

Health Services, HMG 1997; 1997.

219



(41) Edouard L, Senthilselvan A. Observer errat hirthweight: digit preference in

recording. Public Health 1997 March;111(2):77-9.

(42)  National Family Health Survey (NFHS-2) 19898-India. Mumbai [India]:lIPS:

International Institute for Population Science®8) and ORC Macro.; 2000.

(43) WHO. Skilled birth attendant. http://www.alhan.org/skill_birth_training.html

2008.

(44) Pakistan Medical Research Counsil. Nati¢tedlth Survey of Pakistan,

Islamabad, Pakistan: Network Publication servic@3192008.

(45) Ronsmans C, Endang A, Gunawan S, Zazri AD&tmott J, Koblinsky M et al.
Evaluation of a comprehensive home-based midwifeogramme in South Kalimantan, Indonesia.

Trop Med Int Health 2001 October;6(10):799-810.

(46) Hadlock FP, Deter RL, Harrist RB, Park Sktdf head circumference: relation to

menstrual age. AJR Am J Roentgenol 1982 April;138¢D-53.

(47)  Kramer MS, McLean FH, Boyd ME, Usher RH. Madidity of gestational age
estimation by menstrual dating in term, preterntd postterm gestations. JAMA 1988 December

9;260(22):3306-8.

(48)  Forfar and Arneil's Textbook of Paediattis edition. Churchill Livingstone

Edinburgh; 2003.

(49) Dutta DC. Textbook of Obstetrics, 4th editi&olkotta. 1998.

220



(50)  Belizan JM, Villar J, Nardin JC, Malamuddk, Vicurna LS. Diagnosis of
intrauterine growth retardation by a simple clihiceethod: measurement of uterine height. Am J

Obstet Gynecol 1978 July 15;131(6):643-6.

(51) Dafopoulos KC, Galazios GC, Tsikouras PNutfaki NG, Liberis VA,
Anastasiadis PG. Interpregnancy interval and tsleaf preterm birth in Thrace, Greece. Eur J

Obstet Gynecol Reprod Biol 2002 June 10;103(1).14-7

(52) de Jong CL, Gardosi J, Baldwin C, Franci®Akker GA, van Geijn HP. Fetal
weight gain in a serially scanned high-risk pogolatUltrasound Obstet Gynecol 1998

January;11(1):39-43.

(53) Hadlock FP, Harrist RB, Martinez-Poyer JwHaccurate is second trimester fetal

dating? J Ultrasound Med 1991 October;10(10):557-61

(54) Dubowitz LM, Dubowitz V, Goldberg C. Clinicassessment of gestational age in

the newborn infant. J Pediatr 1970 July;77(1):1-10.

(55) Parkin JM, Hey EN, Clowes JS. Rapid assessofgyestational age at birth. Arch

Dis Child 1976 April:51(4):259-63.

(56) Ballard JL, Novak KK, Driver M. A simplifiedcore for assessment of fetal

maturation of newly born infants. J Pediatr 197%é&tber;95(5 Pt 1):769-74.

(57) Guha DK. Guha's Neonatology principles aratfice. 3 ed. Kolkatta: M/s. Jaypee
Brothers Medical Publishers (P) Ltd., EMCA Hous#&,28 B Ansari Road, Daryaganj, New Delhi-

110 002. India; 2005.

221



(58) Lindley AA, Benson JE, Grimes C, Cole TM, Herman AA. The relationship in
neonates between clinically measured head circeméerand brain volume estimated from head

CT-scans. Early Hum Dev 1999 September;56(1):17-29.

(59) Bartram JL, Rigby AS, Baxter PS. The "Lassdape: stretchability and observer

variability in head circumference measurement. AbchChild 2005 August;90(8):820-1.

(60) WHO, Geneva. WHO: Birth Weight SurrogafEke Relationship between Birth

Weight, Arm and Chest Circumference. 1987.

(61) Sauerborn R, Minet C. Validity of maternalaneonatal indicators of low birth

weight. Nutrition research 1992;12:307-20.

(62) Bhargava SK, Ramji S, Kumar A, Mohan M, MahwJ, Sachdev HP. Mid-arm and
chest circumferences at birth as predictors ofthinth weight and neonatal mortality in the

community. Br Med J (Clin Res Ed) 1985 DecembepX(8509):1617-9.

(63) Ahmed FU, Karim E, Bhuiyan SN. Mid-arm cinsference at birth as predictor of

low birth weight and neonatal mortality. J Biosag 3000 October;32(4):487-93.

(64) Das JC, Afroze A, Khanam ST, Paul N. Mid-aiincumference: an alternative
measure for screening low birth weight babies. Bedesh Med Res Counc Bull 2005

April;31(1):1-6.

(65)  Figueira BB, Segre CA. Mid-arm circumferetacel mid-arm/head circumference

ratio in term newborns. Sao Paulo Med J 2004 M4rtB2(2):53-9.

222



(66) Lejarraga H MLSFCM. Reference tables of amoumference from birth to 12
years of age for Argentinian girls and boys. Ardsi\Latinoamericanos de nutricion 1983

March;33(1):139-57.

(67) Chen ST. Growth of arm circumference anteps skinfold of Malay children

from birth to six years of age. J Singapore Pae@at 1990;32(3-4):87-96.

(68) Dhar B, Mowlah G, Nahar S, Islam N. Birthiglt status of newborns and its
relationship with other anthropometric parametera public maternity hospital in Dhaka,

Bangladesh. J Health Popul Nutr 2002 March;20(1%B6

(69) de OM, Habicht JP. Anthropometric referedata for international use:
recommendations from a World Health OrganizatiopdgtkCommittee. Am J Clin Nutr 1996

October;64(4):650-8.

(70)  Himes JH, Dietz WH. Guidelines for overweighadolescent preventive services:
recommendations from an expert committee. The Expammittee on Clinical Guidelines for

Overweight in Adolescent Preventive Services. A@lid Nutr 1994 February;59(2):307-16.

(71) Diamond I, Mcdonald J, Guidotti R. Use dfimple anthropometric measurement
to predict birth weight. WHO Collaborative StudyRifth Weight Surrogates. Bull World Health

Organ 1993;71(2):157-63.

(72)  Rondo PH, Tomkins AM. Chest circumferencamsndicator of intrauterine

growth retardation. Early Hum Dev 1996 March 22332(61-7.

(73)  WHO technical report series number 854 GanBhysical status: the use and

interpretation of anthropometry. Report of a WHE&st Committee. 1995.

223



(74)  Yusuf S, Hawken S, Ounpuu S, Bautista LnEoai MG, Commerford P et al.
Obesity and the risk of myocardial infarction in@J0 participants from 52 countries: a case-

control study. Lancet 2005 November 5;366(9497)0184

(75)  Wahrenberg H, Hertel K, Leijonhufvud BM, Bson LG, Toft E, Arner P. Use of
waist circumference to predict insulin resistanme¢rospective study. BMJ 2005 June

11;330(7504):1363-4.

(76)  Zhu S, Heymsfield SB, Toyoshima H, Wang i&tebelli A, Heshka S. Race-
ethnicity-specific waist circumference cutoffs fdentifying cardiovascular disease risk factors.

Am J Clin Nutr 2005 February;81(2):409-15.

(77)  Wildman RP, Gu D, Reynolds K, Duan X, H&gpropriate body mass index and
waist circumference cutoffs for categorization e€aveight and central adiposity among Chinese

adults. Am J Clin Nutr 2004 November;80(5):1129-36.

(78)  WHO. Obesity: Preventing and managing tloball epidemic. Report of a World

Health Organization Consultation on Obesity, Gené987. 1997.

(79)  Deurenberg-Yap M, Schmidt G, van Staveren,\Wéurenberg P. The paradox of
low body mass index and high body fat percentagengnChinese, Malays and Indians in

Singapore. Int J Obes Relat Metab Disord 2000 Aygd):1011-7.

(80)  Pietrobelli A, Faith MS, Allison DB, GallaghD, Chiumello G, Heymsfield SB.
Body mass index as a measure of adiposity amotdrehiand adolescents: a validation study. J

Pediatr 1998 February;132(2):204-10.

224



(81) Lindsay RS, Hanson RL, Roumain J, Ravussikriowler WC, Tataranni PA.
Body mass index as a measure of adiposity in @nléind adolescents: relationship to adiposity by
dual energy x-ray absorptiometry and to cardioviasaisk factors. J Clin Endocrinol Metab 2001

September;86(9):4061-7.

(82) Pinhas-Hamiel O, Dolan LM, Daniels SR, Sttord D, Khoury PR, Zeitler P.
Increased incidence of non-insulin-dependent desbetellitus among adolescents. J Pediatr 1996

May;128(5 Pt 1):608-15.

(83) von ME, Schwartz J, Neas LM, Dockery D, V8esS . Relation of body mass
index to asthma and atopy in children: the Natidihedlth and Nutrition Examination Study IlI.

Thorax 2001 November;56(11):835-8.

(84) Campbell S, Newman GB. Growth of the fefphbietal diameter during normal

pregnancy. J Obstet Gynaecol Br Commonw 1971 J8(®);513-9.

(85) Gallivan S, Robson SC, Chang TC, Vaugh&@péncer JA. An investigation of

fetal growth using serial ultrasound data. Ultragb@bstet Gynecol 1993 March 1;3(2):109-14.

(86) O'Brien GD, Queenan JT. Growth of the ulttag] fetal femur length during

normal pregnancy. Part I. Am J Obstet Gynecol 1D8&ember 1;141(7):833-7.

(87) Odland JO, Nieboer E, Romanova N, Thoma¥sé&rox J, Lund E.
Concentrations of essential trace elements in matserum and the effect on birth weight and
newborn body mass index in sub-arctic and arctpufaiions of Norway and Russia. Acta Obstet

Gynecol Scand 1999 August;78(7):605-14.

225



(88) Rohrer F. Eine neue Sormel zur Bestimmumg<d@eperfulle, Korr.-B1 Ges.

Anthrophol 1908;39(5).

(89)  Lubchenco LO, Hansman C, Boyd E. Intraugegrowth in length and head
circumference as estimated from live births ataféstal ages from 26 to 42 weeks. Pediatrics

1966 March;37(3):403-8.

(90) Indrayan A, satyanarayana L. Reference galuenedicine and validity of

diagnostic test. Indian Pediatr 2000 March;37(3:28.

(91) Morris SS, Victora CG, Barros FC, HalpernMgnezes AM, Cesar JA et al.
Length and ponderal index at birth: associatiortk wiortality, hospitalizations, development and

post-natal growth in Brazilian infants. Int J Epidel 1998 April;27(2):242-7.

(92)  Villar J, Altobelli L, Kestler E, Belizan A health priority for developing
countries: the prevention of chronic fetal malrtidri. Bull World Health Organ 1986;64(6):847-

sl.

(93) Barker DJ. The malnourished baby and infantMed Bull 2001;60:69-88.

(94) Fay RA, Dey PL, Saadie CM, Buhl JA, Gebslli Ponderal index: a better
definition of the 'at risk' group with intrauterigeowth problems than birth-weight for gestational

age in term infants. Aust N Z J Obstet Gynaecoll1Pé&bruary;31(1):17-9.

(95) Walther FJ, Ramaekers LH. The ponderal iree& measure of the nutritional
status at birth and its relation to some aspecigohatal morbidity. J Perinat Med 1982;10(1):42-

7.

226



(96)  Villar J, de OM, Kestler E, Bolanos F, Caréz, Bernedes H. The differential
neonatal morbidity of the intrauterine growth rdttion syndrome. Am J Obstet Gynecol 1990

July;163(1 Pt 1):151-7.

(97)  Patterson RM, Pouliot MR. Neonatal morphaiostand perinatal outcome: who is

growth retarded? Am J Obstet Gynecol 1987 Septef®h#(3):691-3.

(98)  Usher R, McLean F. Intrauterine growth g&Hoorn Caucasian infants at sea
level: standards obtained from measurements imeémions of infants born between 25 and 44

weeks of gestation. J Pediatr 1969 June;74(6):901-1

(99) Goldenberg RL, Cutter GR, Hoffman HJ, Fostdr Nelson KG, Hauth JC.
Intrauterine growth retardation: standards for dagjs. Am J Obstet Gynecol 1989

August;161(2):271-7.

(100) Starfield B, Shapiro S, McCormick M, BrddsMortality and morbidity in infants

with intrauterine growth retardation. J Pediatr 2 @8cember;101(6):978-83.

(101) Fitzhardinge PM, Steven EM. The small-fatedinfant. 1l. Neurological and

intellectual sequelae. Pediatrics 1972 July;50QtY.5

(102) Michaelis R, Schulte FJ, Nolte R. Motor &eibr of small for gestational age

newborn infants. J Pediatr 1970 February;76(2):288-

(103) Soothill PW, Bobrow CS, Holmes R. Small §esstational age is not a diagnosis.

Ultrasound Obstet Gynecol 1999 April;13(4):225-8.

227



(104) Soothill PW, Ajayi RA, Campbell S, Nicolaisl KH. Prediction of morbidity in
small and normally grown fetuses by fetal hea® keariability, biophysical profile score and

umbilical artery Doppler studies. Br J Obstet Gytdd 993 August;100(8):742-5.

(105) Rapaport R. Growth and growth hormone ifdoén born small for gestational

age. Growth Horm IGF Res 2004 June;14 Suppl A:S3-S6

(106) WHO. Physical status: the use and inteagiaet of anthropometry. Report of a

WHO Expert Committee. 1995. Report No.: WHO techhreport series number 854 Geneva.

(107) bertsson-Wikland K, Wennergren G, Wennardye Vilbergsson G, Rosberg S.
Longitudinal follow-up of growth in children bormll for gestational age. Acta Paediatr 1993

May;82(5):438-43.

(108) Hediger ML, Overpeck MD, McGlynn A, Kuczrsir RJ, Maurer KR, Davis WW.
Growth and fatness at three to six years of agitdren born small- or large-for-gestational age.

Pediatrics 1999 September;104(3):e33.

(109) Seidman DS, Laor A, Gale R, Stevenson D&ndh YL. A longitudinal study of

birth weight and being overweight in late adolesgerAm J Dis Child 1991 July;145(7):782-5.

(110) Yajnik CS. Early life origins of insulinsistance and type 2 diabetes in India and

other Asian countries. J Nutr 2004 January;134Q0B-20.

(111) Mahadevan N, Pearce M, Steer P. The pmopasure of intrauterine growth

retardation is function, not size. Br J Obstet Gagw 1994 December;101(12):1032-5.

228



(112) Owen P, Maharaj S, Khan KS, Howie PW. haébetween fetal measurements in

predicting growth restriction. Obstet Gynecol 20kil;97(4):499-504.

(113) Nieto A, Matorras R, Villar J, Serra M. Nexdal morbidity associated with
disproportionate intrauterine growth retardatioteatn. J Obstet Gynaecol 1998

November;18(6):540-3.

(114) Balcazar H, Keefer L, Chard T. Use of aptmmetric indicators and maternal risk
factors to evaluate intrauterine growth retardatioimfants weighing more than 2500 grams at

birth. Early Hum Dev 1994 April 15;36(3):147-55.

(115) Chang TC, Robson SC, Spencer JA, Gallivdr&liction of perinatal morbidity
at term in small fetuses: comparison of fetal groatd Doppler ultrasound. Br J Obstet Gynaecol

1994 May;101(5):422-7.

(116) Altman DG, Hytten FE. Intrauterine growghtardation: let's be clear about it. Br J

Obstet Gynaecol 1989 October;96(10):1127-32.

(117) Mongelli M, Gardosi J. Reduction of falsesjgive diagnosis of fetal growth
restriction by application of customized fetal gthwstandards. Obstet Gynecol 1996

November;88(5):844-8.

(118) Gardosi J. Customized growth curves. Clistet Gynecol 1997

December;40(4):715-22.

(119) UNICEF and WHO. Low Birthweight: Countryegional and Global Estimates.

UNICEF; 2004.

229



(120) SCN 2000, Pojda J, and Kelley L. Low bistbight: a report based on the
International Low Birth Weight Symposium and Worgptheld on 14-17 June 1999 at the
ICDDR,B. Geneva: Administrative Committee on Coasdion, Sub-Committee on Nutrition,

United Nations. 2000. Report No.: (ACC/SCN nutritipolicy paper no. 18).

(121) Himmelmann K, Himmelmann A, Niklasson AgBgson A. Hypertension in

pregnancy and size at birth. Blood Press 1996 8dqme5(5):278-84.

(122) Mittendorf R, Williams MA, Kass EH. Prevamnt of preterm delivery and low

birth weight associated with asymptomatic bact&iuClin Infect Dis 1992 April;14(4):927-32.

(123) Elder HA, Santamarina BA, Smith S, Kass Ehke natural history of
asymptomatic bacteriuria during pregnancy: theotfé tetracycline on the clinical course and the

outcome of pregnancy. Am J Obstet Gynecol 1971 l6grctth;111(3):441-62.

(124) KNOX IC, Jr., HOERNER JK. The role of infem in premature rupture of the

membranes. Am J Obstet Gynecol 1950 January;59Q-}Lillust.

(125) Goldenberg RL, Hauth JC, Andrews WW. Integime infection and preterm

delivery. N Engl J Med 2000 May 18;342(20):1500-7.

(126) Craigo SD. Cervical incompetence and pneteelivery. N Engl J Med 1996

February 29;334(9):595-6.

(127) lams JD, Goldenberg RL, Meis PJ, Mercer BMawad A, Das A et al. The
length of the cervix and the risk of spontaneowsnature delivery. National Institute of Child
Health and Human Development Maternal Fetal Meditinit Network. N Engl J Med 1996

February 29;334(9):567-72.

230



(128) Gazolla CM, Ribeiro A, Moyses MR, Oliveita, Pereira LJ, Sallum AW.
Evaluation of the incidence of preterm low birthigle in patients undergoing periodontal therapy.

J Periodontol 2007 May;78(5):842-8.

(129) Brown ZA, Vontver LA, Benedetti J, CritcddCW, Sells CJ, Berry S et al.
Effects on infants of a first episode of genitalges during pregnancy. N Engl J Med 1987

November 12;317(20):1246-51.

(130) Heilmann L, von Tempelhoff GF, Pollow K. hghospholipid syndrome in

obstetrics. Clin Appl Thromb Hemost 2003 April; 2 3-50.

(131) Fisch RO, Walker WA, Anderson JA. Prenatal postnatal developmental

consequences of maternal phenylketonuria. Pediatfi66 June;37(6):979-86.

(132) Snijders RJ, Sherrod C, Gosden CM, NicelsidH. Fetal growth retardation:
associated malformations and chromosomal abnoigsliAm J Obstet Gynecol 1993

February;168(2):547-55.

(133) McShane PM, Heyl PS, Epstein MF. Matermal perinatal morbidity resulting

from placenta previa. Obstet Gynecol 1985 Febr6a():176-82.

(134) Crane JM, van den Hof MC, Dodds L, Armsdx Biston R. Neonatal outcomes

with placenta previa. Obstet Gynecol 1999 April®3%41-4.

(135) Ananth CV, Berkowitz GS, Savitz DA, Laping. Placental abruption and

adverse perinatal outcomes. JAMA 1999 NovemberZ{P8:1646-51.

231



(136) Dommisse J. Placenta praevia and intranggrowth retardation. S Afr Med J

1985 February 23;67(8):291-2.

(137) Naeye RL. Placenta previa. Predisposingpfa@nd effects on the fetus and

surviving infants. Obstet Gynecol 1978 Novembe55221-5.

(138) Platz E, Newman R. Diagnosis of IUGR: ttiadial biometry. Semin Perinatol

2008 June;32(3):140-7.

(139) Villar J, Belizan JM. The timing factor tine pathophysiology of the intrauterine

growth retardation syndrome. Obstet Gynecol SuB218ugust;37(8):499-506.

(140) Belizan JM, Lechtig A, Villar J. Distribwin of low-birth weight babies in

developing countries. Am J Obstet Gynecol 1978 Nawer 15;132(6):704-5.

(141) Bondevik GT, Lie RT, Ulstein M, Kvale G. kanal hematological status and risk
of low birth weight and preterm delivery in NepaAtta Obstet Gynecol Scand 2001

May;80(5):402-8.

(142) Christian P, Khatry SK, Katz J, Pradhan E&Clerq SC, Shrestha SR et al.
Effects of alternative maternal micronutrient sigopénts on low birth weight in rural Nepal:

double blind randomised community trial. BMJ 200arkeh 15;326(7389):571.

(143) Hosain GM, Chatterjee N, Begum A, Sahalsftors associated with low

birthweight in rural Bangladesh. J Trop Pediatr@®ril;52(2):87-91.

(144) Salam A.K.M.A., F.Haseen, H.K.M.Yusuf, Hrlesse. National Low Birth-weight

Survey of Bangladesh, 2003-2004. 2006.

232



(145) Deshmukh JS, Motghare DD, Zodpey SP, Wa@ta_ow birth weight and

associated maternal factors in an urban area.rrieiaiatr 1998 January;35(1):33-6.

(146) Goodburn E, Chowdhury M, Gazi R. Low binthight in rural Bangladesh. J Trop

Pediatr 1994 April;40(2):123.

(147) Hirve SS, Ganatra BR. Determinants of lathbweight: a community based

prospective cohort study. Indian Pediatr 1994 Ceti@1(10):1221-5.

(148) Neel NR, Alvarez JO. Maternal risk factfoslow birth weight and intrauterine

growth retardation in a Guatemalan population. Balh Am Health Organ 1991;25(2):152-65.

(149) Lone FW, Qureshi RN, Emmanuel F. Matermalegmia and its impact on perinatal

outcome in a tertiary care hospital in Pakistarst Béediterr Health J 2004 November;10(6):801-7.

(150) Torres-Arreola LP, Constantino-Casas Preslddlernandez S, Villa-Barragan JP,
Rendon-Macias E. Socioeconomic factors and lovi irtight in Mexico. BMC Public Health

2005 March 3;5(1):20.

(151) Lima M, Ismail S, Ashworth A, Morris SSflurence of heavy agricultural work

during pregnancy on birthweight in northeast Brdpil J Epidemiol 1999 June;28(3):469-74.

(152) Conde-Agudelo A, Belizan JM, Norton MH, ResBermudez A. Effect of the
interpregnancy interval on perinatal outcomes itinLAmerica. Obstet Gynecol 2005

August;106(2):359-66.

(153) Lone FW, Qureshi RN, Emanuel F. Maternaesnia and its impact on perinatal

outcome. Trop Med Int Health 2004 April;9(4):486-90

233



(154) Mishra V, Dai X, Smith KR, Mika L. Maternakposure to biomass smoke and

reduced birth weight in Zimbabwe. Ann Epidemiol 200ovember;14(10):740-7.

(155) Boy E, Bruce N, Delgado H. Birth weight agosure to kitchen wood smoke

during pregnancy in rural Guatemala. Environ HeBihspect 2002 January;110(1):109-14.

(156) Fraser AM, Brockert JE, Ward RH. Associatid young maternal age with

adverse reproductive outcomes. N Engl J Med 1998 2p;332(17):1113-7.

(157) Chandra PC, Schiavello HJ, Ravi B, Weimstgs, Hook FB. Pregnancy outcomes

in urban teenagers. Int J Gynaecol Obstet 2002 ibee 79(2):117-22.

(158) Zzhu BP, Rolfs RT, Nangle BE, Horan JM. Effef the interval between

pregnancies on perinatal outcomes. N Engl J Me® Ee®ruary 25;340(8):589-94.

(159) Murphy CC, Schei B, Myhr TL, Du MJ. Abuserisk factor for low birth weight?

A systematic review and meta-analysis. CMAJ 200y @2;164(11):1567-72.

(160) Flynn CA, Helwig AL, Meurer LN. Bacteriahginosis in pregnancy and the risk

of prematurity: a meta-analysis. J Fam Pract 198@ber;48(11):885-92.

(161) Brooke OG, Anderson HR, Bland JM, PeacagiSiewart CM. Effects on birth
weight of smoking, alcohol, caffeine, socioeconofaitiors, and psychosocial stress. BMJ 1989

March 25;298(6676):795-801.

(162) Hessol NA, Fuentes-Afflick E, Bacchettiftsk of low birth weight infants among

black and white parents. Obstet Gynecol 1998 NoezraB(5):814-22.

234



(163) Cnattingius S, Bergstrom R, Lipworth L, Krer MS. Prepregnancy weight and

the risk of adverse pregnancy outcomes. N Engld M98 January 15;338(3):147-52.

(164) Unicef. Low birth weight prevalence andaasated factors in four regions of
Nepal (A multi hospital based study). Mother Irtf&esearch Activities (MIRA), UNICEF Nepal,

Kathmandu; 2000.

(165) Joshi NP, Kulkarni SR, Yajnik CS, Joglekaf, Rao S, Coyaji KJ et al. Increasing
maternal parity predicts neonatal adiposity: Puragdvhal Nutrition Study. Am J Obstet Gynecol

2005 September;193(3 Pt 1):783-9.

(166) Rao S, Kanade A, Margetts BM, Yajnik CSbtee H, Rege S et al. Maternal
activity in relation to birth size in rural Indidhe Pune Maternal Nutrition Study. Eur J Clin Nutr

2003 April;57(4):531-42.

(167) Stein CE, Fall CH, Kumaran K, Osmond C, ®Barker DJ. Fetal growth and

coronary heart disease in south India. Lancet M®&mber 9;348(9037):1269-73.

(168) Sachdev HS, Fall CH, Osmond C, Lakshmy & Biswas SK, Leary SD et al.
Anthropometric indicators of body composition inuyg adults: relation to size at birth and serial
measurements of body mass index in childhood irNéa& Delhi birth cohort. Am J Clin Nutr

2005 August;82(2):456-66.

(169) Arifeen SE, Black RE, Caulfield LE, Antelm&, Baqui AH, Nahar Q et al. Infant
growth patterns in the slums of Dhaka in relatibitth weight, intrauterine growth retardation,

and prematurity. Am J Clin Nutr 2000 October;721810-7.

235



(170) Karim E, Mascie-Taylor CG. Longitudinal gritn of Bangladeshi infants during

the first year of life. Ann Hum Biol 2001 Januar§(2):51-67.

(171) Osendarp SJ, van Raaij JM, Arifeen SE, WaWieBaqui AH, Fuchs GJ. A
randomized, placebo-controlled trial of the effetzinc supplementation during pregnancy on

pregnancy outcome in Bangladeshi urban poor. AfindNtr 2000 January;71(1):114-9.

(172) Cheung YB, Jalil F, Yip PS, Karlberg JPséaation between size at birth,
paediatric diarrhoeal incidence and postnatal gno#tta Paediatr 2001 November;90(11):1309-

15.

(173) Hafeez A, Mehmood G, Mazhar F. Oral zingpementation in pregnant women
and its effect on birth weight: a randomised cdigtbtrial. Arch Dis Child Fetal Neonatal Ed 2005

March;90(2):F170-F171.

(174) Christian P, Khatry SK, West KP, Jr. Anteshanthelmintic treatment,

birthweight, and infant survival in rural Nepal.rnget 2004 September 11;364(9438):981-3.

(175) Katz J, Christian P, Dominici F, Zeger Skteatment effects of maternal
micronutrient supplementation vary by percentilethe birth weight distribution in rural Nepal. J

Nutr 2006 May;136(5):1389-94.

(176) Yajnik CS, Fall CH, Coyaji KJ, Hirve SS,dR8, Barker DJ et al. Neonatal
anthropometry: the thin-fat Indian baby. The Puregdvihal Nutrition Study. Int J Obes Relat

Metab Disord 2003 February;27(2):173-80.

236



(177) Anderson S, Shakya KN, Shrestha LN, Cast#M. Hypoglycaemia: a common
problem among uncomplicated newborn infants in Neb@rop Pediatr 1993 October;39(5):273-

7.

(178) Tripathy R, Parida SN, Tripathy SN, Devi, P@s RN, Swain A. Physical status of

newborns and neonatal outcome. Indian J Pediaft P@@ember;69(12):1041-5.

(179) Muthayya S, Dwarkanath P, Thomas T, VaM{laskar A, Mhaskar R et al.
Anthropometry and body composition of south Indiabies at birth. Public Health Nutr 2006

October;9(7):896-903.

(180) Central Bureau of Statistics.2001. Popata€ensus, 2001 (National Report).

Kathmandu 2002; 2002.

(181) His Majesty's Government. Population cer#@l. Central Bureau of Statistics,

National Planning Commission Secretariat: 2003.

(182) Ministry of health (Nepal). Nepal demogripéind health survey 2006. Calverton,
Maryland, Family Health Division, Ministry of HealtNew ERA; ORC Macro 2002.: New Era,

ORC Macro; 2007.

(183) Nepal South Asia Centre. Nepal human deveémt report 2007/2008.

Kathmandu, South Asia Centre: 2007.

(184) Unicef. Situation of women and childrenQ202006.

(185) Robinson HP, Fleming JE. A critical evaloatof sonar "crown-rump length"

measurements. Br J Obstet Gynaecol 1975 Septer@f@r;A2-10.

237



(186) Chitty LS, Altman DG, Henderson A, Campl&liCharts of fetal size: 2. Head

measurements. Br J Obstet Gynaecol 1994 Janua(})188-43.

(187) Hadlock FP, Harrist RB, Deter RL, Park $Kprospective evaluation of fetal

femur length as a predictor of gestational ageltrhgbund Med 1983 March;2(3):111-2.

(188) Hadlock FP, Deter RL, Harrist RB, Park $iétal abdominal circumference as a

predictor of menstrual age. AJR Am J RoentgenoR188gust;139(2):367-70.

(189) Ogawa Y. Chronic lung disease of the vewy birth weight infant--is it

preventable? Turk J Pediatr 2009 January;(1):-44.

(190) Ashworth A, Morris SS, Lira PIl. Postnateb\gth patterns of full-term low birth
weight infants in Northeast Brazil are relateddoiseconomic status. J Nutr 1997

October;127(10):1950-6.

(191) WHO. Multicentre study on Low Birth Weiglihd Infant Mortality in India, Nepal

and Sri Lanka. 1994. Report No.: SEARO regionalthepaper, No 25.

(192) Vyas S, Kumaranayake L. Constructing secgionomic status indices: how to use

principal components analysis. Health Policy Pla@&@November;21(6):459-68.

(193) Mercer BM, Goldenberg RL, Moawad AH, Meiy Rims JD, Das AF et al. The
preterm prediction study: effect of gestational agd cause of preterm birth on subsequent
obstetric outcome. National Institute of Child Hhand Human Development Maternal-Fetal

Medicine Units Network. Am J Obstet Gynecol 1999/Blmber;181(5 Pt 1):1216-21.

238



(194) Hillier SL, Nugent RP, Eschenbach DA, KraWiA, Gibbs RS, Martin DH et al.
Association between bacterial vaginosis and pretigtivery of a low-birth-weight infant. The
Vaginal Infections and Prematurity Study Group. NE) Med 1995 December 28;333(26):1737-

42.

(195) Pantelakis SN, Papadimitriou GC, Doxiadls Bfluence of induced and
spontaneous abortions on the outcome of subsepuegriancies. Am J Obstet Gynecol 1973 July

15:116(6):799-805.

(196) Goldenberg RL, lams JD, Mercer BM, Meis lRdawad AH, Copper RL et al.
The preterm prediction study: the value of newtasdard risk factors in predicting early and all
spontaneous preterm births. NICHD MFMU Network. ArRublic Health 1998

February;88(2):233-8.

(197) Linn S, Schoenbaum SC, Monson RR, Rosn&tiblefield PG, Ryan KJ. No
association between coffee consumption and adeertsemes of pregnancy. N Engl J Med 1982

January 21;306(3):141-5.

(198) Edwards LE, Alton IR, Barrada MI, Hakan$oY.. Pregnancy in the underweight
woman. Course, outcome, and growth patterns ofhflaet. Am J Obstet Gynecol 1979 October

1;135(3):297-302.

(199) Scott A, Moar V, Ounsted M. The relativatrdoutions of different maternal
factors in small-for-gestational-age pregnancies.EObstet Gynecol Reprod Biol 1981

September;12(3):157-65.

239



(200) Ananth CV, Platt RW. Reexamining the effeuft gestational age, fetal growth,
and maternal smoking on neonatal mortality. BMCgRemcy Childbirth 2004 December

1;4(2):22.

(201) Indrayan A, satyanarayana L. Graphical mdshio summarize data. Indian Pediatr

2000 January;37(1):55-62.

(202) Bakketeig L. Current growth standards, m€ins, diagnosis and classification of

fetal growth retardation. 1998.

(203) Basso O, Wilcox AJ, Weinberg CR. Birth weignd mortality: causality or

confounding? Am J Epidemiol 2006 August 15;164(@3:3.1.

(204) Sen A. Missing women--revisited. BMJ 2008cBmber 6;327(7427):1297-8.

(205) Blanc AK, Wardlaw T. Monitoring low birtheight: an evaluation of international
estimates and an updated estimation procedureVBulld Health Organ 2005 March;83(3):178-

85.

(206) Pal DK, Manandhar DS, Rajbhandari S, LavidBatel N, de LCA. Neonatal
hypoglycaemia in Nepal 1. Prevalence and risk factérch Dis Child Fetal Neonatal Ed 2000

January;82(1):F46-F51.

(207) Manandhar DS, Costello A. Anthropometryha term newborn and postnatal

mother in Nepal. Journal of Nepal Medical Assoociati997;35:150-7.

240



(208) Margetts BM, Mohd YS, Al DZ, Jackson AA.rBistence of lower birth weight in
second generation South Asian babies born in theetdKingdom. J Epidemiol Community

Health 2002 September;56(9):684-7.

(209) Sydsjo A, Brynhildsen J, Selling KE, Josefs A, Sydsjo G. Influence of rest

during pregnancy on birth weight in working wom@&stet Gynecol 2006 May;107(5):991-6.

(210) Manandhar DS, Osrin D, Malla K, Costello@estational age specific birth

weight centiles in nepal. Journal of Nepal Medisasociation 1999;38:29-34.

(211) de OM, Blossner M, Villar J. Levels andtpats of intrauterine growth retardation

in developing countries. Eur J Clin Nutr 1998 Jag&®? Suppl 1:S5-15.

(212) Eriksson JG, Forsen T, Tuomilehto J, WiRBr, Osmond C, Barker DJ. Catch-up
growth in childhood and death from coronary he&talse: longitudinal study. BMJ 1999 February

13;318(7181):427-31.

(213) Eriksson JG, Forsen T, Tuomilehto J, OsnonBarker DJ. Early growth and

coronary heart disease in later life: longitudistaidy. BMJ 2001 April 21;322(7292):949-53.

(214) Barker DJ, Eriksson JG, Forsen T, Osmoniefal origins of adult disease:

strength of effects and biological basis. Int Jdepniol 2002 December;31(6):1235-9.

(215) Forsen T, Eriksson J, Tuomilehto J, ReunakieOsmond C, Barker D. The fetal
and childhood growth of persons who develop typéabetes. Ann Intern Med 2000 August

1;133(3):176-82.

241



(216) Yudkin JS, Martyn CN, Phillips DI, Gale CRssociations of micro-albuminuria

with intra-uterine growth retardation. Nephron 200dvember;89(3):309-14.

(217) Haas JD, Balcazar H, Caulfield L. Variatiorearly neonatal mortality for

different types of fetal growth retardation. AmiyB Anthropol 1987 August;73(4):467-73.

(218) Cuttini M, Cortinovis I, Bossi A, de VU. &portionality of small for gestational
age babies as a predictor of neonatal mortalityraorbidity. Paediatr Perinat Epidemiol 1991

January;5(1):56-63.

(219) Kramer MS, Olivier M, McLean FH, Doughef®g, Willis DM, Usher RH.

Determinants of fetal growth and body proportictyalPediatrics 1990 July;86(1):18-26.

(220) Mills JL, Graubard BI, Harley EE, Rhoads &&rendes HW. Maternal alcohol
consumption and birth weight. How much drinkingidgrpregnancy is safe? JAMA 1984 October

12:252(14):1875-9.

(221) Edwards LE, Alton IR, Barrada MI, Hakan$oY.. Pregnancy in the underweight
woman. Course, outcome, and growth patterns ahflaat. Am J Obstet Gynecol 1979 October

1;135(3):297-302.

(222) Pachauri S, Marwah SM. A study of the dff#fccertain maternal factors on birth

weight. Indian J Med Sci 1970 October;24(10):650-60

(223) Yudkin PL, Harlap S, Baras M. High birthgei in an ethnic group of low

socioeconomic status. Br J Obstet Gynaecol 1984;9(§4):291-6.

242



(224) Crowell DT. Weight change in the postparfemniod. A review of the literature. J

Nurse Midwifery 1995 September;40(5):418-23.

(225) Lee W, Deter RL, Ebersole JD, Huang R, Bkaert K, Romero R. Birth weight
prediction by three-dimensional ultrasonographgctional limb volume. J Ultrasound Med 2001

December;20(12):1283-92.

(226) Warsof SL, Wolf P, Coulehan J, QueenanCbimparison of fetal weight
estimation formulas with and without head measuramébstet Gynecol 1986 April;67(4):569-

73.

(227) Nahum GG, Stanislaw H. Ultrasonographidmtéon of term birth weight: how

accurate is it? Am J Obstet Gynecol 2003 Febru88(2):566-74.

(228) Chauhan SP, Hendrix NW, Magann EF, Morri3énKenney SP, Devoe LD.
Limitations of clinical and sonographic estimatébioth weight: experience with 1034 parturients.

Obstet Gynecol 1998 January;91(1):72-7.

(229) Halaska MG, VIk R, Feldmar P, HrehorcakKvicmar M, Micochova H et al.
Predicting term birth weight using ultrasound aretemal characteristics. Eur J Obstet Gynecol

Reprod Biol 2006 September;128(1-2):231-5.

(230) Abernathy JR, Greenberg BG, Grizzle JE,radlg JF. Birth weight, gestation,
and crown-heel length as response variables invatilite analysis. Am J Public Health Nations

Health 1966 August;56(8):1281-6.

(231) Nahar S, Mascie-Taylor CG, Begum HA. Madéiamthropometry as a predictor of

birth weight. Public Health Nutr 2007 September@®65-70.

243



(232) Kutty, V. Why low birth weight is still arpblem in kerala? A preliminary

exploration. 2004.

(233) Nahum GG, Stanislaw H, Huffaker BJ. Acceanatediction of term birth weight
from prospectively measurable maternal charactesigPrim Care Update Ob Gyns 1998 July

1;5(4):193-4.

(234) Etikan I, Caglar MK. Prediction methods @bies' birth weight using linear and

nonlinear regression analysis. Technol Health Qaf5;13(2):131-5.

(235) Breschi MC, Seghieri G, Bartolomei G, GirdnBaldi S, Ferrannini E. Relation
of birthweight to maternal plasma glucose and instbncentrations during normal pregnancy.

Diabetologia 1993 December;36(12):1315-21.

(236) Abernathy JR, Greenberg BG, Wells HB, FaZiM. Smoking as an independent
variable in a multiple regression analysis upothbiveight and gestation. Am J Public Health

Nations Health 1966 April;56(4):626-33.

(237) Population Division Ministry of Health aRdpulation Government of Nepal
Kathmandu, Nepal and New ERA Kathmandu Nepal andrviinternational Inc. Calverton

Maryland U. S. A. Nepal demographic and health sy2006. 2007 May.

(238) Pradhan, A, Aryal, RH, Regmi, G, Ban, Bd @ovindasamy, P. Nepal family
health survey, 1996Kathmandu, Nepal, Department of Health Services, Family Health

Division, 1997 Mar. xxviii, 250 p.; 1997 Mar.

(239) Heins HC, Jr., Nance NW, McCarthy BJ, Efiill. A randomized trial of nurse-

midwifery prenatal care to reduce low birth weigBbstet Gynecol 1990 March;75(3 Pt 1):341-5.

244



(240) McLaughlin FJ, Altemeier WA, Christensen,Ndherrod KB, Dietrich MS, Stern
DT. Randomized trial of comprehensive prenatal éaréow-income women: effect on infant birth

weight. Pediatrics 1992 January;89(1):128-32.

(241) Chauhan SP, West DJ, Scardo JA, Boyd JMedd, Hendrix NW. Antepartum
detection of macrosomic fetus: clinical versus gpaphic, including soft-tissue measurements.

Obstet Gynecol 2000 May;95(5):639-42.

(242) Hendrix NW, Grady CS, Chauhan SP. Clinicalsonographic estimate of birth

weight in term parturients. A randomized cliniadt J Reprod Med 2000 April;45(4):317-22.

(243) Nahum GG, Stanislaw H. Validation of albiteight prediction equation based on

maternal characteristics. J Reprod Med 2002 Seped(9):752-60.

(244) Hadlock FP, Harrist RB, Sharman RS, DeterfRark SK. Estimation of fetal
weight with the use of head, body, and femur mesamants--a prospective study. Am J Obstet

Gynecol 1985 February 1;151(3):333-7.

(245) Shepard MJ, Richards VA, Berkowitz RL, WHISL, Hobbins JC. An evaluation
of two equations for predicting fetal weight byrakound. Am J Obstet Gynecol 1982 January

1;142(1):47-54.

245



Annex A. Research article 1

Effects of antenatal multiple micronutrient suppésration on birth weight and gestational

duration in Nepal: double-blind, randomized cor&oltrial. Lancet 2005; 365-62

Articles

Effects of antenatal multiple micronutrient
supplementation on birthweight and gestational duration in
Nepal: double-blind, randomised controlled trial W

David Osrin, Anjana Vaidya, Yagya Shrestha, Ram Bahadur Baniya, Dharma S Manandhar, Ramesh K Adhikari, Suzanne Filteau,
Andrew Tomkins, Anthony M de L Costello

Lancet 2005; 365: 955-62
Published online.

March 3, 2005
hitp:/fimage.thelancet.com/

Summar’
y extras/O4art1104Sweb.pdf

Background Neonatal mortality is the biggest contributor to global mortality of children younger than 5 years, and
low birthweight is a crucial underlying factor. We tested the hypotheses that antenatal multiple micronutrient
supplementation would increasc infant birthweight and gestational duration.

See Comment
International Perinatal Care
Unit (D Osrin MRCP,

Prof AM de L Costello FRCP),
Methods We did a double-blind, randomised controlled trial in Dhanusha district, Nepal. Women attending for  and Centre for Intemational
antcnatal carc with singleton pregnancies at up to 20 weeks’ gestation were invited to participate. Participants were ~Child Health (S Filteau pho,

N s ) o d N . B Prof A Tomkins FRLP), Institute
randomly allocated either routine iron and folic acid supplements (conirol; n=600) or a multiple micronutrient %0 T Vnivessity
supplement providing a recommended daily allowance of 15 vitamins and minerals (intervention; n=600). college London, 30 Gullford
Supplementation began at a minimum of 12 weeks’ gestation and continued until delivery. Primary outcotne Streel, London WCIN 1EH, UK;
measures were birthweight and gestational duration. Analysis was by intention to treat. The study is regislered as an  Motherandinfant Research

International Standard Randomised Controlled Trial, number ISRCTN88625934. e es (M) RO B33,
athmandu, Nepal

(A Vaidya MD, Y Shrestha RN,

Findings Birthweight was available for 523/600 infants in the control group and 529/600 in the inlervention group. B Baniys MPH,

Mean birthweight was 2733 g (SD 422) in the control group and 2810 g (453) in the intervention group, representing "fDS Manandhar Fkcr);and

a mean dillerence ol 77 g (95% CI 24-130; p=0-004) and a relative fall in the proportion of low birthweight by 25%.  Temmoven ineie,

No difference was recorded in the duration of gestation (0-2 weeks [-0-1 to 0-4]; p=0-12), infant length (0-3 cm  Kathmandu, Nepal

[-0-1 10 0.6; p=0-16), or head circumference (0-2 cm [-0-1 o 0-4]; p=0-18). (Frof R Adhikcri D)
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Interpretation In a poor community in Nepal, consumption of a daily suppl c a recorr
d.osiin@ich.uclac.uk

allowance of 15 micronutrients in the second and third trimesters of pregnancy was associated with increased
birthweight when compared with a standard iron and folic acid preparation. The effects on perinatal morbidity and
mortality need further comparisons between studies.

Introduction
A third of global deaths happen in children younger than
5 years,' most in the neonatal period.” Low birthweight
(<2500 g, irrespective of gestation) underlics many of
these deaths. 25 million low-birthweight infants are born
every year, and associations with neanatal mortality have
been well deseribed.** Low birthweight is also associated
with diminished childhood growth,” morbidity,* compro-
mised cognitive and behavioural development”® and
disease in adulthood." It is, however, rather a blunt
indicator of fetal history and infant health: low-
birthweight infants can be small for gestational age,
preterm, or boll. Mosl birthweight dala from poor
counlries do not discrirninate between these faclors, a
dilemma that has led o several approaches to
classification and uncertainty about disease burden.’"
Although the epidemiology and associations of low
birthweight have been examined closely," approaches to
alleviate the burden have met with limited success.”™'
Maternal nutritional status is linked with fetal weight,
particularly small-for-gestational-age birth, as a result of
presumptive intrauterine growth restriction. Increases in
macronutricnt consumption during pregnancy do lcad to
increased birthweight,”* but control of fetal growth is
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complex,” and the cffectivencss of interventions remains
patchy.*# The possibility that improvements in vitamin
and mincral status might lcad to reductions in low
birthweight is aftractive in terms of policy planning. A
wealth of descriptive epidemiology has drawn links
between deficiencies of such micronutrients—particularly
several at the same time”—and birth outcomes* Many
women in wealthy and poor countries already luke
multiple micronutrient supplements before and during
pregnancy, and iron and folic acid supplements are
generally  recommended. I mulliple  micronutrient
supplement lablels were shown 1o be helpful, only minor
adjustments to policy would be needed.

Repletion mighl improve birth outcomes,* a proposal
lent support by findings of a study of infants of women
infected with HIV.* An expert group has formulated a
combination of ten vitamins and five minerals at levels
of about one recommended daily allowance for this
reason.” However, the evidence base for policy change is
insufficient.””" We undertook a trial with the aim of
establishing- whether sccond and third trimester
supplementation with a multiple micronutrient regimen
at onc rccommended daily allowance would increase
birthweight and prolong gestational duration.
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Participants and methods

Study location and population

Nepal is a south Asian country challenged by geography,
poverty, and a violent insurrection. The most recent
estimates of neonatal and perinatal mortality rates are
39 per 1000 livebirths and 47 per 1000 births, respec-
tively”” More than half of women cannot read.” About a
third have low body-mass index (<18-5 kg/m?** and a
quarter report limiting their own food consumption to
provide food for their children;” half of children have
stunted growth.” Deficiencies of several micronutrients
have been well described in individual studies’ and in
a national sample.” Hospital-based figures for low
birthweight suggest a prevalence of 279%;* this number
is certainly an underestimate—a level of 40% has been
reported in a southern rural population.”

The fifth most populous of Nepal’s districts, Dhanusha,
lies in the southern plains of the central zone. It has a
population of about 670 000, 13% of whom are younger
than 5 years. The human development index is 0-329, the
population per doctor about 19000, and the population
per hospital bed 6700.* Two-thirds of households have
access to safe drinking water. The urban population forms
11% of the district. Janakpur, the district municipality and
former capital of the Mithila kingdom, is a town of great
cultural and historic significance.

The sampling frame for potential participants
included all women attending a designated antenatal
clinic at Janakpur zonal hospital. The clinic was
supervised by a senior nurse (YS) and run by auxiliary
nurse midwives. It was open six mornings a week on a
walk-in basis and provided all the routine services
specified in Nepal’s national maternity care guidelines
and antenatal care protocol ##

Women were eligible for enrolment at up to
20 completed weeks of gestation. After screening on the
basis of history, dates, and examination, we invited
potential participants to a room serving as the study
centre. We made a firm offer of enrolment if further
history, examination, and ultrasound screening con-
firmed: (1) a gestation of up to 20 completed weeks; (2) a
singleton pregnancy; (3) no notable fetal abnormality; (4)
no existing maternal illness of a severity that could
compromise the outcome of pregnancy; and (5) that the
participant lived in an area of Dhanusha or the adjoining
district of Mahottari accessible for home wvisits. If
preliminary ultrasound examination suggested a
congenital anomaly, we referred participants for repeat
ultrasound by a consultant radiologist and management
by obstetric specialists. We covered the costs of such
unexpected procedures on their behalf.

We explained the nature and process of the trial to
potential participants if they met the inclusion criteria.
Oral and written information was available in English,
Nepali, and Maithili. We deferred consent until wornen
had discussed the trial with their families, and we
encouraged them to bring senior family members to the

study centre for the consent process. Literate
participants provided signed consent and those unable
to write provided witnessed thumbprints.

The trial was approved by the Nepal Health Research
Council and the ethics committee of the Institute of Child
Health and Great Ormond Street Hospital for Children,
London, UK, and was undertaken in collaboration with
His Majesty’s Government Ministry of Health, Nepal.
Benefits to participants included the supply of
supplements, free health care, and expedited referral in
the event of complications. Information provided by
participants remained confidential. Access was restricted
to supervisory and research staff at the analytical level. No
analyses or outputs included the names of participants.

Procedures

We did randomisation in advance of recruitment. One
of us (DO) randomly allocated 1200 participant
identification numbers by computer into two groups in
permuted blocks of 50. The allocation code was kept on
file in Kathmandu and London. We allocated every
identification number a supplement container to last
throughout the trial. Containers were filled with either
intervention or control tablets in Kathmandu by a team
member who was otherwise uninvolved in the trial; these
containers were then marked only with identification
numbers and transported to the study centre in
Janakpur. Intervention and control supplements were
manufactured by Danigsh Pharmaceutical Industties
(Ballerup, Denmark) to look, smell, and taste identical.

After screening, consent, and enrolment, one of us
(YS) allocated participants sequential identification
numbers and the corresponding supplement containers.
Supplements were provided in a take-home bottle at
monthly visits to the study centre. Bottles were labelled
with the participants’ names and identification numbers
only. The allocation code was broken on two occasions:
(1) for the first 500 participants to inform the interim
data monitoring committee (by DO: the committee were
not told which group represented the intervention); and
(2) for this analysis.

In accordance with recommendations for trial design,”
controls received current nationally advised tablets
containing iron 60 mg and folic acid 400 pg* The
intervention group received tablets containing vitamin A
800 pg, vitamin E 10 mg, vitamin D 5 pg, vitamin B1
1-4 mg, vitamin B2 1-4 mg, niacin 18 mg, vitamin B6
1-9 mg, vitamnin B12 2-6 pg, folic acid 400 pg, vitamin C
70 mg, iron 30 mg, zinc 15 mg, copper 2 mg, selenium
65 g, and iodine 150 pg. These amounts adhere to the
suggested composition of multiple micronutrient
supplements for antenatal use recommended by
UNICEF, WHO, and the United Nations University.* We
sent a sample of tablets from participants’ allocations for
composition analysis midway through the trial. Vitamin E
concentrations were 25% higher than expected, a surplus
added by the manufacturer in view of probable
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degradation. Retinol, iron, and vitamin C concentrations
were about 10% lower than expected.

Participants received supplements from enrolment (at
no earlier than 12 weeks’ gestation) to delivery. We
advised women to take one tablet daily, preferably after
food and at the same time, and to avoid other
supplements and drugs unless recommended by a study
obstetrician. The follow-up plan included a contact visit
every 2 weeks—a combination of monthly clinic visits
and monthly home visits. At every contact visit, we asked
the participant about morbidity, questions about the
trial, her plans for delivery, and her consumption of
supplements. We encouraged all women to make plans
for delivery and advised them to consider hospital birth.

We offered the following blood tests to all participants
at enrolment: haemoglobin concentration; blood group;
rhesus status; and rapid plasma reagin test for syphilis.
We prepared blood samples and stored them for
micronutrient assays with the woman’s permission. We
undertook urine dipstick testing for protein and sugar at
every antenatal care visit, and we offered repeat testing
for blood haemoglobin concentration and amounts of
selected micronutrients at about 32 weeks’ gestation.

We assayed blood haemoglobin spectrophotometrically
with a HemoCue system (Dronfield, UK), with daily
calibration checks. Blood samples were spun in a
centrifuge and plasma was stored at —20°C until transport
to the UK in liquid nitrogen, after which samples were
stored at —80°C. We measured vitamins A and E in a
randomly selected 10% subsample of specimens taken at
enrolment and 32 weeks’ gestation. Plasma retinol and
« tocopherol concentrations were assayed simultaneously
by high performance liquid chromatography* We
standardised the method with control serum purchased
from the National Institute of Standards and Technology
(Gaithersburg, MD, USA) and quality control samples
were run within every batch. The interassay coefficient of
variation for the quality control plasma was 6% for both
retinol and a tocopherol. a tocopherol was expressed as a
ratio to plasma triglycerides, measured on a COBAS Fara
autoanalyser with a commercial kit (Roche Diagnostics,
Basel, Switzerland). The interassay coefficient of variation
for triglycerides was 4-6%.

In the event of significant illness, we arranged for the
participant to be seen by a consultant obstetrician or
doctor. We prespecified two deviations from protocol: (1) if
a participant’s enrolment blood haemoglobin concen-
tration was less than 70 g/L, she was given an extra 60 mg
of iron daily, anthelmintic treatment, and her blood
haemoglobin was rechecked after 1 month; and (2) if a
participant described night blindness at any time, she was
given 2000 g of vitamin A daily and referred for medical
follow-up.

For hospital births, study team midwives identified
participants presenting at the maternity unit and obtained
birth details and infant anthropometric measurements.
For home births, we encouraged participants’ families to
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contact the study team, after which a field supervisor
visited as soon as possible to collect birth details and
undertake infant anthropometry. Babies who became
unwell were referred for management at the hospital
paediatric unit. Women exited the study when their
Dbabies reached 1 month of age, at which time mother and
child attended for postnatal checks. We met the cost of
any medical care needed during pregnancy, delivery, or
postpartum and transport for deliveries or emergencies.

Primary outcomes were birthweight and gestational
duration. We measured birthweight on Seca 835
electronic scales (Hamburg, Germany) accurate to 10 g,
tared before every measurement. We attempted to
establish birthweight as soon after birth as possible, but
defined late birthweight as a measurement recorded after
72 h. We estimated gestational age on the basis of
transabdominal ultrasound fetal biometry with an Aloka
SSD 900 with obstetric probe (Tokyo, Japan). In
pregnancies less than 13 weeks and 6 days, we used
crown-rump length and the chart of Robinson.” Between
14 and 20 weeks, we used biparietal diameter and head
circumference and the charts of Chitty.® We added in
measurements of femur length if necessary. One of us
(AV) did the scans, with the exception of 30 women
scanned by DO. Ultrasound training and quality control
were provided by the superintendent ultrasonographer of
University College London Hospitals. Scan stills were
printed and stored in the participant’s file, and scan
videotapes were sent to the UK for regular quality control
examination.

Secondary outcomes included infant length and head
circumference. We measured infant length on a
Kiddimetre board accurate to 1 mm (Raven Equipment,
Castlemead, UK) for hospital and home births where
vehicular access was possible. When severe monsoon
conditions made transport of the large, heavy
Kiddimetre to homes impractical, we measured some
infant lengths on a Rollametre (Raven Equipment). We
assessed occipitofrontal head circumference with a
plastic length tape accurate to 1 mm, taking the middle
value of three consecutive measurements.

We defined loss to follow-up as failure to attend the
antenatal clinic for 3 months and failure to meet the
participant after three home visits. We identified
miscarriage as cessation of confirmed pregnancy before
23 weeks’ gestation; stillbirth as delivery of an infant
showing no signs of life—movement, breathing, or
heartbeat—after 23 weeks’ gestation; early neonatal
death as death of a liveborn infant in the first 7 days after
birth; and late neonatal death as death of a liveborn
infant after 7 but within 28 days.

We assessed adherence by the discrepancy estimate
method.” Supplements were provided every month in a
varying (butknown) quantity in excess of requirements.
Team members were aware of the numbers of tablets
remaining and added to take-home bottles, but did not
imply to participants that they were important. We told
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1985 women screened for eligibility
785 did not meet inclusion criteria

| 600 allocated control I

[ 600 atocted intervention |

20lost to follow-up
12 could not be found

19lost to follow-up
8 could not be found

8 moved beyond 11 moved beyond
study follow-up study follow-up
] 12 discontinued tral | 10 discontinued trial
5 miscarriage 2 miscarriage

7 withdrew from trial 7 withdrew from trial

1 clinical problems

¥

568 delivered 571 delivered
18stillbirth 15 stillbirth
27 birthweight taken 27 birthweight taken
late or never late or never
523 birthweight 529 birthweight
analysed analysed

Figure: Trial profile

participants that the bottles contained more than
enough tablets to last a month, but that they were
formulated for pregnancy and should not be given to
other family members.

Statistical analysis

We calculated the sample size at a power of 90% and a
two-sided significance level of 5%. We allowed for the
possibility of 30% loss to follow-up, a figure that seemed
pessimistic but reasonable in view of the logistic
difficulties of such trials. At 600 participants per arm,
the study would attribute significance to a change in
mean birthweight of 100 g (assuming a control mean of
2800 g [SD 450]) and a change in mean gestational
duration of 3 days (assuming a control mean of 275 days
[12-4]). Analysis was by intention to treat.

An independent data monitoring committee met in
November, 2003, to consider interim data from
500 participants. The committee reported that there had
been high adherence to the study protocol, that
randomisation had resulted in comparable groups, that
no evidence of harm could be attributed to either
supplement, that there was no evidence of substantial
mortality differences, and that the sample size should
remain as projected.

We obtained information about participants, their
progress, and outcomes in individual files that we
checked manually for completeness. Data were entered
into a relational database management system (FileMaker
Pro 5.5), which incorporated validation constraints. We
subjected the data to range checks and case-by-case
examination for completeness and accuracy after export to
SPSS version 11. Birthweight and gestational duration
were normally distributed and were assessed with
independent sample ¢ tests assurning equal variances. We

assessed categorical outcomes (low birthweight and
preterm birth) with logistic regression. The distribution of
plasma retinol conformed to normality. Data for
a tocopherol/triglycerides needed natural logarithmic
transformation, and geometric means were calculated.

Role of the funding source

The sponsor had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results

The first participant joined the trial on Aug 11, 2002, and
the last on Oct 22, 2003; all women had exited the trial by
July, 2004. The figure shows the trial profile. Most
exclusions from enrolment were for gestations of more
than 20 weeks. Maternal illnesses that led to exclusion
were: recently treated recurrent cysticercosis (1); need for
chlorpromazine (1) or anticoagulant (1) drugs with
changing doses; and symptomatic mitral stenosis (1) or
multivalvular heart disease (1). Fetal exclusions were: twin
pregnancies (6); anencephaly (1); occipital meningocele
(1); encephalocele (1); duodenal atresia (1); and a grossly
dilated pelvicalyceal system (1). All participants received
their allocated supplements, irrespective of whether they
took any. 20 participants enrolled in the trial but were
never seen again, even after a thorough search in the areas
they had given as their addresses. 19 moved out of the
areas in which they could be tracked and we do not know
their birth outcomes. Seven participants had spontaneous
abortion. 14 women withdrew from the trial because they
felt it would not benefit them. One withdrew after
developing generalised itching. In deviations from
protocol, four participants received treatment for severe
anaemia and three for night blindness.

Data for 1139 deliveries were available for the analysis
of gestational duration. Because most stillborn infants
were not weighed, we included only liveborn infants in
the analysis of birthweight. The birthweight outcome
was available for 523 (87%) infants in the control group
and 529 (88%) in the intervention group.

Table 1 shows baseline characteristics. Both arms were
comparable. Most participants belonged to the Maithil
group, traditional residents of the area: 518/599 (86%) in
the control group and 499/599 (83%) in the intervention
group. The remaining women were mainly from Muslim
and hill Indo-Aryan groups. Half the participants came
from Janakpur municipality and most came from
families who owned some land and were supported by
non-agricultural income from shops and small-scale
manufacture. About half of participants had been to
school, at least at primary level. 540 (45%) were in their
first pregnancies. Enrolment weight was measured at
mean 16-0 weeks (SD 3-1) in the control group and
15-7 weeks (3-7) in the intervention group. Although
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Control (1=600) Intervention (n=600)
Residence
Urban 316(53%) 314 (52%)
Rural 284 (47%) 286 (48%)
Land owned
None 39(7%) 29(5%)
<10kattha* 312 (52%) 337 (56%)
>10kattha” 247 (41%) 227 (38%)
Husband’s occupation
No work 61(10%) 69 (12%)
Farming 92 (15%) 89 (15%)
Salaried 252 (42%) 261 (44%)
Small business 114 (19%) 109 (18%)
Waged labour 66 (11%) 53(9%)
Student 8(1%) 9(2%)
Out of country 7 (%) 10 (2%)
Age
<20years 171 (29%) 190 (32%)
20-29 years 398 (66%) 387 (65%)
=30 years 31 (5%) 23(4%)
Schooling
| None 271 (45%) 273 (46%)
| Primary 67 (11%) 56 (9%)
| Lowersecondary or higher 262 (44%) 271 (45%)
Parity
0 266 (44%) 274 (46%)
1-2 261 (44%) 276 (46%)
=3 73 (12%) 50 (8%)
Enrolment weight (kg) 451(60) 451(62)
Height (cm)t 1510 (5-7) 1505 (5-4)
Enrolment body-massindex (kg/m”) ~ 19-8 (2.4) 19:9 (2:4)
<185 kg/m’ 170 (28%) 172 (29%)
Dataare number of participants (%) or mean (SD). *10 katthais about 0:3 hectares.
‘tControl, n=598; intervention n=599.
Table 1: Baseline household and participant ct

mean height was not strikingly short, mean weight at
enrolment was low at 45 kg, and 342 (29%) women had a
low body-mass index. Participants who were lost to
follow-up or withdrew from the trial were less likely to be
Maithil and were wealthier than those who remained.

The mean period of potential supplementation was
158 days (SD 30) in the control group and 161 days (29)
in the intervention group. Discrepancy estimates of
adherence included all enrolled participants: if they
withdrew from the trial or were lost to follow-up, we
calculated their days of involvement and assumed that
they had taken no supplements. We assessed adherence
in terms of the number of tablets used over the period of
participation, which relies on the assumption that they
had been consumed by the participant. The distribution
of adherence was J-shaped with clustering towards
100%. Consumption accounted for a median 98% of
days of participation in the control group (IQR 91-100)
and 97% in the intervention group (91-100).

Blood haemoglobin samples were available for
1054 women at enrolment and for 1050 in the third
trimester (table 2). Enrolment blood samples were taken
at a mean gestation of 16-3 weeks (SD 3-0) in the control
group and 16-1 weeks (2-9) in the intervention group;
third trimester samples were taken at 31-4 weeks (2-0)
and 31-6 weeks (2-2), respectively. Blood haemoglobin
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concentrations did not differ between arms at enrolment.
401 (38%) women were anaemic at enrolment (<110 g/L)
but severe anaemia was rare (one participant in the
control group and three in the intervention group had
haemoglobin concentrations <70 g/L). Allocation to
either supplement was associated with a fall in the
prevalence of anaemia. At enrolment, plasma retinol con-
centration was assayed in 127 participants and vitamin E
in 108; respective numbers for the third trimester were
101 and 91. Micronutrient supplementation resulted in
significantly higher retinol (p=0-01) and vitamin E
(p=0-03) concentrations at around 32 weeks’ gestation.

Of 568 deliveries in the control group, 300 (53%) took
place in hospital and 43 (8%) were caesarean sections. In
the intervention group, 346 (61%) of 571 deliveries were
hospital births and 46 (8%) were caesarean sections.
Table 3 presents the analysis of primary and secondary
outcomes. 1052 birthweights were available for analysis;
832 (79%) were taken on the first day, 184 (17%) on the
second, and 36 (3%) on the third. Birthweight was greater
in the intervention group than in the control group; this
difference barely changed when restricted to infants born
at term. The intervention was associated with a 25%
relative reduction in the prevalence of low birthweight.
Although gestational duration was 1-5 days longer in the
intervention group than in the control group, the
difference was not significant. Birth length and infant
head circumference did not differ between arms.

Mean birthweight was 91 g higher in male than in
female infants (2817 g vs 2726 g [95% CI for the
difference 38-144]), 150 g greater in infants of
multiparous than primiparous women (2839 g vs 2689 g;
[97-202]), and 116 g higher in infants of participants
whose body-mass index was 18-5 kg/m’ or more
compared with less than 185 kg/m* (2804 g vs 2688 g;
[57-175]). Table 3 also summarises the birthweight
outcome after stratification for these factors.

The study was not powered to detect differences in
mortality, and none of the differences shown in table 4 is

Control group

Intervention group

Haemoglobin

Enrolment sample (n) 517 537
Mean (SD) concentration (g/L) 115 (16)
<110g/L (n[%]) 200 (39%)

Third trimester sample (n) 517 533
Mean (SD) concentration (g/L) 118 (14)
<110g/L (n[%]) 148 (29%)

Retinol

Enrolment sample (n) 67 60
Mean (SD) concentration (jumol/L) 111 (032)

Third trimester sample (n) 56 45
Mean (SD) concentration (pmolfL) 1-20(0-39)

a tocopherol/triglycerides
Enrolment sample (n) 56 52
Geometric mean (95% C1) ratio (jumolfmmol) 12.9(117-142)
Third trimester sample (n) 52
Geometric méan (95% Cl) ratio (wmol/mmol)

39
107 (9-8-116)

115 (16)
201(37%)

118 (12)
133 (25%)
117 (039)

139(0:33)

13.3(118-148)

126 (11-1-14-4)

Table 2: Maternal nutritional biochemistry
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Control Intervention Difference (95% Cl)  p

Birthweight (g)
Gestation at birth (weeks)
Birth length (cm)

Head circumference (cm)

Infant sex
Female
Male
Mother's parity
Primigravid
Multigravid

<185 kgfm’

=185 kg/m’
Categorical outcomes
Low birthweight
Preterm

Primary and secondary outcomes

Stratified birthweight outcomes

Mother's body-mass index

Data are mean (SD) [n] unless otherwise indicated. *Odds ratio (95% CI).

2733(422)[n=523] 2810(453)[n=529] 77 (24t0130) 0004
392(20)[n=568]  39-4(19)[n=571]  02(-01t00-4) 012
486(32)[n=517]  489(2:9)[n=526]  03(-0-1t006) 016
33-6(22)[n=519]  33-8(2:2)[n=526] 02 (-01t0 0-4) 018

2672 (399) [n=260] 2780 (429) [n=256] 108 (36t 179) 0.003
2794 (437) [n=261] 2838 (474)[n=273]  44(-3310122) 0261
2664 (404) [n=231] 2714 (418) [n=242] 50(-24to 124) 0189
2787 (428) [n=292] 2891 (467)[n=287] 104 (31t0177) 0.005
2661 (443) [n-148] 2715 (402) [n=145] 54 (-43t0152) 0274
2762 (410) [n=374] 2845 (467) [n=383] 83 (20t0 146) 0010

133/523 (25%) 101/528 (19%) 069(05210093)* 0014

54/568 (10%) 471571 (8%) 085(057t0129)" 045

significant. More stillbirths were reported in the control
group and more early neonatal deaths in the
intervention group. Overall perinatal mortality rates
were, therefore, similar. A combination of verbal
autopsy and clinical assessment suggested that the
commonest causes of death were infection, preterm
birth, and birth asphyxia. No obvious imbalance was
noted between the groups with respect to these factors.
Morbidity was both a potential outcome and a potential
adverse effect. Typical antenatal problems were gastro-
intestinal symptoms (nausea, dyspepsia, abdominal pain)
and backache. We recorded no differences between the
groups in morbidity or reported problems during
pregnancy or in incidence of complications such as failure
to progress, retained placenta, and postpartum
haemorrhage. Seven participants in the control group and
two in the intervention group were treated for clinical
eclampsia. No differences were seen between the groups
in postpartum morbidity reports. Likewise, in infants we
recorded no differences in modified Apgar scores, cough,
breathing difficulties, diarrhoea, feeding problems, or
fever. Two infants in the control group had identifiable
congenital anomalies (talipes equinovarus; cleft lip and

| Control group Intervention group
| Births 568 571
Stillbirths 18 15
Livebirths 550 556
Neonatal deaths 11 17
Early neonatal deaths 5 13
Late neonatal deaths 6 4
Perinatal deaths 4 23 28
Neonatal mortality rate (per 1000 livebirths) 20-0 306
Early neonatal mortality rate (per 1000 livebirths) 9l 234
Late neonatal mortality rate (per 1000 livebirths) 109 72
Stillbirth rate (per 1000 births) 317 263 %
Perinatal mortality rate (per 1000 births) 405 490
Table 4: Mortality outcomes
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palate), as did two in the intervention group (acyanotic
congenital heart disease; tracheo-oesophageal fistula,
imperforate anus, and preterm birth). Both infants in the
intervention group died in the neonatal period.

Discussion

We have shown that antenatal supplementation with a
multiple micronutrient preparation was associated with
increased birthweight when compared with a standard
iron and folic acid preparation. Gestational duration was
not affected by supplementation. We achieved high
retention rates, and imprecision was restricted to
tolerances implied by use of electronic scales for weighing,
a 72-h window for measurement of birthweight, and
ultrasound biometry for gestational assessment.

A trial of this type was undertaken in Tanzania and
incduded 1067 women infected with HIV-1.2
Supplementation with multivitamins at 2-20 times the
recommended daily allowance in the third trimester was
associated with a 44% fall in low Dbirthweight and
reductions in preterm deliveries (39%), small-for-
gestational age infants, and fetal death. In a double-blind
randomised controlled trial in Mexico,” a supplement
containing 1-1-5 times the recommended daily allowance
of ten vitamins and three minerals was compared with
iron alone. No effects were reported on birthweight,
gestational age, or proportion of low birthweight infants.
Although the design maximised compliance, loss to
follow-up was appreciable (229/874) and—more
importantly—a third of participants were overweight and
the rate of low birthweight was less than 9%.

In a double-blind cluster randomised controlled trial
from a district in southern Nepal, 426 villages received
one of five supplement regimens.” The researchers
noted that folic acid and iron supplementation were
associated with a mnon-significant 60 g increase in
birthweight over control or folic acid alone. This effect
was not seen when zinc was added to folic acid and iron.
Multiple micronutrient supplements (in a generally
similar formulation to our study that also contained 100
mg of magnesium, 30 mg of zinc, 60 mg of iron, but no
selenium) were associated with a significant 64 g rise in
birthweight over control. The interpretation of this trial®®
has been that multiple micronutrients confer no added
benefit over that of iron and folic acid supplements alone.

A double-blind placebo-controlled randomised trial
has been reported from Harare, Zimbabwe.”
Participants were enrolled at 22-35 weeks’ gestation and
outcomes were available for only 66%, but the trial is
valuable for having included many women with HIV
infection. A 50 g increase in birthweight in the
supplemented group (in a slightly different tablet
composition from our study) was not significant, but
birthweights in this population were higher than in
south Asia, and the rate of low birthweight was only
10-5%. The concentration of low birthweight in south
Asia, with higher birthweights in general in sub-Saharan
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Africa, does have implications for roll-out of potential
programmes.

How far can our findings be generalised?
Micronutrient supplementation has its adherents and its
critics. Supplementation began at about 4 months’
gestation and lasted until delivery. This strategy seems
feasible in settings where antenatal care uptake is high,
and continuation into the postpartum period is also a
possibility. In settings like rural Nepal where uptake is
low, the effectiveness of supplementation programmes
has been limited. The discrepancy estimate method
probably overestimated adherence, but the changes in
plasma vitamin concentrations, the outcome of the
study, and our own impression during implementation,
all suggest that participants did take substantial
numbers of tablets. Incidentally, it is noteworthy that
even with regular support and encouragement and an
assurance of exemption from fees, only 50-60% of
participants availed themselves of hospital delivery.

The external validity of the findings would also be
limited if the participants were an unusual group.
Census figures suggest that the level of female literacy in
Dhanusha district is about 36%; 37% of children attend
primary and 18% lower secondary school. In a previous
Nepalese trial,” 20% of participants were literate and
90% delivered at home. Comparison of these figures
with those of our study confirms our impression that the
sample was a mix of urban and rural women and
favoured the moderately poor population rather than the
extreme rural poor or the wealthy: participants had
somewhat more schooling and were more literate, were
usually from families involved in small-scale urban and
periurban businesses, and were less likely to be anaemic
than average survey figures suggest.” Likewise, birth-
weights and low birthweight rates accord with estimates
that probably under-represent the rural poor.*

Research is justified if the populations in which it is
done are likely to benefit from the results.” Does an
improvement in birthweight of this size translate into
reduced mortality or morbidity? Is the improvement
associated with better developmental indices? Does it
have long-term health benefits? These questions remain
open. In common with some other investigators,” we
suggest that changes in birthweight at term might not
have resounding effects. Modest changes in rates of
preterm birth or increases in gestational duration could
have stronger effects on mortality,” but large studies
would be necessary to describe them. We did not record
significant effects on morbidity or mortality and agree
with other authors that multiple micronutrient
supplementation needs more evaluation before we
consider large-scale programmes.”*' We draw attention
to the high early neonatal mortality in the intervention
group, which—although not significant—is similar to a
finding reported by Christian and colleagues.®? Our
study did not address the particular issue of multiple
micronutrient supplements for women living with HIV,
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in whom impressive effects of high doses of selected
micronutrients have been described in Tanzania.”

Our tentative finding of a differential effect of the
supplement is interesting. The effect of multiple
micronutrients on fetal weight seems to have been
enhanced in female infants, in births of higher order,
and in babies of women with a greater body-mass index.
The growth potential for fetuses of larger, parous
women is high, but female fetuses are usually smaller
than males, and the finding of a greater increment in
females is somewhat counterintuitive. We look forward
to further work and opinions on our findings.

The public-health implications of our findings await
confirmation by the results of other studies currently
underway in Bangladesh, Burkina Faso, China, Guinea
Bissau, Indonesia, and Pakistan.
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Effects of antenatal multiple micronutrient
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Summary

Background The negative effects of low birthweight on the later health of children in developing countries have been
well studied. However, undertaking programmes to address this issuc can be difficult since there is no simple
correlation between increasing birthweight and improving child health. In 2005, we published results of a domised
controlled trial in Nepal, in which 1200 women received either iron and folic acid or a supplement that provided the
recommended daily allowance of 15 vitamins and minerals, over the second and third trimesters of pregnancy. Here,
we report on 2-3 years’ [ollow-up of children born during the trial.

Methods We visited children at home and obtained data for the primary outcomes of weight and height, for childhood
illnesses, and maternal blood haemoglobin. The study is registered as an International Standard Randomised
Controlled Trial, number ISRCTN88625934.

Findings Between December, 2005, and December, 2006, we assessed 917 children (455 controls, 462 intervention) at
a mean age of 2-5 years. Mean birthweight had been 77 g (95% CI 24—130) greater in the micronutrient group than in
controls. At 2-5 years old, controls weighed a mean of 10-7 kg (SD 1-38), and those in the intervention group 10-9 kg
(SD 1.54). Children of women who had taken multiple micronutrient supplements during pregnancy were a
mean 204 g (95% CI 27-381) heavier than conirols. They also had greater measurements than controls in the
circumference of the head (2-4 mm [95% CI 0-6—4-3]), chest (3-2 mm [0-4-6.0]), and mid-upper arm (2-4 mm
[1-1-3-7]), and in triceps skinfold thickness (2-0 mm [0-0-0-4]). Systolic blood pressure was slightly lower in the
intervention group (2-5 mm Hg [0-5-4-6]).

Interpretation In a poor population, the effects of maternal multiple micronutrient supplementation on the fetus
persisted into childhood, with increases in both weight and body size. These increases were small, however, since
those cxposed to micronutrients had an average of 2% higher weight than contrals. The public-health implications of
changes in weighl and blood pressure need to be darified through further follow-up.

Introduction

In 2005, we published the results of an individually
The negative eftects of a birthweight of less than 2500 g

randomised, double-blind controlled trial in Dhanusha

on child morbidity and survival in developing countries
have been well described. What is less clear is what
effect interventions to raise birthweight might have on
child health. Health strategies have generally been based
on the observation that in poor countrics, low birthweight
is more common in babies who are born at full term than
in those born prematurely,” and that low birthweight
might lead to childhood malnutrition.

Creating public health programmes to tackle this issue
has been difficull, however, for three reasons. First, we
have not yet managed to get potential interventions to
women at risk, at a time of life when they might be helpful,
and at a population level.’ Second, increased birthweight is
nol necessarily followed by increased survival and reduc-
tions in morbidity in either newborn babies or children—
children with similar weights could differ in mortality rates
between populations.® Third, possible associations between
fetal and infanl growth and adult disease have made us
cautious about increasing infant weight.”

district, Nepal* 1200 women received either routine
iron and folic acid supplements or a multiple
micronutrient supplement providing the recommended
daily allowance of 15 vilamins and minerals, over the
sccond and third trimesters of pregnancy. Mean
birthweights were 2733 g (SD 422) in the control group
and 2810 g (SD 453) in the intervention group,
representing a difference of 77 g (952 CI 24-130) and a
259 fall in the proportion of low birthweight infants
The groups did not differ in the duration of gestation,
infant length, or head circumlerence.

Nine trials of similar supplementation approaches are
being systematically reviewed.**® Antenatal multiple
micronutrient supplementation probably does increase
birthweight, but whether this translales into short-termm
or long-term health benefits remains uncertain. Impor-
tant questions include whether the effects of antepartum
intervention are sustained, and whether micronutrient
repletion improves early childhood growth in a way that
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could confer lasting benefit. To answer these questions,
we undertook a follow-up of children born in the original
trial, at the age of 2-3 years.

Methods

Participants

In the original trial, we enrolled 1200 participants from
an antenatal dlinic at Janakpur zonal hospital, in Nepal's
Dhanusha district. The inclusion criteria were gestation
of up to 20 completed weeks, based on dates and
ultrasound biometry; singleton pregnancy; no notable
fetal abnormality on obstetric ultrasound; no existing
maternal illness of a severity that could compromise the
outcome of the pregnancy; and accessibility for follow-up
athome.

After providing signed consent, participants received
supplements from enrolment (at no earlier than
12 weeks’ gestation) to delivery. The daily micronutrient
supplements were provided in monthly allocations.
Participants were followed up every 2 weeks, at birth,
and at 1 month postpartum. Anthropometric measures
were recorded within 72 h of birth. Allocation was
double-blind and randomised to two groups of 600
participants. The control group received tablets
containing iron (60 mg) and folic acid (400 pg). The
intervention group received tablets containing vitamin A
(800 pg), vitamin E (10 mg), vitamin D (5 pg), vitamin B,
(1-4mg), vitamin B, (1-4mg), niacin (18 mg), vitamin B,
(1-9 mg), vitamin B, (2-6 pg), folic acid (400 pg),
vitamin C (70 mg), iron (30 mg), zinc (15 mg),
copper (2 mg), selenium (65 pg), and iodine (150 pg).”
All supplements were manufactured by Danish
Pharmaceutical Industries Ltd (Ballerup, Denmark).

The trial was approved by the Nepal Health Research
Council, and by the ethics committee of the Institute
of Child Health and Great Ormond Street Hospital
for Children, UK, and was undertaken in collabora-
tion with the Nepal Government Ministry of Health,
Benefits to participants included the supply of supple-
ments, free healthcare, and expedited referral in the
event of complications. Information provided by partici-
pants remained confidential. Access was restricted
to supervisory and research staff at the analytical level.
No analyses or outputs included the names of
participants.

Procedures

Children born in the trial were followed-up at 2-5 years
of age by five field workers, one of whom acted as
coordinator. Training in anthropometric techniques
included taking test measurements of 300 children who
were not in the trial. We were particularly keen to keep
variation between observers to a minimum since, for
example, it accounted for 23% of the variation in head
circumference, whereas intra-observer  variation
accounted for 8%. Final study measurements were
therefore restricted to two field workers.

www.thelancet.com Vol 371 February 9, 2008

Visiting schedules were set according to the ages of
individual children and the need to cover flood-prone
areas outside the monsoon season. All participants who
had not moved home too far for us to travel to were
visited at home up to five times. The field workers were
unaware of the initial supplement allocation since access
to the codes was restricted to principal investigators. We
obtained additional informed verbal consent from
mothers and family members to collect follow-up
information and measurements. Participants received a
towel and a sweet as a token of appreciation.

Primary outcomes were weight and height. Weight was
measured with Seca 835 electronic scales (Hamburg,
Germany) accurate to 10 g. Standing height was measured
with a portable Leicester stadiometer accurate to 1 mm,
barefoot and with the head in the auriculo-orbital plane.
Secondary outcomes included circumferences of the
head, chest, waist, hip, and mid-upper arm, triceps
skinfold thickness, and blood pressure.

We also obtained information on childhood illnesses
and measured maternal blood haemoglobin. Head and
mid-upper arm circumferences were measured with
disposable insertion tapes accurate to 1 mm (Harlow

1985 women screened for eligibility

1200 randomised

785 did not meet inclusion criteria

600 allocated to control group 1

| 600 allocated to intervention group

20 lostto follow-up

19lost to follow-up

12 could not be found
8 moved beyond study

12 discontinued trial l4—{

5 lost to miscarriage
7 withdraw from trial

s

8 could not be found
11 moved beyond study
10discontinued trial
2 lost to miscarriage
7 withdrew from trial
1 dinical problems

568 delivered
18 stillbirth
12 neonatal death

571 delivered
15 stillbirth

17 neonatal death

l

538 for potential follow-up i

1 539 for potential follow-up

75 lost to follow-up
8 post-neonatal deaths
6 deaths at <1 year
2deathsat >1year

72 lost to follow-up
5 post-neonatal deaths
4 deaths at <1 year
1death at >1year

455 for anthropometric
measurements at >2 years

462 for anthropometric
measurements at >2 years

Figure: Trial profile
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Control Intervention Lost-to-follow up
(n=455) (n=462) (n=147)

7!.07(ation

Urban 227 (49-9%) 231(50-0%) 96 (653%)
Rural 228 (50-1%) 231(50-0%) 51(347%)
Land owned

None 22 (4-8%) 23 (5-0%) 11(7:5%)
<10 kattha (0-3 hectares) 241 (53-0%) 267 (57+8%) 81(551%)
>10 kattha 192 (422%) 172 (37.2%) 55 (37-4%)
Husband's occupation

No work 53 (11.7%) 51(11-0%) 16 (10-9%)
Farming 71 (15:6%) 68 (14:7%) 19 (12:9%)
Salaried 181 (39-8%) 203 (43-9%) 71(48:3%)
Small business 83 (18:2%) 84(182%) 32 (217%)
Waged labour 53 (117%) 45(9-8%) 5 (34%)
Student 7 (1:5%) 5(11%) 2(1-4%)
Out of country 7 (1:5%) 6(1:3%) 2(14%)
Consumer durables

Motor vehicle, television, or refrigerator 243 (53-4%) 239 (515%) 78(531%)
Sewing machine, cassette player, camera, fan, 26 (5-7%) 18 (3-9%) 5 (3-4%)
orbullock cart

Clock, radio, iron, or bicycle 122 (26:8%) 133(28:8%) 42 (28:5%)
None of the above 64 (14-1%) 73(15-8%) 22 (15-0%)
Schooling

None 212 (46-6%) 219 (47-4%) 45 (30-6%)
Primary 40 (8-8%) 39 (8-4%) 21(14-3%)
Lower secondary or higher 203 (44-6%) 204 (44-2%) 81 (551%)
Parity at birth of index child

0 217 (477%)  223(483%) 71(48:3%)
1 135 (297%) 130 (28:1%) 41 (27:9%)
2 65 (143%) 63(13-6%) 23(15:6%)
3 26 (57%) 32(6-9%) 9 (6:1%)
4 10 (2-2%) 9(2:0%) 1(0-7%)
=5 2(0-4%) 5 (1:1%) 2(1-4%)

Table 1: Household and participant characteristics at enrolment

Printing Ltd, South Shields, Tyne and Wear, UK). Head
circumference was takenatthe maximum occipito-frontal
measurement. Upper arm circumference was measured
midway between the tip of the olecranon process and
and hip
circumferences were measured with a plastic measuring
tape accurate to 1 mm. The chest was measured at the
level of the nipples, midway between inspiration and
expiration during quiet breathing. Waist circumference
was measured at the level of the natural waist, and the
hip at the level of maximum circumference over the
buttocks. Triceps skinfold thickness was measured with
Harpenden callipers accurate to 1 mm (Assist Creative
Resource, Wrexham, UK). The measurement was taken
midway between the tip of the olecranon process and
the acromion process, in the midline of the posterior
surface of the extended dominantarm. All measurements
except weight and height were made three times and the

the acromion process. Chest,

middle value recorded for analysis.
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waist,

Blood pregsure was measured with the child on her
mother’s lap, with a portable CE0 197 Omron electronic
sphygmomanometer (Japan). We measured maternal
haemoglobin with a spectrophotometer on finger-prick
blood samples using a portable HemoCue AB CE201
(Dronfield, UK), with daily calibration checks. We
collected information about the number of illnesses in
the first year of life and about specific illnesses in the
14 days preceding the interview. Medical reports were
examined where available and verbal autopsy
questionnaires were completed in the event of death.
We defined loss-to-follow-up as confirmed information
that a participant had moved beyond the possibility of
visiting, usually to India. Information about participants,
their progress, and outcomes, was collected in individual
files which were manually checked for completeness.
Data were entered into a relational database
management system with field validity rules (FileMaker
Pro 5.5, USA).

Statistical analysis

The original trial sample size was computed to detect a
difference in mean birthweight of 100 g at a power
of 90% and a two-sided significance level of 0.05,
allowing for 30% loss-to-follow-up. The power of the
study would be 81% if the true difference were equal to
the 77 g difference observed. We assessed outliers in
Data Desk 6.2.1 (Ithaca, NY). The rest of the analysis was
done in the Statistical Program for the Social Sciences
version 11 (SPSS Inc, USA). Baseline confounders were
assessed Dby inspecting proportions for categorical
variables and means for continuous variables.
Continuous anthropometric outcomes were compared
first through ¢ tests and univariate regression, and then
adjusted for potential confounding with multivariate
linear regression models. Total upper arm area was
estimated as the square of the circumference divided
by 4n® Upperarm fat area was calculated as
circumference multiplied by triceps skinfold thickness,
and then divided by two, a model reported as consistent
with magnetic resonance images.”

Role of the funding source

The original study was funded by The Wellcome Trust.
The follow-up study was funded by a grant from an
anonymous charitable donor. Neither played a part in the
study design; the collection, analysis, or interpretation of
data; the writing of the report; or the decision to submit
the paper for publication,

Results

The figure shows the trial profile. We visited 917 mothers
and children from December, 2005, to December, 2006:
455 in the control group and 462 in the intervention
group. Retention rates in the control and intervention
groups (taking into account discontinuation in the study,
fetal loss, stillbirths, infant deaths, postinfancy deaths
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and losses-to-follow-up) were 76% and 77%, respectively.
Retention rates in children who could potentially have
been followed up after the neonatal period were 85%
and 86%, respectively.

At follow-up, we identified a neonatal death in the
control group that we could not have noted in the first
phase. This changed the neonatal mortality rate in the
control group (quoted in the original paper as 20-0)%*
to 21-8 (95% CI 11-3-37-8) per 1000 livebirths, The rate
in the intervention group remains the same as the initial
report, at 30-6 (17-9-48-5). We identified six
post-neonatal infant deaths in the control group and
four in the intervention group. Infant mortality rates
(deaths at younger than 1 year, with a denominator of
livebirths minus losses-to-follow-up) were 37-9
(22-6-59-2) per thousand livebirths in the control
and 43-4 (27-1-65-6) in the intervention group. Post-
neonatal deaths were ascribed to pneumonia (two),
diarrhoea (two), meningitis (one), convulsion (two),
measles followed by confirmed tuberculosis (one), a
hepatic syndrome (one), complications of cleft palate
(one), a bleeding disorder (one), and sudden unexplained
death overnight (two). Four mothers had died between
the postnatal period and follow-up, of burns, pesticide
ingestion, head injury after a fall, and a possible
haematological malignancy.

Table 1 compares household and participant
characteristics at enrolment in the two groups, and in
the 147 participants who were lost-to-follow-up at 2 years.
Investigation suggests that potential confounders were
evenly allocated. Compared with the retained individuals,
women lost-to-follow-up were more likely to be urban,
have husbands who were salaried or ran small
businesses, and have gone to school. They were less
likely to own land and have husbands who worked in
agriculture or as waged labourers.

Table 2 compares maternal and child characteristics
between the groups at follow-up. 43% of women were
anaemic. 42% had blood haemoglobin levels below
6-8 mmol/L and 1% below 4-3 mmol/L. Just under half
of participants had been primigravid in the trial and
there were no significant differences between maternal
anthropometric findings. 94% of infants had been
breastfed. The mean ages of introduction of other
liquids, cow’s milk, or regular solids did not differ
between the allocation groups. Reported morbidity was
common: 35% of children were described as having had
fever, and 36% as having had a cough, in the fortnight
before the interview, We identified no difference between
the groups in reports of illness in either the previous
14 days or the first year of life. Immunisation levels were
equivalent and high, with reporting of over 90% for BCG
(Bacille Calmette Guérin) vaccine, 99% for oral polio
vaccine and DPT (diphtheria, pertussis, and tetanus) 1-3,
and 98% for measles. The most recent inclusion in the
schedule—hepatitis B immunisation—was reported at
rates of over 93% for all three doses.

www.thelancet.com Vol371 February 9, 2008

Intervention

Control
Mothers
Age (years) 245 (3-4) [n=455]
Weight (kg) 458 (73) [n=452]
Height (m) 1-51(0-54) [n=452]

Body-mass index (kg/m?) 20-4 (5:0) [n=452]
6-98(0-79) [n=452]
159 (34-9%) [n=455)

291 (18-4) [n=455]

Haemoglobin (mmol/L)

Had another pregnancy since the trial pregnancy

Age of infant from subsequent pregnancy in weeks

Children

Breastfed 432 (94-9%) [n=455]

404 (2.62) [n=455]
86 (50) [n=455]
8:4.(3:5) [n=455]

Age at introduction of other liquids (months)
Ageatintroduction of other milk (months)
Ageatintroduction of regular solids (months)
Reported illnesses in previous 2 weeks
Fever 160 (35:2%) [n=454]
Cough 162 (357%) [n=454]
Diarthoea 66 (14-5%) [n=454]
Difficulty breathing 31 (6-8%) [n=453]
Hlness in first year
Fewer than five episodes of illness 223 (50.5%) [n=442]

Five or more episodes 219 (49-5%) [n=442]

Data are number (%) or mean (SD) unless otherwise indicated.

246 (3:5) [n=452]
458(7-4) [n 57]
150 (0:57) [n=455]
204 (2-9) [n=455)
696 (0-83) [n=456]
155 (33-5%) [n=462]
317 (21:3) [n=462]

162 (35:1%) [n=462]
6 (35:9%) [n=462]
59 (12-8)% [n=462]

39 (8-4%) [n=462]
237 (52:4%) [n=452]
215 (47-6%) [n=452]

Table 2: Maternal and child characteristics at follow-up

For children who were followed up, mean gestation at
Dbirth was 39-38 (SD 1-70) weeks in the control group
and 39-58 (1-57) in the intervention group. 468 (51-0%)
were boys and 449 (49-0%) girls. This distribution did
not differ between either allocation or loss-to-follow-up.
Mean age at followup was 2.56 (SD 0-35;
range 1-98-3.63) years in the control group and 2-56
(0-35, 1-98-3-85) in the intervention group. Table 3
shows the anthropometric findings and summarises four
analyses: (1) unadjusted analysis comparing mean
measures between the groups; (2) analysis adjusted for
the ages of children when the measurements were made;
(3) analysis adjusted for age, and also for sex, maternal
parity, and gestation at birth—this is an intuitive approach
similar to that used in a study from India;” and (4) analysis
based on a parsimonious model adjusted for age, sex,
gestation at birth, maternal weight at enrolment, and
maternal education. We used single variables to describe
maternal size and social status, on the basis of significance
and greatest explanatory effect in univariate analysis. The
model accounts for 28% of the variance in child weight at
follow-up. Tables 1 and 2 suggest that randomisation
dealt with potentially uneven distribution of confounders,
and the outcomes appear robust to adjustment. Thus, we
will discuss the findings as they are presented after
adjustment for age at follow-up.

The mean weight was 10-7 kg (SD 1.38) in the control
group and 10-9 kg (SD 1-54) in the intervention group.
Children of women who had taken multiple micronutrient
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257



Articles

supplements during pregnancy were a mean 204 g
(95% CI 27-381) heavier than controls at 2- 5 years of age.
Their mean heights did not differ, but their head
circumferences were a mean 2-4 mm (0-6—4-3) larger,
their chest circumferences a mean 3-2 mm (0-4-6-0)
larger, and their hip circumferences a mean 4.0 mm
(0-5-7-4) larger. A mean 3.3 mm difference in waist
circumference was not significant at the 5% level, and
waist-to-hip ratios were no different. Mid-upper arm
circumference was a mean 2-4 mm (1-1-3.7) larger, and
triceps skinfold thickness a mean 2.0 mm (0-0-0-4)
greater. Table 4 shows prenatal and postnatal differences
between the groups by comparing unadjusted mean
weight, height, and head circumference at birth and at
follow-up. Of the 203 g difference in weight between the
groups at follow-up, 126 g was accrued in early childhood.
The incremental differences in height and head
circumference were small: 0-6 mm and 0.7 mm,
respectively, in early childhood.

Mean systolic blood pressure was 101.9 mm Hg
(SD 17-54, n=454) in the control group and 99-4 mm Hg
(SD 13-68, n—=460) in the intervention group. Mean
diastolic blood pressure was 63-4 mm Hg (SD 14-71) in

the control group and 62-05 (12-80) in the intervention
group. Children of women who had taken multiple
micronutrient supplements during pregnancy had
systolic blood pressures a mean 2.5 mm Hg (95% CI
0-47-4-55) lower than controls, but there was no
difference in mean diastolic blood pressure (-1-5 mm Hg
[95% CI -3.1-0-4]).

Table 5 compares weight and height with WHO
standards.** Overall, the mean weight-for-age was 1-70,
the mean height-for-age 2-24, and the mean weight-
for-height 0-34 Z scores below the median. The inter-
vention group showed a slightly significant increase in
weight-for-age (p=0-048) and a non-significant increase
in height-for-age (p=0-281), which also resulted in a
non-significant difference in weight-for-height (p=0-097).
Defining the cut-offs for underweight, stunting, and
wasting as two Z scores below the medians for
weight-for-age, height-for-age, and weight-for-height
respectively, the overall numbers of those underweight
were 340 (37-2%), of stunting 534 (58-4%), and of
wasting 54 (5-9%). None of these rates were significantly
different between the groups. Table 5 presents a detailed
categorical breakdown of these indices, which gives the

(mm)

Control Intervention  Unadjusted (95% CI) Adjusted forage at Adjusted forage at follow-up,  Adjusted forage at follow-up, sex,
(n=455) (n=462) follow-up (95% CI) sex, | parity, if ion at birth, | weight at
at birth (95% Cl) enrolment, maternal education
(95%Cl)

Weight (kg) 10-697 (1-383) 10-900(1-544) 0-203 (0-013t00393)" 0-204 (0-027t0 0-381)* 0-199 (0-027to 0-370)* 0-194 (0-038 to 0:350)*

Height (cm) 8376 (4-68) 84-07 (4-83) 0-30 (-0-31t0 0-92) 031(-0-20t0 0-82) 029 (-0:21t0 0-79) 028 (-017t0 0-73)

BMI (kg/m?) 15-22(1-32) 1539 (1-47) 0-17 (-0-01to 0-35) 017 (-0-01t0 0-35) 017 (-0-01t0 0-34) 0-16 (-0-01t0 0-34)

Head circumference (cm)  46-40 (1:43)  46:64(1:49)  0-24 (006 t0 0-43)* 024 (0:06t00-43)*  0-23(0:07 to 0-40)* 023 (0:0710 0:39)*

Chest circumference (cm)  47-96 (2-26) 4828 (2-45) 0-32 (0-01 to 0-66)* 032 (0-04 to 0-60)* 0-31 (0-03 t0 0-58)* 030(0-04to 0.56)*

Waist circumference (cm) 4648 (2:75) 46-81(2-84) 0-33 (-0-03 to 0-69) 033 (-0-01t0 0-68) 033 (-0:01t0 0-67) 032(-0-01t0 0-65)

Hip circumference (cm) 45-95 (2:68) 46-34(2:94)t  039(0:03t0 0.76)* 0:40 (0-05 to 0-74)* 0:39 (0:05 to 0.74)* 0-39 (006 to 0.71)*

Mid-upper arm 1418 (0-99) 14-42 (1:07) 0-24 (011 to 0-37)* 0:24 (01110 0-37)* 024 (0-11t0 0:37)* 0-24(011t0 0:36)*

circumference (cm)

Triceps skinfold thickness 695 (1:45) 7-15 (1-61)t 0-20 (0-00to 0-40)* 0:20 (0-00 to 0-40)* 0-20 (-0-005 to 0-40) 0-20 (-0-004 to 0-40)

Data are mean (SD) unle h

jise indicated: BMI=body. index.*p<0-05 tn-461.

Control (n=455)

LTalzle 3: Child anthrapometry by allocation group, with four analytic models for differences between group means

Intervention (n=462)

Difference between groups (95% Cl) Proportional increase

over control group at

follow-up
. Atbirth Atfollow-up  Increment Athirth Atfollow-up  Increment Atbirth At follow-up Increment
Weight (kg) 2:75 1070 7-95 2:82 1090 8.08 0077 0203 0-126 1:9%
(0-41) (138) (1-28) (0-43) (1-54) (1:47) (002t0013) (0:01t0039)  (0-05to 030)
Length/height (cm) 4879 8376 34.98 49:03 84.07 3504 024 030 006 0-4%
(3-23) (468) (5-07) (B14) (4-83) (5-14) {-017t0 0-65) (-0-31100:92) (-0-60t0073)
Head circumference  33-65 46-40 1275 33-82 4664 1282 018 024 0:07 05%
(cm) (2:21) (143) (235) (2:24) (1-49) (238) (-011t00-47)  (00610043) (-0-23t00:38)

Data are mean (SD) unless otherwise indicated.

Table 4: Mean measurements at birth and at follow-up, with mean and proportional increments
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Contral group (n=453) Intervention group (n=462)  Difference (95% CI) pvalue
Weight-for-age Z scoret -1.76 (0-98)* -1-63 (1.08)* 0-14 (0-001 to 0-27) 0.048
Height-for-age Z scoret -2.28 (1.06)" -2:20 (112)* 0-08 (-0:06 0 0:22) 0048
Weight-for-height Z scoret -0-40 (1:05)° -0-28 (1:12)* 0412 (-0-02t0 0-26) 0-097
Underweightt
Normalt 98 (21:6) 124 (26-8)
Mild underweight§. 184 (40-6) 169 (36-6)
Moderate underweightd] 125 (27-6) 125 (27-1)
Severe weight|| 46 (102) 44(9-5)
Stuntingt
Normal 52(115) 61(13-2)
Mild stunting§ 129 (28-5) 139 (301)
Moderate stunting ] 162 (357) 150(32:5)
Severe stunting]| 110 (24-3) 112 (24-2)
Wastingf
Normal} 331(731) 354 (76-6)
Mild wasting§ 97 (21-4) 79(17:1)
Moderate wasting®l 19 (4-2) 25 (5-4)
Severe wasting|| 6(13) 4(0-9) . -
Total upper arm area (cm’)** 1607 (2:24) 1663 (2:50) 0-56 (0-25to 0-87) 0-0004
Upper arm fat area estimate (cm?) 496 (1-23) 520 (1-43) 0-24.(0-07 to 0-41) 0-007
*Mean (SD); all other dataare n (%). tComparisons with WHO standards.*+” tOne Z score below the median or above. §More than ane and upto two Z scores below the median.
fIMore than two and up to three Z scores below the median. || More than three Z scores below the median. **Calculated according to equations in reference 20. fCalculated
according to equations in reference 21.
Table 5: Underweight, stunting, and wasting according to WHO standards, and estimates of mean upper arm total and fat areas

impression that differences between the groups might
indicate a reduction in mild degrees of underweight,
stunting and wasting in the intervention group. None of
the differences was significant. Table 5 also shows
estimates of mean total upper arm area (TUA)® and
mean upper arm fat area estimate (UFE),” both of which
were greater in the intervention group. The upper arm
fat percentages (UFE/TUA) were 30-1% in the control
and 31-3% in the intervention group, a difference
of 1-2%.

Discussion

In our study, children aged 2-5 years whose mothers
were given multiple micronutrients during pregnancy
were 204 g heavier than children in the control group
(iron and folate). Although the difference in height was
not significant, circumferences of the head, chest, hip,
and mid-upper arm in children exposed to micronutrients
were larger and their triceps skinfolds thicker than
controls. Children in the micronutrient group were also
less likely to be underweight, stunted, or wasted, although
these findings were not significant.

We think that the only limitations of the study were
that the sample size was insufficient to detect small
changes in anthropometric categories against inter-
national standards, and that field and budgetary con-
straints precluded more sophisticated assessments of
body composition. Retention was satisfactory. Partici-
pants lost-to-follow-up were disproportionately likely to

www.thelancet.com Vol 371 February 9, 2008

come from a mobile, urban group who had moved out of
the study area. The balance between potential confounders
and the robustness of the findings to adjustment
confirmed the value of blinding and random allocation.
Anthropometrical assessments were done by only two
observers, and systematic error should also have been
distributed by randomisation.

One issue that might have affected the results is that
supplement compositions differed in this non-placebo-
controlled trial. The supplement doses were chosen to
match those used in other trials to optimise comparability
and to avoid micronutrient interaction. The iron content
of the supplements differed (60 mg in the control and
30 mg in the intervention group) in line with expert
opinion,” to avoid a possible negative influence on zinc
absorption (although this concern might not apply in
practice®). Possibly, the effects we noted were the result
not of the addition of vitamins and minerals, but of a
reduction in the dose of iron. The question of potential
adverse effects of iron supplementation in general
remains unanswered.”

Our findings suggested that the gains in size at birth
because of multiple micronutrient supplementation
during pregnancy were maintained into childhood. They
should, however, be kept in perspective, particularly with
respect to childhood growth. The adjusted difference
of 204 g in mean weight between control and intervention
groups represented an increment of 127 g over the 77 g
difference that already existed at birth—an overall
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1-9% gain over the mean control group weight. Likewise,
the postnatal increments in height and head
circumference were only 0.6 mm and 0.7 mm,
respectively (0-4% and 0-5% gains over the control
group measures).

We think that the findings raise two key questions.
First, were the children in the intervention group more
healthy? Mothers’ recall of their children’s illnesses
during infancy and the 2 weeks before the interview
did not support this hypothesis, but it is quite possible
that health had been affected in more subtle ways. We
are particularly keen to assess the children’s
development in further follow-up studies. The
increment in head circumference in the micronutrient
group could indicate a difference in brain growth and
the potential for improved cognitive performance.”
Equally, it might be explained by extracranial adiposity.
A second question is whether the sustained gain in
size is associated with physiological changes. This
possibility is intriguing given the rapid increase in
research into the developmental origins of health and
adult disease.” The small but significant decrease in
systolic blood pressure in the multiple micronutrient
group suggests it might have implications for the
development of adult hypertension. Again, we do not
want to over-interpret a single finding and need to
follow up trial cohorts.

Previously, our awareness of the burden of low
birthweight and childhood malnutrition would have
made us optimistic about the effects of greater fetal,
infant, and childhood growth on subsequent illness and
mortality. Research over the past decade, however, raises
questions about this assumption. We lack evidence to
show that increasing weight at birth—and the subsequent
tracking shown in this study—will translate into
substantial improvements in child survival. We have
raised the possibility of an imbalance in stillbirths and
neonatal deaths between the allocation groups.”” The
slight alteration to our original neonatal mortality
findings is mildly reassuring, as is the similarity of
aggregate infant mortality rates between the allocation
groups. However, mneonatal mortality remained
40% higher in the intervention group and mortality needs
to be examined in larger datasets.

Children such as those in our trial might show a
predictive adaptive physiological phenotype that turns
out to be mismatched with their later nutritional
experience.” In simple terms, South Asian children,
though apparently small and thin, may have an intrinsic
susceptibility to harmful patterns of fat deposition in
situations of nutritional plenty.” The children born in
our study are generally lighter, shorter, and more wasted
than children in affluent populations. Has fetal multiple
micronutrient supply had generalised effects on growth,
with potentially beneficial increments in lean body
mass, or has it translated into increased adiposity? The
biggest difference between the two groups was in

weight for age, and the estimates of upper arm
composition suggest a small but significant increase in
adiposity.

We are only beginning to unravel the longer-term
effects of increasing body mass. Its distal effects on
health—cognitive performance, childhood illness and
mortality, and later blood pressure—might be beneficial,
but we need further follow-up and larger studies to
confirm our findings.
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Annex C. Study form

@

MIRA Janakpur multiple micronutrient supplementation study

ment form

Basic information about the woman

Study ID R

day month

O resemme OO0
| seassasecta [ ][] ]

Woman’s name

Husband’s name

District (O Dhanusha
Municipality O ar

s [
w O~

O Mahottari (O Sarlahi O simba

VDC name

Tole

o [ JL]

Religion O HAindu

Social and demographie.details
O Muslim O Buddhist QO Christian QO Other

Ethnicgroup (O Tewai Bahmin (O TemiChhetri (O Terai Vaishya () Terai Sudra
QO HillBrahmin

O Muslim

Main houschold occupation

Q Hill Chhetri
O Newar O TibetesBurman () Other:
O Farming O Sulariedjob (O Owiibsiness (O Daily-wage

[ e [

O = N W

O Motor vshicle, TV, zefiigerator
O Watbelock; radio, iremsbicycls
O Noneoftheabove
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w [ e (]

Nepali LMP DDDD DD
English LMP qﬂ‘;’ DD DD

month wear

Gestation (uss)’ D Dweek’-‘s D days

(]

000 -
HC D D D mm
-~ OO0=
«  OO0=

BFD

Gestational dating

== OC0000

Gestation by CRL

Gestation by BPD

Gestation hy HC

Gestation by FL

Gestation by AC

month year

[ et [ s
[ et [ et
[ ests [t
D D —_— D days
e i

Placental position () Posterior () Anterior () Fundal

Placental maturity (O Grade 0 () Grade1 () Grade 2 () Grade 3

Fetal position () 0A () op O or

Comment

Hypertension () Yes CrNo Family history
Diabetes O Yes {) No

Tuberculosis (O Yes ) Ne

Hypertension O Yes () Mo
Diabetes O Yes ) Wo
Tuberculosis i) Ves () No
Heart disease ) Yes () No
Epilepsy () ¥es ) No
Chest disease O yes ()Xo
Renal disease O Yes () Ne

Blood transfusion
Smoking

Alcohol

Other drugs

Drug allergy
Abdominal surgery

Medical history
O Yes () No
) Yes () No
O ¥es O ¥o
(7) Yes () Ne
@1 N @L R
(O Yes () Ne
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Naginaiiticoding O Yes O Fo Problems in this pregnancy

Facial swelling () Yes O Mo Breathlessness O Yes O No
Severe headache () Yes O Ne Night blindness O Yes () No
Dysuria (O Yes (O Ne Fever O Yes O Neo
Vaginal discharge O Yes O No Fetalmovements () ? (O OK () Less (O) Nore

Ist  2nd 3rd 4th 5th

Previous TT doses EDD D I:I TT given QO Yes O No

Plans for this birth
Place of delivery (O Hospital Q PwtClinic (O PHC () Home
Intended family planning () No () Depo (O Norplant  (O) Minilap () Yes: method?
O Vasectomy () Pill (O Condom () TUCD () Undecided

Blood pressure D D D / D |:] mmHg Examination
Weight D DD . D Kg
v OO

Urine protein ONeg QTrace O+ O+ O+ O +H++
Urine sugar OFeg O Trace O+ QO+t QO+ O ++t
Pallor O No O Yes

Oedema ON O+ O O+

Fundal height D D weeks

Caesarian scar O No O Yes

Lie (O Longitudinal (O Oblique (O Tansverse
Presentation (O Vertex () Breech

Fetal movements QO Yes QO No

Fetal heart beat ) Yes () No
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Obstetric history
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Antenatal information form (1 of 2)

/?33“ MIRA Janakpur multiple micronutrient supplementation study
o : -
N % Antenatal information form

Study ID I:I \:' I:I D Identification

NV AEERINEIINGER .. .o s i e i 454 4 nam s s B e e e AR B S8 e e 01

Monthly visit number I:I
Nepali date of visit DD DD [:H:I
English date of visit l:”:‘ |:||:| DD

day month year

Problems since the last visit

Vaginal bleeding OY&S O No
Facial swelling () Yes (O Ne
Severe headache (O Yes (ONo
Dysuria O Yes (JNo
Vaginal discharge  (0)Yes (O'No
Breathlessness () Yes (O No

Night blindness () Yes (O No

Fever OY@S OND

Fetal movements (OAbsent () Decreased (OYNormal () Unsure

Examination

Weight HE R
Blood Pressure ‘:' I:'D / I:I EI mmHg

Urine Protein ONeg () Trace O+ O++ O+++ Q) 4

Urine sugar (T YNege. (NiBrace SOV VRS 7 Vb W Ve
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Antenatal information form (2 of 2)

Pallor (O Yes O No

Oedema (O)None O+ O ++ e
Fundal height D D Weeks

Lie (O Longitudinal () Oblique (O Transverse
Presentation () Vertex () Breech

Fetal movements () Yes (ONo

Fetal heart sounds () Yes (ONo

TT given (O)Yes ONo

Special Study tests
Blood sample taken (O Yes (ONo

Urine sample taken () Yes (ONo
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MIRA Janakpur multiple micronutrient supplementation study

Laboratory form

Study ID |:| D D D Identification

Woman’s name L P e e

Early lab tests
English date of test |:| I:’ |:| D D |:|
day

month year

Blood haemoglobin ’D . I:] g/dl

Group and Rhesus D O+ O-
RPR O+ O-

Other sample preparation

Tick if prepared

PLASMA () prepared
VITAMIN C () prepared
EDTA () prepared

m

Later lab tests
English date of test |:| D D |:| D D
day

month year

Blood haemoglobin D D . D g/dl

Other sample preparation
Tick if prepared

PLASMA () prepared
VITAMIN C () prepared
EDTA () prepared
URINE SAMPLE (" taken
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Home delivery form (1 of 2)

MIRA Janakpur multiple micronutrient supplementation study

" YHT STHH g
b
T e
aziesr fafa DD DD D:’
[] [ DWD L]
— T o
I JO0OoD i
English date of birth DWD DWD DD

arer
TR ETF (O = BE
bt gar wedr e () gy O ta/feuaga gz /faran
O . O mfam O me@d
) gqeir UEATE Hew (W FGT P

— (IR were

mmmwmmW?DD U7

UTHTRT T @47 o O fawa O rasr () A

qrefr TR O R @R

Yl AHE g 43 A iy foay () P ) Frgit

F=ATHT FAAIE! T AMew qheer T ) Erg O w21 O s
CAT s

4% BiE GHEN WUE AU, FA wHEH
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Home delivery form (2 of 2)

Fea1 wEwhuly 43 W adwr famr T ARG AT
() waT wrETE () warerer sivgan ar st Fasrr fot
== SIEHET i qu ufis Hrer st
O 30 fude firs ) 30 fodre vt ady
rer frebent @5 ) T T
FHIIAEE U] () faue () By

TEIHE! THAA A% bl AWEAT TCH qU, F907 THAT

.........................................................................................................................................................................

A faryg

FEAT THB GHTHT (3 Todra () ey we O &% st afrass o=
geaTEl Ty O g ) arée

F=dT Ul qig fade uf, =T
() Ererdy fuepy, e 4, 7 e
() arferarfer 2roepy, foreit e wirer, ww wfde
() T, qr faedt afew T wier A

g TEEUlE deEArd warew i wAerwr fagr

fa I oo e e e
T @Rl AT At ) #faum (SR T .....oneccmmmomainmsmmonsiins
awd fausr fafg ’:D'DD'DD

T Hlawr T

Tad fausr @9y EDDDQ&A I TS
AT AT [ DD kg
T
TrawE il R

oSt 9kl SAtRTEr @l

B P O
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One month form (1 of 2)

MIRA Janakpur multiple micronutrient supplementation study

1 month check

MIRA ID DDD D Identification

e (]
day maonth year
Is she breastfeeding the baby? () No () Yes

Is the baby getting any other milk apart from breastmilk? (_rNq () Yes
Ifyes.. When did this start? (O Frombirth  or From D Ddays after birth
What sort of milk?

Intended family planning () No () Yes
Ifyes.. (O Depo (O Norplant (O Minilap (Pl
O Vasectomy () Condom O cp
Rl o ]
Fever ) No O Yes Mother problems

Ifyes... when did it start? O Frombirth or  From D D days after birth

How many days did it last? D D days .

Bleeding () No O Yes
Ifyes.. When did it start? O Frombirth or  From D D days after birth

How many days did it* —+» D D days

Offensive discharge () No () Yes

Ifyes.. When did it st () Frombirth or  From D D days afier birth
How many days did it last? D D days

Other problem (> No

Describe the problem

Ifyes... When did it start? () Frombirth  or From D D days after birth

How many days did it las¢? Amve
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One month form (2 of 2)

Infant problems
Cough (OrNo O Yes
Ifyes.. Whendiditstart? () Frombith or From D D days after birth

How many days did it last? D Ddays

Difficulty breathing ('Ne () Yes
Ifyes.. Whendiditstart?  (OFrombirth or From | Ddays after birth

How many days did it last? [:I Ddays

Diarrhoea > 3 times a day () No O Yes
Uyes.. Whendiditstart? (O Frombith or From D Da’ays after birth

How many days did it last? Ddays

Was there mucus, pus or blood in the stool? (ONo () Yes

Difficulty feeding CiNe () Yes
Ifyes.. Whendiditstart? () Frombirth or From D anys after birth

How many days did it last? D Ddays

Describe the feeding difficulty ..................

Fever OINe (O Yes
Ifyes... When did it start? (O Frombirth o From D D days after birth

How many days did it last? D D days

Any other problem (CNo () Yes
{fyes.. 'When did it start? (O Frombirth  or From D Ddays after birth

How many days did it last? D Ddays

Describe the problem

Has the baby had any medicine? ~ ©rNo () Yes
What sort of medicine?

{fyes... When did it start? (OFrombitth  or  From D Ddays after birth

For how many days was it given? l days
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Nepali consent form
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Annex D. Two year follow up form
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The Child's Anthropometry

Weight ] l: Kg

Height ] :I cm

Blood pressure ] / I: mm of Hg

Sitting height ] I:"::I cm

Midupper arm circumference [ ] cm cm [ ] cm
Head circumference |: | cm l | cm |j cm
Chest circumference ] cm ] cm cm
Waist ] cm : L : chy
Hip ] am [ ] em [ ] -
Skinfold triceps ] mm |:| mm “ mm
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Annex E. Information given for ultrasound scan to égible participants

This scan allows to see inside the uterus. It is done to check how many weeks pregnant you are, the well
being of the baby and how many babies you are pregnant with. It is painless and does not involve use of
needles. It is harmless to the baby and your health. It uses sound. It does not use rays like in x-rays so can be
done repeatedly.

No strangers will be allowed to be in the room during the scan for privacy reason. It will be done in presence
of your partner or mother in law or somebody you want to be present like a friend or sister.

You should have a full bladder (6 glasses of water). You should loosen your cloth and expose your lower part
of the abdomen. Gel will be applied to the abdomen. It is a sticky material. You might sometime feel
discomfort when applying pressure to get the better and closer view. It might take 10 minutes to 20 minutes. It
involves taking measurements, Once the process is done, gel will be wiped off your skin. | will share the
results with you after finishing the procedure.

Sometime you might need a second scan if the baby is very small or the baby is lying in awkward position. It
will be arranged in your next antenatal visit.

It is not always easy and possible to detect all congenital problems. We cannot be sure that the baby is 100 %
free of congenital anomaly. There are still chances of missing some congenital anomalies. If we are not sure
of the condition, we will refer you to the hospital radiologist for specialist scan. The cost of the scan will be
refunded.
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Annex F. Consent form for antenatal multiple microrutrient

supplementation trial

Consent Form

Mother Infant Research Activities has for many years been conducting research in various districts of
Nepal to improve the health of mothers and newborn babies, as well as to reduce illness and deaths,
and is now starting a study with pregnant women who come to Janakpur Hospital, on the role of
micronutrients in improving newborn infant health. The newborn babies of malnourished mothers are of
low birth weight and diseased. Therefore, at the hospital, we are supplying iron and folic acid to prevent
anaemia and micronutrient deficiency, and some women are supplied with other micronutrients as well
as iron and folic acid. The Nepal Health Research Council and the Ministry of Health have given
permission for us to conduct research comparing the role of multiple micronutrient supplementation for
pregnant women with iron and folic acid tablet supplementation. Of the tablets we are giving you, some
contain iron and folic acid, and the others contain iron and folic acid as well as some other minerals and
vitamins, although we cannot tell which is which. For this 1200 pregnant women will be enrolled. This
programme will also provide free services:

1. Antenatal care examination every month and discussion of your state of health at home.
. Full predelivery care services

. Ultrasound scan to assess the age of the baby.

. Blood and urine examination as recommended by His Majesty's Government.

. Maternity care during and after the birth of the baby.

. Measurement of blood vitamin and mineral levels.

. Treatment for any problems arising from pregnancy or childbirth.

. Milk test after the baby is born.

O~NO O WN

Whether or not to take part in this study is up to you and you may leave if you like.
All information about participants will remain confidential.

Besides this, if you have any problems or questions you can contact the following address.

MIRA Janakpur Multiple Micronutrient Supplementation Study, Ramanand Chowk. Telephone 24032.
I have understood all the information written on this consent form.

| give my consent to take part in the study.

Signature
Name
Address
Date

If the participant is unable to sign for herself, a witness may sign for her.

The consent form has been read out in front of me (the woman has understood it) and it is true that she
is willing to take part.

Name of witness

Date
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Annex G. Verbal consent form

Verbal consent form
Mother Infant Research Activities has for many gdagen conducting research in various districtdegal to improve
the health of mothers and newborn babies, as \welb aeduce iliness and deaths. It is now followipgchildren at 2
years of age born to mothers of antenatal micréemittisupplementation study conducted in Janakpusphia. This
will include

1. short medical history of the children

2. nutritional and immunization history

3. history on developmental mile-stones

4. anthropometric measurements of children

5. anthropometric measurements of mothers

6. examination of mother’s blood
It is your wish to choose not to participate. Evleiryg will be confidential, and all the informatiavill not be disclosed

to anyone. You can ask any questions regardingsthdy.
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Annex H. Team members

Main study

Hospital based staffs
ANC

Laboratory

Obstetric and Gynaecology department

Study room

Field team

Follow up staffs

Data
Filed team

Yagya kumari Shrestha
Durna Kumari Thapa
Pushpa Baniya
Gunanand Sah

Shyam Jha

Birendra Kumar Yadav
Sunita yadav

Susbhila Karki

Chandra MayaThapa
Nayan Tara Sah
Anjana Vaidya

Mahottry team

Bechan Chaudhary
Dhanusha VDC

Shiv Shanker Chave
Dhanusha and Municipality team

Binaya Karki

Anupa Regmi
Team 1
Durna kumari Thapa (Anthropometric)
Shiv Shanker Chauve (Consent and Forms)
Team 2
Chandra Maya Thapa (Anthropometric)
Gagan Kumar Chauve (Consent and Forms)
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Annex |. Methods of data collection

On booking in the antenatal Ultrasound room Delivery room 1 month postnatal 2 year follow-up
clinic interview
Introduction 1 scan at <20 weeks Newborn Apgar Score Infant morbidity Maternal
Address anthropometry
Menstrual history
Details of the study Enrolment after consent if inclusion criteria  Newborn Infant mortality Child anthropometry
fulfilled anthropometry
Brief obstetric and gynaecological Medical, Obstetric and Gynaecological Congenital anomaly Maternal morbidity Child morbidity
history history check
Maternal anthropometry Delivery events Maternal mortality Child mortality
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Annex J. Composition of supplements

Supplement 1

Supplement 2

Iron
Folic acid

(60 mg)
(400 mcg)

Vitamin A
Vitamin B1
Vitamin B2
Vitamin B6
Vitamin B12
Vitamin C
Vitamin D
Vitamin E
Niacin
Folic acid
Iron

Zinc
Copper
Selenium
lodine

(800 mcg)
(1.4 mg)
(1.4 mg)
(1.9 mg)
(2.6 mcg)
(70 mg)
(5 mcg)
(10 mg)
(18 mg)
(400 mcg)
(30 mg)
(15 mg)
(2 mg)
(65 mcg)
(150 mcg)
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Annex K. Principal components analysis

The study used a score derived from the first coarept

Component loading of socioeconomic factors

Variable Principal component Principal component Principal component Principal component Principal component
1 2 3 4 5
Farming .020 -.919 A77 -.025 -.055
Salary -.812 444 195 -.184 -.077
Business .841 .298 .189 -.157 -.023
Daily wage .160 -.004 -.803 114 -.174
Student -.019 .043 .041 .966 .017
Out of country .031 .007 -.009 .019 974
Land ownership .118 -.168 .573 .093 -.111
Consumables .156 465 529 .154 -.184
Eigenvalue 1.534 1.445 1.211 1.032 1.022
% of variation explained 19.181 18.062 15.134 12.897 12.772
Cumulative % of variation 19.181 37.243 52.377 65.274 78.046

explained

Extraction method: Principal Components Analysis.
Rotation: Varimax with Kaiser Normalization.
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Annex L. Studies comparing predictive accuracy of dferent estimation methods for birth weight

Study and date

Methods

Accuracy of estimation

Inference

Chauhan 1998°%°

Chauhan 2000%*

Hendrix 2000242

Nahum 2003 2%

Halaska 200622

Clinical/USS

USS biometric/clinical/USS
soft tissue

Clinical/USS
(RCT)

Maternal/lUSS

Maternal/ USS

Lower simple error and mean standardized absolute e rror for USS

EFW than Clinical EFW [mean (+/- Standard error)]

Clinical simple error of (48.2 +/- 411 g) and standardized absolute error

(130 +/- 122g/kg)

USSI simple error for EFW (-6.6 +/- 381g) and standardized absolute

error of (104 +/- 89g/kg)

% of EFW that was predicted correctly within 10% of
<2500 g (40% for clinical and 56% for USS)
2500-3999 g (60% for clinical and 58% for USS)
>4000 g (53% for clinical and 62% for USS)

Areas under ROC curves (Area + Standard error)

Clinical (0.72 + 0.06)

USS biometric (0.73 + 0.06)

USS soft tissues — 0.52 +0.06 to 0.58 6 0.07

Clinical significantly more likely to be within 10% of actual weight (58%)
than estimates derived from ultrasound examination

ABW

USS 7.5-18.8%
Maternal characteristics 10.4%

% of birth weight predicted within 10% of ABW
Maternal 2**- 63%

Hadlock equation %** 79%

Halaska equation 75%

Shepherd equation®*®- 58%

USS EFW is superior to clinical EFW in preterms

Both methods have limited value in the estimation
of actual birth weight and lie outside useful
bandwidth (+10% of ABW)

USS soft tissue not superior to clinical or USS
biometric methods

At term clinical more predictive
ROC curve showed similar predictive ability

Ultrasound no more accurate than maternal
characteristics

Nahum (maternal) comparable to shepherd
Hadlock comparable to Halaska and more
accurate

ABW: Actual birth wight; EFW: Estimated Fetal WetgRCT: Randomized controlled trial; ROC: Receigperating characteristics; USS: Ultrasound scan
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Annex M Prediction models

The tables present odds ratios and 95% confidence interval

Model I: Unadjusted

Model Il : Adjusted for significant confounders:

Neonatal death: weight at enrolment

Infant death: no significant confounders

Child death: gestation at birth

Stunting: parity, education, socioeconomic status, weight at enrolment, gestation at birth, age at weaning, age at follow up and frequency of illness
Wasting: education and weight at enrolment

Underweight: parity, education, socioeconomic status, weight at enrolment, gestation at birth, age at weaning and frequency of illness
lliness during infancy

Cough and fever: maternal age and education

Diarrhoea and fever: ethnicity, supplementation and age at follow up

Rash and fever: maternal age and education

Frequency of illness: parity, education, socioeconomic status and infants gender

lliness in the last fortnight

Fever: parity, education, socioeconomic status, weight at enrolment and age at weaning

Cough: parity, education, socioeconomic status, weight at enrolment, infants gender, age at weaning and age a follow up

Difficulty breathing: parity, education, age at weaning and age at follow up

Diarrhoea: parity, education, socioeconomic status, weight at enrolment, age at weaning and age at follow up

Systolic Blood Pressure: maternal age and parity,

Diastolic Blood Pressure: parity, ethnicity and education

Model 1lI: Adjusted for all possible confounders

For neonatal deaths: Maternal age, parity, ethnicity, education, socioeconomic status, supplements, weight at enrolment, gestation at birth and infant sex
For infant deaths and child deaths: All confounders for neonatal deaths plus age at weaning

For malnutrition: All confounders for deaths plus age at weaning and frequency of illness

For illness: All confounders for deaths plus age at follow up

LBW

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure

4.02 (1.75 - 9.22) p = 0.001
3.93 (1.95 — 7.91) p = 0.001
3.93 (2.02 - 7.63) p = 0.001

3.03 (2.10 — 4.38) p = 0.001
2.90 (1.65 — 5.10) p = 0.001
3.40 (2.45 — 4.72) p = 0.001

0.84 (0.48 - 1.81) p=0.8
0.97 (0.68 - 1.36) p= 0.8
0.68 (0.39-1.17) p=0.2
1.23 (0.89 — 1.70) p= 0.2
1.56 (1.13 — 2.16)) p = 0.007
1.09 (0.69 — 1.72) p=0.7
1.39 (1.00 — 1.92) p = 0.05
1.12 (0.62 - 1.20) p= 0.7
0.350 (-1.797 — 2.497) p = 0.8

3.54 (1.53 — 8.24) p = 0.003
3.75 (1.85 — 7.57) p = 0.001

3.53(2.28 — 5.44) p = 0.001
2.43 (1.37 - 4.31) p = 0.002
3.39 (2.31 - 4.98) p = 0.001

0.85 (0.44 — 1.67) p = 0.6

0.93 (0.38 - 2.19) p= 0.7

0.63 (0.36 — 1.09) p = 0.1
1.25(0.90 - 1.73) p=0.2

1.48 (1.06 — 2.09) p = 0.02
1.06 (0.66 — 1.70) p = 0.8

1.47 (1.04 — 2.08) p = 0.03
1.17 (0.64 -2.13) p=0.6
-0.308 (-2.469 — 1.854) p = 0.8

3.46 (1.36 — 8.85) p = 0.009
3.60 (1.63 — 7.93) p = 0.001
3.66 (1.73 — 7.75) p = 0.001

3.40 (2.19 - 5.30) p = 0.001
2.93 (1.53 - 5.59) p = 0.001
3.69 (2.47 - 5.50) p = 0.001

0.83 (0.40-1.72) p=0.6

0.88 (0.60 — 1.29) p = 0.9

0.65 (0.36 —1.17) p = 0.1
1.31(0.92-1.87) p=0.1

1.57 (1.09 — 2.25) p = 0.02
1.05 (0.64—1.73) p=0.8

1.43 (0.99 — 2.05) p = 0.06
1.29 (0.68 —2.46) p = 0.4
-0.346 (-2.654 — 1.962) p = 0.8
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Child diastolic blood pressure

2.004 (-0.104 — 4.112) p = 0.06

1.649 (-0.460 — 3.758) p = 0.1

1.246 (-1.004 — 3.497) p = 0.3

SGA

Model |

Model Il

Model IlI

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure

Child diastolic blood pressure

1.21(053-2.78)p=0.7
1.28 (0.63-2.58) p=0.5
1.39 (0.71-2.71) p=0.4

2.31 (1.76 — 3.02) p = 0.001
1.81 (1.02 - 3.21) p = 0.04
2.70 (2.04 — 3.56) p = 0.001

0.97 (0.56 — 1.69) p = 0.9

1.01 (0.76 — 1.34) p=0.9

1.22 (0.82-1.84) p=0.3

1.22 (0.94—-1.59) p=0.1

1.56 (1.19 — 2.06) p = 0.001
1.32 (0.90-1.94) p=0.2

1.26 (0.96 — 1.65) p = 0.1

1.92 (1.15 - 3.20) p = 0.01
-0.140 (-1.898 — 1.619) p = 0.9
-0.380 (-2.110 — 1.350) p = 0.7

1.00 (0.43-2.35)p=1
1.57 (0.79-3.12) p= 0.2

2.50 (1.81 — 3.48) p = 0.001
1.43(0.79 -2.58) p=0.2
2.98 (2.14 — 4.14) p = 0.001

0.93 (0.53-1.62) p=0.8
0.96 (0.72 - 1.29) p = 0.8
1.18 (0.79-1.78) p=0.4
1.23(0.94—1.60) p= 0.1
1.44 (1.08 —1.93) p = 0.01
1.17 (0.79-1.74) p= 0.4
1.18 (0.89 — 1.58) p = 0.3
1.93 (1.15-3.26) p = 0.01

-0.412 (-2.177-1.352) p=0.7
-0.471 (-2.195-1.253) p = 0.6

1.11(045-2.73)p=0.8
1.34 (0.63 -2.85)p=0.5
1.67 (0.81-3.45) p=0.2

2.42 (1.75 - 3.36) p = 0.001
1.56 (0.83 —2.92) p=0.2
3.05 (2.18 — 4.27) p = 0.001

1.10 (0.61 — 2.00) p = 0.8

0.94 (0.69 — 1.29) p = 0.7
1.23(0.79-1.93) p=0.4
1.31(0.98 — 1.75) p = 0.07
1.57 (1.16 — 2.13) p = 0.004
1.19 (0.79 - 1.80) p= 0.4

1.26 (0.94—1.71) p=0.1

1.94 (1.11-3.37) p=0.02
-0.584 (-2.456 — 1.288) p = 0.5
-0.180 (-2.006— 1.647) p = 0.8

LPI

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

1.38 (0.54—-353)p=05
1.07 (0.51-2.29) p = 0.9
1.11 (0.54-2.27) p=0.8

1.16 (0.87 - 1.54) p = 0.3
1.94 (0.98 — 3.82) p = 0.06
1.32 (0.99 - 1.77) p = 0.06

0.42 (0.20 - 0.88) p = 0.02
0.96 (0.71-1.30) p=0.8
1.10 (0.71-1.71) p=0.7
1.18 (0.89 - 1.57) p=0.2
0.94 (0.70 - 1.26) p=0.7

0.83 (0.55-1.23) p = 4

0.88 (0.66 — 1.17) p = 0.4

1.0 (0.59 - 1.69) p = 1

-0.041 (-1.930— 1.848) P = 1.0
0.466 (-1.392 — 2.324) P = 0.6

1.31(051-3.37)p=06
1.06 (0.51-2.17) p=0.9

1.06 (0.77 - 1.46) p= 0.7
1.86 (0.94 — 3.69) p = 0.07
1.29 (0.93-1.79) p=0.1

0.41 (0.20 — 0.86) p = 0.02
0.94 (0.69 — 1.28) p= 0.7
1.08 (0.69 — 1.67) p= 0.7
1.19 (0.90 - 1.59) p= 0.2
0.90 (0.67 = 1.22) p= 0.5

0.79 (0.53 - 1.19) p = 0.3
0.84 (0.63—1.14) p = 0.3
1.01 (0.59-1.73)p=1

-0.369 (-2.265 — 21.527) P = 0.7
0.348 (-1.504 — 2.200) P = 0.7

1.26 (0.48-3.32) p=056
0.98 (045 -2.12)p=1
1.03 (0.49 - 2.16) p= 0.9

1.05 (0.76 — 1.45) p= 0.8
2.16 (1.05 — 4.44) p = 0.04
1.30 (0.94 - 1.82) p=0.1

0.42 (0.20 — 0.88) p = 0.02
0.96 (0.70 - 1.32) p=0.8
1.10 (0.70 - 1.72) p= 0.7
1.18 (0.88 — 1.59) p = 0.3
0.88 (0.65 — 1.20) p = 0.4

0.82 (0.54 —1.24) p= 0.4
0.83 (0.61-1.13)p=0.2
0.97 (0.56 — 1.66) p = 0.9
-0.405 (-2.317 — 1.506) P = 0.7
0.283 (-1.582 —2.149) P = 0.8
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LBW_LPI

Model |

Model Il

Model 111

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure

Child diastolic blood pressure

3.31 (1.43 - 7.65) p = 0.005
2.76 (1.35 - 5.67) p = 0.005
2.60 (1.31 — 5.14) p = 0.006

2.75 (1.88 — 4.03) p = 0.001
2.62 (1.47 — 4.66) p = 0.001
3.02 (2.15 — 4.25) p = 0.001

0.79 (0.41-1.54) p=0.5
1.01 (0.70-1.45)p=1
0.61 (0.34 — 1.10) p = 0.01
1.25 (0.89 — 1.75) p = 0.2
1.48 (1.05 - 2.07) p = 0.02
1.02 (0.63 — 1.65) p = 0.9
1.30 (0.93-1.83) p=0.1
1.20 (0.66 — 2.17) p = 0.6
0.94 (-1.30 — 3.18) p= 0.4
2.33(0.13 - 4.53) p = 0.04

2.93 (1.26 - 6.86) p = 0.01
2.33 (1.13 - 4.81) p = 0.02

3.08 (1.98 — 4.79) p = 0.001
2.24 (1.24 - 4.01) p = 0.008
2.95 (1.99 — 4.37) p = 0.001

0.72 (0.37 - 1.41) p = 0.4
0.97 (0.67 — 1.40) p = 0.9
0.57 (0.31 — 1.02) p = 0.06
1.27 (0.90 - 1.79) p = 0.2
1.41 (0.99 — 2.01) p = 0.06
1.00 (0.61-1.65)p=1
1.38 (0.96 — 1.98) p = 0.08
1.27 (0.69 — 2.34) p = 0.5
0.24 (-2.02 — 2.50) p = 0.9
1.89 (-0.31 — 4.09) p = 0.09

2.65 (1.03 - 6.79) p = 0.04
2.26 (0.90 — 1.03) p = 0.05
2.13 (0.98 — 4.59) p = 0.06

2.95 (1.89 — 4.63) p = 0.001
2.63 (1.37 - 5.07) p = 0.004
3.15 (2.09 — 4.75) p = 0.001

0.69 (0.34—1.42) p=0.7
0.93 (0.63-1.38) p=0.7
0.58 (0.31 — 1.07) p = 0.08
1.35(0.93-1.95) p=0.1
1.46 (1.01 — 2.12) p = 0.05
1.00 (0.60-1.68) p =1
1.34 (0.92 — 1.94) p =0.1
1.38 (0.71—2.65) p = 0.3
0.27 (-2.10 - 2.65) p = 0.8
1.51 (-0.80 — 3.83) p = 0.2

LBW_API

Model |

Model Il

Model 111

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

3.78 (0.84 — 17.00) p = 0.08
5.87 (1.89 — 18. 18) p = 0.002
6.95 (2.45 — 19.70) p = 0.001

4.04 (1.18- 13.89) p = 0.03
2.84(0.81 - 10.00) p= 0.1
5.11 (1.84 — 14.18) p = 0.002

38927109 P=1
0.74 (0.29 - 1.91) p=05
1.41 (0.40 - 4.91) p = 0.6
0.96 (0.39 — 2.38) p = 0.9
1.66 (0.67 —4.14) p=0.3

1.19 (0.34 - 4.14) p=0.8
1.62 (0.65 - 4.02) p=0.3
0.00 (0.00 — 00) p = 0.1
-4.00 (-9.99 — 1.99) p =0.2
-0.16 (-6.07-5.74)p=1

3.17 (0.70-14.45) p=0.1
5.98 (2.06 — 17.41) p = 0.001

5.4 (1.13 - 25.89) p = 0.04
2.28 (0.63 - 8.24) p=0.2
5.17 (1.58 — 16.93) p = 0.007

0.71(0.27 - 1.86) p= 0.5
1.38 (0.39 - 4.83) p= 0.6
0.95 (0.38 —2.39) p = 0.9
1.54 (0.61—3.91) p=0.4

1.07 (0.30 - 3.79) p = 0.9
1.62 (0.63-4.12) p=0.3

-4.17 (-10.14 - 1.81) p= 0.2
-0.11(-5.96 =5.74)p=1

3.46 (0.71-17.00)p=0.1
5.71(0.90-1.03) p=0.3
7.04 (2.31 — 21.44) p = 0.001

5.29 (1.11 - 25.34) p = 0.04
2.10 (0.54-8.17) p=0.3
5.72 (1.70 — 19.21) p = 0.005

0.68 (0.26 — 1.79) p = 0.4
1.63 (0.45-5.89) p=0.5
0.92 (0.36 — 2.36) p = 0.9
1.62 (0.62-4.19) p=0.3

1.07 (0.29-3.93) p=0.9
1.55 (0.60 — 3.99) p = 0.4

-4.30 (-10.36 — 1.76) p = 0.2
-0.67 (-6.59 — 5.26) p = 0.8

289



NBW_LPI

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.47 (0.19-1.14) p=0.1
0.45 (0.21 — 0.96) p = 0.04
0.50 (0.25 — 1.00) p = 0.05

0.65 (0.50 — 0.84) p = 0.001
0.79 (0.46 — 1.37) p = 0.4
0.63 (0.48 — 0.82) p = 0.001

0.62 (0.35-1.09) p=0.1
0.96 (0.72-1.27) p=0.8
1.42 (0.95 - 2.14) p = 0.09
1.01 (0.8-1.32) p=0.9
0.74 (0.56 — 0.97) p = 0.03

0.76 (0.58 — 0.99) p = 0.04
0.89 (0.54 — 1.46) p = 0.6

0.83 (0.57-1.22) p=0.3
-0.615 (-2.376 — 1.145) p = 0.5
-1.031 (-2.762 — 0.700) p = 0.2

0.49(0.19 - 1.19) p=0.1
0.54 (0.26 — 1.09) p = 0.08

0.58 (0.43 — 0.79) p = 0.001
0.86 (0.49 — 1.49) p = 0.6
0.65 (0.48 — 0.88) p = 0.005

0.64 (0.36 —1.13) p=0.1
0.96 (0.72 -~ 1.29) p = 0.8
1.46 (0.97 — 2.19) p = 0.07
1.01 (0.77-1.32) p=1
0.74 (0.58 — 0.98) p = 0.04

0.71 (0.53 — 0.94) p = 0.02

0.87 (0.53 — 1.44) p = 0.6

0.81 (0.55 — 1.20) p = 0.3
-0.463 (-2.222 — 1.1296) p = 0.6
-0.853 (-2.570 — 0.865) p = 0.3

0.55(0.22-1.40)p=0.2
0.51 (0.24 — 1.12) p = 0.09
0.57 (0.28 - 1.19) p= 0.1

0.59 (0.43 — 0.80) p = 0.001
0.91 (0.50 — 1.65) p = 0.8
0.64 (0.47 — 0.88) p = 0.005

0.65(0.36 — 1.17) p= 0.1
1.01 (0.75-1.36) p=1
1.45 (0.95 — 2.21) p = 0.09
0.96 (0.74 — 1.29) p = 0.9
0.71 (0.53 — 0.95) p = 0.02

0.72 (0.54 — 0.96) p = 0.02
0.81(0.48 —1.35) p = 0.8

0.84 (0.56 — 1.25) p = 0.4
-0.514 (-2.312 — 1.284) p = 0.6
-0.616 (-2.371 - 1.138) p= 0.5

NBW_API

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.48 (0.16 - 1.44) p=0.2
0.55 (0.23 - 1.36) p= 0.2
0.48 (0.20 - 1.16) p= 0.1

0.77 (0.58 — 1.03) p = 0.08
0.39 (0.18 - 0.83) p = 0.01
0.64 (0.47 — 0.86) p = 0.004

2.13 (1.02 — 4.42) p = 0.04
1.05 (0.77 — 1.44) p= 0.8
0.90 (0.57 - 1.42) p=0.7
0.85 (0.64 - 1.14) p=0.3
1.02 (0.76 — 1.37) p= 0.9

1.10 (0.81 - 1.47) p= 0.6
1.20 (0.80 — 1.80) p = 0.4
1.12 (0.66 — 1.89) p= 0.7
0.497 (-1.436 — 2.430) p = 0.6
-0.414 (-2.316 — 1.487) p = 0.7

0.52(0.18-1.55)p=0.2
0.51(0.21-1.24) p=0.1

0.83 (0.60 — 1.16) p= 0.3
0.41 (0.19 - 0.89) p = 0.02
0.65 (0.46 — 0.92) p = 0.01

2.19 (1.05 — 4.57) p = 0.04
1.08 (0.79 — 1.49) p = 0.6
0.92 (0.59 — 1.46) p = 0.7
0.85(0.63 -1.14)p=0.3
1.07 (0.79 - 1.46) p= 0.7

1.14 (0.84 - 1.55) p = 0.4

1.27 (0.84—1.92) p=0.3

1.10 (0.65—1.89) p = 0.7
0.884 (-1.057 — 2.825) p = 0.4
-0.272 (-2..169 — 1.625) p = 0.8

0.53(0.17-1.61)p=0.3
0.60 (0.24 - 1.51) p=0.3
0.50 (0.20 — 1.24) p= 0.1

0.85(0.61 - 1.18) p=0.3
0.35(0.15 — 0.79) p = 0.01
0.64 (0.45 — 0.90) p = 0.01

2.18 (1.03 — 4.62) p = 0.04
1.06 (0.76 — 1.48) p= 0.7
0.90 (0.56 — 1.44) p = 0.7
0.86 (0.63 — 1.16) p = 0.3
1.09 (0.79 — 1.49) p = 0.6

1.16 (0.85 - 1.59) p = 0.4
1.22 (0.80 - 1.86) p = 0.4
1.13 (0.66 —1.96) p= 0.7
0.937 (-1.028 — 2.903) p = 0.4
-0.142 (-2.060 — 1.777) p = 0.9
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LBW_SGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

2.78 (L.18 - 6.51) p = 0.02
3.17 (1.56 — 6.45) p = 0.001
3.31 (1.69 — 6.47) p = 0.001

2.92 (1.98 — 4.31) p = 0.001
2.75 (1.54 — 4.92) p = 0.001
3.83 (2.71 - 5.43) p = 0.001

1.16 (0.55-2.41) p= 0.7
1.04 (0.72 - 1.50) p = 0.8
0.81(0.47-1.41)p=05
1.28 (0.91—1.79) p = 0.2
1.70 (1.21 — 2.38) p = 0.002

1.19 (0.74—-1.89) p= 0.5
1.37 (0.97 — 1.92) p = 0.07
1.21 (0.66 —2.19) p = 0.5
0.338 (-1.914 — 2.590) p = 0.8
1.631 (-0.582 — 3.844) p = 0.2

2.40 (L.01—-5.71) p = 0.05
3.08 (1.56 — 6.08) p = 0.001

3.25 (2.09 — 5.07) p = 0.001
2.31 (1.27 — 4.17) p = 0.006
3.80 (2.56 — 5.63) p = 0.001

1.08 (0.52-2.28) p=0.8
1.02 (0.70 - 1.47) p = 0.9
0.77 (0.44 — 1.34) p = 0.4
1.31(0.93-1.84) p=0.1
1.64 (1.15 — 2.33) p = 0.006

1.13(0.70-1.82) p=0.6
1.44 (1.00 — 2.06) p =0.05
1.26 (0.68-2.32) p=0.5
-0.004 (-2.260 — 2.251) p = 1
1.293 (-0.910 — 3.497) p= 0.3

2.15(0.86 —5.38) p= 0.1
2.79 (1.31 — 5.96) p = 0.008
3.07 (1.50 — 6.30) p = 0.002

3.01 (1.92 — 4.70) P = 0.001
2.63 (1.39 — 4.97) p = 0.003
4.08 (2.71 - 6.15) p = 0.001

1.14 (0.52 - 2.47) p=0.8
0.99 (0.67 —1.47) p=0.9
0.80 (0.45 — 1.41) p = 0.4
1.39 (0.97 — 1.99) p = 0.08
1.73 (1.20 — 2.49) p = 0.003

1.12 (0.68 —1.85) p= 0.7
1.43 (0.99 — 2.06) p = 0.06
1.36 (0.72-2.58) p= 0.4
-0.26 (-2.59 — 2.08) p = 0.8
1.032(-1.243 - 3.308) p= 0.4

LBW_AGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Cough in last 14 days
Difficult breathing in 14 days
Diarrhoea in last 14 days
Child systolic blood pressure
Child diastolic blood pressure

5.52 (1.55 — 10.71) p = 0.008
3.89 (1.11- 13.66) p = 0.03
3.41(0.98 — 11.93) p = 0.05

2.57 (0.94 — 6.98) p = 0.07
2.47 (0.71 -857) p=0.2
1.07 (0.46 — 2.51) p=0.9

0.41 (0.12 - 1.42) p=0.2
0.67 (0.29 — 1.56) p = 0.4
0.88 (0.38 — 2.05) p = 0.7
0.80 (0.33 - 1.97) p= 0.6

1.39 (0.60 —3.21) p= 0.4
0.54 (0.07 — 4.06) p= 0.6
0.60 (0.14 — 2.58) p=0.5
-0.051 (-5.657 — 5.556) p = 1
3.353 (-2.158 — 8.864) p = 0.2

5.43 (1.561 - 10.57) p = 0.01
2.20 (0.48-10.10) p=0.3

2.33(0.69—7.84) p=0.2
2.32 (0.66 —8.19) p=0.2
0.65(0.23-1.78) p= 0.4

0.33 (0.09 — 1.18) p = 0.09
0.60 (0.25 - 1.41) p = 0.2
0.84 (0.35-1.98) p= 0.7
0.66 (0.25 — 1.74) p = 0.4

1.39 (0.57-3.93) p=0.5
0.57 (0.07 - 4.37) p=0.6
0.65 (0.15 — 2.89) p = 0.7
-0.626 (-6.224 — 4.973) p = 0.8
2.900 (-2.570 —8.371) p= 0.3

5.69 (1.02 - 31.83) p=0.05
2.30 (0.47 - 11.24) p=0.3
1.64 (0.35—7.85) p=0.5

3.28 (0.85 — 12.69) p = 0.09
2.18 (0.49-9.72) p=0.3
0.65(0.23 - 1.81) p= 0.4

0.18 (0.04 — 0.79) p = 0.02
0.45 (0.17 - 1.19) p= 0.1
0.66 (0.25 - 1.73) p = 0.4
0.51 (0.18 — 1.44) p = 0.2

1.02 (0.39-2.66) p =1
0.61 (0.07 —5.18) p = 0.6
0.56 (0.12 — 2.70) p = 0.5
-1.088 (-7.176 — 4.999) p = 0.7
1.418 (-4.521 — 7.358) p = 0.6
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NBW_AGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure (n=902)
Child diastolic blood pressure

052(021-128)p=02
0.59 (0.28 - 1.22) p = 0.2
0.56 (0.28 — 1.13) p = 0.1

0.39 (0.30 — 0.52) p = 0.001
0.47 (0.26 — 0.86) p = 0.01
0.36 (0.27 -0.48) p = 0.001

1.17 (0.67 —2.04) p = 0.6
1.04 (0.78 —1.38) p = 0.8
0.92 (0.61-1.38)p=0.7
0.83 (0.64—1.08) p = 0.2
0.65 (0.49 — 0.86) p = 0.002

0.79 (0.54 - 1.16) p = 0.2
0.77 (0.59 — 1.01) p = 0.06
0.54 (0.32 - 0.91) p =0.02
0.145 (-1.618 — 1.909) p = 0.9
0.050 (-1.684 — 1.785) p= 1

0.62 (0.25—1.55) p=0.3
0.55 (0.27 - 1.12) p=0.1

0.39 (0.28 — 0.53) p = 0.001
0.60 (0.32 - 1.10) p = 0.1
0.36 (0.26 — 0.50) p = 0.001

1.25(0.71-2.2) p=0.4
1.1(0.82-1.47)p=0.5
0.96 (0.64 — 1.45) p = 0.8
0.83 (0.63—1.08) p = 0.2
0.72 (0.54 — 0.96) p=0.03

0.88 (0.59 - 1.32) p= 0.6
0.82 (0.61 - 1.09) p = 0.2
0.54 (0.32 — 0.91) p = 0.02
0.526 (-1.251 — 2.304) p = 0.6
0.186 (-1.551 — 1.923) p = 0.8

0.60 (0.23-1.53)p=0.3
0.63 (0.29 - 1.37) p=0.2
0.54 (0.26 — 1.14) p = 0.1

0.39 (0.28 — 0.54) p = 0.001
0.57 (0.30 — 1.08) p = 0.08
0.35 (0.25 — 0.49) p = 0.001

1.10 (0.61—1.99) p= 0.8
1.14 (0.84 —1.56) p = 0.4
0.92 (0.59 - 1.43) p= 0.7
0.80 (0.60 — 1.07) p = 0.1
0.69 (0.51 — 0.92) p = 0.01

0.88 (0.59 - 1.33) p=0.6
0.80 (0.59 — 1.07) p = 0.1
0.54 (0.31 — 0.94) p = 0.03
0.670 (-1.178 — 2.518) p = 0.5
0.044 (-1.760 — 1.848) p= 1

NBW_SGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Cough in last 14 days

Difficult breathing in last 14 days
Cough in 14 days

Child systolic blood pressure
Child diastolic blood pressure

0.43 (0.14— 1.27) p =0.1
0.37 (0.14 — 0.97) p = 0.04
0.40 (0.17 — 0.97) p = 0.04

1.32 (0.99 - 1.75) p = 0.06
0.79 (0.43 - 1.45) p = 0.4
1.15(0.87 - 1.53) p=0.3

0.88 (0.50 — 1.57) p = 0.7
0.98 (0.73-1.33) p = 0.9
1.42 (0.94-2.15)p=0.1
1.06 (0.80 — 1.41) p = 0.7
1.13 (0.85-1.51) p= 0.4

1.04 (0.78 - 1.39) p=0.8
1.73 (1.05 - 2.83) p = 0.03
1.21 (0.81—1.80) p = 0.4
-0.39 (-2.27 - 1.48) p= 0.7
-1.56 (-3.41 - 0.28) P = 0.1

0.39 (0.13 — 1.16) p = 0.09
0.46 (0.18 — 1.14) p = 0.09

1.28 (0.91 - 1.80) p = 0.2
0.69 (0.37 —1.27) p=0.2
1.20 (0.86 — 1.68) p = 0.3

0.88 (0.49 — 1.56) p = 0.7
0.95 (0.70 — 1.29) p = 0.7
1.42 (0.93-2.15) p=0.1
1.05 (0.79 — 1.39) p =0.8
1.05 (0.78 - 1.41) p= 0.8

0.93 (0.69 —1.26) p = 0.7
1.68 (1.02 —2.78) p = 0.04
1.09 (0.73-1.63) p=0.7
-0.38 (-2.25 - 1.49) p = 0.7
-1.42 (-0.33 - 0.41) P = 0.1

0.45(0.14-1.44)p=02
0.40 (0.14 — 1.10) p = 0.07
0.49 (0.19 - 1.25) p = 0.1

1.31(0.93- 1.85 p = 0.1
0.65 (0.32-1.28) p= 0.2
1.20 (0.85 - 1.69) p = 0.3

1.02 (0.54-1.93)p=1
0.94 (0.67 -1.31) p=0.7
1.48 (0.93 — 2.35) p = 0.09
1.07 (0.78 —1.46) p= 0.7
1.10 (0.80 — 1.52) p = 0.6

1.00 (0.72-1.39) p= 0.1
1.62 (0.93 — 2.82) p = 0.09
1.12 (0.72-1.74) p= 0.6
-0.49 (-2.53 - 1.54) p= 0.6
-0.99 (-2.98 — 0.99) P = 0.3
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LPI_SGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

1.29 (0.57 - 2.96) p=0.5
1.16 (0.58 — 2.33) p= 0.7
1.18 (0.61—2.29) p = 0.6

1.99 (1.51 — 2.62) p = 0.001
1.96 (1.12 — 3.42) p = 0.02
2.05 (1.56 — 2.70) p = 0.001

0.80 (0.46 — 1.39) p = 0.4
1.00 (0.75-1.33) p= 0.9
0.98 (0.65 - 1.48) p = 0.9
1.23 (0.94 - 1.60) p = 0.1
1.39 (1.06 — 1.84) p = 0.02

1.15 (0.78 — 1.69) p = 0.5
1.11 (0.84— 1.46) p = 0.5
1.48 (0.91-2.43) p=0.1
0.12 (-1.67 — 1.67) p= 0.9
0.19 (-1.57 —1.95) p = 0.8

1.14 (0.49-2.62) p=0.8
1.28 (0.66 — 2.50) p = 0.5

2.01 (1.46 — 2.77) p = 0.001
1.68 (0.95 — 3.00) p = 0.07
2.14 (1.56 — 2.94) p = 0.001

0.76 (0.44 — 1.34) p = 0.3
0.95 (0.71 - 1.28) p = 0.9
0.95 (0.63—1.44) p=0.8
1.25 (0.95 - 1.64) p = 0.1
1.33 (0.99 - 1.77) p = 0.06

1.06 (0.72 - 1.57) p=0.8
1.09 (0.82 — 1.45) p = 0.6
1.54 (0.93 — 2.54) p = 0.09
-0.21 (-2.00 - 1.59) p = 0.8
0.04 (-1.71-1.79) p= 1.0

1.15 (0.48—-2.75) p=0.8
1.15 (0.55—2.38) p = 0.7
1.29 (0.64 -2.58) p= 0.5

1.92 (1.39 — 2.66) p = 0.001
1.99 (1.10 — 3.61) p = 0.02
2.13 (1.54 — 2.93) p = 0.001

0.85(0.47-1.52) p=0.6
0.96 (0.70 — 1.30) p = 0.8
0.95(0.61-1.46) p=1
1.30 (0.97 — 1.73) p = 0.08
1.37 (1.02 — 1.84) p = 0.04

1.05 (0.70 - 1.57) p= 0.8
1.11 (0.83 - 1.50) p = 0.4
1.46 (0.87 — 2.46) p = 0.2
-0.32 (-2.17 - 1.53) p= 0.7
0.24 (-1.57 —2.05) p = 0.8

LPI_AGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

1.01(0.40-2.60)p=1
0.94 (0.42 -2.11)p=0.9
0.94 (0.43-2.02) p=0.9

0.51 (0.38 — 0.69) p = 0.001
0.79 (0.41-1.53)p=05
0.52 (0.38 — 0.72) p = 0.001

0.62(0.35-1.1) p=0.1
0.99 (0.71 - 1.36) p= 0.8
1.09 (0.69 - 1.72) p=0.7
0.92 (0.68 —1.25)p = 0.6
0.61 (0.44 — 0.84)) p = 0.003

0.57 (0.30 — 1.08) p = 0.08
0.77 (0.56 — 1.05) p = 0.1
0.64 (0.40 — 1.03) p = 0.07
-0.043 (-2.051 — 1.966) p = 1
0.288 (-1.688 — 2.264) p = 0.8

1.15(0.44-3.0)p=0.8
0.80 (0.37-1.77) p=0.6

0.45 (0.32 - 0.64) p = 0.001
0.94 (0.48 - 1.84) p=0.9
0.48 (0.33 - 0.70) p = 0.001

0.63(0.35-1.14)p=0.1
1.01 (0.73-1.41) p=0.9
1.10 (0.70-1.75) p= 0.7
0.91 (0.67 - 1.23) p=0.6
0.62 (0.45 — 0.87) p = 0.006

0.55 (0.29 — 1.05) p = 0.07
0.75 (0.54 — 1.04) p = 0.09
0.68 (0.42-1.10) p= 0.1
-0.022 (-2.033 - 1.989) p = 1
0.313 (-1.651 — 2.277) p= 0.8

1.1(0.40-2.98)p=0.9
0.86 (0.36 — 2.06) p = 0.7
0.79 (0.35 - 1.80) p= 0.6

0.47 (0.33 - 0.67) p = 0.001
0.89 (0.44-1.79) p=0.7
0.49 (0.34 - 0.72) p = 0.001

0.53 (0.28 — 1.00) p = 0.05
1.05 (0.74-1.48) p=0.8
1.12 (0.69 - 1.82) p= 0.7
0.85(0.62 - 1.18) p=0.3
0.57 (0.40 — 0.81) p = 0.002

0.54 (0.27 — 1.06) p = 0.07
0.71 (0.50 — 1.00) p = 0.05
0.71 (0.43-1.18) p= 0.2
0.070 (-2.031 - 2.171) p=1
0.001 (-2.048 = 2.051) p=1
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API_SGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.82(0.19-253)p=038
1.27 (0.44-3.71) p=0.7
1.45 (0.55-3.83) p=0.5

1.64 (1.02 — 2.633) p = 0.04
0.73 (0.26 — 2.08) p = 0.6
2.03 (1.31 - 3.16) p = 0.002

2.77 (0.66 — 11.59) p = 0.2
1.06 (0.65—1.72) p= 0.8
1.71 (0.94—3.10) p = 0.08
1.04 (0.67 — 1.63) p = 0.9
1.33 (0.85-2.09) p = 0.2

1.37 (0.76 - 2.47) p=0.3
1.36 (0.87 - 2.13) p=0.2
1.67 (0.82 - 3.39) p= 0.2
-0.76 (-3.74-2.22) p= 0.6
-1.49 (-4.42 - 1.43) p= 0.4

0.71(0.16-3.07) p=06
1.63 (0.61—4.33) p=0.3

1.78 (1.02 - 3.09) p = 0.04
0.58 (0.20 — 1.68 p = 0.6
2.06 (1.24 — 3.42) p = 0.005

2.75 (0.66 — 11.54) p = 0.2
1.05 (0.64— 1.72) p = 0.9
1.69 (0.92 — 3.08) p = 0.09
1.00 (0.64 — 1.57) p = 1.0
1.20 (0.74—-1.91) p=0.4

1.21 (0.66—2.21) p=0.5
1.19 (0.75—1.90) p = 0.5
1.57 (0.76 —3.23) p= 0.2
-0.63 (-3.61-2.34)p=0.7
-1.40 (-4.30 — 1.51) p = 0.4

0.92 (0.20-4.17)p=0.9
1.46 (0.48 — 4.43) p = 0.5
1.87 (0.67 - 5.16) p = 0.2

1.85 (1.05 — 3.24) p = 0.03
0.41 (0.12 - 1.40) p = 0.2
2.27 (1.34 — 3.82) p = 0.002

3.18 (0.75 - 13.52) p= 0.2
0.99 (0.59-1.65)p =1
1.81 (0.97 — 3.39) p = 0.06
1.05 (0.66 — 1.68) p = 0.8
1.31(0.81-2.11) p=0.3

1.25 (0.67-2.32) p=0.5
1.31 (0.81-2.11) p=0.3
1.49 (0.71-3.15) p=0.3
-0.70 (-3.72 - 2.33) p =0.7
-1.06 (-4.01 - 1.90) p=0.5

API_AGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.74(0.25-2.21)p=0.6
0.82 (0.33-2.02) p=0.7
0.71(0.29 - 1.72) p= 0.4

0.67 (0.49 0 — 0.91) p = 0.01
0.51(0.23-1.14) p=0.1
0.48 (0.34 — 0.68) p = 0.001

1.93 (0.86 — 4.34) p = 0.1
1(0.71-1.41)p=1

0.66 (0.38 - 1.14) p = 0.1
0.81 (0.59 — 1.12) p = 0.2
0.93 (0.67 - 1.30) p = 0.7

1.10 (0.70-1.73) p= 0.7
1.00 (0.72-1.39) p=1

0.72 (0.38 - 1.38) p= 0.3
0.469 (-1.663 — 2.600) p = 0.6
0.305 (-1.792 — 2.402) p = 0.8

0.85 (0.28—2.55)p=0.8
0.71 (0.29 — 1.73) p = 0.45

0.71 (0.50 — 1.02) p = 0.07
0.60 (0.26-1.36) p= 0.2
0.49 (0.33 - 0.72) p = 0.001

2.00 (0.89 — 4.53) p = 0.09
1.03 (0.72-1.46) p=0.9
0.68 (0.39 - 1.18) p= 0.2
0.82 (0.60 — 1.14) p=0.2
1.03 (0.73 - 1.46) p = 0.9

1.24 (0.78 - 1.96) p = 0.4
1.12 (0.80 - 1.59) p = 0.5
0.74 (0.38 — 1.42) p = 0.4
0.861 (-1.289 — 3.011) p= 0.4
0.453 (-1.648 — 2.553) p = 0.7

0.76 (0.25-2.37) p=0.6
0.85(0.34 - 2.17) p=0.7
0.67 (0.27 - 1.70) p= 0.4

0.72 (0.50 — 1.03) p = 0.07
0.58 (0.25-1.34) p= 0.2
0.45 (0.30 — 0.68) p = 0.001

1.86 (0.81 — 4.29) p =0.1
1.02 (0.71 - 1.47) p=0.9
0.64 (0.36 —1.12) p= 0.1
0.81 (0.57 - 1.13) p=0.2
1.01 (0.71—-1.44)p=1

1.16 (0.72 - 1.86) p = 0.6
1.09 (0.77 - 1.55) p = 0.7
0.80 (0.41-1.57)p=05
0.941 (-1.238 — 3.120) p = 0.4
0.359 (-1.768 — 2.486) p = 0.7
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LBW_LPI_AGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

6.26 (L.74 — 22.48) p = 0.005
4.28 (1.21 — 15.14) p = 0.02
3.76 (1.07 — 13.22) p = 0.04

3.02 (1.0 - 9.6) p = 0.05
1.67 (0.38-7.36) p=0.5
1.02 (0.42 -2.49) p=1

0.37 (0.10-1.28) p=0.1
0.70 (0.29 — 1.70) p = 0.4
0.00 (0.00-)p=1

0.86 (0.35 - 2.10) p = 0.8
0.73(0.28 - 1.90) p=05

0.66 (0.15 — 2.86) p = 0.6

1.64 (0.69 —3.91) p= 0.3

0.62 (0.60 — 4.51) p= 0.6
0.457 (-5.404 — 6.317) p = 0.9
4.509 (-1.248 — 10.267) p = 0.1

6.09 (1.68 — 22.08) p = 0.006
2.50 (0.55 - 11.33) p= 0.2

3.27 (0.85 — 12.57) p = 0.08
1.56 (0.35 — 7.01) p= 0.6
0.62 (0.22 — 1.80) p = 0.4

0.29 (0.08 — 1.03) p = 0.06
0.63 (0.26 — 1.56) p = 0.3

0.80 (0.32 - 1.96) p = 0.6
0.56 (0.20 — 1.60) p = 0.3

0.73(0.16 —3.26) p= 0.7
1.64 (0.65 —4.14) p= 0.3
0.58 (0.07 —4.51) p = 0.6
-0.555 (-6.417 — 5.307) p = 0.9
4.145 (-1.575 — 9.865) p = 0.2

6.55 (1.16 — 37.06) p = 0.03
2.52 (0.51 - 12.38) p = 0.3
1.82(0.38-8.75)p=05

5.17 (1.06 — 25.16) p = 0.04
1.25(2.32-6.73) p=0.8
0.63 (0.21 - 1.85) p = 0.4

0.15 (0.03 — 0.68) p = 0.01
0.48 (0.18 — 1.31) p = 0.2

0.66 (0.24 — 1.81) p = 0.4
0.44 (0.15 - 1.34) p= 0.2

0.67 (0.14 - 3.27) p= 0.6

1.25 (0.46 —3.38) p = 0.7

0.63 (0.07 —5.43) p= 0.7
-0.430 (-6.743 — 5.882) p = 0.9
2.775 (-3.38 - 8.932) p = 0.4

LBW_API_SGA

Model |

Model Il

Model 111

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

4.34 (0.96 — 19.67) p = 0.06
6.54 (2.09 — 20.45) p = 0.03
7.80 (2.72 — 22.31) p = 0.001

5.75 (1.31 — 25.15) p = 0.02
1.99 (0.45—8.89) p = 0.4
6.01 (1.96 — 18.42) p = 0.002

0.79 (0.29 - 2.15) p = 0.6
1.62 (0.46 —5.75) p= 0.5
0.94 (0.36 — 2.46) p = 0.9
1.65 (0.63—4.32) p=0.3

2.04 (0.78 -5.34) p=0.1
1.36 (0.39 — 4.81) p = 0.6

-3.868 (-10.183 — 2.446) p = 0.2
0.835 (-5.381 — 7.051) p = 0.8

3.55(0.77—-16.30) p=0.1
6.89 (2.38 — 19.98) p = 0.001

11.60 (1.39 — 96.77) p = 0.02
1.55 (0.34—7.10) p = 0.6
6.82 (1.80 — 25.91) p = 0.005

0.79 (0.28 —2.19) p = 0.6
1.57 (0.44 —5.59) p = 0.5
0.90 (0.34—2.38) p=0.8
1.45 (0.54 —3.88) p= 0.5

1.99 (0.74 - 5.36) p= 0.2
1.21 (0.34—4.35) p=0.8

-3.944 (-10.241 — 2.352) p = 0.2
1.036 (-5.119 - 7.191) p = 0.7

4.08 (0.82— 20. 19) p = 0.09
6.46 (1.93 — 21.60) p = 0.002
8.09 (2.64 — 24.78) p = 0.001

11.26 (1.35 - 93.71) p = 0.03
1.47 (0.30-7.11) p=0.6
7.82 (1.99 — 30.74) p = 0.003

0.73 (0.26 — 2.06) p = 0.6
1.88 (0.51—6.89) p = 0.3
0.93 (0.35 — 2.50) p = 0.9
1.59 (0.58 — 4.31) p = 0.4

1.98 (0.73-5.37) p=0.2
1.26 (0.34—4.70) p = 0.7

-4.011 (-10.368 — 2.346) p = 0.2
0.578 (-5.630 — 6.786) p = 0.9
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LBW_API_AGA

Model Il

Model 11l

Neonatal death 1048
Infant death 953 (totalfup)
Child death 953

Stunting 915
Wasting 915
Underweight 915

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure (n=902)
Child diastolic blood pressure

Model |

0.70 (0.04-11.23) p=0.8
15.91 (0.98 — 257.81) p = 0.05
1.66 (0.10 — 26.65) p = 0.7

1E+008 (0.00- ) p=1
0.43 (0.03-6.01) p=0.6

1.06 (0.07 — 16.96) p = 1
1.84 (0.12 - 29.53) p = 0.7

-4.80 (-23.59 — 13.99) p = 0.6
-8.42 (-26.90 — 10.06) p = 0.4

0.34 (0.02-5.69) p=0.5
15.58 (0.92 — 264.63) p = 0.06
0.99 (0.06 — 16.98) p = 1

0.31 (0.02 - 5.04) p = 0.4

1.41 (0.09 - 22.97) p=0.8
2.66 (0.16 — 43.90) p = 0.5

-5.798 (-24.52 — 12.92) p= 0.5
-9.632 (-27.91 — 8.65) p = 0.3

0.36 (0.02 - 6.14) p= 0.5
10.27 (0.49 - 215.12) p= 0.1
0.92 (0.05-15.99) p =1

0.34 (0.02 -5.88) p=0.5

0.87 (0.05 — 14.93) p = 0.9
1.94 (0.12 - 32.87) p=0.7

-6.21 (-25.22 - 12.80) p= 0.5
-11.1 (-29.61 - 7.45) p=0.2

LBW LPI_SGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

2.23(0.90-5.51) p = 0.08
2.18 (1.02 - 4.67) p = 0.05
2.13 (1.03 — 4.40) p = 0.04

2.60 (1.75 — 3.89) p = 0.001
2.64 (1.46 — 4.77) p = 0.001
3.44 (2.40 — 4.94) p = 0.001

1(0.48-2.08)p=1

1.06 (0.72 — 1.56) p = 0.8
0.73(0.41-1.32) p=0.3
1.30 (0.91—1.85) p = 0.2
1.62 (1.14 — 2.31) p = 0.008

1.08 (0.66 — 1.78) p = 0.8
1.24 (0.87 - 1.78) p= 0.2
1.28 (0.69 — 2.36) p = 0.4

1.95 (0.78—4.86) p= 0.2
1.98 (0.95 — 4.12) p = 0.07

2.82 (1.79 — 4.42) p = 0.001
2.23 (1.22 - 4.09) p = 0.01
3.40 (2.26 — 5.11) p = 0.001

0.93 (0.44-1.96) p=0.9
1.03 (0.70-1.53) p= 0.9
0.69 (0.38 — 1.26) p= 0.3
1.34 (0.94-1.92) p=0.1
1.59 (1.10 — 2.29) p = 0.01

1.05 (0.63 - 1.75) p = 0.9
1.33(0.91-1.93)p=0.1
1.37 (0.73-2.57) p=0.3

0.992 (-1.365-3.349) p=0.4
1.919 (-0.397 - 4.235) p=0.1

0.373(-1.989 — 2.735) p = 0.8
1.486 (-0.819 — 3.791) p = 0.2

1.66 (0.63—4.36) p=0.3
1.82(0.81-4.08) p=0.2
1.87 (0.87 - 4.03) p=0.1

2.58 (1.64 — 4.07) p = 0.001
2.56 (1.34 — 4.90) p = 0.004
3.59 (2.35 — 5.48) p = 0.001

0.97 (0.45 - 2.10) p = 0.9
1.02 (0.68 — 1.54) p= 0.9
0.70 (0.38 — 1.29) p = 0.3
1.44 (0.99 — 2.09) p = 0.06
1.66 (1.14 — 2.42) p = 0.009

1.05 (0.62 —1.77) p= 0.9
1.31(0.90 - 1.93) p= 0.2
1.43 (0.74—2.76) p=0.3
0.368 (-2.056 — 2.793) p = 0.8
1.251 (-1.113 — 3.616) p = 0.3
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NBW_LPI_AGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.50 (0.15—1.68) p= 0.3
0.57 (0.22 - 1.50) p = 0.3
0.62 (0.26 — 1.51) p = 0.3

0.44 (0.33 — 0.60) p = 0.001
0.70 (0.35 — 1.41) p = 0.70
0.51 (0.36 — 0.71) p = 0.001

0.73 (0.40 —1.38) p = 0.3
0.98 (0.71-1.37) p = 0.9
1.28 (0.82 -2.02) p=0.3
0.94 (0.69 —1.28) p = 0.7
0.61 (0.44 — 0.86) p = 0.004

0.65 (0.40 — 1.05) p = 0.08
0.70 (0.50 — 0.97) p = 0.03
0.57 (0.30 — 1.11) p = 0.09
-0.18 (-2.24 — 1.89) p = 0.9
-0.206 (-2.232 — 1.820) p = 0.8

0.56 (0.16 — 1.92) p = 0.4
0.60 (0.25 — 1.45) p = 0.3

0.41 (0.29 — 0.59) p = 0.001
0.85(0.41 - 1.73) p=0.7
0.52 (0.36 — 0.76) p = 0.001

0.76 (0.42 — 1.40) p = 0.4
1.03 (0.73 - 1.45) p = 0.9
1.33(0.84-2.09) p=0.2
0.94 (0.69 — 1.28) p = 0.7
0.64 (0.46 — 0.91) p = 0.01

0.68(0.41-1.11) p=0.1

0.69 (0.49 — 0.97) p = 0.03
0.56 (0.29 — 1.09) p = 0.09
-0.009 (-2.075 — 2.057) p = 0.9
-0.104 (-2.122 - 1.913) p = 0.9

0.58 (0.17 —2.02) p= 0.4
0.61(0.23 - 1.63) p = 0.3
0.62 (0.25 - 1.55) p = 0.3

0.42 (0.29 — 0.60) p = 0.001
0.81 (0.39 - 1.69) p = 0.6
0.53 (0.36 — 0.78) p = 0.001

0.68 (0.36 — 1.29) p = 0.2
1.08 (0.76 — 1.54) p= 0.7
1.34 (0.84-2.16) p=0.2
0.90 (0.65 — 1.25) p = 0.9
0.61 (0.43 — 0.88) p = 0.007

0.72 (0.43-1.20) p= 0.7

0.68 (0.48 — 0.96) p = 0.03
0.54 (0.27 — 1.08) p = 0.08
0.065 (-2.052 — 2.182) p = 1
-0.232 (-2.297 — 1.833) p = 0.8

NBW_API_SGA

Model |

Model Il

Model IlI

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

1.29 (0.77 -2.14) p=1.29
0.44 (0.11 — 1.84) p = 0.44
1.53 (0.94 — 2.50) p = 0.09

2.18 (0.52-9.13) p= 0.3
1.12 (0.65—1.95) p = 0.7
1.68 (0.87 —3.25) p=0.1
1.06 (0.65—1.74) p= 0.8
1.25 (0.76 —2.05) p = 0.4

1.34 (0.70-2.57) p=0.4

1.21 (0.73-1.99) p= 0.5

2.18 (1.06 — 4.46) p = 0.03
0.206 (-3.095 — 3.508) p = 0.9
-1.956 (-5.202 — 1.289) p = 0.2

1.34 (0.74-2.42) p=0.3
0.35 (0.08 — 1.50) p = 0.4
1.54 (0.88—2.72) p=0.1

2.15 (0.51 - 9.07) p=0.3
1.11 (0.64—1.95) p = 0.7
1.68 (0.87 —3.26) p=0.1
1.02 (0.62 — 1.69) p = 0.9
1.13 (0.68 — 1.89) p = 0.6

1.18 (0.61—2.30) p = 0.6

1.03 (0.61—1.74) p= 0.9

2.03 (0.97 — 4.22) p = 0.06
0.381 (-2.915 — 3.676) p = 0.8
-1.884 (-5.101 — 1.333) p = 0.3

1.40 (0.77 — 2.56) p= 0.3
0.17 (0.02 — 1.25) p = 0.08
1.65 (0.92 — 2.95) p = 0.09

2.55 (0.59 — 10.97) p= 0.2
1.06 (0.60 — 1.89) p = 0.8
1.73 (0.87 = 3.46) p=0.1
1.08 (0.64 — 1.82) p= 0.8
1.23(0.73-2.10)p=0.4

1.24 (0.62 — 2.48) p = 0.6
1.16 (0.68 — 1.98) p = 0.6
1.92 (0.89 — 4.16) p= 0.1
0.345 (-3.040 — 3.729) p = 0.8
-1.368 (-4.669 — 1.934) p = 0.4
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NBW_LPI_SGA

Model |

Model Il

Model 11l

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14days

Diarrhoea in last 14 days
Cough in last 14 days
Difficult breathing in 14 days
Child systolic blood pressure
Child diastolic blood pressure

0.65(0.22-1.92) p=0.4
0.54 (0.21-1.42) p=0.2
0.59 (0.24 — 1.43) p = 0.24

1.28 (0.94—1.75) p=0.1
0.94 (0.50 — 1.79) p = 0.9
1.00 (0.73-1.37)p=1

0.77 (0.42 - 1.42) p = 0.4
0.92 (0.67 —1.28) p = 0.6
1.21 (0.77-1.89) p=0.4
1.06 (0.78 — 1.44) p= 0.7
1.06 (0.77 —1.45) p= 0.7

1.11 (0.72-1.70) p= 0.6
0.97 (0.72-1.33) p=0.9
1.34 (0.79-2.29) p=0.3
-0.449 (-2.484 — 1.586) p = 0.7
-1.013 (-3.014 - 0.987) p = 0.3

061(021-181)p=04
0.68 (0.27 - 1.69) p = 0.4

1.20 (0.84-1.72) p=0.3
0.87 (0.46 — 1.66) p = 0.7
1.03 (0.73-1.47) p=0.9

0.77 (0.42 - 1.41) p = 0.4
0.89 (0.64—1.24)p=0.5
1.20 (0.76 — 1.89) p = 0.4
1.06 (0.78 — 1.44) p= 0.7
1.01 (0.73-1.39) p=1

1.03 (0.67 — 1.59) p = 0.9
0.91 (0.66 — 1.26) p = 0.6
1.33(0.77-2.30) p=0.3
0.411 (-2.445 — 1.624) p = 0.7
-0.862 (-2.848 — 1.125) p = 0.4

0.70 (0.22-2.23)p=06
0.62 (0.26 — 1.68) p = 0.3
0.72 (0.28 - 1.83)p=05

1.22 (0.85-1.75) p=0.3
0.99 (0.50-1.96) p =1
1.00 (0.70 — 1.44) p = 0.9

0.86 (0.45—1.64) p= 0.6
0.90 (0.63-1.27)p=05
1.18 (0.73-1.91) p=0.5
1.06 (0.76 — 1.47) p= 0.7
1.02 (0.73-1.43) p=0.9

1.03 (0.65—1.62) p= 0.9
0.94 (0.67-1.32) p=0.7
1.23(0.70-2.18) p=0.5
-0.568 (-2.696 — 1.560) p = 0.6
-0.449 (-2.526 — 1.627) p = 0.7

NBW_API_AGA

Model |

Model Il

Model Il

Neonatal death
Infant death
Child death

Stunting
Wasting
Underweight

Cough and fever during infancy
Diarrhoea and fever during infancy

Rash and fever during infancy

Frequency of illness in the first year of life
Fever in last 14 days

Diarrhoea in last 14 days

Cough in last 14 days

Difficult breathing in 14 days

Child systolic blood pressure

Child diastolic blood pressure

0.76 (0.26 — 2.25) p= 0.6
0.83 (0.34 — 2.06) p = 0.7
0.72 (0.30-1.75) p= 0.5

0.67 (0.49 — 0.92) p = 0.01
0.42 (0.18 — 1.0) p = 0.05
0.47 (0.33 - 0.67) p = 0.001

1.89 (0.84—4.26) p=0.1
1.00 (0.71-1.42) p=1

0.66 (0.38 — 1.14) p = 0.1
0.81 (0.59 - 1.12) p = 0.2
0.92 (0.66 —1.28) p = 0.6
1.02 (0.73—1.41) p = 0.9
1.11 (0.71-1.74) p=0.7
0.74 (0.39 — 1.40) p = 0.4
0.586 (-1.553 — 2.724) p = 0.6
0.477 (-1.657 — 2.551) p = 0.7

0.87 (0.29-2.60) p=0.8
0.73 (0.30-1.79) p=0.5

0.73 (0.51 — 1.05) p = 0.08
0.50 (0.21 — 1.20) p = 0.1
0.48 (0.32 - 0.71) p = 0.001

1.97 (0.87 - 4.44) p=0.1
1.04 (0.73-1.49) p=0.8
0.68 (0.40 — 1.18) p = 0.2
0.82 (0.59 — 1.13) p = 0.2
1.01 (0.72-1.43) p=0.9
1.14 (0.81-1.61) p=0.5
1.25 (0.79 - 1.99) p = 0.3
0.74 (0.38 — 1.43) p = 0.4
1.002 (-1.156 — 3.159) p = 0.4
0.617 (-1.490 — 2.725) p = 0.6

0.78 (0.25-2.44) p=0.7
0.87 (0.34—2.22) p=0.8
0.69 (0.27 — 1.75) p = 0.4

0.73 (0.51 — 1.05) p = 0.09
0.49 (0.20 —1.19) p = 0.1
0.45 (0.30 — 0.68) p = 0.001

1.83(0.79-4.23) p=0.1
1.04 (0.72 - 1.50) p = 0.8
0.65 (0.37 —1.14) p= 0.1
0.81 (0.57 - 1.14) p= 0.2
1(0.70-1.42)p=1

1.11 (0.78 — 1.58) p = 0.6
1.18 (0.73-1.90) p= 0.5
0.81(0.41-1.58)p=05
1.088 (-1.099 — 3.274) p = 0.3
0.538 (-1.596 — 2.673) p = 0.6
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