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Abstract

Between 2011 and 2016, neonatal mortality in Nepal fell from 33 to 21 deaths per 1000
live births. With global resources allocated to scale-up interventions to meet the
Sustainable Development Goals, tracking coverage of interventions and estimating the
population in need are essential. Maternal reports collected as part of national surveys are
often the only source of child health information available to generate nationally-
representative coverage indicators in low-income countries. This research examines the
validity of indicators calculated from maternal reports and explores possible strategies to

improve these estimates in data collection and in analysis.

Nested in a large community-based randomized trial in rural Nepal, this thesis aims to
address the three following research questions:

1. Are the low birthweight (LBW) and preterm birth indicators valid when

calculated from maternal reports?

2. What are possible reasons for poor validity in these indicators?

3. How valid are new methods to adjust LBW calculated from recall data?
We interviewed mothers from the trial one to 24 months after birth about their child’s
health in the first week of life and compared reports to data collected prospectively in the
trial to assess validity of their responses. We conducted focus groups with study staff and
in-depth interviews with mothers who provided discordant responses to explore maternal
understanding of questions. We then applied previously developed methods to multiply

impute and adjust the LBW indicator to our dataset in a validation exercise.

ii



Indicators generated from maternal reports underestimated the burden of LBW and
preterm births in this study setting. The LBW indicator using reported birthweight in
grams had low individual-level accuracy (AUC 0.69, 95% CI 0.67 to 0.72) and high
population-level bias (IF 0.62, 95% CI1 0.52 to 0.72). LBW using reported birth size and
the preterm birth indicator had lower individual-level accuracy and higher population-
level bias up to 24 months following birth. Challenges related to translations of questions
and possible cultural-specific perceptions about birth size may have contributed to the
poor validity of these indicators. Visual aids of newborns of varying sizes may help to
scale relative birth size questions and facilitate more accurate maternal reports in
different settings. In an analysis where patterns in missingness and heaping were
simulated, new methods to multiply impute missing birthweights and adjust the LBW
indicator performed better than previous methods.
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Chapter 1: Introduction

1.1 Targets to reduce child and neonatal mortality

Child mortality declined from about 10 million deaths in 2000 to an estimated 5.9 million
deaths in 2015.! Despite these improvements in child survival in recent years, neonatal
deaths declined at a much slower rate and now make up approximately 45% of all under-
five deaths globally.! Thus, the first 28 days of life, especially the first week of life when
around three-quarters of all neonatal deaths occur, is the time when a child is most
vulnerable.>? Unable to achieve the Millennium Development Goal (MDG) of a two-
thirds reduction in child mortality between 1990 and 2015, the global health community
has now set for itself a new target in the Sustainable Development Goals (SDGs) of
reducing child mortality to no more than 25 per 1000 live births and neonatal mortality to
no higher than 12 per 1000 live births in every country by 2030. To track global progress
towards achieving maternal, newborn and child health (MNCH) goals, indicators have
been developed to align with the SDGs. Specific to neonatal mortality, the Every
Newborn Action Plan aims to monitor coverage (the number who receive an intervention
among the number within a population who need it), quality of these interventions

received and equity across a population.*”

Based on the 2016 Key Indicators Report from the Nepal Demographic and Health
(DHS) Survey, child mortality fell to 39 deaths per 1000 live births from 54 deaths per
1000 live births in the 2011 Nepal DHS.® Neonatal mortality also decreased from 33

deaths per 1000 live births in both the 2006 and 2011 Nepal DHS surveys to 21 deaths



per 1000 live births in the most recent five-year period.® Though substantial
improvements have been seen in child and newborn survival in Nepal in recent years,
mortality rates still remain above the SDG thresholds, requiring further efforts and

interventions to combat threats to survival.

1.2 Measuring newborn health indicators

Tracking coverage of interventions and estimating the population in need of these
interventions are challenging in countries where health records in facilities may rarely be
available or reliable, particularly in settings where most births occur in the home.”"!! In
addition, those able to access care in facilities may differ from the broader population by
health status, demographically, and socio-economically.!>!3 Maternally reported
information, collected as part of national household surveys, like the Demographic and
Health Surveys (DHS) and the Multiple Indicator Cluster Surveys (MICS), is often the
only source of child health information available to generate nationally-representative
coverage indicators in low-income countries.!®!! The DHS and MICS are global
household survey programs, the first supported by USAID and in operation since 1984
and the second developed by UNICEF in 1995.1%!%15 Data collected as part of DHS and
MICS surveys are frequently used to inform country health policies, to advocate for
vulnerable groups, and to identify populations most in need of interventions.'? As part of
these surveys, mothers may be asked to remember events related to their child’s health
that might have taken place up to five years prior to administration of the survey.!® More
information about the accuracy of maternal reports and the degree of possible biases of

these measurements across different settings is essential to improving interpretation and



use of these data.!! Given this reliance on survey data to monitor progress in meeting
global targets for child health and the gaps in our knowledge of the accuracy of these
indicators, a need has been identified to focus efforts to evaluate the validity of maternal

reports of newborn health.

1.3 Improving Coverage Measurement for MNCH

A consortium representing international organizations, non-governmental organizations,
and academic institutions as part of the Improving Coverage Measurement (ICM) Group
housed within the Institute for International Programs (IIP) at the Johns Hopkins
Bloomberg School of Public Health have taken on the mission to produce further
evidence of the validity of MNCH coverage data, linking care-seeking indicators
generated from household surveys to health service quality assessments, and facilitating
the appropriate interpretation and use of coverage indicators.!'® Research of the ICM
group is comprised of projects utilizing various study designs conducted in numerous
settings, and each study design has its strengths and limitations. In many of these studies,
validation of maternal and newborn health indicators comparing maternal reports to
direct observations have been conducted in facility-based studies in Mozambique, Kenya
and Mexico.!”2° Use of direct observation as a reference, or “gold” standard, presents a
more reliable and complete comparison than facility-based records. However, facility-
based designs may be vulnerable to selection bias, and may often present the best case
scenario in accuracy of maternal reports if factors associated with increased likelihood of
facility births are the same as those associated with improved recall, like higher maternal

education and wealthier households. To avoid possible selection bias, a previous study



conducted in rural China used a population-based design; however, authors

acknowledged that the reference standard of an existing electronic system may have
contained some errors.?! Using a population-based design, the study described in this
thesis evaluates the accuracy of maternal reports of newborn health in a setting, where
half of births take place in the home and where postnatal care for newborns is uncommon.
What also makes this population distinct is its relatively high prevalence of low
birthweight and preterm birth compared to the settings of these other studies. Prospective
data collected as part of a larger community-based randomized trial served as the “gold”
standard for this study. While the overall study collected data to validate a variety of
newborn coverage indicators, this thesis will focus primarily on the low birthweight and

preterm birth indicators. Other validation results will be published separately.

1.4 Burden of low birthweight and preterm birth

Low birthweight (LBW) has long been shown to be closely associated with a greater risk
of neonatal death as well as cognitive and developmental impairment and long-term
health problems in adulthood.!***%} Historically, LBW, first described in the early 1900’s
as birthweight <2500 grams, was used to characterize premature newborns who had an
increased risk of mortality and morbidity.?*** Weight measurements were widely
available and gestational age data was often lacking, making identification of LBW
babies more feasible.>> However, upon recognition that not all LBW babies are born early
and not all babies delivered early are of LBW, the conditions preterm and small for
gestational age have become the favored constructs in recent decades.? Preterm birth is

defined as a birth before 37 weeks gestational age, and small for gestational age (SGA),



describes newborns with birthweights below the 10th centile of a birthweight-for-
gestational age reference population.?®2” Therefore, the term LBW captures both
newborns born preterm and those who are small but not necessarily preterm; therefore,
LBW and preterm are linked but not synonymous conditions.?’” While gestational age
information is routinely documented in most developed countries, this remains
challenging in many developing settings,?® and as a result, LBW remains an important
indicator of newborn health globally. In 2012, one of six global nutrition targets set by
World Health Organization Member States was to reduce LBW incidence by 30% by
2025,% placing a renewed interest on how best to produce population-based estimates of

LBW at the country level.

Approximately 20 million LBW infants are born annually, the vast majority from low and
middle income countries (LMIC).'® In South Asia 28% of infants are LBW, or one in
every four births.!? In the 2011 Nepal DHS report, of all children who were weighed at
birth 12.4% were LBW and only 36.3% of children had a birthweight.*® Each year, an
estimated 15 million infants are born preterm, complications of which now constitute the
leading cause of neonatal and under-five mortality.!*!?3222 More than 60% of preterm
births occur in South Asia and Africa.?®3? Preterm birth is associated with increased risk
of cerebral palsy, vision and hearing impairment, and diminished learning abilities.?*->-34
Given the increased vulnerability of infants born LBW and/or preterm, measuring and

monitoring the burden of both LBW and preterm birth is needed to quantify the

population in need of neonatal interventions in order to estimate coverage. Establishing



denominators for these indicators is essential to the measurement of progress towards

global targets aimed at improving child health outcomes.

1.5 Measuring low birthweight and preterm birth

One challenge to accurately tracking LBW is that more than half of children globally, and
up to 69% of children in South Asia, are not weighed at birth.'>!22° Similarly, 64% of
children were missing birthweights in the 2011 Nepal DHS, and 69% were missing
among those selected from the central ferai subregion, which includes Sarlahi District.>
In South Asian settings, this is largely due to the fact that many births still occur at home
and are thus not measured.!>!3?* Additionally, often birth records in facilities in these
settings are not available or not reliable.'*!> Women who deliver in a facility are likely of
a higher socioeconomic status compared to those who deliver at home.!*!? Measuring
gestational age is also problematic in low-resource settings; ultrasonography during the
first trimester is not part of routine practice.”® As a result, much of the data reported in
these settings continue to rely on report of the first day of the last menstrual period,
usually obtained late in pregnancy or at the time of delivery. However, inaccuracies in
reports of the first day and fluctuations in menstrual cycles across women subject this
measurement to errors.”® Heaping, or the tendency of numerical measurements to be
rounded to whole numbers, may also occur in both birth records from facilities and

maternal reports, contributing to inaccuracies and misclassification of both LBW and

preterm birth indicators.>



1.6 Prior research to validate the LBW and preterm birth indicators

Several studies in developed countries have demonstrated high accuracy of maternal
recall of birthweight compared to hospital records.>”#! Most such studies reported the
intra-class correlation coefficient (ICC) comparing maternal reports to records of
birthweight continuously rather than classifying infants dichotomously into either low or
normal birthweight categories.’” ! One study in Taiwan that asked mothers to recall their
child’s birthweight by phone reported mothers tended to overestimate birthweight and
found maternal recall used to categorize children as LBW had low sensitivity (52%) and
high specificity (95.3%).%* In low-income settings, results have been heterogeneous.
Findings from a facility-based study in Kenya of maternal reports of LBW at hospital
discharge after birth and 13-15 months after birth compared to directly-observed
deliveries found reports were accurate at both time points.!*?° A study in Colombia
assessing maternal recall of LBW five to 12 years after birth reported high specificity
(95%) but moderate sensitivity (66%).* Similar to findings from Taiwan, a study in
Uganda described mothers over-reporting birthweight four to 7 years after delivery**
while another study in Brazil found that mothers of children who weighed less than
3500g at birth tended to overestimate birthweight while those with children weighing

more tended to underestimate birthweight 11 years after delivery.*

Studies that assessed the relationship of birthweight and birth size within DHS datasets
reported decreasing trends in birth size (very large, larger than average, average, smaller
than average, very small) with decreasing birthweight.*** However, when using

maternal reports of birth size to calculate the indicator for LBW, sensitivity was low



while specificity was high.*¢*° All such studies acknowledged that these analyses were
limited by selection bias in that mothers who were able to report a birthweight in the
DHS surveys were more likely to have delivered in a facility and be of higher

socioeconomic status.

A number of studies have reported mothers could generally report gestational age
accurately in developed countries.?”**#0:30:3! One study conducted in the US Nurses’
Health Studies population reported moderate sensitivity (68%) and high specificity (92%)
using maternally reported gestational age to classify preterm birth.*® Research to validate
gestational age reports in developing countries is lacking since ultrasound during the first
trimester is not routinely performed in many of these settings. Efforts to examine the
validity of point-of-care ultrasound measurements performed by lower level staff as

compared to readings by physicians are underway.

1.7 Reasons for possible poor validity of LBW and preterm birth indicators

Inaccuracies in maternal reports and misclassification of LBW and preterm births may
not be able to distinguish between instances when participants did not accurately
remember an event and when participants did not understand a question.’*>* Feedback
from data collectors themselves in conducting quantitative surveys can be useful to
identify any additional probes that were provided to participants who had difficulty
understanding a question and to understand the level of consistency in administering
questionnaires across data collectors.>>>® Prior studies have investigated respondents’

comprehension of survey questions adapted from those in DHS and MICS



questionnaires.’*>* A key component of administering these questions across different
settings is the issue of appropriate translation. In a study assessing the comprehension of
questions in a Tanzania AIDS Indicator Survey, Yoder and Nyblade describe difficulties
encountered with translation from English to Kiswahili, including problems with style
and structure.>* The authors encouraged the use of translations that are not literal, but
rather, reflect the original intent of the question. Cognitive interviews may be a useful
tool to determine participant comprehension following translation of a survey from
English into a local language.’’ %! Another issue that may be relevant to improved
interpretation of data from maternal reports is the influence of various community and
regional factors within a societal context on mothers’ perception of a child’s size at
birth.%? This phenomenon may result in mothers across diverse settings providing
different relative categorical birth size assessments for children of the same birthweight.®>
Identification of questions that may be difficult for mothers to understand and reasons for
their misunderstanding may help in developing methods that could improve the quality of

data collected in future surveys.

1.8 Methods to impute missing birthweight and adjust the LBW indicator

h!3122% and mothers of

Given that over half of newborns globally are not weighed at birt
newborns who were weighed at birth may not be able to produce a birthweight record or
to report birthweight accurately at the time of the survey,'®*¢#34447 the need for methods
to correct indicators generated from maternal reports is high. In an analysis of DHS

surveys, Blanc and Wardlaw developed a method to adjust LBW estimates to account for

heaping, the tendency of numerical birthweights to be rounded to multiples of 500g in



maternal reports, and missing numerical birthweights.!*%* To address heaping at the
cutoff for LBW, after removing those who weighed exactly 2500g, the percentage of
newborns who weighed less than 2500g for birthweights between 2000 and 2999g was
calculated in 88 DHS surveys; this averaged to 25%. Based on these results, 25% of
newborns who reportedly weighed exactly 2500g were reclassified as LBW. In these
surveys, mothers are asked to report a relative birth size even if their child was not
weighed at birth. To address missing birthweights, using available birth size information,
the proportion of LBW newborns in each birth size category was calculated, multiplied
by the overall proportion of births in each category, and summed to generate the overall
number of LBW newborns. This correction is the current method used to adjust LBW
estimates in MICS surveys,® and the adjusted estimate of LBW in Nepal in 2014 was

24.2%.%

A Working Group, comprised of members from UNICEF, WHO, the London School of
Hygiene and Tropical Medicine and the Johns Hopkins Bloomberg School of Public
Health, have recently developed new methods to adjust estimates of LBW calculated
from maternally reported information. This group extended previous research describing
the distribution of birthweight established across a variety of large datasets to an
approach that aims to evaluate the quality of survey datasets, to identify a method using
multiple imputation to handle missing birthweight, and to adjust LBW estimates
accordingly. Wilcox et al. described birthweight as having a Gaussian distribution with a

1.64

slight peak and an extended lower tail.”” They identify two subpopulations that make up

the larger distribution: a ‘predominant’ subpopulation with a Gaussian distribution that

10



encompasses most birthweights and a ‘residual’ subpopulation made up primarily of
LBW newborns.®*% Gage et al. asserted birthweight could be parametrically modeled as
the sum of two Gaussian distributions and fitted both one- and two-component normal
mixture models to birthweight data from different ethnic groups in New York state.%
Charnigo et al. expanded on these results in his framework to propose the number of
components in a normal mixture model of birthweight distribution may vary and help to
identify heterogeneity in birthweight across ethnic populations.” Considering this prior
research, the Working Group decided to apply similar normal mixture models in an
approach to adjust LBW estimates and compare these to a crude estimate, the Blanc-
Wardlaw method, and a kernel density estimate, which constructs a non-parametric curve
using density estimates at each data point and a smoothing function. These methods were
applied to publically available datasets of high data quality from the US and Mexico to
first assess model fit and then applied to more than 200 DHS datasets to assess data

quality. %8

As part of the analysis of birthweight in each DHS dataset, the Working Group also
identified a list of variables related to birthweight from a review of prior literature and in
consideration of variables routinely collected in MICS and DHS surveys. A regression
analysis was conducted in a number of DHS surveys to explore the association between
birthweight and the related variables; the association was averaged across the surveys.
From these results, the Working Group reduced the list to a set of variables that were
overall significantly associated with birthweight. Multiple imputation was performed for

missing birthweights predicted by an individual’s observed values in the set of identified
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variables associated with birthweight. We investigate how these methods perform
compared to existing methods for adjusting the LBW indicator. The process of
developing this methodology for imputing missing birthweights and adjusting the LBW

indicator will be described in detail in a separate publication.

1.9 Summary

Considerable improvements to child and newborn survival have been made in recent
years in Nepal, however, mortality rates remain higher than the targets set as part of the
SDGs. Accurate and timely measurements are required to monitor progress towards
achieving these goals. As LBW and preterm newborns are at increased risk of mortality,
valid estimates of these populations are necessary to identify those in need of neonatal
interventions in calculations of coverage indicators. Our reliance on surveys for this
information requires validation of questions administered in a variety of settings to
understand possible limitations of this type of data and to identify methods that may

facilitate improved data quality and interpretation.
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Chapter 2: Methods

2.1 Objectives

This thesis research has three main objectives: 1) to assess the accuracy of maternal
reports of birthweight, birth size and length of pregnancy used in calculations for LBW
and preterm birth indicators in rural Nepal, 2) to explore maternal understanding of
administered questions about birth size and length of pregnancy and their perceived effect
of the length of recall period on reporting accuracy in rural Nepal, 3) to validate new
methods developed to multiply impute missing birthweights and adjust the LBW

indicator using a rural Nepal birthweight dataset.

Specific aims
1. Validation of maternal reports for low birthweight and preterm birth indicators in
rural Nepal
a. To assess the validity of maternal reports of A) birthweight and B) birth
size in correctly categorizing newborns as LBW, and C) length of
pregnancy in classifying preterm births up to 24 months after delivery
b. To determine whether the validity of maternal reports erodes with

increasing time since delivery from one to 24 months after birth

2. Mothers’ perception of questions assessing birth size and length of pregnancy in
rural Nepal

a. To describe maternal understanding of questions administered related to
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their child’s birth size and the length of pregnancy

b. To explore the perceived effect of time since delivery on accuracy of
maternal reports among mothers in rural Nepal

c. To illustrate the potential utility of visual aids, like photographs, to help

mothers gauge the size of their child at birth

3. Validation of adjustment and imputation methods for estimation of low
birthweight prevalence using a rural Nepal dataset
a. To apply previously developed methods to adjust the LBW indicator
calculated from maternally reported birthweight
b. To simulate missing birthweight patterns in the 2011 Nepal DHS dataset,
multiply impute birthweights, and adjust the LBW estimate using

previously developed methods

2.2 Study Population

Nepal is bordered by India and Tibet/China with 3 types of ecological zones: mountain,
hill, and terai (or plains).! Of the estimated 28.5 million population in 2015,? about half
live in the terai zones, which make up only 23% of the total land area in Nepal.? As of
September 2015, Nepal is now divided into seven federal states (State 1, State 2, State 3,
State 4, State 5, State 6, State 7).! The country’s 75 administrative districts are further
divided into smaller village development committees (VDC) in rural areas and
municipalities in urban areas.! In 2011, 76% of households were involved in agriculture,

and about 25% of the population lives below the poverty line.> Major ethnic/caste groups
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include Chhetri, Brahmins, Magar, Tharu, Tamang, and Newar.? In 2016, Nepal’s
neonatal mortality rate dropped to 21 deaths per 1000 live births after having remained
relatively unchanged at 33 deaths per 1000 live births between 2006 and 2011." The rural
Sarlahi district in the terai region borders Bihar, India to the south. Of its 769,729
predominantly Hindu residents, 39% are less than 15 years of age.* Only 50.8% of the
Sarlahi population five years and older are literate and literacy rates for men are about

double those of women.*

2.3 Parent trial

This thesis project was nested within a randomized community-based trial in Nepal’s
terai region at the Nepal Nutrition Intervention Project, Sarlahi (NNIPS) field site. The
site has been active since its first randomized control trial investigating the effect of
vitamin A supplementation of mothers on child mortality in 1989.° From November 2010
to January 2017, the parent trial enrolled pregnant women and their newborns in 34
VDCs in Sarlahi District to investigate the impact of fully-body newborn massage with
sunflower seed oil compared to mustard seed oil on neonatal morbidity and mortality.
The trial was registered at ClinicalTrials.gov (NCT01177111). Newborn massage using
mustard oil, often beginning immediately after birth, is widely practiced in this setting
and across South Asia.® However, mustard oil may lead to a weakened skin barrier in
newborns, especially in vulnerable preterm infants, and may ultimately increase the risk
of morbidity and mortality.® In contrast, use of sunflower seed oil has been shown to
positively impact neonatal skin and protect against infection compared to controls

receiving no oil massage.® Locally-resident female project workers visited married
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women 15-35 years of age at home every 5 weeks to identify new pregnancies;
pregnancies among women outside this age range were identified informally. All
pregnant women agreeing to participate in the parent trial were asked to estimate the first
day of their last menstrual period. Enrolled women were followed through delivery; study
staff visited as soon as possible after delivery and through the first month (days 1, 3, 7, 10,
14, 21, and 28). At the first visit, workers recorded date and time of delivery,
circumstances of labor and delivery, health status of mother and newborn, and the median
of three measures of the baby’s weight using a digital scale precise to 10g (Tanita BD-
585). The date, time of birth and weight of the newborn were also provided to the
mother/caretaker on a small 10 x 8 centimeter card. Subsequent visits focused on
maternal report and directly observed aspects of newborn health. At each visit in the first
month of life, study staff asked mothers to report on feeding and newborn care practices,
and whether their newborn had any signs or symptoms indicating an illness in the days
since their last visit. Staff also conducted examinations, including taking the newborn’s
temperature, measuring the newborn’s rate of breaths per minute, and checking the
newborn’s cord stump and skin for signs of infection. For cases of illness or infection,

staff referred mothers to nearby clinics or hospitals for care.

2.4 Substudy

Between April and September 2016, mother/child pairs that had participated in the parent
trial were selected for one additional follow-up visit to ask mothers to report on events
during labor and delivery, immediate newborn care, postnatal care, and cases of illness

and care sought in the first 7 days of life. Mothers who had a singleton live birth and
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whose first visit by study staff had been conducted within 72 hours after birth were
eligible. Given that a relatively low (i.e. <10%) proportion of newborns would have
experienced illness or received postnatal care in the first week of life, we oversampled
mother/child pairs with these characteristics. We defined illness as death or having two or
more of the following signs in the same visit in the first week of life: difficulty sucking,
difficulty breathing, stiffening of the back or convulsions, rapid breathing (a respiratory
rate of 60 breaths per minute or faster), chest in-drawing, hyperthermia (100.4F or
higher), hypothermia (lower than 95.9F), lethargy, or pus or redness at the base of the
cord stump. Within each round of selection, we categorized newborns into four groups:
those who experienced an illness, did not experience an illness, had a postnatal visit, and
did not have a postnatal visit. We sampled all newborns who experienced an illness
and/or had a postnatal care visit, and randomly sampled additional newborns without an
illness and/or without a postnatal visit. Rather than aim to produce a representative
sample of the larger community, our intent was to ensure we could evaluate the accuracy
of maternal recall of more rare events such as care seeking for newborn illness. We
conducted six rounds of selection from the parent trial and provided a list of eligible
mother/child pairs in each round to our study staff trained in human subjects research and
interviewing skills. In each round, additional mother/child pairs were selected as a buffer
in case mothers were not at home at the time of a visit, had permanently moved, had died,
or refused to participate. We aimed to interview approximately equal numbers of
different mothers at each of seven follow-up time periods: 1, 3, 6, 9, 12, 18, or 24 months
after birth. The first round selected mother/child pairs for the 18-month and 24-month

recall group, the second round included those for the 6, 9, 12, and 24-month recall
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groups, the third round for the 1, 6, 9, 12, and 24-month recall groups, the fourth round
for the 1, 3, 6, 12, and 24-month recall groups, the fifth ground for the 1, 3, 6, 12, and 24-

month recall groups, and the sixth round for the 3, 6, and 12-month recall groups.

Study staff visited selected mothers and requested participation through an oral consent
process in Nepali or Maithili, followed by collection of signature or thumbprint. If
mothers did not want to sign or provide a thumbprint, a third-party, usually a family
member or a neighbor, was asked to sign as a witness to her consent. Those agreeing
were asked questions specific to this thesis related to birthweight, birth size, and length of
pregnancy in addition to questions about newborn care practices, postnatal care, and

morbidity and care seeking.

2.5 Addition of a qualitative component

During a presentation of preliminary results in April 2016, the addition of a qualitative
explanatory component was suggested to supplement the quantitative data. A proposal
was developed in June 2016 to explore maternal understanding of administered questions.
We identified questions of interest from the quantitative form based on feedback from
study staff during data collection supervision visits and on preliminary analyses of
quantitative data that frequently generated discordant results comparing maternal report
in the substudy to data collected in the parent trial. We focused on these questions in this
qualitative analysis intended to complement and give further context to the interpretation
of our quantitative findings. Logistical circumstances precluded data collection to

continue until saturation; rather, we planned to complete a predefined number of FGD
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and IDIs prior to the start of data collection that would be logistically feasible. Two
FGDs and 15 IDIs were planned at the start of qualitative data collection; however,
because data collection for the parent trial was ending, we were unable to complete all

planned IDIs.

From August to November 2016, we conducted focus group discussions (FGD) with the
study staff, who had administered the quantitative form. A discussion guide was created
to cover the following themes: reflection on experiences with administering the
quantitative form, identification of questions mothers had difficulty answering,
discussion of reasons difficulties were encountered, description of probes used for
clarification, and suggestions for how questions could be improved for better
understanding. Locally resident, female qualitative interviewers were fluent in Nepali and
Maithili, from the same community as our study staff, and in non-supervisory roles in an
attempt to allow study staff to more openly share their experiences working on the study.
We conducted the FGDs in a private room at one of the field offices during the last

month of data collection for the quantitative form.

Based on information from the FGDs, we narrowed our final list of quantitative questions
of interest and identified and developed visual aids for use during in-depth interviews
(IDI). We restricted IDI participation in this qualitative component to 9 Village
Development Committees closest to our Sarlahi study office for logistical convenience.
Mothers residing in these areas who responded discordantly to at least three of the

questions of interest comparing data from the parent trial to their responses in the
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quantitative component of the substudy were eligible to participate in IDIs. Qualitative
interviewers administered oral consent in Nepali or Maithili and obtained a signature or
thumbprint for mothers who agreed to participate. IDIs were conducted in a private area
in households of participants. An interview guide was created to cover the following
topics: willingness to discuss labor and delivery and newborn health, attitudes about
newborn health checks, views about whether time since birth affects mothers’ ability to
remember what happened, and reflection on questions that generated discordant
responses and methods to improve the accuracy of maternal responses. FGD and IDI
guides are included in Appendices 1 and 2. Visual aids, including dolls and photos of
newborns of different sizes (Chapter 4), were developed based on suggestions from
study staff during FGDs and used in administering questions related to birth size and
demonstrations of newborn health examinations in IDIs. Analysis for this thesis focused
on questions related to birth size and length of pregnancy and the effect of time since
birth on mothers’ memory. Results related to views about discussing labor and delivery
and newborn health with others, attitudes about newborn health checks, and other

questions that generated discordant responses will be reported elsewhere.

Discussion and interview guides were created in English and translated into Nepali and
Maithili by local staff. Debrief sessions were conducted with qualitative interviewers
following FGDs and IDIs to reflect on the quality of the discussion/interview, summarize
content, edit questions for understanding, and discuss challenges. FGD and IDIs were
audio recorded and transcribed from Maithili to Nepali by the interviewers. The Nepali
transcripts were then sent to translators in Kathmandu for translation to English. For any

additional clarifications that were needed in the English versions of transcripts, a native
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Nepali speaker reviewed Nepali versions and re-translated sections. Recordings,

transcripts, and translations were all de-identified.

2.6 Ethical approval

Both the parent trial and thesis project were approved by the Johns Hopkins Bloomberg
School of Public Health Institutional Review Board in Baltimore, USA. In Nepal,
approval was received from the Tribhuvan University Institute of Medicine, Kathmandu
for the parent trial and the Nepal Health Research Council, Kathmandu for the thesis

project.
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3.1 Abstract

Background

Tracking progress towards global newborn health targets depends largely on maternal
reported data collected through large, nationally representative surveys. We evaluated the
validity, across a range of recall period lengths (1 to 24 months post-delivery), of

maternal report of birthweight, birth size and length of pregnancy.

Methods

We compared maternal reports to reference standards of birthweights measured within 72
hours of delivery and gestational age generated from reported first day of the last
menstrual period (LMP) prospectively collected as part of a population-based study
(n=1513). We calculated sensitivity, specificity, area under the receiver operating curve
(AUC) as a measure of individual-level accuracy, and the inflation factor (IF) to quantify
population-level bias for each indicator. We assessed if length of recall period modified

accuracy by stratifying measurements across time bins and using a modified Poisson
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regression with robust error variance to estimate the relative risk (RR) of correctly
classifying newborns as low birthweight (LBW) or preterm, adjusting for child sex, place

of delivery, maternal age, maternal education, parity, and ethnicity.

Findings

The LBW indicator using maternally reported birthweight in grams had low individual-
level accuracy (AUC 0.69, 95% CI 0.67 to 0.72) and high population-level bias (IF 0.62,
95% C10.52 to 0.72). LBW using maternally reported birth size and the preterm birth
indicator had lower individual-level accuracy (AUC 0.58, 95% CI 0.56 to 0.60; AUC
0.56, 95% CI1 0.53 to 0.58, respectively) and higher population-level bias (IF 0.28, 95%
CI10.22 to 0.34; IF 0.35, 95% CI 0.27 to 0.44, respectively) up to 24 months following
birth. Length of recall time did not affect accuracy of LBW indicators. For the preterm

birth indicator, accuracy did not change with length of recall up to 20 months after birth.

Interpretation

The use of maternal reports may bias indicators for LBW and preterm birth. In settings
with high prevalence of LBW and preterm births, these indicators generated from
maternal reports may be more vulnerable to misclassification. In populations where an
important proportion of births occur at home or where weight is not routinely measured,
mothers perhaps place less importance on remembering size at birth. Further work is
needed to explore whether these conclusions on the validity of maternal reports hold in

similar rural and low-income settings.
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3.2 Introduction

Approximately 20 million low birth weight (LBW, <2500 grams) infants are born
annually, the vast majority from low and middle income countries.' In South Asia 28% of
infants are LBW, or one in every four births.? LBW is associated with increased mortality
and morbidity, cognitive impairment, and long-term health complications in adulthood.!*
In 2012, one of six global nutrition targets set by World Health Organization Member
States was to reduce LBW incidence by 30% by 2025.* Each year, an estimated 15
million infants are born preterm, complications of which now constitute the leading cause
of neonatal and under-five mortality.>® More than 60% of preterm births occur in South
Asia and Africa.”® Preterm birth is associated with increased risk of cerebral palsy, vision
and hearing impairment, and diminished learning abilities.”*!%!! Preterm and LBW are
linked but not synonymous conditions. Measuring and monitoring both LBW and preterm
birth indicators is essential to tracking progress towards global targets to improve

newborn health outcomes.

One challenge to accurately tracking LBW is that more than half of children globally, and
up to 69% of children in South Asia, are not weighed at birth. Despite substantial
progress, many births still occur at home'-** and are thus not measured; in facilities
weight is inconsistently measured, and records are often incomplete and/or unreliable,
and women delivering in facilities may differ from the broader population in important
ways (for example, by health status, demographically, socio-economically).!> Measuring
gestational age is also problematic in low-resource settings; routine ultrasound during the

first trimester is not widely available, accessible or affordable.” This leads to reliance on
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reported date of last menstrual period (LMP), an error-prone measure given that
collection is often late in pregnancy or at delivery, menstrual cycles vary in length, and
non-negligible rates of lactational- or nutritional-amenorrhea exist in low resource

settings.’

Thus, maternally-reported information collected through national surveys, like the
Demographic and Health Surveys (DHS) and the Multiple Indicator Cluster Surveys
(MICS), is often utilized to generate birth indicators in low-income countries.'? Recall
period are often long (i.e. up to five years prior to survey administration).'? Improved
understanding of the validity of maternal reports of newborn health is critical for
monitoring global newborn health targets. We assessed the validity of postpartum reports
of birthweight, birth size and length of pregnancy, by comparing maternal reports directly
with data on birthweight and gestational age collected as part of a large community-
randomized trial. By varying recall periods from 1 to 24 months, we examined if length
of recall period modified indicator validity. We also assessed whether other maternal or

newborn factors were associated with correct reporting of birthweight and preterm status.
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3.3 Methods

Study setting

The study was conducted in Sarlahi district of Nepal, bordering Bihar, India to the south.
Among approximately 800,000 predominantly Hindu residents, 40% are less than 15
years of age.!* Government census data indicate that 15% of married women wed prior to
age 15 and approximately 55.8% and 36.6% of males and females, respectively, five

years and older can read and write."

Parent trial

Between November 2010 and January 2017, a randomized community-based trial
enrolled pregnant women and their babies in 34 Village Development Committees in the
rural district of Sarlahi, Nepal to investigate the impact of full-body newborn massage
with sunflower seed oil on newborn deaths and infections. The trial was registered at
ClinicalTrials.gov (NCTO01177111). Locally-resident female project workers visited
married women 15-35 years of age at home every 5 weeks to identify new pregnancies;
pregnancies among women outside this age range were identified informally. All
pregnant women agreeing to participate in the parent trial were asked to estimate the first
day of their last menstrual period. Enrolled women were followed through delivery; study
staff visited as soon as possible after delivery and through the first month (days 1, 3, 7,
10, 14, 21, and 28). At the first visit, workers recorded date/time of delivery,
circumstances of labor and delivery, health status of mother and newborn, and the median
of three measures of baby’s weight using a digital scale precise to 10g (Tanita BD-585).

The date, time of birth and weight of the newborn were also provided to the
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mother/caretaker on a small 10 x 8 centimeter card. Subsequent visits focused on

maternal report and directly observed aspects of newborn health.

Substudy

Between April and September 2016, mother/child pairs that had participated in the parent
trial were selected for one additional follow-up visit to ask mothers to report on events
during labor and delivery, immediate newborn care, postnatal care, and cases of illness
and care sought in the first 7 days of life. Mothers who had a singleton live birth and
whose first visit by study staff had been conducted within 72 hours after birth were
eligible. Given that a relatively low (i.e. <10%) proportion of newborns would have
experienced illness or received postnatal care in the first week of life, we oversampled
mother/child pairs with these characteristics. We defined illness as death or having two or
more of the following signs in the same visit in the first week of life: difficulty sucking,
difficulty breathing, stiffening of the back or convulsions, rapid breathing (a respiratory
rate of 60 breaths per minute or faster), chest in-drawing, hyperthermia (100.4F or
higher), hypothermia (lower than 95.9F), lethargy, or pus or redness at the based of the
cord stump. Within each of round of selection, we categorized newborns into four
groups: those who experienced an illness, did not experience an illness, had a postnatal
visit, and did not have a postnatal visit. We sampled all newborns, who experienced an
illness and/or had a postnatal care visit, and randomly sampled additional newborns
without an illness and/or without a postnatal visit. Rather than aim to produce a
representative sample of the larger community, our intent was to ensure we could

evaluate the accuracy of maternal recall of more rare events such as care seeking for
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newborn illness. We aimed to interview approximately equal numbers of different
mothers at each of seven follow-up time periods: 1, 3, 6, 9, 12, 18, or 24 months after

birth.

Study staff visited selected mothers and requested participation through an oral consent
process in Nepali or Maithili, followed by collection of signature or thumbprint. Those
agreeing were asked questions specific to this analysis (Table 3.1) in addition to
questions about newborn care practices, morbidity and care seeking (results for those

indicators will be published separately).

Ethical approval

The study was approved by the Johns Hopkins Bloomberg School of Public Health
Institutional Review Board in Baltimore, USA (parent trial and this substudy). In Nepal,
approval was received from the Tribhuvan University Institute of Medicine, Kathmandu

(parent trial) and the Nepal Health Research Council, Kathmandu (substudy).

Data analysis

Here we focus on assessing the validity of maternal reports of A) birthweight in grams
and B) birth size in correctly categorizing newborns as LBW, and C) length of pregnancy
in identifying preterm births. Maternal classification of LBW included a reported
birthweight < 2500 grams (regardless of gestational age) or birth size of “small” or “very
small.” Maternal classification of preterm birth was defined as a reported time of

delivery of “early” or “very early.” We compared the percent of babies classified as LBW
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using these maternal reports of birthweight and birth size, to the proportion so classified
using weight data collected using the digital scale (i.e. within 72 hours of birth). Similarly,
we compared maternal classification of preterm birth with our “gold standard” estimate

of pregnancy length estimated by calculating the difference in days between delivery date
and reported first day of the LMP, collected through prospective surveillance as

described above.

Sensitivity, specificity, area under the curve (AUC), and the inflation factor (IF) were
calculated. AUC is the area under the receiver operating characteristic curve (plot of 1—
specificity vs. sensitivity). An AUC of 1 represents a perfect test while a score of 0.5
suggests the test is no better than a random guess. The IF is the ratio of the survey-based
prevalence of the indicator (given the estimated sensitivity and specificity) and the ‘true’
prevalence based on a gold standard, and thus quantifies the extent to which the indicator
is over- or underestimated in a survey. The prevalence of an indicator in a population-
based survey is calculated as Prevalence x (Sensitivity+Specificity-1)+(1-Specificity).'*
Bootstrapping with 1,000 replications was used to estimate standard errors and construct

95% Cls for the IF ratio.

We stratified sensitivity, specificity, AUC, and IF by child sex, birth location (facility vs.
home), maternal education (any vs. none), maternal age (<20 vs. >=20 years) and parity
(primiparous vs. multiparous). To examine whether accuracy of maternal reports erodes
with longer recall periods, sensitivity, specificity, AUC, and IF were calculated within
each of the seven bins of recall time. Comparable to other studies that have assessed
validity of indicators, we defined high individual-level accuracy as AUC>0.70, and low

population-level bias as 0.75<IF<1.25.15""7
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Finally, to control for possible differences in the types of mothers interviewed across
recall periods, we used a modified Poisson regression with robust variance estimate to
estimate relative risk ratios (RR)'® to assess the effect of time as a continuous variable on
the proportion of newborns identified as LBW or preterm, controlling for child age, child
sex, place of delivery, maternal age, maternal education, parity, and ethnicity. Stata

version 14.0 (StataCorp, College Station, TX, USA) was used for the analyses.

3.4 Results

1528 mothers consented and were interviewed (Figure 3.1). After excluding 15
participants (birth assessment >72 hours after birth [n=3], twin delivery [n=1], repeat
participation [n=11]), a total of 1513 mother/child pairs were included. Of these, 222
were enrolled in the one month recall group, 208 in the three month group, 206 in the six
month group, 196 in the nine month group, 193 in the 12 month group, 289 in the 18
month group, and 199 in the 24 month group. The mean recall period was 10.7 months
(Table 3.2). More than half of newborns were male (55.4%) and a majority of these
births occurred in the home (53.8%). The mean age of mothers at follow up was 24.8
years; most had no schooling (68.4%) and had prior children (75.1%). Participants were
nearly universally (96.2%) of Madhesi ethnic origin, frequently lacked a household
latrine (71.2%), had electricity (80.3%), and owned some type of land (97.4%). Our
sample was largely comparable to the parent trial sample; one difference was that the

parent trial sample was more balanced by child sex (male=51.3%).
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Mother/child pairs missing either the actual digital weight measures or the maternal
assessment of weight were excluded. The former included deaths prior to measurement
(n=14), parental refusal of weight measurement (n=1), and missing weight measurement
(n=1); the latter exclusions included pairs where mothers reported the child was not
weighed (n=21), was uncertain if child was weighed (n=6), or was weighed but could not
respond (n=47). A further six mothers without LMP data were excluded. Figure 3.2
provides the distributions of measured and reported birthweights, and Figure 3.3
describes the distribution of calculated gestational age. Measured birthweights and
calculated gestational age appear to be normally distributed with medians at 2750g
(IQR=2460-3000g) and 39.6 weeks (IQR=38-40.9 weeks), respectively. Reported
birthweights are heavily heaped, and have higher median (3000g) and a larger spread
(IQR=2500-3500g) compared to measured birthweights. Results in Table 3.3 are
analogous with a greater mean and standard deviation in reported birthweights
(mean=2886g, SD=608g) compared to measured birthweights (mean=2726g, SD=435g).
A higher percentage of newborns were categorized as LBW when using the measured
values (27.7%, 95% CI1=25.4-30.0%) compared the reported values (17.1%, 95%
CI=15.2-19.1%). This pattern is generally consistent when examining birthweight and
percent LBW by sex and by birth size. Within both measured and reported values, mean
birthweight increased and the percentage of newborns identified as LBW decreased with
increasing birth size, though the trend was not statistically significant. Mean calculated
gestational age was 39.3 weeks (SD=2.9 weeks) with 16.1% (95% CI=14.3-17.6%) of

newborns categorized as preterm births, comparable by sex (Table 3.4). Though not
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statistically significant, mean gestational age increased with increased reported length of
pregnancy and the percentage of preterm births decreased with the exception of the late
and very late groups. Compared to measured birthweight and gestational age in this
study, the parent trial had a higher prevalence of LBW (29.9%) and lower prevalence of

preterm births (15.4%).

Of the 1486 mothers who were asked if they had a card with a birthweight record, only
75 (9.4%) of those who delivered at home and 53 (7.7%) of those who delivered at a
facility were able to produce one (Table 3.5). Of the total of 128 cards presented, 22
were from a facility and 106 were from the parent study. Of the 22 facility cards, all had
reported delivering at a facility, and of the 106 birth cards distributed during the parent
trial, 70.8% delivered in the home and 29.2% delivered in a facility. Comparing the
percent of newborns that would be categorized as low birthweight based on birthweight
measurements taken during the parent trial versus the birth cards produced at the follow
up visit, fewer would be categorized as low birthweight for home births (17.3% vs.
20.0%) and more would be identified as low birthweight among facility births (26.4% vs.
22.6%). This observation is purely descriptive as no statistical test was performed with so

few birth cards presented.

Sensitivity, specificity, AUC, and IF are presented in Table 3.6 for the following
indicators: A) LBW newborns based on maternally reported birthweight, B) LBW
newborns based on maternally reported birth size, and C) preterm births based on

maternally reported length of gestation (absolute numbers available in Table 3.7).

39



Sensitivity for all three indicators was low while specificity was high. LBW, estimated
from maternal reports of birthweight, had low individual reporting accuracy (AUC=0.69,
95% CI1=0.67-0.72) and high population-level bias (IF=0.62, 95%CI=0.52-0.72). Using
reports of birth size and pregnancy length to estimate LBW and preterm birth prevalence,
respectively, also resulted in low individual-level accuracy and high population-level

bias.

To further investigate population-level bias, we plotted the values of the predicted survey
prevalence of each of the three indicators across all possible prevalences of LBW and
preterm births within our reference standard (Figure 3.4)."” We would not expect most
populations to have a prevalence of LBW and preterm newborns in the high ranges;
therefore, this figure is for illustrative purposes. The gray dotted line represents perfect
reporting accuracy with 100% sensitivity and specificity across all possible prevalences
within our reference standard. The red, blue and green lines show the estimated survey-
based prevalence and the differences in the predicted survey prevalence and the ‘true’
prevalence using the estimated levels of sensitivity and specificity for each indicator. All
three indicators, with low sensitivity and high specificity, underestimate the survey-based
prevalence in our study population, and would underestimate the survey-based
prevalence to a greater degree in populations with higher prevalences of LBW and
preterm births. In lower-prevalence populations, the bias would be lower. Assuming
sensitivity and specificity remain the same as prevalence changes, survey-based estimates
would underestimate the magnitude of changes in prevalence when looking at time trends

or across countries. Stratified analyses by child sex, place of delivery, any maternal
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education, maternal age, and parity did not generally produce significantly different

results (Table 3.8).

We observed no significant differences in the measures of accuracy by length of recall for
any of the three indicators (Figure 3.5 and Tables 3.9-3.11). These findings were
consistent with our estimated RR for the proportions accurately categorized as LBW and
preterm against recall length, controlling for child sex, place of delivery, maternal age,
maternal education, parity, and ethnicity (Tables 3.12-3.13). In Model A, the estimated
RR for the proportion of newborns correctly identified as LBW by maternally-reported
birthweight negligibly decreased with increasing length of recall time and was
statistically significant (RR=0.99, 95% CI=0.99-0.99, p-value=0.003), adjusting for other
factors. In Model B, the estimated RR for the proportion of newborns correctly identified
as LBW by maternally-reported birth size similarly decreased only slightly with
increasing length of recall time but was not statistically significant (RR=0.99, 95%
CI1=0.99-1.00, p-value=0.09), controlling for other variables. For both models, mothers’
reports were less likely to accurately identify newborns as LBW if their child was female,
and were more likely to accurately categorize the child if the mother reported having had
any education and if the mother had one or more children prior to the child of interest.
Model C included an inflection point at 20 months in the time since birth. Up to 20
months after birth, the estimated RR for the proportion of newborns correctly identified
as preterm by maternally reported length of gestation was not associated with time
(RR=1.00, 95% CI=0.99-1.00, p-value=0.12), adjusting for other variables. After 20

months since birth, the estimated RR for the proportion of newborns correctly identified
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as preterm by maternally reported length of gestation improved slightly with increasing
time since birth and was statistically significant (RR=1.02, 95% CI=1.01-1.04, p-
value=0.001). Maternal age, parity, and ethnicity were also predictive of correct

categorization of preterm birth.
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3.5 Discussion

Accurate LBW and preterm estimates are necessary for assessing prevalence and
denominators of indicators to assess coverage of interventions aimed at improving
neonatal outcomes. We found that maternal reporting of birthweight, birth size, and
length of gestation underestimates the true prevalence of LBW and preterm birth. LBW
using maternally reported birthweight had low individual-level accuracy and high
population-level bias up to 24 months following birth. Several studies in high-income
settings have demonstrated high accuracy of maternal recall of birthweight compared to
hospital records.!”>* However, one study in Taiwan that asked mothers to recall their
child’s birthweight by phone reported mothers tended to overestimate birthweight and
found maternal recall used to categorize children as LBW had low sensitivity (52%) and
high specificity (95.3%).2* This is consistent with our findings though children in Taiwan
were much older at the time of follow-up. In low-income settings, results have been
heterogeneous. Findings from a validation study in Kenya of maternal recall of LBW at
hospital discharge after birth and 13-15 months after birth compared to directly-observed
deliveries found high reporting accuracy and low population-level bias at both time
points.!”?> A study in Colombia assessing maternal recall for LBW 5-12 years after birth
reported high specificity (95%) but low sensitivity (66%).2° Similar to findings from
Taiwan, a study in Uganda described mothers over-reporting birthweight 4-7 years after
delivery®’” while another study in Brazil found that mothers of children who weighed less
than 3500g at birth tended to overestimate birthweight while those with children
weighing more tended to underestimate birthweight 11 years after delivery.?® One

possible reason for the lower sensitivity and higher degree of overestimating birthweight
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in our study compared to other studies may be partially explained by the relatively
smaller size of newborns in this rural Nepal population. With more babies clustered
around the cutoff of less than 2500g, we observed a high likelihood of misclassification

in a population with high prevalence of LBW (27.7%).

We found the LBW indicator based on reported birth size had both low individual-level
accuracy and high population-level bias. This indicator in our study had much lower
sensitivity and higher specificity compared to that described in a study in Uganda
(Sn=76%, 95%CI: 50-93% and Sp=70%, 95%CI: 65-75%).?” Other studies that assessed
the relationship of birthweight and birth size within DHS datasets found mean
birthweight generally decreased with decreasing birth size, consistent with our
findings.?’ 2 However, when using maternal recall of birth size as an indicator for LBW,
sensitivity was low while specificity was high.?>? All such studies acknowledged that
these analyses were limited by selection bias in that mothers who were able to report a
birthweight were more likely to have delivered in a facility and be of higher
socioeconomic status. Our study results demonstrate similar findings to these prior
studies in a population with more than half of deliveries occurring in the home. Channon
describes mothers’ perception of birth size as being influenced by various neighborhood
and regional factors within a societal context that frames a reference for how mothers
gauge their child’s size.>* Applied to our study population, children in this community
relative to the global context are generally smaller perhaps leading mothers to gauge

smaller children as being of average size.

44



We observed both low individual-level accuracy and high population-level bias for the
preterm birth indicator generated from maternal reports of length of gestation at birth.
Several studies have reported high degrees of accuracy of gestational age reports from
mothers in developed countries.!?2!?%335 One study conducted in the US Nurses’ Health
Studies population reported moderate sensitivity (68%) and high specificity (92%) using
maternally reported gestational age to classify preterm birth.2° Our study is limited in that
we did not ask mothers to provide a numerical estimate of gestational age and have only
reported the validity of using categories of gestational length at birth. We modeled this
question after the format of the birth size question used in the DHS and MICS surveys,
and since this question has not been used outside of this study, we recommend it be

further refined before use in other settings.

Contrary to our hypothesis, the length of time since delivery did not affect the validity of
maternal report for LBW and longer length of time among mothers we visited 20 months
since birth and later resulted in improved accuracy for preterm birth. Some studies have
reported improved accuracy and agreement between medical records and maternal report
for birthweight and gestational age associated with shorter length of recall>!***¢ while
others have found accuracy of maternal report does not significantly deteriorate over
time.?%2*26 All these studies investigated patterns over longer periods of time spanning
years rather than months, which limits comparability to our study findings. We observed
a slightly lower degree of accuracy of maternal report used to correctly classify LBW for
female compared to male children, which was not observed in other studies in developing

countries.?%?” Researchers have documented the association of sex biases in neonatal
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care-seeking, household food allocation and higher mortality among girls compared to
boys and the persistence of son preferences in South Asia.’”° Further work is needed to
explore whether this bias may be applicable to the accuracy of maternal report in this
setting. We also observed slight improvements in maternal report accuracy associated
with maternal education, consistent other studies’ findings.!*?22%27 Finally, across all
three indicators, we found that multiparous mothers had greater accuracy compared to

first-time mothers, which contrasts with patterns described in prior studies.!'*22"-33

A strength of our study is the inclusion of home births in a population with relatively high
prevalence of LBW and preterm birth. In the South Asian region, where around 69% of
newborns are not weighed at birth, perhaps mothers place less importance on
remembering and documenting birthweight, as evidenced by very few mothers who were
able to present a birthweight card. Also, our study used accurate and calibrated scales of
research quality and trained and supervised data collectors, in contrast to many delivery
facilities. We also demonstrated that these indicators may be increasingly vulnerable to
being underestimated in populations with higher prevalences. A limitation of our
birthweight measurements used as the gold standard is that newborns were weighed up to
72 hours after birth. In this time period, newborns normally lose weight before patterns of
growth and weight gain are observed. Therefore, our measurements were likely taken at a
nadir and overestimate the prevalence of LBW; however, our intention was to validate
maternal report rather than provide an estimate of prevalence. In addition, for home
births, we are fairly confident that mothers were reporting the birthweight measured

during the parent trial since this would have been the only birthweight provided to them.
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However, mothers who delivered in a facility may have had their child weighed both at
the facility and during participation in the parent trial. For facility births, we assumed the
mother was reporting the weight measurement during the parent trial. Lastly, we did not
ask mothers to report birthweight immediately after the measurement taken, which would
have provided more information about whether mothers could retain birthweight

information if the event occurred just prior to our interview.

Our conclusions regarding appropriate classification of preterm birth are limited since we
did not ask mothers to report a numerical length of gestational age. Our categories of
gestational length at birth were adapted from the DHS and MICS birth size question and
have only been used in this study. Additionally, our gold standard for gestational age is
based only on reported LMP, which frequently overestimates gestational age by a few
days when compared to the gold standard of ultrasound measurements taken in the first
trimester.*’ In low-income settings, ultrasound is generally not feasible. Our reported
LMP was collected within a five-week period during pregnancy so as to optimize

accurate recall, but we recognize this date is likely subject to errors in reporting.

3.6 Conclusion

The use of maternal reporting may underestimate and bias indicators for LBW and
preterm birth. Additional approaches may be needed to correct for these inaccuracies in
large surveys and improve methods to monitor and track progress towards global
newborn health targets. The findings of this study may have limited generalizability to

settings with high prevalence of LBW and preterm births and where the majority of births
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take place in the home. Further work is needed to explore whether these conclusions on
the validity of maternal reporting hold in similar rural and low-income settings.
Additional studies may be needed to understand the range of likely individual-level
accuracy and population bias for these indicators in settings where women more

commonly deliver in facilities and health cards are more frequently retained.
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3.8 Tables and Figures

Table 3.1: Birthweight, birth size, and gestational age birth timing questions

administered

Question

Answer choices

When your child was born, was he/she

1=Very early

born very early, early, on time, late, or 2=Early
very late? 3=0On time
4=Late
5=Very late
9=Don’t know
2. When your child was born, was he/she 1=Very small
very large, larger than average, average, 2=Smaller than average
smaller than average, or very small? 3=Average
4=Larger than average
5=Very large
9=Don’t know
3. Was your child weighed at birth? 0=No (Go to 3a)
(Within 1 hour after birth; including a 1=Yes (Go to 3b)
Balposan worker) 9=Don’t Know (Go to 3a)
3a.  Was your child weighed within 3 days 0=No (Go to next question)
after birth? 1=Yes (Go to 3b)
9=Don’t Know (Go to next question)
3b. How much did your child weigh the first
time they were weighed? (gm)
(ASK MOTHER TO RECALL ONLY; 9999=Don’t Know
DO NOT USE BIRTH RECORD OR
CERTIFICATE)
3c. Do you have a birth record or certificate 0=No (Go to next question)
with your child’s birth weight recorded the 1=Yes (Go to 3d)
first time they were weighed? 9=Don’t Know (Go to next question)
3d. (CHECK THE BIRTH RECORD OR

CERTIFICATE AND RECORD THE
CHILD’S BIRTHWEIGHT. RECORD
WHETHER HOSPITAL OR PARENT
TRIAL CARD)

(gm)

1=Hospital card
2=Parent trial card
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Figure 3.1: Flowchart for participant selection

2240 mother/child pairs were selected

l » 292 mother/child pairs’ homes were not visited
1948 mother/child pairs’ homes were visited

‘ 363 mothers were not met
l * 5 mothers had permanently moved

3 mothers had died

1532 mother/child pairs were met

l * 4 mothers refused to participate

1528 mother/child pairs consented & were interviewed

3 mother/child pairs where birth assessment was
completed after 72 hours following birth were excluded
# 1 mother/child pair where child was a twin was excluded
11 mother/child pairs where mother had already been
interviewed for a previous birth were excluded

v
1513 mother/child pairs were included in analysis
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Table 3.2: Characteristics of selected mothers & children

N % or Mean 95% CI
Child Age (months) 1513 10.7 (10.3, 11.1)
Child Sex 1513
Male 839 55.5 (52.9, 57.9)
Female 674 44.5 (42.1,47.1)
Place of delivery 1512
Home 755 53.8 (51.3,56.3)
Facility 662 46.2 (43.7,48.7)
Maternal Age (yrs) 1513
<19 253 16.7 (14.9, 18.7)
20-29 1045 69.1 (66.7, 71.3)
30-39 197 13.0 (11.4, 14.8)
>40) 18 1.2 (0.7, 1.9)
Maternal Education 1513
No Schooling 1035 68.4 (65.9, 70.7)
Any Schooling 478 31.6 (29.3, 34.0)
Parity 1512
primiparous 431 28.5 (26.3,30.9)
second 385 25.5 (23.3,27.7)
third 312 20.6 (18.7,22.7)
fourth or higher 384 254 (23.2,27.6)
Ethnicity 1512
Pahadi 57 3.8 (2.9,4.9)
Madhesi 1455 96.2 (95.1,97.1)
HH latrine status 1512
No latrine 1077 71.2 (68.9, 73.5)
Had latrine 435 28.8 (26.5,31.1)
HH electricity 1512
No electricity 298 19.7 (17.7, 21.8)
Had electricity 1214 80.3 (78.2, 82.2)
Land ownership 1512
Did not own land 39 2.6 (1.8, 3.5)
Owns land 1473 97.4 (96.5, 98.1)
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Figure 3.2: Distributions of measured and reported birthweight
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Figure 3.3: Distribution of gestational age
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Table 3.3: Summary of birthweight and low birthweight

Measured Birthweight Reported Birthweight
N Mean (SD) LBW (<2500g) N Mean (SD) LBW (<2500g)
grams % (95%CI) grams % (95%CI)
All 1497 2726 (435) 27.7(25.4, 30.0) 1439 2886 (608) 17.1(15.2,19.1)
Sex
Male 831 2791 (445) 23.2(20.5,26.2) 795 2926 (612)  16.5(14.1,19.2)
Female 666 2644 (407) 33.2(29.7,36.9) 604 2836 (601)  17.9(15.1, 21.0)
Birth Size
Very small 31 1947 (612) 80.6 (62.7,91.2) 27 2020 (827)  70.4 (50.6, 84.7)
Small 84 2298 (411) 64.3 (53.5, 73.8) 78 2227 (471)  65.4(54.1,75.1)
Average 1260 2748 (386) 25.0(22.7,27.5) 1218 2905 (553) 13.6(11.8,15.7)
Large 104 2985 (481) 17.3(11.2,25.9) 102 3298 (619) 8.8 (4.6, 16.1)
Very large 16 3078 (334) 6.3 (0.8,35.1) 13 3577 (793) 0
Don't know 2 2430 (156) 50.0 (1.9, 98.1) 1 2000 (-) 1
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Table 3.4: Summary of gestational age and preterm birth

Gestational Age (weeks)

Preterm (<37 weeks)

N Mean (SD) % (95%CI)

All 1507  39.3(2.9) 16.1(14.3, 17.6)
Sex
Male 834 39.2 (3.0) 16.7 (14.3,19.4)
Female 673 39.4 (2.8) 15.5(12.9, 18.4)
Length of Pregnancy
Very early 24 35.0(5.2) 58.3(37.9,76.2))
Early 61 374 (3.1) 36.1 (25.0,48.9)
On time 1278  39.3(2.8) 15.6 (13.7, 17.7)
Late 115 40.9 (2.1) 3.5(1.3,8.9)
Very late 23 40.8 (3.6) 8.7(2.1,29.6)
Don't know 6 37.2(0.9) 33.3(7.2,76.3)
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Table 3.5: Birthweight cards by place of delivery

Total Home Facility
N n (%) n (%)

Mother was able to present a card with a
birthweight 1486 75 (9.4) 53(7.7)
Total cards presented 128 75 53
Card was from:

Facility 22 0 22 (100)

Study 106 75(70.8)  31(29.2)
Low birth weight using measured
birthweight 128 13 (17.3) 14 (26.4)
Low birth weight using birthweight on card 128 15 (20.0) 12 (22.6)
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Table 3.6: Overall sensitivity, specificity, AUC, IF

Sensitivity Specificity ‘True’ LB
. AUC survey-based IF
0 0 (1) [1)
Indicator n M’)C(f)s N A’)C(f)s 2 (95% CI) (05’;"(;*;';‘“(;’1) prevalence (%)  (95% CI)
° 0 (95% CI)
a) ?;ﬁ?img 1434 45.0 93.5 0.69 273 17.0 0.62
bitthuweight (40.0-50.1)  (91.8-94.9) (0.67-0.72)  (25.0 —30.0) (151-19.1)  (0.52-0.72)
b) LBW using 1497 19.1 96.7 0.58 277 7.7 0.28
reported birth size (154-232)  (954-97.7) (0.56-0.60) (25.5—30.1) (6.4-9.1) (0.22 - 0.34)
©) ngor‘tfénlgen wor | 1507 14.8 96.1 0.56 16.1 5.7 0.35
gelztaﬁon g (10.6-19.9)  (94.9-97.1) (0.53-0.58) (14.3—18.1) (4.6 17.0) (0.27 - 0.44)
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Table 3.7: 2x2 tables for low birthweight and preterm birth indicators

A) Low birth weight using reported birthweight

LBW by measured birthweight
Yes No
LBW by reported Yes 176 68 244
birthweight No 215 975 1190
391 1043 1434

B) Low birth weight using reported birth size

LBW by measured birthweight

Yes No
LBW by reported Yes 79 36 115
birth size No 335 1047 1382
414 1083 1497

C) Preterm using reported birth timing

Preterm by calculated
gestational age

Yes No
Preterm by reported  Yes 36 49 85
length of pregnancy ~ No 207 1215 1422
243 1264 1507
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Figure 3.4: Inflation factors
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Figure 3.4: Difference between measured versus 'true' prevalence of A) LBW using
reported birthweight, B) LBW using reported birth size, C) preterm birth using reported

length of pregnancy
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Table 3.8: Sensitivity, specificity, AUC stratified by child sex, place of delivery, maternal education, maternal age, and parity

Indicator Total N Sensitivity  (95% CI) Specificity (95% CI) AUC 95% CI)
Low birth weight
using reported 1434 45.0% [40.0 - 50.1] 93.5% [91.8-949] 0.69 [0.67-0.72]
birthweight
By child sex
Male 793 48.9% [41.4-56.4] 93.1% [90.9-95.0] 0.71  [0.67-0.75]
Female 641 41.7% [35.0 - 48.7] 94.0% [91.3-96.0] 0.68 [0.64-0.71]
By place of delivery
Home 666 38.9% [32.2 - 46.0] 94.8% [924-96.7] 0.67 [0.63-0.70]
Facility 767 51.6% [44.2 - 58.9] 92.4% [89.9-944] 0.72  [0.68-0.76]
By maternal
education
None 968 47.6% [41.6 - 53.7] 92.2% [90.0-94.1] 0.70  [0.67-0.73]
Any 466 38.8% [29.9 - 48.3] 96.0% [93.4-97.8] 0.67 [0.63-0.72]
By maternal age
<20 yrs 240 46.9% [36.6 - 57.3] 94.4% [89.3-97.6] 0.71  [0.65-0.76]
20+ yrs 1194 44.4% [38.6 - 50.3] 93.3% [91.5-949] 0.69 [0.66-0.72]
By parity
Primiparous 414 46.4% [38.6 - 54.3] 94.4% [90.7-96.9] 0.70  [0.66 - 0.74]
2 or more children | 1020 44.0% [37.4 - 50.8] 93.2% [91.2-949] 0.69 [0.65-0.72]
Low birth weight
using reported birth 1497 19.1% [15.4 - 23.2] 96.7% [954-97.7] 0.58 [0.56-0.60]
size
By sex
Male 831 20.2% [14.8 - 26.6] 96.6% [94.8-97.8] 0.58 [0.56-0.76]
Female 666 18.1% [13.3 -23.8] 96.9% [94.8-98.3] 0.58  [0.56-0.60]
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Indicator Total N Sensitivity  (95% CI)  Specificity (95% CI) AUC 95% CI)
By place of delivery
Home 691 17.8% [12.9 - 23.7] 96.4% [94.4-979] 0.57 [0.54-0.60]
Facility 805 20.4% [15.1-26.6] 96.9% [95.1-98.1] 0.59  [0.56-0.62]
By maternal
education
None 1022 21.3% [16.8 - 26.4] 96.4% [94.8-97.6] 0.59 [0.56-0.61]
Any 475 13.6% [8.0-21.1] 97.2% [94.9-98.6] 0.55 [0.52-0.59]
By maternal age
<20 yrs 250 20.8% [13.4-30.0] 96.0% [91.4-98.5] 0.58 [0.54-0.63]
20+ yrs 1247 18.5% [14.4 - 23.3] 96.8% [954-97.8] 0.58 [0.55-0.60]
By parity
Primiparous 425 17.8% [12.3 -24.4] 96.5% [93.4-98.4] 0.57 [0.54-0.60]
2 or more children | 1072 20.0% [15.2 - 25.6] 96.7% [953-97.8] 0.58 [0.56-0.61]
Preterm using 1507 148%  [10.6-199]  96.1%  [949-97.1] 0.56  [0.53-0.58]
reported birth timing
By sex
Male 834 14.4% [9.0 - 21.3] 96.7% [95.1-979] 0.56  [0.53-0.59]
Female 673 15.4% [9.1 -23.8] 95.4% [93.4-97.0] 0.55 [0.52-0.59]
By place of delivery
Home 695 14.7% [8.3-23.5] 95.2% [93.1-96.7] 0.55 [0.51-0.59]
Facility 811 14.9% [9.6 - 22.6] 97.0% [95.4-98.1] 0.56 [0.53-0.59]
By maternal
education
None 1029 12.2% [7.9 - 17.8] 98.0% [96.8 -98.8] 0.55 [0.53-0.58]
Any 478 23.6% [13.2-37.0] 92.4% [89.5-94.8] 0.58 [0.52-0.64]
By maternal age
<20 yrs 253 33.3% [19.1 - 50.2] 94.4% [90.4-97.1] 0.64 [0.56-0.72]
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Indicator Total N  Sensitivity  (95% CI) Specificity (95% CI) AUC (95% CI)
20+ yrs 1254 11.3% [7.3-16.4] 96.5% [95.2-97.5] 054  [0.52-0.56]
By parity
Primiparous 432 19.7% [10.9 - 31.3] 92.9% [89.8-953] 0.56 [0.51-0.61]
2 or more children | 1075 13.0% [8.4 - 18.8] 97.4% [96.2-98.4] 0.55 [0.53-0.58]
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Figure 3.5: Sensitivity and specificity of LBW and preterm births over recall time
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Table 3.9: Sensitivity, specificity, AUC for LBW using reported birthweight by recall group

Recall Group
(months after | Total N Sensitivity 95% CI) Specificity 95% CI) AUC 95% CI)
birth)

1 Month 220 45.1% (31.1-59.7) 98.2% (94.9 - 99.6) 0.72 (0.65 - 0.79)
3 Months 204 61.4% (47.6 - 74.0) 89.8% (83.7-94.2) 0.76 (0.69 - 0.82)
6 Months 195 34.8% (21.4-50.2) 96.0% (91.4 - 98.5) 0.65 (0.58-0.73)
9 Months 185 45.5% (32.0-59.4) 93.8% (88.2-97.3) 0.70 (0.63-0.77)
12 Months 189 53.8% (39.5-67.8) 96.4% (91.7 - 98.8) 0.75 (0.68 - 0.82)
18 Months 265 39.5% (29.2-50.7) 89.4% (83.9-93.5) 0.65 (0.59 - 0.70)
24 Months 176 34.1% (20.5-49.9) 90.9% (84.7-95.2) 0.63 (0.55-0.70)
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Table 3.10: Sensitivity, specificity, AUC, IF for LBW using reported birth size by recall group

Recall Group
(months after Total N Sensitivity 95% CI) Specificity 95% CI) AUC 95% CI)
birth)

1 Month 224 13.7% (5.7 -26.3) 98.3% (95.0 - 99.6) 0.56 (0.51-0.61)
3 Months 208 30.5% (19.2-43.9) 94.0% (88.8-97.2) 0.62 (0.56 - 0.69)
6 Months 202 12.8% (4.8-25.7) 97.4% (93.5-99.3) 0.55 (0.50 - 0.60)
9 Months 193 20.0% (10.8 - 32.3) 97.7% (93.5-99.5) 0.59 (0.54-0.64)
12 Months 193 20.8% (10.8 - 34.1) 96.4% (91.9 - 98.8) 0.59 (0.53-0.64)
18 Months 285 22.6% (14.6 - 32.4) 95.8% (92.0 - 98.2) 0.59 (0.55-0.64)
24 Months 192 7.8% (2.2-18.9) 97.2% (92.9-99.2) 0.53 (0.49 - 0.57)
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Table 3.11: Sensitivity, specificity, AUC, IF for preterm using reported length of pregnancy by recall group

Recall Group
(months after | Total N  Sensitivity 95% CI) Specificity 95% CI) AUC 95% CI)
birth)

1 Month 223 3.0% (0.8 -15.8) 96.8% (93.3-98.8) 0.50 (0.47-0.53)
3 Months 207 13.3% (3.8-30.7) 94.9% (90.6 - 97.6) 0.54 (0.48 - 0.61)
6 Months 203 22.7% (7.8-45.4) 95.6% (91.5-98.1) 0.59 (0.50 - 0.68)
9 Months 195 16.7% (7.0-31.4) 96.7% (92.5-98.9) 0.57 (0.51-0.63)
12 Months 192 17.1% (6.6 - 33.6) 98.7% (95.5-99.8) 0.58 (0.52-0.64)
18 Months 288 11.1% (4.2-22.6) 94.0% (90.2 -96.7) 0.53 (0.48 - 0.57)
24 Months 199 25.9% (11.1-46.3) 97.1% (93.3-99.0) 0.62 (0.53-0.70)
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Table 3.12: Correct classification of newborns as low birthweight

A B
n aRR 95% CI p-value n aRR 95% CI1 p-value

Time since birth/Child age (months) 1433 0.99 (0.99,1.00) 0.003 1495 0.99  (0.99, 1.00) 0.09
Child sex

Male (ref) 793 830

Female 640 0.93 (0.88,0.98)  0.006 665 0.90 (0.84,0.95) <0.001
Place of delivery

Home (ref) 767 804

Facility 666 0.95 (0.90, 1.01) 0.09 691 0.96 (0.90,1.02) 0.16
Maternal age (yrs) 1433 1.00  (0.99,1.01) 0.44 1495 1.00  (1.00, 1.01) 0.35
Maternal education

None (ref) 968 1021

Any 465 1.06  (1.00, 1.11) 0.05 474 1.09 (1.02,1.16) 0.02
Parity

Primiparous (ref) 413 424

Second child 371 1.09  (1.01, 1.18) 0.03 382 1.21  (1.10,1.32) <0.001

Third child 292 1.09 (1.00, 1.20) 0.05 311 1.23  (1.11,1.36)  <0.001

Fourth child or greater 357 1.07  (0.96, 1.19) 0.23 378 1.21  (1.07,1.36) 0.002
Ethnicity

Pahadi (ref) 57 57

Madhesi 1376 1.02 (0.89, 1.17) 0.80 1438 0.96 (0.83,1.11) 0.59

Table 3.12: Modified Poisson regression with robust error variance to estimate risk ratio of correctly classifying newborns as A) LBW

using reported birthweight and B) LBW using reported birth size, adjusting for child sex, place of delivery, maternal age, maternal

education, parity, and ethnicity
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Table 3.13: Correct classification of newborns as preterm birth

C
n aRR 95% CI  p-value

Time since birth/Child age (1-20 months) | 1505 1.00  (0.99, 1.00) 0.12
Time since birth/Child age (>20 months) 1505 1.02  (1.01,1.04)  0.001
Child sex

Male (ref) 833

Female 672 1.00  (0.96, 1.05) 0.93
Place of delivery

Home (ref) 810

Facility 695 1.03  (0.98, 1.08) 0.19
Maternal age (yrs) 1505 0.99 (0.98,1.00) 0.003
Maternal education

None (ref) 1028

Any 477 1.01  (0.96, 1.07) 0.64
Parity

Primiparous (ref) 431

Second child 383 1.08  (1.02,1.16) 0.02

Third child 311 1.14  (1.06,1.23)  0.001

Fourth child or greater 380 1.11  (1.01, 1.22) 0.03
Ethnicity

Pahadi (ref) 57

Madhesi 1448 0.88 (0.81,0.95)  0.002

Table 3.13: Modified Poisson regression with robust error variance to estimate risk ratio

of correctly classifying newborns as C) preterm term using relative length of pregnancy,

adjusting for child sex, place of delivery, maternal age, maternal education, parity, and

ethnicity
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Chapter 4: Mothers’ perception of questions
assessing birth size and length of pregnancy in
rural Nepal

Karen T. Chang!, Luke C. Mullany', Subarna K. Khatry?, Steven C. LeClerq'?, Melinda
K. Munos', Joanne Katz!

!Johns Hopkins University Bloomberg School of Public Health, Department of

International Health, 601 N. Wolfe Street, Baltimore, MD, 21205, USA; *the Nepal
Nutrition Intervention Project—Sarlahi, Lalitpur, Nepal

4.1 Abstract

Background

Quantitative validation studies alone may not be able to distinguish between instances
when participants did not accurately report an event versus when participants did not
understand a question. We used a qualitative study design to acquire an in-depth
understanding about how mothers perceive the phrasing of questions assessing birth size

and length of gestation.

Methods

We conducted two focus group discussions (FGDs) with study staff who administered a
quantitative questionnaire and 12 in-depth interviews (IDIs) with mothers who had
participated in this quantitative component. Transcripts were coded and analyzed for
themes in patterns of meaning within and across FGDs and IDIs. Using this thematic
map, we synthesized our data into common and divergent responses from participants to

facilitate our interpretation of the quantitative findings.
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Findings

We identified five themes specific to this analysis: difficulties with the length of
pregnancy question, challenges in administering the birth size question, the perceived
effect of time since birth on mothers’ ability to remember information, the language and
style differences specific to this setting, and the study context shaping the relationship
between study staff and mothers who participated and how this may have influenced
mothers’ responses. Visual aids may help to scale the question about birth size within a
cultural frame of reference for maternal reports to be more interpretable. Among both
study staff and mothers, a longer period of time since the birth of a child was thought to
be associated with diminished accuracy of maternal reports, a perception not supported

by our quantitative findings.

Interpretation

Poor validity of low birth weight (LBW) and preterm birth indicators based on maternal
reports may be partly attributed to challenges in maternal understanding of questions
assessing birth size and length of pregnancy. Additional research is needed to confirm
these findings regarding maternal comprehension and to further evaluate the utility of

visual aids developed for this study.
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4.2 Introduction

Low birthweight (LBW, <2500g) and preterm birth (<37 weeks) are associated with
increased risk of child mortality, severe disability, cognitive impairment, and other long-
term health problems.!* Worldwide, about 20 million LBW infants are born annually,
and in South Asia, a quarter of all live births are LBW.>® Each year, approximately 15
million preterm newborns are born globally.!*%7 Preterm birth, disproportionately
burdening South Asian and African countries, is the leading cause of neonatal deaths and
the second leading cause of under-five mortality.®” As part of the Sustainable
Development Goals, a target of reducing neonatal and child mortality to 12 and 25 deaths
per 1,000 live births, respectively, was set for all countries by 2030 Monitoring LBW and
preterm birth indicators over time informs global progress towards achieving these

newborn and child health targets.®

Maternally-reported information collected as part of national household surveys, like the
Demographic and Health Surveys (DHS) and the Multiple Indicator Cluster Surveys
(MICS), are often the only source of child health data available to generate birth
indicators in low-income countries.” Under these approaches, mothers are asked to recall
events related to their child’s birth that might have taken place up to five years prior to
administration of the survey.” Given our reliance on data from such surveys, efforts to
evaluate the validity of maternal recall of newborn health are necessary. Quantitative
validation studies, however, may not be able to distinguish between instances when
participants did not accurately report an event versus when participants did not

understand a question.'®!'? Feedback from data collectors themselves in conducting
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quantitative surveys can be useful to identify any additional probes that were provided to
participants who had difficulty understanding a question and to gauge the level of
consistency in administering questionnaires across data collectors.!>!* Prior studies have
investigated respondents’ comprehension of survey questions that are similar to those
used in DHS and MICS.!'%!2 Results of these studies may help to identify questions that
may be difficult for mothers to understand and methods that could improve the quality of
data collected in surveys. We used a qualitative study design to acquire an in-depth
understanding about how mothers perceive the phrasing of questions assessing birth size
and length of gestation. We also describe the experience of study staff in administering
these questions, the perceived effect of time since birth on mothers’ ability to remember
information, the language and style differences specific to this setting, and the study
context shaping the relationship between study staff and mothers who participated and

how this may have influenced our findings.

4.3 Methods

Study setting

We conducted the study in the rural Sarlahi District of Nepal, where only about half of its
predominantly Hindu residents are able to read and write.'> Over a third of residents are
younger than 15 years of age, and almost one in five married women were younger than
15 years old at their first marriage.'> The study was nested within a community-

randomized trial that aimed to assess the impact of using sunflower seed oil in full-body
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newborn massage on neonatal morbidity and mortality (registered at ClinicalTrials.gov

(NCTO1177111)).

Substudy

We selected mother/child pairs from the parent trial for one additional follow-up visit
using a quantitative form to ask mothers to report on circumstances of labor and delivery,
immediate newborn care, postnatal care, and neonatal morbidity and care seeking in the
first 7 days of life. We aimed to interview roughly the same number of mothers at each of
seven follow-up times after birth: 1, 3, 6, 9, 12, 18, or 24 months. Study staff requested
participation in the homes of selected mothers, administered oral consent in Nepali or
Maithili and obtained a signature or thumbprint for those who agreed to participate.
Specific to this quantitative analysis, mothers were asked about birthweight, birth size,
length of pregnancy, and whether they had a written record of their child’s birthweight.
We compared maternal reports in the substudy to prospectively collected data in the
parent trial (our “gold standard” estimate) to assess the validity of a) birthweight and b)
birth size in correctly categorizing newborns as LBW, and c) length of pregnancy in
identifying preterm births. LBW was defined as a birthweight of less than 2500 grams
(gold standard), regardless of gestational age, and a birth size of “small” or “very small”
(from maternal reports). Preterm birth was defined as gestational age less than 37 weeks
and reported delivery of “early” or “very early.” Quantitative results from this validation
of maternal reports are published separately (submitted in the same supplement to the

journal — fill in citation when available).
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Qualitative Approach

We identified questions of interest from the quantitative form based on feedback from
study staff during data collection supervision visits and on preliminary analyses of
quantitative data that frequently generated discordant results comparing maternal report
in the substudy to data collected in the parent trial. We focused on these questions in this
qualitative analysis in order to complement and give further context to the interpretation
of our quantitative findings. The questions from our quantitative interview that we further
explore in this specific qualitative analysis are listed in Table 4.1. Logistical
circumstances precluded data collection to continue until saturation; rather, we planned to
complete a predefined number of FGD and IDIs prior to the start of data collection that

would be logistically feasible.

From August to November 2016, we conducted focus group discussions (FGD) with the
study staff who had administered the quantitative form. A discussion guide was created to
cover the following themes: reflection on experiences with administering the quantitative
form, identification of questions mothers had difficulty answering, discussion of reasons
difficulties were encountered, description of probes used for clarification, and
suggestions for how questions could be improved for better understanding. Locally
resident, female qualitative interviewers were fluent in Nepali and Maithili, from the
same community as our study staff, and in non-supervisory roles in an attempt to allow
study staff to more openly share their experiences working on the study. We conducted
the FGDs in a private room at one of the field offices during the last month of data

collection for the quantitative form.

Based on information from the FGDs, we narrowed our final list of quantitative questions
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of interest and identified and developed visual aids for use during in-depth interviews
(IDI). We restricted IDI participation in this qualitative component to 9 Village
Development Committees closest to our Sarlahi study office for logistical convenience.
Mothers residing in these areas who responded discordantly to at least three of the
questions of interest comparing data from the parent trial to their responses in the
quantitative component of the substudy were eligible to participate in IDIs. Qualitative
interviewers administered oral consent in Nepali or Maithili and obtained a signature or
thumbprint for mothers who agreed to participate. IDIs were conducted in a private area
in households of participants. An interview guide was created to cover the following
topics: willingness to discuss labor and delivery and newborn health, attitudes about
newborn health checks, views about whether time since birth affects mothers’ ability to
remember what happened, and reflection on questions that generated discordant
responses and methods to improve the accuracy of maternal responses. Figure 1 shows
the dolls and photos of newborns of different sizes (A-2.2kg, B-2.6kg, C-3.1kg)
developed based on suggestions from study staff during FGDs and used in administering
questions related to birth size in IDIs. The FGD and IDI guides are included in
Appendices 1 and 2. This analysis focused on questions related to birth size and length
of pregnancy and the effect of time since birth on mothers’ memory. Results related to
views about discussing labor and delivery and newborn health with others, attitudes about
newborn health checks, and other questions that generated discordant responses will be

reported elsewhere.

Discussion and interview guides were created in English and translated into Nepali and

Maithili by local staff. Debrief sessions were conducted with qualitative interviewers
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following FGDs and IDIs to reflect on the quality of the discussion/interview, summarize
content, edit questions for understanding, and discuss challenges. FGD and IDIs were
audio recorded and transcribed from Maithili to Nepali by the interviewers. The Nepali
transcripts were then sent to translators in Kathmandu for translation to English. For any
additional clarifications that were needed in the English versions of transcripts, a native
Nepali speaker reviewed Nepali versions and re-translated sections as needed.

Recordings, transcripts, and translations were all de-identified.

Ethical approval

The parent trial and the substudy both received ethical approval from the Johns Hopkins
Bloomberg School of Public Health Institutional Review Board, Baltimore, MD, USA.
Local approval was received from the Tribhuvan University Institute of Medicine,
Kathmandu, Nepal for the parent trial and from the Nepal Health Research Council,

Kathmandu, Nepal for the substudy.

Data analysis

We analyzed transcripts using Atlas.ti Scientific Software. Our hypotheses following
preliminary analyses of quantitative data from the substudy focusing on birth size and
length of pregnancy and the interview guides deductively informed the development of
codes in an initial codebook. In a first round of coding, we applied both initial codes and
inductively added new codes based on additional themes that arose to expand our
preliminary codebook. In a second stage of the coding process, all codes were grouped

into overarching axes and refined to create a final codebook applied in a second review of
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transcripts. We adopted a constructivist perspective in a thematic analysis to search for
patterns of meaning within and across FGDs and IDIs.!®!7 Using this thematic map, we
synthesized our data into common and divergent responses from participants to facilitate

our interpretation of the findings.'®!”

4.4 Results

We first conducted two FGDs, each with 6 study staff, who administered the quantitative
form. All study staff were female, had at least a high school diploma and ranged from 20
to 50 years of age. In the first FGD, four of our study staff were of the Madhesi ethnicity
and two were Pahadi. In the second FGD, two were Madhesi and four were Pahadi.
Table 4.2 describes characteristics of the 12 mothers who were selected for IDIs,
conducted after completion of FGDs. Five themes emerged in the analysis within and
across FGDs and IDIs: difficulties with the length of pregnancy question, difficulties with
the birth size question, the effect of time since birth on mothers’ memory, the language
and style differences specific to this setting, and the relationship between staff and

mothers in the quantitative interviews.

Difficulties with the length of pregnancy question

Study staff reported encountering difficulties in maternal understanding of the length of
pregnancy question during both FGDs. Citing that the question is too long and the
phrasing of the question is confusing, staff in an FGD also described mothers perhaps

requiring more context to understand what the word, ‘time,’ refers to as the word was
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used repeatedly in translations of the question. From staff experiences, mothers
occasionally misunderstood the question as asking about the time of day the child was
born or the length of time they were in labor, as described below:

Participant 2: When we ask about the time, they think we mean morning,
afternoon, or night.

Participant 3: That’s what happened when we asked this question. (Laughing)
Participant 2: Yeah, some say it happened in the morning, others at night.
Participant 4: That’s what they immediately understand by time.

Participant 2: They specify that evening is a time, too, and that it didn’t happen at
night.

Participant 3: Like Participant 1 said (pointing at Participant 1) actually, women
remember the bits starting from their labor pain, and their attention is stuck there.
Moderator: Hmm...

Participant 3: And that’s probably the reason why it’s difficult for the mothers to
answer the question- (Participant 2 interrupting)

Participant 2: When we went for training, we were instructed what the phrase
‘before time’ means in the question. But usually, the mothers don’t know what the
phrase ‘before time’ means. They don’t know what ‘time’ is referring to. They
don’t know which ‘time.” Maybe that’s why they get confused.

When asked about how the question could be rephrased for better comprehension and
what additional probes study staff would use to help mothers understand, FGD
participants suggested specifying ‘preterm’ or ‘due date’ in the following discussion:

Participant 3: When the child was born, was he born at term or preterm... I don’t
think it is right. (Laughing)

Participant 4: But this is how we explained in the field. We ask them if the child
was born at term or prematurely and explain to take the difference between
months and days.

Participant 6: If the baby was born prematurely- (Participant 1 interrupted)
Participant 1: Was your baby born after the time or before it?

Participant 6: We asked like that.

Participant 4: They don’t understand like that. (Speaking to Participant 1) Was the
baby born right at the due date or before it? Or was the baby born way before the
due date or past the due date? Or way past the due date or right on time? That’s
how we asked and they understand it easily.

Data from IDIs with mothers supported these findings. When asked about the length of

pregnancy using the original phrasing of the question, one mother described the time of
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day her child was born and makes reference to the possibility of requiring a caesarean-
section had her child not been born within a specified time since labor:

Participant: The doctor said that if she delivers the baby at 8 o’clock, then it is
okay. Otherwise, she will give birth after a big operation. The doctor left to go
home to run errands after saying that. And when she came back after running
errands, the baby was delivered at 7 o’clock. The baby was not born at 8 o’clock;
she was delivered at 7 o’clock. (21 year old mother)

When asking this same mother the question specifying ‘preterm’ as an example of ‘early
and specifying ‘overdue’ as an example of ‘late,” the mother responded, her “baby was

born at nine months.”

Difficulties with the birth size question

Study staff were instructed to ask the birth size question exactly as phrased in the Nepali
DHS and MICS surveys. Some difficulties encountered in administering this question
included unfamiliarity with the local word for ‘average’ (‘ausat’) and using the local
word for ‘normal’ (‘samanya’) size in clarifying probes.

Participant 3: Maybe because they don’t understand the word ‘ausat’ that they
don’t get the rest. Instead of the word ‘ausat,” when we asked them how was the
baby, big, small, average, in their way, they understood it.

Participant 2: Yes. When we said smaller or bigger than average, they’d
understand immediately. When asked whether [the baby] was bigger or smaller
than was supposed to be, they said that it was average [ ‘samanya’- the Nepali
word for normal]. The answer comes that way...

Moderator: Yeah... In Participant 2’s (pointing at Participant 2) opinion, they
wonder what the word means and how they should respond. Similarly, are there
any other- (Participant 4 interrupts)

Participant 4: When we say ‘ausat’ means average, they don’t understand but
when we just say ‘average’ [ ‘samanya’- the Nepali word for normal] they
understand.

In another FGD, staff explained that the question was sometimes misunderstood as

asking about the height or length of the child, rather than the weight.

83



Participant 6: When we ask how big was the baby then the first thing that comes

to their mind is the height of the child and not the weight and therefore it becomes

necessary to repeat the question indicating that it is related to weight.
When asked how mothers’ understanding of this question could be improved, study staff
suggested using colored photos of newborns of different sizes to show to mothers for a
frame of reference.

Participant 6: One picture/photo will not do anything. (P6 and P3 agreeing to the

statement). Rather a picture of a fat child and a picture of a thin child might have

been helpful. It might be helpful if the pictures were in color.

Moderator: So you think that the photo of a fat or thin child will be helpful in

understanding this question?

(Participant 3 and Participant 6 speaking together) The photo of newly born

children in color will be better for understanding of the mothers.
Based on this suggestion from the study staff, we created the visual aids in Figure 4.1 to
use in IDIs with mothers. When our qualitative interviewers asked mothers about their
child’s size at birth, a common response was, “My child was neither too big nor too
small; he was normal.” As a follow-up question, when asking a mother to then select a
photo of a newborn whose size most closely resembled that of her child when he was
born, one mother “looked at all the photos and then took one of the photos in her hand
that was the smallest in size (Photo A) and said that her child was like that photo but was
thinner than the photo.” In further discussion, the mother again described her child as
being of average size, “As I told you, my child was neither very big nor very small. My

child was somewhere in between.” This child, who was born at home, weighed 2.25kg

two and a half days after birth.

Effect of time since birth on mothers’ memory
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Some of the study staff thought the length of time since birth did affect the accuracy of
mothers’ responses in some cases.

Participant 6: The women who have a five- or six-month old child would
remember. But at the beginning of data collection, there were women who had
thirteen-month old children, and it was hard for them. They had even forgotten
the answers to some of the questions. Others were all right.

Other staff pointed out that maternal accuracy depended more on the individual ability of
the mother to remember things.
Participant 3: So some of the women remember things even after two years while
some others do not remember the things that happen within a month or so.
Participant 2: Yes, they do not remember.
Participant 6: This is problem of some women. All the women do not have the
same memory power.
Participant 5: All people do not have same type of brain.
This question was also posed to mothers during IDIs, and many mothers noted that their
memory of events may fade with time. One mother said that day-to-day obligations and
worries prevent her from remembering events at birth.
Participant: If the mothers are free from other things and keep on thinking the
same thing again and again then they can remember it. Therefore if the mothers
have time to think on the time of their delivery and the baby conditions at that
time then there is every chance that they can remember for longer time. But they
have to engage themselves in so many other domestic chores like how to get baby
educated, how to earn both times meal for family, looking after the animals and
small children etc. So, most of the time their mind is occupied with these things.
Don’t you think that these are more important to spend time on rather than just
thinking over and over about their delivery time? (19 year old mother)
Language and style differences
A frequent theme that emerged from our FGDs with study staff was the distinction
between the Nepali and Maithili language and styles. In discussions related to the length

of pregnancy question, one staff member referred to using the Maithili language to aid

mothers’ understanding, saying “Only some [mothers] won’t [understand]. The mothers
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will understand if we explain in their language.” Another staff member in a different
FGD said, “As long as we explained the question in their style (Maithili), they understood
it at once, and we didn’t have to probe a lot.” In discussions related to misunderstanding
of the birth size question, one of our staff explained that in “Maithili society,” mothers

frequently thought the question was asking about height or length rather than weight.

Relationship between staff and mothers
In both FGDs, there was a perception that literacy and education levels of mothers were
linked to the ability to understand questions. In reference to the birth size question, one of
the staff explained, “When we meet literate women, when we say bigger than average
and smaller than average, they understand it right away. But when we meet others, they
don’t know what it means.” Later in this same discussion, another staff member shared
her experience during household visits, “In fact when we go [to their houses], mothers are
a bit intimidated and feel shy to talk to us.” While providing suggestions for props and
pictures to use as visual aids with mothers during IDIs, study staff made a distinction
between mothers who are ‘smart’ versus ‘silent.’
Moderator: Let’s say (showing a doll) this one here. If you question the mothers
showing this doll... If you use this doll to question the mothers, what do you think
will happen?
Participant 3: You have to show this to silent mothers and question.
Participant 4: (Using the doll) This is how the navel was examined for any signs
of danger in the body of the child- (P2 interrupting)
Participant 2: If that’s the case, they won’t understand our questions at all. And if
she’s silent there will be no interview. (Laughing and P4 joins)
Moderator: Yeah...

Participant 2: You have to show it to a mother who is smart rather than a mother
who is silent.
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The theme of being educated versus uneducated was also reflected in IDIs in responses
from mothers related to the effect of time since birth on maternal recall.

Participant: Sometimes the things are remembered.

Interviewer: They are remembered?

Participant: No, it is not all remembered. It is not written down like how the
educated people do it. Nobody can remember everything. (21 year old mother)

When asked to explain how one mother understood the question about length of
pregnancy, she pointed out the difference in literacy and education between herself and
the qualitative interviewer.

Interviewer: How do you understand this question? What do you think this
question is trying to ask?

Participant: What you asked me is... See, you are educated and I am illiterate.
Despite that I have to use whatever wits I can gather to work. Say, I have to think
about what is good and what is bad. I have to find a good path. (24 year old
mother)

A final consideration that could have influenced the responses mothers gave to both our
staff who administered the quantitative form and our qualitative staff is the frequent
expectation mothers had that they would be compensated in some way for participating in
an interview.

Participant 6: In the area where we work, when we go there to have discussion
and explain them about our objective of discussion then the only thing they ask is
what will they get by participating in the discussion.

Moderator Ok

Participant 6: They wished to get something after participating in the discussion
and therefore they used to ask this time and again during the discussion.
Moderator: Were they asking this question after finishing your discussion?
Participant 2: Yes

Participant 3: Yes, they ask that

Participant 6: Yes, they used to ask us after finishing our work because they
expected to get something at the end.

Moderator: They were expecting?

Participant 6: Yes

Moderator: That is fine, anything else they used to ask?

Participant 3: In many cases, we found that they did not have a cooperative nature
for our work. In some households, they used to ask this question in such a way
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that it was hard for us to answer them.

Moderator: Is that- (Participant 3 interrupts)

Participant 3: Yes, in some houses we felt that they were not much interested in

answering our questions. When we ask questions, they would keep silent without

responding to our question. So we had to ask many times, then only they answer

briefly. This was not at all the places, but in some houses.
Other staff also noted that some mothers are happy to participate even if they are not
compensated, saying “In some case, they seem happy in spite of not receiving anything in
return for participating. They say you come and ask us how was the bath given [to the
child], how did the birth take place and things like that. So, I felt they were happy
although they were not getting anything.” Later in this same discussion, one staff member
explains that this expectation may be related to compensation earthquake victims were
receiving; she said, “These days people, the earthquake victims, are getting relief

fund/materials and they think that they will also get something after answering our

questions.”

4.5 Discussion

We previously reported low accuracy in maternal reports used to calculate LBW and
preterm birth indicators as compared to birthweight and gestational age data collected as
part of a community randomized trial in rural Nepal. Based on qualitative results from
FGDs with study staff and IDIs with mothers who participated in the quantitative
component of this study, low accuracy of maternal reports may be partly attributed to
inconsistent understanding of questions related to birth size and length of pregnancy

among mothers in rural Nepal. Although we had translated our quantitative forms to both
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Nepali and Maithili and the local study team reviewed translations, our study identified
challenges in the phrases used, and style and the length of questions administered. While
we had adapted the Nepali version of the birth size question verbatim from the DHS and
MICS surveys, we had created a Maithili version of the question for use in this study. The
length of pregnancy question was developed using a similar sentence structure as the
birth size question in English. In a study assessing the comprehension of questions in a
Tanzania AIDS Indicator Survey, Yoder and Nyblade describe difficulties encountered
with translation from English to Kiswahili, including problems with style and structure.'?
The authors encouraged the use of translations that are not literal, but rather, reflect the
original intent of the question. Cognitive interviews may be a useful tool to gauge
participant comprehension following translation of a survey from English into a local
language.!'® 2% Other approaches that ask different types of questions and use simplified
sentence structures to measure the same construct across different cultures may also be
necessary.’! Creating a template of questions in English and simply translating them into
other languages may fall short in guaranteeing equivalence in what is measured across

study settings and may not be sufficient in ensuring data quality.?

To aid maternal understanding of the birth size question, we asked mothers during IDIs to
refer to photos of newborns of varying weights and identify one that most resembled the
size of her child at birth. We observed that while mothers frequently described their child
as being of ‘average’ or ‘normal’ size at birth without the visual aid, mothers often
selected the photo of the smallest child. Channon describes the influence of various

community and regional factors within a societal context on mothers’ perception of birth
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size that shape a point of reference for how they assess their child’s size.?® Relative to the
global context, newborns in this rural Nepali setting are generally smaller, perhaps
influencing mothers to perceive smaller children as being of average size. Visual aids
may assist in scaling the question about birth size within a cultural frame of reference for
maternal reports to be more interpretable. Interestingly, both study staff and mothers
believed accuracy of maternal report would diminish over time, consistent with our initial
hypothesis; however, our quantitative findings do not support this theory in the context of
generally poor maternal accuracy, even at one month after birth. Previous research has
found greater accuracy and agreement between maternal reports of birthweight and

12426 while

gestational age and medical records associated with shorter periods of recal
others have observed no difference over time.?”?° However, comparability to our study is

limited since these studies assessed reports following longer periods of time over years

rather than months.

Adopting a constructivist paradigm, we reflect on the relationships between the study
staff and mothers who participated in interviews.’® We observed a consistent thread in
both our FGDs and IDIs that suggested a power dynamic existed between the interviewer
and the participant that likely influenced the types of responses collected in our study.
Overall, study staff were viewed as being educated and literate while mothers who had
difficulty answering questions were considered uneducated and illiterate. This dynamic
may have precluded mothers from being more open in sharing their opinions because
they felt intimidated or shy. It is likely that this same dynamic is operating in DHS and

MICS in many countries where literacy in rural areas is low. In addition, if mothers were
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frequently expecting compensation for their participation, they may have provided biased
responses based on what they thought interviewers wanted to hear, or they may have
been less interested in engaging in in-depth conversation once they learned no
compensation would be provided. As part of the parent trial, households were provided
small gift items, like a baby blanket or hat, but monetary compensation was not provided.
The DHS and MICS Nepal surveys also do not provide compensation for participating in

interviews, so we might expect this same possible response bias.

Finally, there were several limitations in this study. We were unable to complete all 15
planned IDIs due to logistical constraints. Since we were unable to continue data
collection until saturation was reached, there may also be other contributing factors for
the discordant maternal responses. Transcripts were subjected to several layers of
translation. Qualitative interviewers listened to audio recordings of the interviews that
were primarily conducted in Maithili and directly translated these into Nepali, which may
have resulted in a loss of emic terms. Although clarifications were sought from a native
Nepali speaker during analysis of English transcripts, the author of this thesis is a non-

native Nepali speaker, further limiting our findings from this analysis.

4.6 Conclusion

Poor validity of LBW and preterm birth indicators based on maternal response may be
partly attributed to challenges in maternal understanding of questions assessing birth size

and length of gestation. Findings from this qualitative study suggest specific terms in

91



Maithili translation and sentence structure affected maternal comprehension. Visual aids,
like pictures of newborns of varying sizes, may help to scale maternal perception of birth
size in specific settings. In addition, relationships and dynamics between interviewers and
participants may affect the nature of responses. More work is required to further explore
maternal comprehension of these questions in similar rural and low-income settings as a

prelude to improving content and context in DHS and MICS surveys.
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4.8 Tables and Figures

Table 4.1: Length of pregnancy and birth size administered in quantitative

questionnaire

Question

Answer choices

H1, THI=ET A TS AU frar

q SR T8 ?

1. When your child was born, was he/she born
very early, early, on time, late, or very late?

Nepali: (A1) SHaT, FHIH=T TSl I (~HTH

qar qHAVT [l SIfFATRT B gaa=T 9
feett ST Rt ar qwa® stger faay 2

Maithili: (A7) Svq, TRAY qfgel TTwl
fop, Twod sgq ok R SR 9WT § a1
St foF THAY FEd AEH TR @S 91 99y

1=Very early
2=Early

3=0On time
4=Late
5=Very late
9=Don’t know

Nepali:

1= 9 =<y

2= =idr

3= gwad Sfwus
4= feen

5= &% fewir

9= uTeT A9TH

than average, or very small?

I AT ?

ge i 9ga die ?

2. When your child was born, was he/she very
large, larger than average, average, smaller

Nepali: (ATH) S=HaT F=r foay /&4 fage: oy
Iell, A e ge, oape, e swar @y A

Maithili: (A1) =%t @ &aT 71 @er: q8d
TEH, aRUY ¥ I, 6% fok, qrama §

1=Very small
2=Smaller than average
3=Average

4=Larger than average
5=Very large

9=Don’t know

Nepali:

1= 4 g

2= S\ W 9
3= fearai

4= Srad AT &Ar
5= &% z@r

O= 9re1 THTH
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Table 4.2: Characteristics of mothers interviewed in qualitative follow-up

Characteristic n (%)
Child’s age at the time of administration of
the quantitative form

<12 months 5(42)

>=12 months 7(58)
Child sex

Male 7 (58)

Female 5(42)
Place of delivery

Home 4 (33)

Facility 8 (67)
Maternal age

<20 yrs 4 (33)

>=20 yrs 8(67)
Maternal Education

No Schooling 4 (33)

Any Schooling 8 (67)
Parity

Primiparous 6 (50)

Multiparous 6 (50)
Ethnicity

Madhesi 12 (100)
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Figure 4.1: Visual aids for birth size question
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Figure 4.1: The child in photo A was 2.2kg. The child in photo B was 2.6kg. The child in

photo C was 3.1kg.
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Chapter 5: Validation of adjustment and
imputation methods for estimation of low
birthweight prevalence using a rural Nepal
dataset

[Authorship to be determined]

5.1 Abstract

Background

Following recent approval by the WHO to use low birthweight (LBW) as an indicator to
track health of populations, researchers and program managers now have a renewed
interest on how best to produce population-based estimates of LBW at the country level.
LBW estimates produced for low- and middle-income countries (LMIC) are reliant on
surveys, like the Demographic and Health Survey (DHS) and Multiple Indicator Cluster
Surveys (MICS). Birthweight data collected from mothers interviewed in these surveys
are frequently incomplete and exhibit heavy heaping, which may result in biased

estimates of LBW.

Methods

A Working Group, comprised of members from UNICEF, WHO, the London School of
Hygiene and Tropical Medicine and the Johns Hopkins Bloomberg School of Public
Health, have recently developed new methods to adjust estimates of LBW calculated
from maternally reported information. We validated these methods using a dataset of

maternal reports of birthweight against that of a “gold” standard dataset of measured
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birthweights collected as part of a large community-randomized trial in rural Nepal. We
also investigated patterns of missingness in the 2011 Nepal DHS dataset and
systematically removed birthweights from the maternally reported dataset based on these
patterns. We then imputed missing data points using variables associated with

birthweight identified by the Working Group.

Findings

Current methods for adjusting LBW estimates in MICS surveys may not fully correct for
underreporting of LBW. In settings where more birthweights are maternally reported
rather than transcribed from a birth card, a notable degree of residual underreporting can
be expected. We found the new adjustment methods developed by the Working Group
resulted in more accurate LBW estimates. Applied to our birthweight dataset that
exhibited heavy heaping and relied almost exclusively on maternal reports rather than
birth cards, the two-component normal mixture model approach still underestimated

LBW, but performed better than the existing method.

Interpretation

In a rural Nepal validation dataset with high LBW prevalence, with a large degree of
heaping in primarily maternally reported birthweight, and a relatively high proportion of
simulated missing birthweights, the two-component normal mixture model method
generated LBW estimates more accurate than the existing method. Assessment of these
methods using other validation datasets will help to understand their performance in

populations with different birthweight distributions and missingness.
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5.2 Introduction

Low birthweight (LBW) has long been shown to be closely associated with a greater risk
of neonatal death as well as cognitive and developmental impairment and long-term
health problems in adulthood.!® Historically, LBW, first described in the early 1900’s as
birthweight <2500 grams, was used to characterize premature newborns who had an
increased risk of mortality and morbidity.>* Weight measurements were widely available
and gestational age data was often lacking, making identification of LBW babies more
feasible.” However, upon recognition that not all LBW babies are born early and not all
babies delivered early are of LBW, the conditions, preterm and small for gestational age,
have become the favored constructs in recent decades.’ Preterm birth is defined as a birth
before 37 weeks gestational age, and small for gestational age (SGA), describes
newborns with birthweights below the 10th centile of a birthweight-for-gestational age
reference population.®’ Therefore, the term LBW captures both newborns born preterm
and those who are small but not necessarily preterm. While gestational age information is
routinely documented in most developed countries, this remains challenging in many
developing settings,® and as a result, LBW remains an important indicator of newborn
health globally. WHO has recently approved LBW as an indicator to track health of
populations, placing a renewed interest on how best to produce population-based

estimates of LBW at the country level.

Nationally-representative surveys, like the Demographic and Health Surveys (DHS) and

the Multiple Indicator Cluster Surveys (MICS), collect maternally reported birthweight

and birth size (very large, larger than average, average, smaller than average, and very
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small) and generate birth indicators in low-income countries.” A challenge to accurately
measuring LBW is that over half of newborns globally are not weighed at birth since
many births still occur at home.>!%!! Newborns delivered in facilities may not be
consistently weighed, weighed using unreliable scales, and have incomplete records.’ In
addition, mothers delivering in facilities may differ from the larger population by
socioeconomic status, for example, which may bias estimates.>!° Mothers of newborns
who were weighed at birth may be unable to produce a birthweight record or to report
birthweight accurately at the time of the survey, which is sometimes administered up to
five years after a birth.”'?"!> In an analysis of DHS surveys, Blanc and Wardlaw
developed a method to adjust LBW estimates to account for heaping, the tendency of
numerical birthweights to be rounded to multiples of 500g in maternal reports, and
missing numerical birthweights.>!® To address heaping at the cutoff for LBW, after
removing those who weighed exactly 2500g, the percentage of newborns who weighed
less than 2500g for birthweights between 2000 and 2999g was calculated in 88 DHS
surveys; this averaged to 25%. Based on these results, 25% of newborns who reportedly
weighed exactly 2500g were reclassified as LBW. Though some mothers may have been
unable to report a numerical birthweight, they may have reported a relative birth size. To
address missing birthweights, using available birth size information, the proportion of
LBW newborns in each birth size category was calculated, multiplied by the overall
proportion of births in each category, and summed to generate the overall number of
LBW newborns. This correction is the current method used to adjust LBW estimates in

MICS surveys,'® and the adjusted estimate of LBW in Nepal in 2014 was 24.2%."”
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A Working Group, comprised of members from UNICEF, WHO, the London School of
Hygiene and Tropical Medicine and the Johns Hopkins Bloomberg School of Public
Health, have recently developed new methods to adjust estimates of LBW calculated
from maternally reported information. This group extended previous research describing
the distribution of birthweight established across a variety of large datasets to an
approach that aims to evaluate the quality of survey datasets, to identify a method using
multiple imputation to handle missing birthweight, and to adjust LBW estimates
accordingly. Wilcox et al. described birthweight as having a Gaussian distribution with a

slight peak and an extended lower tail.!”

They identify two subpopulations that make up
the larger distribution: a ‘predominant’ subpopulation with a Gaussian distribution that
encompasses most birthweights and a ‘residual’ subpopulation made up primarily of
LBW newborns.!”!* Gage et al. asserted birthweight could be parametrically modeled as
the sum of two Gaussian distributions and fitted both one- and two-component normal
mixture models to birthweight data from different ethnic groups in New York state.!”
Charnigo ef al. expanded on these results in his framework to propose the number of
components in a normal mixture model of birthweight distribution may vary and help to
identify heterogeneity in birthweight across ethnic populations.?° Considering this prior
research, the Working Group decided to include one-, two-, and three component normal
mixture models in an approach to adjust LBW estimates and compare these to a crude
estimate, the Blanc-Wardlaw method, and a kernel density estimation, which constructs a
non-parametric curve using density estimates at each data point and a smoothing

function. A first step was to assess model fit to publically available datasets of high data

quality from the US (CDC National Center for Health Statistics 2015 birth data,
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N=3,978,497) and Mexico (Secretaria de Salud Dirreccion General de Informacion en
Salud 2015 database of live birth certificates).?!*> The Working Group established that if
data quality is good, estimates resulting from each of the methods would be similar.
These methods were then applied to more than 200 DHS datasets to assess data quality.
The Working Group identified the two-component normal mixture model as the preferred

method for generating LBW estimates.

An assessment of percent missingness in birthweight data was also completed for each
DHS dataset; birthweight data were assumed to be missing at random (MAR).?* The
Working Group identified a list of 14 variables related to birthweight from a review of
prior literature and in consideration of variables routinely collected in MICS and DHS
surveys. A regression analysis was conducted in 88 post-2000 DHS surveys to explore
the association between birthweight and the related variables; the association was
averaged across the 88 DHS surveys. From these results, the Working Group reduced the
list to a set of 6 variables that were overall significantly associated with birthweight: birth
size (very large, larger than average, average, smaller than average, very small), sex of
child (male, female), singleton/multiple births, maternal height, maternal BMI, parity
(primiparous, parity 2-3, parity 4 and above). Variables were excluded from this final list
either because less than a third of the 88 surveys showed a significant association to
birthweight or the direction of association was inconsistent, that is variables were
positively associated with birthweight in some surveys but negatively associated in
others. Multiple imputation with five repetitions was performed for missing birthweights

predicted by an individual’s observed values in the final 6 variables in each DHS survey.
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The proportion of LBW newborns was calculated using the two-component normal
mixture model described above to compare estimates before and after multiple
imputation. These findings and rationale for model selection will be described in detail in

a separate publication.

In this paper, we validated the methods described above using a dataset of maternal
reports of birthweight against that of a “gold” standard dataset of measured birthweights
collected as part of a large community-randomized trial in rural Nepal. We calculated
LBW estimates from maternal reports of birthweight using 6 methods: crude estimate,
Blanc and Wardlaw method, non-parametric kernel density estimation, fitting a single
normal curve to reported birthweight data, using a two-component normal mixture
model, and fitting a three-component normal mixture model. We also investigated
patterns of missingness in the 2011 Nepal DHS dataset and systematically removed
birthweights from the maternally reported dataset based on these patterns. We then
imputed missing data points using the 6 variables associated with birthweight identified
by the Working Group. Finally, we calculated the proportion of LBW newborns using the
6 methods to compare estimates before and after imputation against that of the measured

birthweight.
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5.3 Methods

Study setting

The study was carried out in the rural district of Sarlahi, Nepal. This district is in terai
region (plains) along the border with Bihar, India. A little more than a third of women
five years and older are able to read and write.>* Over a third of its predominantly Hindu
residents are younger than 15 years of age, and about 15% of married women reported

having been younger than 15 years old at the time of their first marriage.**

Parent trial

Conducted from November 2010 to January 2017, a randomized community-based trial
examined the impact of the use of sunflower seed oil in full-body newborn massage on
neonatal deaths and infections (registered at ClinicalTrials.gov (NCTO01177111)).
Locally-resident female project workers visited married women 15-35 years of age at
home every 5 weeks to identify new pregnancies; pregnancies among women outside this
age range were identified informally. All pregnant women agreeing to participate in the
parent trial were asked to report the number of their previous live births, and the median
of three measures of the women’s height and weight were recorded. Enrolled women
were followed through delivery; study staff visited as soon as possible after delivery and
through the first month (days 1, 3, 7, 10, 14, 21, and 28). At the first visit, workers
recorded date/time of delivery, circumstances of labor and delivery, health status of
mother and newborn, child’s sex, whether it was a single or multiple birth, and the
median of three measures of the baby’s weight using a digital scale precise to 10g (Tanita

BD-585). The date, time of birth and weight of the newborn were also provided to the
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mother/caretaker on a small 10 x 8 centimeter card. Subsequent visits focused on

maternal report and directly observed aspects of newborn health.

Substudy

We selected mother/child pairs from the parent trial for one additional follow-up visit to
ask mothers to report on labor and delivery, immediate newborn care, postnatal care, and
neonatal morbidity and care seeking in the first 7 days of life. We aimed to interview
roughly the same numbers of mothers at each follow-up time at 1, 3, 6, 9, 12, 18, or 24
months after birth. Study staff requested participation in the homes of selected mothers,
administered oral consent in Nepali or Maithili (a local language) and obtained a
signature or thumbprint for those who agreed to participate. Specific to this analysis,
mothers were asked about birthweight, birth size, and whether they had a written record

of their child’s birthweight.

Ethical approval

The parent trial and the substudy both received ethical approval from the Johns Hopkins
Bloomberg School of Public Health Institutional Review Board, Baltimore, MD, USA.
Local approval was received from the Tribhuvan University Institute of Medicine,
Kathmandu, Nepal for the parent trial and from the Nepal Health Research Council,

Kathmandu, Nepal for the substudy.
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Methods for estimating LBW using maternally reported birthweight

Stata version 14.0 (StataCorp, College Station, TX, USA) was used for this analysis. We
compared the proportion of LBW, preterm birth and SGA newborns in the substudy and
the parent trial. Using the eligibility criteria of the substudy, those in the parent trial were
restricted to live singleton births who had a first household visit completed within 72
hours after birth. SGA was calculated using the INTERGROWTH-21 standard growth
curve.?>2® Six methods were applied to maternally reported birthweights to estimate
LBW. The first generated a crude unadjusted estimate of the proportion of birthweights
less than 2500g. The second used the Blanc and Wardlaw two-part adjustment procedure
in which 1) 25% of births reported as exactly 2500g were reclassified as LBW and ii) the
proportion of LBW within each birth size category based on newborns who were
weighed was multiplied by the total number of births to estimate the number of LBW
newborns among all births.'® Third, a kernel density estimation method was used to
construct a non-parametric curve using density estimates at each data point and a
smoothing function across our dataset of maternally reported birthweights.?” Setting a
threshold at 2500g, the proportion of LBW newborns was calculated as the area under the
kernel density plot. A fourth method fit a normal curve to the data with a mean and
standard deviation, and calculated the LBW proportion as the area under the curve below
2500g. A fifth method utilized a two-component normal mixture model in which the
distribution of birthweights was assumed to be composed of two subpopulations: 1) a
primary normal distribution that accounts for most birthweights, and ii) a secondary
normal distribution that captures the smallest newborns in the left tail of the

distribution.!” Combining these two curves, the area under the overall function with a cut
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point at 2500g generated the proportion of LBW newborns. Finally, a three-component
normal mixture model generated normal curves fitted to most birthweights around the
mean, the smallest newborns, and an additional curve for the largest newborns in the right
tail of the distribution.?’ The area under the overall mixture curve below 2500g produced

the proportion of LBW newborns.

Patterns in missingness

We aimed to produce datasets with missing birthweights based on patterns of missingness
observed in the 2011 Nepal DHS dataset. We hypothesized a priori that missing
birthweight may be associated with whether the mother had at least four antenatal care
(ANC) visits, birth order of the child, birth size, child sex, singleton/multiple, maternal
height, maternal BMI, maternal smoking status, birth interval, maternal education,
maternal age, and wealth quintile. We first restricted the 2011 Nepal DHS dataset to only
households in rural areas to ensure comparability to our study. The wealth quintile
variable was reconstructed to reflect the distribution of wealth among rural households.
We conducted a logistic regression using individual sampling weights adjusting for
differential probability in selection to investigate the association of missing birthweight

and the above variables.?®?°

Multiple Imputation

We first removed birthweights from our dataset of maternal reports at random. Based on

the results of the patterns of missingness among rural households from the 2011 Nepal
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DHS dataset, we also removed birthweights in this dataset for each variable that was
significantly associated with missing birthweight. We noted the percent missing
birthweights within each category of these variables, and removed birthweights at
random within each category in our dataset. For each of these datasets with artificially
missing birthweights, we conducted multiple imputation with five repetitions using the
variables associated with birthweight identified by the Working Group. These variables
included: birth size, sex of child, maternal height, maternal BMI, parity;
singleton/multiple birth was not used since multiple births was an exclusion criteria for
our substudy. Finally, we compare these estimates to those generated without imputation,
those from our complete dataset of maternally reported birthweight, and those from our

dataset of measured birthweight.

5.4 Results

1528 mothers consented and were interviewed (Figure 5.1). After excluding 15
participants (birth assessment >72 hours after birth [n=3], twin delivery [n=1], repeat
participation [n=11]), a total of 1513 mother/child pairs were included. Of these, 16
(1.1%) children were missing a digital weight measurement for reasons that included
deaths prior to measurement (n=14), parental refusal of weight measurement (n=1), and
missing weight measurement (n=1). 74 (4.9%) children were missing maternally reported
birthweights, where mothers reported the child was not weighed (n=21), was uncertain if
child was weighed (n=6), or was weighed but could not provide a numerical weight

(n=47). Of the 1486 mothers who were asked if they had a card with a birthweight record,
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only 22 (1.5%) presented cards provided by a facility. To mimic circumstances of a DHS
or MICS survey, we used birthweights recorded on these facility cards in our dataset of
maternally reported birthweights. Table 5.1 presents the proportion of LBW, preterm

birth, and SGA newborns in the substudy compared to the parent trial.

Figure 5.2 displays the kernel density and one-component normal curves fitted to the
measured and reported birthweight datasets. The measured birthweights appear to be
generally normally distributed with a slightly higher peak and a left tail that diverges
somewhat from the normal curve. Heavy heaping at 2000, 2500, 3000, and 3500g is
evident in the kernel density curve fitted to the reported birthweight dataset. Table 5.2
presents the means and standard deviations (SD) of normal curves fitted to both measured
and reported birthweights. The mean and SD of the reported birthweight were both higher
than that of the measured birthweight. Figure 5.3 presents the two- and three-component
normal curves overlaying the kernel density and one-component normal curves for
comparison for reported birthweights. Means and SDs are also presented in Table 5.2 for
the two- and three-component normal curves. The methods appear to better fit normal
curves to the measured birthweights than the reported birthweights. In both the two- and
three-component normal mixture models for the reported birthweight dataset, the second
and third components, respectively, appear flat and the proportions of LBW under those

curves are 0 but they still contribute to the shape of the mixture curves.

Figure 5.4 presents the LBW point estimates from both the measured and reported

birthweight datasets using 6 methods: crude estimate, Blanc and Wardlaw method, non-
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parametric kernel density estimation, fitting a single normal curve to reported birthweight
data, using a two-component normal mixture model, and fitting a three-component
normal mixture model. LBW estimates calculated from measured birthweights are
relatively similar, ranging from a crude estimate of 27.7% to 30.3% when fitting a normal
curve. Estimates using reported birthweights showed much more variation from a crude
estimate of 17.1% to 26.7% calculated from a kernel density estimation. Crude estimates
show a 10% absolute difference in LBW comparing measured and reported datasets.
Assuming the measured birthweight is of good data quality (“gold” standard) as
evidenced from its fairly normal distribution, adjusting the reported birthweight data
using the kernel density (26.7%) and two-component normal mixture model methods

(26.4%) appear to generate LBW point estimates closest to our “true” measured data.

From our analysis of the 2011 Nepal DHS rural household dataset, 2866 (68%) had
missing birthweights. The odds of missing birthweight was significantly associated with
birth size, single versus multiple births, parity, having at least four ANC visits, rural
wealth quintile, and maternal education (Table 5.3). Table 5.4 presents the percent
missing birthweight within each of the categories of variables significantly associated
with missing birthweight using Nepal DHS 2011. Single versus multiple birth was
excluded since this was an exclusion criteria in our substudy. A total of 6 datasets with
artificially missing birthweights were created: one with 68% of birthweights removed at
random and five more with birthweights systematically removed following patterns of
missingness observed in the Nepal DHS 2011 by birth size, parity, ANC status, rural

wealth quintile, and maternal education.
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After multiply imputing missing birthweights, we a fit kernel density and one-, two-, and
three-component curves. Figure 5.5 presents an example of these curves fitted to a first
imputation of missing birthweights following removal of 68% of birthweights by wealth
quintile. Comparing these kernel density curves to those of the reported birthweights
prior to removal and multiply imputing birthweights, the kernel density curves are
smoother; however, heaping is still evident in most, especially at 2500 and 3000g. Table
5.5 summarizes the LBW point estimates calculated using the 6 methods after multiple
imputation in each of the datasets with artificially missing birthweights. Across all
datasets, after multiple imputation, all crude estimates are higher than those calculated
from the reported birthweight dataset (17.1%), ranging from 20.8% in the dataset that
removed birthweight by patterns of missingness in the ANC status variable to 24.8% in
those created by missing patterns in parity and rural wealth quintile. We observed a
similar pattern in estimates calculated using the Blanc-Wardlaw method post-multiple
imputation; however, all LBW estimates remained lower than that of our “gold” standard
(27.7%). Using kernel density estimation, estimates are close to our “gold” standard,
ranging from 25.7% in the dataset where birthweight had been removed by patterns of
missingness in the maternal education variable to 27.9% in that of the rural wealth
quintile variable. LBW estimates calculated from fitting a normal curve to distributions
of multiply imputed birthweights were higher than that of our “gold” standard in datasets,
where birthweights had been removed by birth size (28.6%) and by rural wealth quintile
(28.2%). From the two-component normal mixture model, estimates were lower than that

of the single normal curve, ranging from 25.2% in the dataset, where birthweights had
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been removed by maternal education, to 27.5%, where birthweights had been removed by
rural wealth quintile. Finally, comparable or slightly higher LBW estimates were
generated from the three-component normal mixture model compared to those of the two-
component normal mixture model. The two highest estimates (27.7% and 27.5%) were
calculated from the datasets in which birthweights had been removed by birth size and

rural wealth quintile, respectively.

5.5 Discussion

The current methods for adjusting LBW estimates in MICS surveys, as developed by
Blanc and Wardlaw,>!¢ may not fully correct for biased reporting of LBW in surveys.
Developed from an analysis of 88 DHS surveys, these methods apply an adjustment for
heaped birthweights developed from an averaged pattern across surveys. However,
heaping can be highly variable and the resulting LBW estimate is particularly sensitive to
this variation.>* Channon et al. reported greater heaping in maternally recalled
birthweights compared to those from a birth card.>® In countries where the majority of
birthweights were recalled from memory versus recorded from a birth card, the study also
found a significantly higher mean birthweight in the former compared to the latter.>
Therefore, in settings where more birthweights are maternally reported rather than
transcribed from a birth card, a notable degree of residual underreporting after applying
the Blanc-Wardlaw adjustment can be expected, as observed in our study. Additionally,
the method relies on consistent perception of birth size. Studies have assessed the

relationship of birthweight and birth size within DHS datasets and found that mean
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birthweight generally decreased with decreasing birth size, consistent with our findings
(results not shown here; reference publication).'?!%133! However, maternal perception of
birth size may vary across different populations. As Channon describes, mothers’
perception of birth size may be affected by various neighborhood and regional factors
specific to a setting that shape a reference for how mothers assess their child’s size.>? As
we have shown previously, this phenomenon applies in this rural Nepal population,

where mothers perceive smaller children as being of average size (Chapter 4).

Based on previous efforts by the Working Group to develop new approaches for
adjustments, we found that these may result in more accurate LBW estimates. These
methods make use of prior studies that have explored the distribution of birthweight and
its association with the distribution of neonatal mortality in large, complete datasets from
a variety of subpopulations in developed countries.!”2%3% After examining the
performance of these methods across more than 200 DHS datasets, the Working Group
identified the two-component normal mixture model as the preferred method, considering
accuracy and parsimony. Our birthweight dataset exhibited heavy heaping and relied
almost exclusively on maternal reports rather than birth cards. This approach still

underestimated LBW, but performed better than the Blanc-Wardlaw method.

We identified factors associated with missing birthweight in the 2011 Nepal DHS dataset
that were similar to findings in prior studies, including lower parental education, lower
socioeconomic status, and higher parity.!>!630343¢ We were unable to look at missing

birthweight by urban versus rural residence since our study site included only rural
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households. Mothers who delivered in a facility are also more likely to have had at least
four ANC visits and less likely to have a missing birthweight.>* Similar characteristics are
also associated with a higher birthweight.>” From our exercise in creating datasets that
attempted to mimic selection bias in birthweight missingness patterns in DHS and MICS
surveys followed by multiple imputation, the two-component normal mixture model
calculated a LBW estimate closest to our “gold” standard in the dataset with birthweights
that had been removed by wealth quintile. This may mean that this method provides more
accurate adjustments when birthweight missingness is closely related to lower household
wealth status. In reality, however, selection bias in birthweight missingness is likely
related to a combination of different factors acting simultaneously, limiting the
applicability of our exercise. In addition, our exercise used only variables available in
both the DHS and our study; we were unable to include variables like single versus
multiple births and other possible factors, such as rural versus urban environments, that

may result in selection bias.

A strength of our study is the use of accurate and calibrated scales of research quality to
minimize bias in measurement that likely operated at least as well as those used in the
large datasets in prior studies used to develop normal mixture methods describing the
birthweight distribution.!”!>?* The high quality of our measurement data is evidenced by
the similar distribution pattern of birthweights noted in these papers.!”!*?° A limitation of
using these measurements as our “gold” standard is that newborns were weighed up to 72
hours after birth. In these first hours of life, newborns generally lose weight before

growth and weight gain are observed. Therefore, our measurements likely overestimate

117



LBW; however, our intention was to validate these methods rather than provide an
estimate of prevalence. Additionally, in the case of home births, mothers were likely
recalling the birthweight measured during the parent trial since this would have been the
only birthweight provided to them. However, for those who delivered in a facility, their
children may have been weighed both at the facility and during participation in the parent
trial. In the latter case, we assumed the mother was reporting the weight measurement
provided to them during the parent trial. Finally, our validation of these methods may
have limited generalizability as our study population had a relatively high proportion of
LBW newborns, and our normal mixture curves are shifted down towards lower
birthweights. We also removed a relatively high percentage of birthweights to mimic the
patterns among rural households in the 2011 Nepal DHS dataset. Additionally,
considering that the majority of birthweights in our dataset were recalled by mothers
rather than transcribed from birth cards, which resulted in heavy heaping, our dataset
might represent a fairly extreme case of birthweights that would require adjustment.
Therefore, it may be that if these methods performed adequately in this dataset, they may
be sufficient in datasets with lower frequencies of missing birthweight and a lower degree

of heaping resulting from less reporting bias.
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5.6 Conclusion

Existing methods to adjust LBW estimates to address heaping, misclassification, and
missing birthweights in MICS surveys may be insufficient and result in residual
underreporting of LBW. New methods developed by a Working Group show promise in
producing more accurate LBW estimates. Applied to a rural Nepal validation dataset with
high LBW prevalence, a large degree of heaping with birthweights primarily from
maternal recall, and in simulations, a relatively high proportion of missing birthweights,
the two-component normal mixture model method generated LBW estimates more
accurate than the Blanc-Wardlaw method. Assessment of these methods using other
validation datasets will help to understand their performance in populations with different
birthweight distributions. In future validation studies, a tailored investigation of patterns
in missing birthweight is required for each DHS or MICS dataset to be applied to
potential validation datasets. In terms of program application, these methods are more
complex than existing methods, and program managers conducting DHS and MICS
surveys may need to weigh the benefits of improved accuracy against increased

complexity.
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5.8 Tables and Figures

Figure 5.1: Flowchart for participant selection

2240 mother/child pairs were selected

¢ » 292 mother/child pairs’ homes were not visited

1948 mother/child pairs’ homes were visited

363 mothers were not met
* 5 mothers had permanently moved
3 mothers had died

L J

1532 mother/child pairs were met

l * 4 mothers refused to participate

1528 mother/child pairs consented & were interviewed

3 mother/child pairs where birth assessment was

interviewed for a previous birth were excluded

Y
1513 mother/child pairs were included in analysis
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Table 5.1: Proportion of low birthweight, preterm birth and small-for-gestational-
age in substudy and parent trial

Substudy Parent Trial*
N n (%) N n (%)
LBW 1497 414 (27.7) 21842 6534 (29.9)
Preterm birth 1507 243 (16.1) 21946 3368 (15.4)
SGA* 1351 594 (44.0) 21317 9862 (46.3)

Table 5.1: Proportion of low birthweight, preterm birth and small-for-gestational-age
*Newborns in the parent trial were restricted to live births, singletons, and those who had
a first household visit completed within 72 hours after birth, comparable to the eligibility
criteria of the substudy.

*Small-for-gestational-age (SGA) defined as weight below the 10th percentile for the

gestational age and sex using the INTERGROWTH-21 standard growth curve
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Figure 5.2: Kernel density curve and one-component normal curves fitted to the
measured and reported birthweight datasets
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Table 5.2: Normal mixture curves fitted to measured and reported birthweights

Mean (SD) (g)
Measured
Single normal curve 2726 (434)
Two-component normal mixture
Normal component 1 2531 (643)
Normal component 2 2758 (381)
Three-component normal mixture
Normal component 1 2567 (601)
Normal component 2 2581 (293)
Normal component 3 2985 (308)
Reported
Single normal curve 2885 (607)
Two-component normal mixture
Normal component 1 2854 (573)
Normal component 2 4500 (1.1E-07)
Three-component normal mixture
Normal component 1 2854 (569)
Normal component 2 4500 (2.8E-07)
Normal component 3 2997 (446)
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Figure 5.3: Kernel density curve, two-, and three-component normal curves fitted to
the reported birthweight dataset
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Figure 5.4: LBW estimates generated from six methods using measured birthweight
dataset
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Table 5.3: Unadjusted and adjusted odds ratios (OR) for missing birthweight by socioeconomic and health risk factors among
rural households in the 2011 Nepal DHS survey

Unadjusted OR Adjusted OR
n 95% CI) p-value n 95% CI) p-value

Birth size

Very large (ref) 80 32

Larger than average 686 0.93 (0.51, 1.71) 0.82 257 1.30 (0.50, 3.37) 0.58

Average 2666 1.03 (0.57, 1.86) 0.91 949 1.80 (0.72, 4.48) 0.21

Smaller than average 601 1.56 (0.83,2.91) 0.17 236 2.93 (1.10, 7.79) 0.03

Very small 178 1.35(0.67,2.73) 0.40 63 2.06 (0.66, 6.40) 0.21
Child sex

Male (ref) 2191 811

Female 2024 1.03 (0.88, 1.21) 0.68 726 0.93 (0.70, 1.22) 0.59
Single vs Multiple

Singleton (ref) 4159 1528

Multiple births 56 0.37 (0.20, 0.71) 0.003 9 0.21 (0.04, 1.08) 0.06
Maternal height (cm) 2034 0.97 (0.95, 0.99) 0.007 1537 0.99 (0.97, 1.02) 0.69
Maternal BMI (kg/m2) 2033 0.96 (0.92, 1.00) 0.08 1537 1.06 (1.01, 1.12) 0.02
Maternal smoking status

Non smoker (ref) 3483 1289

Smoker 732 3.31(2.49,4.41) <0.001 248 1.02 (0.62, 1.68) 0.94
Parity

Primiparous (ref) 1314 472

Second or third child 1842 2.38(2.00, 2.84) <0.001 676 2.02 (1.29,3.16) 0.002

Fourth child or greater 1059 5.11(3.99, 6.57) <0.001 389 2.86 (1.60, 5.09) <0.001
ANC status

Less than 4 visits (ref) 1646 811

4 visits or more 1536 0.17 (0.14, 0.21) <0.001 726 0.29 (0.22, 0.40) <0.001
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Unadjusted OR Adjusted OR
n 95% CI) p-value n 95% CI) p-value

Rural wealth quintile

WQ 1 (ref) 1436 465

WQ2 976 0.47 (0.36, 0.61) <0.001 358 0.51 (0.32,0.79) 0.003

WQ3 752 0.28 (0.21, 0.37) <0.001 298 0.40 (0.25, 0.64) <0.001

wQ 4 579 0.16 (0.12, 0.22) <0.001 232 0.24 (0.15, 0.39) <0.001

WQ5 472 0.06 (0.04, 0.08) <0.001 184 0.08 (0.04, 0.14) <0.001
Birth interval (mos) 4212 1.01 (1.00, 1.01) <0.001 1537 1.00 (0.99, 1.01) 0.55
Maternal education

none (ref) 2157 742

any primary 864 0.47 (0.38, 0.59) <0.001 316 0.92 (0.62, 1.36) 0.68

any secondary or higher 1194 0.16 (0.13, 0.20) <0.001 479 0.53 (0.36, 0.78) 0.001
Maternal age (yrs)

15-19 850 282

20-34 3032 1.56 (1.29, 1.89) <0.001 1120 1.34 (0.92, 1.94) 0.12

35 and older 329 3.00 (2.02, 4.45) <0.001 135 0.97 (0.44, 2.14) 0.95
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Table 5.4: Missing birthweight for each significantly associated variable among
rural households in the 2011 Nepal DHS dataset

% missing

Birth size
Very large 63.7
Larger than average 60.9
Average 67.5
Smaller than average 76.1
Very small 65.1
Parity
Primiparous 49.6
Second or third child 70.4
Fourth child or greater 87.0
ANC status
Less than 4 visits 82.6
4 visits or more 43.4
Rural wealth quintile
wQ'1 88.6
WwQ 2 78.5
wQ3 68.3
wQ 4 55.1
WQ5 30.4
Maternal education
none 82.2
any primary 70.8
any secondary or higher 40.9
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Figure 5.5: Kernel density curve, one-, two-, and three-component normal curves
fitted to a first imputation of missing birthweights after removing

birthweights by rural wealth quintile
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Table 5.5: LBW point estimates (%) calculated using 6 methods in multiply imputed datasets (r=5) after removing

birthweights at random and systematically

Pattern of birthweight 2 component 3 component
removal Crude Blanc-Wardlaw Kernel density Normal curve normal mixture normal mixture
At random 232 24.7 26.3 26.4 25.8 25.9

By birth size 243 259 27.6 28.6 27.4 27.7

By parity 24.8 26.0 26.9 26.9 26.5 26.9

By ANC status 20.8 233 25.8 25.7 254 26.3

By rural wealth quintile 24.8 26.3 27.9 28.2 27.5 27.5

By maternal education 23.2 24.4 25.7 25.5 25.2 253
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Chapter 6: Discussion

6.1 Summary of results

Nepal has seen dramatic reductions in child and neonatal mortality in recent years;
however, more still needs to be done in order to reach the SDGs goals by 2030. To track
global progress towards meeting these targets, methods used in household surveys need
to be validated in a variety of settings. Accurate LBW and preterm birth estimates can
help us to identify newborns most in need of interventions and serve as denominators of
measures of coverage for interventions aimed at further reducing mortality rates. Findings
presented in this thesis described the validity of these indicators in a rural Nepali setting

and possible strategies to improve estimates in data collection and in analysis.

Objective 1: Validity of LBW and preterm birth indicators in rural Nepal

The purpose of this objective was to validate the LBW and preterm birth indicators
calculated from maternally reported birthweight, birth size and length of pregnancy, and
to assess whether the accuracy of maternal reports diminished with increasing time since
birth. We observed low individual-level accuracy (AUC=0.69) and high population-level
bias (IF=0.62) for the LBW indicator using maternally reported birthweight in grams.
LBW using maternally reported birth size and the preterm birth indicator had lower
individual-level accuracy (AUC=0.58, 0.56, respectively) and greater degree of
population-level bias (IF=0.28, 0.35, respectively) up to 24 months following birth.

Length of recall time did not affect accuracy of LBW indicators when controlling for
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other possible confounders. For the preterm birth indicator, length of recall time was not
significantly associated with accuracy up to 20 months after birth; however, after 20
months, accuracy statistically significantly improved although the association was only

slightly great than null, adjusting for other confounders.

Objective 2: Maternal understanding of LBW and preterm birth questions in rural Nepal
The aim of this objective was to investigate maternal comprehension of administered
questions used to ascertain relative birth size and length of gestation, and to identify
potential visual aids that may assist in scaling these questions within a cultural frame of
reference to inform interpretation of data collected from maternal reports. FGDs with
study staff identified challenges in the translation of the birth size and length of
pregnancy questions. In IDIs with mothers, we described the potential utility of using
photographs of children of different sizes to aid our understanding of the local perception
of birth size. From both study staff and mothers, a longer period of time since the birth of
a child was thought to be associated with diminished accuracy of maternal reports, a
perception consistent with our initial hypothesis but not supported by our quantitative
findings. We also described the relationship dynamics between study staff and mothers
who participated and how this may have affected mothers’ responses in our quantitative

study.
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Objective 3: Validating methods to multiply impute missing birthweights and adjust the
LBW indicator using a rural Nepal dataset

The goal of this objective was to validate methods developed by a Working Group,
comprised of members from UNICEF, WHO, the London School of Hygiene and
Tropical Medicine and the Johns Hopkins Bloomberg School of Public Health to adjust
estimates of LBW calculated from maternally reported information, which is frequently
incomplete and exhibits heavy heaping. We also investigated patterns of missingness in
the 2011 Nepal DHS dataset and systematically removed birthweights from the
maternally reported dataset based on these patterns. We then imputed missing data points
using variables associated with birthweight identified by the Working Group. Current
methods for adjusting LBW estimates in MICS surveys may not fully correct for
underreporting of LBW. In settings where more birthweights are maternally reported
rather than transcribed from a birth card, we expected a notable degree of residual
underreporting of LBW. We found the new adjustment methods developed by the
Working Group may result in more accurate LBW estimates. Applied to our birthweight
dataset that exhibited heavy heaping and relied almost exclusively on maternal reports
rather than birth cards, a two-component normal mixture model approach to adjust this

reporting error still underestimated LBW, but performed better than the existing method.

6.2  Strengths and limitations

Considering much of the prior validation literature included only facility births, one
strength of our study is the inclusion of mothers who delivered in the home. In the South

Asian region, where around 69% of newborns are not weighed at birth, perhaps mothers
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place less importance on remembering and documenting birthweight, as evidenced by
very few mothers who were able to present a birthweight card. Our population was
characterized by a relatively high prevalence of LBW and preterm birth, allowing us to
demonstrate that these indicators may be increasingly vulnerable to being underestimated
in populations with higher prevalences. Another strength was the use of accurate and
calibrated infant weighing scales of research quality and trained and supervised data
collectors, in contrast to many delivery facilities, for the “gold” standard. The high
quality of these measurements is evidenced by its relatively Gaussian distribution when

overlaying a normal curve onto the kernel density estimate.

A limitation of our birthweight measurements used as the gold standard is that newborns
were weighed up to 72 hours after birth. In this time period, newborns normally lose
weight before patterns of growth and weight gain are observed. Therefore, our
measurements were likely taken at a nadir and overestimate the prevalence of LBW;
however, our intention was to validate maternal report rather than provide an estimate of
prevalence. In addition, for home births, we are fairly confident that mothers were
reporting the birthweight measured during the parent trial since this would have been the
only birthweight provided to them. However, mothers who delivered in a facility may
have had their child weighed both at the facility and during participation in the parent
trial. For facility births, we assumed the mother was reporting the weight measurement
during the parent trial. We did not ask mothers to report birthweight immediately after

the measurement was taken, which would have provided more information about whether
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mothers could retain birthweight information if the event occurred just prior to our

interview.

This thesis research only asked mothers to report a relative length of pregnancy and did
not ask them to report a numerical gestational age. This limited our conclusions regarding
the accuracy of maternal reports for classifying preterm births. However, this was an
attempt (although unsuccessful) to estimate preterm prevalence in low income country
settings by asking questions about length of pregnancy where ultrasound is not available
for gestational age dating and recall of dates of last menstrual period are poor. In addition,
we adapted the phrasing of the relative length of pregnancy question from the relative
birth size question in the DHS and MICS surveys; however, the length of pregnancy
question had not been used elsewhere. The question had also been translated from
English to Nepali and Maithili, which presented challenges in translations and maternal
understanding. Transcripts were also subjected to several layers of translation. Qualitative
interviewers listened to audio recordings of the interviews that were primarily conducted
in Maithili and directly translated these into Nepali, which may have resulted in a loss of
emic terms. Although clarifications were sought from a native Nepali speaker during
analysis of English transcripts, the author of this thesis is a non-native Nepali speaker,

further limiting the conclusions drawn from this analysis.

6.3 Programmatic implications

The findings from this thesis establish the need for further validation studies for the LBW

and preterm birth indicators across a variety of settings, especially in populations that
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may be excluded if they do not seek care from facilities. If the factors associated with
LBW and preterm birth overlap with those associated with a decreased likelihood of
delivering in a facility, then studies utilizing facility-based designs are vulnerable to
selection bias. Facility-based studies may then be unable to validate these indicators in
subpopulations that may be the most vulnerable with a higher prevalence of LBW and
preterm birth. In addition, these results indicate that tracking LBW over time using
survey data at the same time as proportion of women delivering in facilities is increasing

should be viewed with caution.

These results may help to inform the implementation of global household survey
programs, like the DHS and MICS, to add to potential limitations in the interpretation of
this type of data, and to provide preliminary evidence for the application of new methods
to adjust the LBW indicator. The quantitative results show that data collected from
maternal reports in rural Nepal result in underestimates of LBW and preterm birth. When
compared to descriptive statistics presented in the 2011 Nepal DHS, 30.5% (343/1126) of
newborns in population sampled from the central terai subregion, which encompasses
Sarlahi District, had a reported birthweight.! From these, only 5.8% were classified as
LBW, lower than the national average of 12.1%.! Of all newborns sampled in this
subregion, 9.2% were identified as very small or smaller than average.! From the 2014
Nepal MICS, 47.8% of newborns in the central ferai subregion were weighed at birth.”
Of all newborns, 9.8% were described as smaller than average and none were very
small.? Using the Blanc-Wardlaw correction, the LBW estimate was adjusted to 23.8%,
lower than the national estimate of 24.2%.%* These summaries fail to capture the much

larger burden of LBW of almost 30% in Sarlahi found in the population-based parent trial.
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As a result, program managers may not recognize the LBW burden affecting their regions
and may divert resources to other health areas instead. On a global scale, if these results
are similar to other rural areas, global household surveys may be systematically
underestimating the LBW burden. With such dramatic improvements made in neonatal
survival in recent years, accurate measurements become all the more important as efforts
across the global community are required to be more focused on the most vulnerable

communities.

6.4 Future research and next steps

We plan to publish separately findings from our validation of neonatal care seeking,
postnatal care and immediate newborn care practices in this rural Nepali setting. As
outlined by the Improving Coverage Measurement for MNCH group,? it is important to
continue the work to validate measures of both intervention coverage and population in
need indicators to ensure programmatic decisions are made using high-quality data.
Validating these measures using various study designs and across different population
settings will help us acquire a better understanding of what type of events mothers can
accurately report and the direction and magnitude of possible biases. Using the visual
aids developed for this project in a quantitative follow-on study may help to inform
whether maternal responses for birth size can be improved. Finally, applying the new
methods to multiply impute and adjust the LBW indicator to additional datasets will

provide further information about the validity of this approach.
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Appendices

7.1 Focus group discussion guide

Introduction

Namaste! Thank you participating in this group discussion today. I’m interested in
hearing your opinions and experiences related to your work in the CVS study. This group
discussion will be recorded using an audio device for research purposes.

Section A: Reflect on overall CVS work

1. How was your overall experience working on the CVS study? Did you have any
specific challenges? Can you describe them?

Section B: Who answered the questions

1. When you were doing the interviews, do other people help mothers answer the
questions, and if so, how do you manage this situation?

Follow-up questions to probe for details:
a. If other people tried to help the mother answer the questions, why do you

think they tried to help answer the questions?

b. If other people tried to help the mother answer the questions, how did this
influence how you filled out the questionnaire?

c. Do you think it is better to ask only the mother or to ask other people for
help in answering the questions, and why?

Section C: Review of the questionnaire

First, please review the questions you asked mothers in the CVS study on the blank form
provided to you.

1. Based on your experience, which questions do you think mothers had the most
difficulty answering? [Instruction: Note taker lists question numbers from the
CVS questionnaire down on a copy of the questionnaire that WVCs identify as
problems]

2. [For each of these questions] Why do you think mothers found this difficult to
answer?

Follow-up questions to probe for details:

Probe on understanding:
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a. How do you think the phrasing of the question affects mothers’ ability to
understand this question?

b. If they did not understand the original wording of the question, what do
you think mothers thought you were asking them?

c. How much did you have to probe for these mothers to understand what
you were asking?

d. Without the probing, how do you think these mothers would have
answered this question?

Probe on remembering:
e. How do you think time since the event affects mothers’ ability to answer
this question?

3. [For questions mothers did not understand] How can this question be improved
to help mothers better understand what is being asked?

Follow-up questions to probe for details:
a. What are some common terms or phrases used in Sarlahi when discussing
... [insert the relevant question topic]?

b. How can we reword or change the words in this question to help mothers
understand?

c. How do you think using props (like a baby doll) would affect mothers’
understanding? [Refer to question 5 on the CVS questionnaire when
discussing this probe]

d. How do you think pictures or drawings would affect mothers’
understanding [Show some examples of drawings]?

4. [For events mothers did not remember] How can this question be improved to
help mothers better remember something that happened a while ago?

a. What are some ways to help mothers better remember dates or length of
time?

b. How do you think event calendars would affect mothers’ recall? [Explain
what is meant by an event calendar — could use the earthquake as an
example — did this happen before or after the earthquake, or did this

happen during monsoon, or in the winter]

Section D: Questions that were frequently discordant
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[This section is only needed if WV Cs did not already identify these as problematic in
Section C.]

Now, let us discuss additional questions that based on the data that mothers answered
differently in the CVS study compared to the NOMS main study.

1. [For each of these questions] Why do you think mothers found this difficult to
answer?

Follow-up questions to probe for details:

Probe on understanding:
a. How do you think the phrasing of the question affects mothers’ ability to
understand this question?

b. If they did not understand the original wording of the question, what do
you think mothers thought you were asking them?

c. How much did you have to probe for these mothers to understand what
you were asking?

d. Without the probing, how do you think these mothers would have
answered this question?

Probe on remembering:
e. How do you think time since the event affects mothers’ ability to answer
this question?

2. [For questions mothers did not understand] How can this question be improved
to help mothers better understand what is being asked?

Follow-up questions to probe for details:
a. What are some common terms or phrases used in Sarlahi when discussing
... [insert the relevant question topic]?

b. How can we reword or change the words in this question to help mothers
understand?

c. How do you think using props (like a baby doll) would affect mothers’
understanding? [Refer to question 5 on the CVS questionnaire when

discussing this probe]

d. How do you think pictures or drawings would affect mothers’
understanding [Show some examples of drawings]?
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3. [For events mothers did not remember] How can this question be improved to
help mothers better remember something that happened a while ago?

a. What are some ways to help mothers better remember dates or length of
time?

b. How do you think event calendars would affect mothers’ recall? /[Explain
what is meant by an event calendar — could use the earthquake as an
example — did this happen before or after the earthquake, or did this
happen during monsoon, or in the winter]

Section D: Conclusion
1. Do you have any other issues related to the CVS study that you would like to
discuss?

[STOP RECORDING]
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7.2 In-depth interview guide

Introduction

Thank you again for agreeing to this interview. You will assist us in finding ways to help
mothers like you better remember events related to their child’s delivery and health soon
after birth. There are no right or wrong answers. We are interested in hearing your
opinion on this topic. This interview will be recorded using an audio device for research
purpose, but all of your information will be kept private. If at any point during the
interview you do not feel comfortable answering a question or wish to stop recording,
please let me know.

E R R R R R R R R S R R R S R R R R R R R S R S R R S S T R R R

Section A: Newborn Health

1. Is delivery and newborn health a topic you feel you can openly discuss in an
interview? Why or why not?

2. When a Balposan worker first visited you after your child’s birth, did other
people help you answer questions about what happened? Why or why not?

3. If you wanted someone to check on your newborn’s health, what specifically
would you want them to do?

Follow-up questions to probe for details:

a. We describe a “health check” for a newborn as the following: “for
example, someone examining (NAME OF CHILD), checking the cord, or
seeing if (NAME OF CHILD) is OK.” Can you explain how you might
describe a “health check” for a newborn with other examples like these?

4. Can you please tell us your opinion on getting your newborn’s health checked in
the first 7 days after birth even if your newborn is not sick?

Follow-up questions to probe for details:
a. To prevent health problems during a high-risk period in the first 7 days
after birth, someone should check on your newborn’s health to make sure
everything is okay. Do you agree or disagree with this statement? Why?

Section B: Time

1. After a child is born and before the placenta comes out, how aware do you think
mothers like you are of the care their newborn is receiving?

Follow-up questions to probe for details:
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a. For example, do you think most mothers can tell us if their newborn was
wiped or washed with water before the placenta comes out? Why or not?

2. [Example to assess how familiar women are with discussing time in hours] Now
I am going to ask you a series of questions that may seem unrelated to your
child’s health, but will help me understand other women’s responses.

Yesterday, when did you start preparing breakfast?
How long did it take you to prepare breakfast?
How long after your ate breakfast did you eat dinner?

Now I am going to ask you a series of questions about when you went into labor.

When did you start going into labor?
How long after you went into labor was your child born?

3. We interviewed some mothers 1 month after birth and other mothers 24 months
after birth. How do you think time that has passed since birth affects their ability
to remember what happened?

LR R S R R R R S R R R S R R TR R SR SR TR R SR R SR SR R S R SR SR TR SR S R R TR SR R SR TR R S SR S R TR R SR S S R R R T R R R R T

[Complete Section C and D for each question that has a discordant answer listed for this
participant.]

Section C: Reflect on discordant questions

1. [For each of these questions, ask the mother the question and allow her to
answer.]

2. [For each of these questions] Can you please describe how you understood this
question?

Follow-up questions to probe for details:
a. If you had to explain this question to a friend, how would you describe
what the question is asking?

3. [If the mother did not understand, explain the question and ask her to answer
again.|

Section D: How to improve questions

2. [For Q3, 04, Q5a, Q5b, show the mother the baby doll] If 1 ask about health
checks and use this doll to show that I am checking the baby’s temperature or
checking the baby’s cord, how does this affect your understanding of the
question? What do you like about this baby doll and what do you not like?
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3. [For QI17, show the mother the pictures] 1f I ask about the size of your baby, and
I show these pictures, how does this affect your understanding of the question?
What do you like about these pictures and what do you not like?

4. [For Q3 and Q4] If I remind you about the holidays and festivals that happened in
the time between your child’s birth and 2 months after the birth, how does this
affect your memory of what happened?

Section E: Conclusion

Do you have any other issues that you would like to discuss?
[Thank the mother for participating.]
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Conducted a literature review to gather recent available information on adolescent health in
these regions

Independent Consultant, Baltimore, MD September 2015 — July 2016

WHO June 2016 — July 2016: Served as a rapporteur for a dengue vaccine licensing meeting at
the World Health Organization, Geneva, Switzerland

WHO November 2015 — January 2016: Drafted a Japanese Encephalitis (JE) vaccine guidance
document targeting public health leaders in countries planning to introduce JE vaccines on best
practices to measure vaccine effectiveness and vaccine impact

Save the Children December 2015 — January 2016: Calculated and updated newborn health
indicators with newly published data for the Healthy Newborn Network, which provides a
comprehensive spreadsheet of the most recently published newborn health related indicators
assembled from a variety of data sources

Helen Keller International October 2015 — November 2015: Provided statistical guidance and
conducted a revised statistical approach for a post-hoc analysis in a multi-country study
assessing food consumption among children less than two years of age and maternal exposure
to promotion for infant formula and complementary foods

UNICEF September 2015 — November 2015: Led the analysis of literature gathered for a rapid
qualitative review examining the use of the term “demand” and related terms in the context of
vaccines and immunization for the Global Vaccine Action Plan at the WHO

Summer Placement, Jhpiego, Dar es Salaam, Tanzania, June 2014 — August 2014

Conducted evaluation of the cervical cancer component of the Mothers and Infants, Safe,
Healthy and Alive (MAISHA) program carried out in the Morogoro and Iringa regions from
June 2010 to May 2014

Analyzed program data including de-identified, client-level data of diagnoses and treatment,
training records and previous annual reports

Completed site visits to health facilities providing cervical cancer screening and treatment
services to understand patient flow

ASPPH/CDC Allan Rosenfield Global Health Fellow, Association of Schools and Programs of
Public Health (ASPH) / Centers for Disease Control and Prevention (CDC), Dar es Salaam,
Tanzania, September 2011 — September 2013

Conducted monitoring and evaluation research activities in the laboratory and blood safety
branches, such as evaluation of a point-of-care CD4 testing technology for HIV diagnostics
Contributed significantly to protocol development, coordination of training and implementation
activities for evaluation studies, data management and analysis

Built capacity in executing monitoring and evaluation activities of local counterparts of
implementing partners

Contributed scientific writing for abstracts and manuscripts
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Malaria and TB Fellow, Global Health Access Program (GHAP), Mae Sot, Thailand, June 2010

—July 2011

o Assisted community-based organizations serving internally-displaced populations in Karen
State, Burma in expanding malaria and TB screening and treatment programs

o Facilitated the development and advancement of program management and analytical skills of
local partners through daily one-on-one capacity-building activities

o Assisted local partners in the development and implementation of curriculum for 6-8 day bi-
annual training workshops of 8-15 local health workers from Karen State in Burma for their
malaria and TB programs

e Drafted new protocols to investigate the risk of anti-malarial resistance in local communities
through monitoring parasite clearance time

Research Assistant, Armed Forces Research Institute of Medical Sciences (AFRIMS),

Department of Enteric Diseases, August 2009 — December 2009

o Analyzed data and drafted manuscripts on studies looking to establish novel challenge models
for future Shigella vaccine trials in Thai adults and in rhesus monkeys conducted in Thailand
and epidemiologic investigations of Rotavirus in children in Cambodia

e Rotated through laboratory sections for enteric diseases including bacteriology and molecular
lab sciences

o Completed visits to sites conducting research on dengue fever and avian/swine flu, malaria,
and diarrhea in Kamphaeng Phet and Mae Sot, Thailand and Phnom Penh, Cambodia

Summer Intern, PATH, Enteric Vaccines Initiative (EVI), Washington DC, June 2009 — August

2009

o Conducted a literature review of recently published data on the global epidemiology of
diarrhea and the etiology of diarrhea-causing pathogens, specifically in low and middle-income
countries

o Assisted in generating vaccine demand estimations by various populations, including travelers
from developed countries, military, and endemic low- and middle-income countries, for
potential future Shigella and ETEC vaccines using proprietary software developed by PATH

Research Assistant, Johns Hopkins Bloomberg School of Public Health, Department of

Epidemiology, Cochrane Eye Group, Baltimore, MD, January 2009 — August 2009

o Abstracted data relevant to trial design, methods of statistical analysis, and study outcomes
from vision science articles and abstracts

o Conducted manual searches of vision science journals and conference proceedings for reports
of randomized and controlled clinical trials

o Created a reference manager database of reports found describing randomized and controlled
clinical trials

Ophthalmic Image Grading Specialist, Doheny Eye Institute, Los Angeles, CA, October 2006
— July 2008

Analyzed retinal images for 10 clinical trials of pharmaceutical and government sponsorships
Restructured the DIRC’s in-house image-analysis training program

Mentored 7 medical fellows and residents in completing the in-house training program to
become certified in image grading

Supervised and trained 2 junior image grading specialists
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o Co-authored image-analysis protocols defining disease features as analyzed using proprietary
software programs

PEER-REVIEWED PUBLICATIONS

Bodhidatta L, Pitisuttithum P, Chamnanchanant S, Chang KT, Islam D, Bussaratid V,
Venkatesan MM, Hale TL, Mason CJ. Establishment of a Shigella sonnei human challenge model
in Thailand. Vaccine. 2012 Nov; 19;30(49):7040-5.

Sadda SR, Liakopoulos S, Keane PA, Ongchin SC, Msutta S, Chang KT, Walsh AC.
Relationship between angiographic and optical coherence tomographic (OCT) parameters for
quantifying choroidal neovascular lesions. Graefes Arch Clin Exp Ophthalmol. 2010 Feb;
248(2):175-84. .

Keane PA, Chang KT, Liakopoulos S, Jivrajka RV, Walsh AC, Sadda SR. Effect of
Ranibizumab Retreatment Frequency on Neurosensory Retinal Volume in Neovascular
AMD. Retina 2009; 29(5):592-600.

Keane PA, Liakopoulos S, Jivrajka RV, Chang KT, Alasil T, Walsh AC, Sadda SR. Evaluation
of optical coherence tomography retinal thickness parameters for use in clinical trials for
neovascular age-related macular degeneration. Invest Ophthalmol Vis Sci 2009; 50(7):3378-85.

Keane PA, Liakopoulos S, Chang KT, Wang M, Dustin L, Walsh AC, Sadda SR. Relationship
between Optical Coherence Tomography Retinal Parameters and Visual Acuity in Neovascular
Age-Related Macular Degeneration. Ophthalmology. 2008;115:2206-14.

Keane PA, Liakopoulos S, Chang KT, Heussen FM, Ongchin SC, Walsh AC, Sadda
SR. Comparison of the optical coherence tomographic features of choroid neovascular

membranes in pathological myopia versus age-related macular degeneration, using quantitative
subanalysis. Br J Ophthalmol 2008; 92:1081-5.

Keane PA, Liakopoulos S, Ongchin SC, Heussen FM, Msutta S, Chang KT, Walsh AC, Sadda
SR. Quantitative Subanalysis of Optical Coherence Tomography after treatment with
Ranibizumab for Neovascular Age-Related Macular Degeneration. Invest Ophthalmol Vis

Sci 2008; 49:3115-20.

NON-PEER-REVIEWED PUBLICATIONS

De Pee S, Chang K, Ruel-Bergeron J. Improving Nutrition Among Adolescent Girls: Ways to
reach them. Sight and Life 2016; 30(2): 94-100.

ABSTRACTS
Pathak S, Drammeh B, Mpopo G, Haule D, Mahmoud M, Chang K, Sembuche S, Kutaga R, De

A. Real Time Quality Control and Data Management for the National Blood Transfusion Needs
Study, Tanzania 2013. 2014 AABB Annual Meeting: Abstract No. A4-030B.
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Drammeh B, Pathak S, Mpopo G, Haule D, Mahmoud M, Chang K, Sembuche S, Kutaga R, De
A. Blood Demand and Estimation of Unmet Transfusion Needs, Tanzania. 2014 African Society
for Blood Transfusion Conference: oral presentation.

Apata, [, Drammeh B, Pathak S, Mpopo G, Haule D, Mahmoud M, Chang K, Sembuche S,
Kutaga R, De A. Clinical Utilization of Blood in Tanzania, June—September 2013. 2014 African
Society for Blood Transfusion Conference: oral presentation.

Pathak S, Drammeh B, Mpopo G, Haule D, Mahmoud M, Chang K, Sembuche S, Kutaga R, De
A. Data Management Operations for the National Blood Transfusion Needs Study, Tanzania 2013.
2014 African Society for Blood Transfusion Conference: poster presentation.

Arnett N, Chang K, Schmitz M, Lemwayi R, Rwehumbiza P, Mwasekaga M, Kohatsu L, Bolu O,
Mosha F, Birhanu S, Lu L, Nkengasong J, Westerman L. Healthcare workers' acceptance and
performance of point-of-care CD4 testing in Dar es Salaam, Tanzania, 2011. 7th International
AIDS Society Conference: Abstract no. TUPDDO0103.

Kohatsu L, Bolu O, Mosha F, Smith M, Lemwayi R, Arnett N, Chang K, Rwehumbiza R,
Birhanu S, Sabatier J, Mwasekaga M, Westerman L, Nkengasong J. Evaluation of the point-of-
care Pima CD4 assay and specimen collection methods at PMTCT and CTC sites in Dar-es-
Salaam, Tanzania, 2011. 19th International AIDS Conference: Abstract no. LBPE17.

Chang KT, ShweeOo E, Kwee T, Smith L, Richards A, Lee TJ. Expansion of a malaria control
program in Eastern Burma’s active-conflict area and the need for a community-based approach.
American Public Health Association 2011 139: E-Abstract 249921.

Chang KT ,Keane PA, Joeres S, Heussen FM, Ongchin SC, Walsh AC, Sadda SR. Analysis of a
Putative Tachyphylaxis in Response to Treatment of Neovascular Age-Related Macular
Degeneration with Intravitreal Ranibizumab. Invest Ophthalmol Vis Sci 2008 49: E-Abstract 341.

Sadda SR, Keane PA, Joeres S, Heussen FM, Ongchin SC, Chang KT , Walsh AC, .
Quantitative Comparison of the Morphology of Choroidal Neovascularization in Pathologic
Myopia versus that in Age-Related Macular Degeneration, using Optical Coherence Tomography
Subanalysis. Invest Ophthalmol Vis Sci 2008 49: E-Abstract 263.

Keane PA, Joeres S, Ongchin SC, Heussen FM, Msutta S, Chang KT , Walsh AC, Sadda SR, .
Quantitative Subanalysis of Optical Coherence Tomography Features after treatment with
Ranibizumab for Neovascular Age-Related Macular Degeneration Invest Ophthalmol Vis

Sci 2008 49: E-Abstract 5574

Sadda SR, Joeres S, Updike PG, Chang KT, Walsh AC. Quantitative Comparison of Short-Term
Anatomic Response Following Intravitreal Bevacizumab versus Ranibizumab Treatment for
Neovascular Age-Related Macular Degeneration. annual meeting of Macula Society, London,
England. June 2007

Sadda SR, Joeres S, Updike PG, Chang KT, Walsh AC. Quantitative Comparison of Optical
Coherence Tomography Data Following Intravitreal Bevacizumab, Ranibizumab or Pegaptanib
Treatment for Neovascular Age-Related Macular Degeneration. Retina Society, 2007
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