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Abstract

This study analyzes the relationships between maternal risk factors present at the time of
daughters’ births—namely, young mother, high parity, and short preceding birth interval—and
their subsequent adult developmental, reproductive, and socioeconomic outcomes. Pseudo-cohorts
are constructed using female respondent data from 189 cross-sectional rounds of Demographic
and Health Surveys conducted in 50 developing countries between 1986 and 2013. Generalized
linear models are estimated to test the relationships and calculate cohort-level outcome proportions
with the systematic elimination of the three maternal risk factors. The simulation exercise for the
full sample of 2,546 pseudo-cohorts shows that the combined elimination of risk exposures is
associated with lower mean proportions of adult daughters experiencing child mortality, having a
small infant at birth, and having a low body mass index. Among sub-Saharan African cohorts, the
estimated changes are larger, particularly for years of schooling. The pseudo-cohort approach can
enable longitudinal testing of life course hypotheses using large-scale, standardized, repeated
cross-sectional data and with considerable resource efficiency.
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Introduction

Evidence is growing of the effects of maternal factors on fetal programming and
consequences for perinatal, neonatal, and infant outcomes and health and well-being in
adulthood. The fetal origins of disease hypothesis (Barker 1994) suggests that chronic health
disease is linked to fetal development deficits. Fetal programming research has shown that
nutrient intake in pregnancy can affect gene expression during the development of the brain
structure and other organs and tissues (Barker 1994; Barker et al. 2000; Georgieff 2007).
Protein and caloric intake during pregnancy influences infant birth weight, and both low and
high birth weight have been linked to adult incidence of noncommunicable diseases (NCDs)
(Barker et al. 2000; Shetty and Schmidhuber 2011). From the demographic perspective, the
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quality of life that contextualizes conditions at birth also enlivens the interpretation and
understanding of factors behind variation in life expectancies seen in populations along the
poverty-to-wealth continuum.

A woman’s reproductive history influences the survival prospects of her fetus and newborn
(Rutstein 2005). Intrauterine conditions have been linked to antecedent factors, such as poor
maternal nutritional status, dietary intake, or substance abuse behaviors (Abu-Saad and
Fraser 2010). Demographic attention to risky childbearing patterns in developing countries
has focused largely on maternal indicators, such as birthing at young or old ages, having
closely spaced births, and having many births (e.g., Conde-Agudelo and Belizan 2000;
Conde-Agudelo et al. 2012; DaVanzo et al. 2007, 2008; Zimicki 1989). Many of these
studies have examined the relationship between these maternal factors and the incidence of
infant and child mortality, as well as low birth weight (LBW), preterm births, and births that
are small for gestational age. Early childbearing places disproportionate demands on a girl’s
physiology to support her own growth and that of her fetus, and can introduce complications
during delivery (Gibbs et al. 2012). Older pregnant mothers carry higher risks for congenital
anomalies and delivery and postpartum complications (Jolly et al. 2000). Hypertension,
diabetes, and kidney or cardiovascular problems are also more common in older pregnant
women and can retard fetal growth (Hansen 1986).

Birth complications, such as preeclampsia, prolonged or obstructed labor, uterine rupture,
and hemorrhage, are more likely to occur to nulliparous women or grand multiparas and
threaten their survival and that of their infants (Shechter et al. 2010). Maternal depletion
syndrome—defined as cumulative nutritional deficiencies or negative energy balance—
experienced by mothers with too frequent reproductive cycling has been linked to higher
infant mortality and child undernutrition (e.g., Christian 2010a; Nenko and Jasienska 2009;
Winikoff 1988).

The duration of time between pregnancies defines the interpregnancy interval. In settings
where the estimation of gestational ages may not be accurate, researchers have accepted the
interval between reported dates of live births as an alternative measure. Within the interbirth
interval, events (such as fetal loss, infections, and partner violence) and behaviors (such as
sexual abstinence and physical activity) can affect maternal and newborn health. Thus,
although a key demographic indicator, the birth interval is actually a fairly crude measure of
the probability of a healthy conception.

Short birth intervals, usually defined as fewer than 18 months between live births, are
indicative of conceptions occurring within nine or fewer months since the preceding birth,
assuming a normal gestation length of nine months. Short birth intervals are associated with
LBW and can reflect premature weaning of the preceding child, raising its risk of morbidity
and mortality given that the new sibling will be given priority for breast-feeding (Adam et al.
2009). At the other end of the distribution, /ong intervals, usually defined to be in excess of
60 months, have also been associated with increased infant mortality risk, possibly resulting
from macrosomia or prolonged inactivity (physiological regression) of the reproductive
system (Conde-Agudelo et al. 2012). The birth interval for the first birth, typically defined as
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the interval between marriage and birth, is excluded in this study because it incurs a different
risk than the interval between later births (Mahy 2003; Nenko and Jasienska 2013).

For a given woman, the three risk factors of maternal age, parity, and birth intervals are
intercorrelated. A high-parity birth frequently means an older maternal age and shorter
intervals between births. Efforts to model and isolate the individual effects of these three
maternal factors are complicated by their overlapping distributions. An in-depth
understanding of the underlying physiological and behavioral mechanisms and processes
that affect these outcomes remains needed.

Fertility research has shown that a healthy pregnancy is a strong determinant of maternal and
newborn survival and health across the life span: optimal early-life conditions, such as
healthy fetal growth and development, nutrient intake, and sufficient time for maternal
repletion through birth spacing, are considered protective of newborn health, particularly for
females. Daughters born under optimal birth conditions are more likely to have strong
immune systems and physically develop to withstand the demands of single and repeated
pregnancies and breast-feeding in adulthood. Also, girls who are adequately nourished
through their teen years experience improved fecundity and are less susceptible to infection,
anemia, and adverse reproductive outcomes (Chan, Tsoulis and Sloboda 2015). Epigenetic
studies have charted human responses to variations in diet, stress, or toxins in pregnancy that
are linked to glucose metabolism and later incidence of adult obesity and diabetes (Wang et
al. 2013).

The early childhood development literature has drawn attention to linkages between healthy
fetal growth and the pace of cognitive development (Shonkoff and Phillips 2000). In the arc
of human development over the life span, it is increasingly important to recognize the effects
of healthy fetal origins on adult functioning and productivity. Cognitive abilities nurtured in
childhood but often compromised by conditions of poverty (Mani et al. 2013; Vohs 2013)
are linked to school performance and educational attainment levels. The latter, in turn,
confer economic and social advantages in adulthood and to subsequent generations.

The underlying physiological and cognitive changes during pregnancy, infancy, and child
growth and development are not explicitly measured in population survey data. However,
birth histories collected in population surveys, particularly in low-income countries, can be
used to study relationships between demographic markers, such as maternal factors at birth,
and reproductive, health, and socioeconomic outcomes. The evidence base for national
populations in low-income countries has been limited, though, with heavy reliance on the
cross-sectional surveys, such as those sponsored through the Demographic and Health
Surveys (DHS) and UNICEF Multiple Indicator Cluster Survey (MICS) programs. This
article seeks to address the absence of a longitudinal perspective on health and development
across the life span in low-resource settings by pursuing a pseudo-cohort construction
approach to link experiences at birth for females to those of their cohort counterparts in
adulthood. Although not as satisfying as following a nationally representative sample of
individuals, studying birth cohorts linked over time can offer a deeper appreciation of
important early-life exposures and subsequent adult well-being, especially in low-income
settings.
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Study Objective

This study assesses the relationship between three key maternal factors present at the time of
daughters’ births and their reproductive, health, and socioeconomic outcomes in adulthood,
using constructed cohorts as units of analysis. The three maternal factors of interest are the
daughter’s (1) birth within a short interval (fewer than 18 months since the preceding
sibling), (2) birth to a young mother (under age 18), and (3) birth at parity 4 or higher. The
influence of older maternal age (above 35 years) has also been considered but subsequently
excluded due to multicollinearity with high parity and young maternal age.1 The respondent
sample providing birth histories for cohort construction is women with at least one birth in a
15-year period before the survey.

Adult developmental outcomes are measured at the time of the survey for female
respondents aged 15 to 49; of interest are (1) short stature or height (<145cm) and (2) poor
nutritional status based on the woman’s body mass index (BMI <18.5). Short stature
generally reflects acute stunting and chronic nutritional deficiencies or low intake in
childhood (Tzioumis and Adair 2014). Short stature and acute underweight status have been
found to predict poor pregnancy outcomes (Christian 2010b; WHO 1997) and LBW (Witter
and Luke 1991). The reproductive outcomes of interest are (1) the adult female’s experience
with child mortality and (2) her self-reported delivery of a “very small” or “small” infant,
taken as a proxy measure of LBW. The significance of these outcomes is reinforced by
studies such as that by Nordtveit et al. (2009), which examined intergenerational
associations in birth weight for mothers and daughters by parity order, and by Chadio and
Kotsampasi (2014), which reviewed possible early-life nutritional deficits that influence
programming of adult reproductive function.

Also of interest are two socioeconomic outcomes for adult daughters: (1) achieved years of
schooling and (2) current paid work status. These outcomes indirectly reflect cognitive
development and the ability to work productively for remuneration tied to having a healthy
start in childhood and capitalize on the limited socioeconomic data collected in the DHS
over time. Our hypotheses are that cohorts of daughters whose mothers have higher levels of
the three maternal risk factors will have proportionally worse adult developmental,
reproductive, and socioeconomic outcomes than cohorts of daughters whose mothers have
lower risk proportions. The lifespan connections between early exposure to potentially
impairing events and later adult health and well-being have been investigated in high-income
settings but much less frequently in low-income settings because of the limited availability
of longitudinal data covering large populations.

Source of Data and Measurement

Data from all DHS surveys with at least two survey rounds in the period 1985-2013 (189
rounds total) are included in the analysis, resulting in a sample of 50 developing countries: 9

1| ow cohort-level prevalence will also limit the accuracy of the estimates. Model sensitivity to the inclusion of older maternal age is
discussed in a later section.
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in Central, South, and Southeast Asia; 9 in Latin America and the Caribbean; 5 in North
Africa/West Asia/Eastern Europe; and 27 in sub-Saharan Africa (SSA).

Longitudinal Insights from Cross-Sectional National Surveys

For many developing countries, DHS surveys are one of the few reliable sources of
population-level information about maternal and child health. Because the DHS data are
cross-sectional, analyses of these data have been of limited utility for making causal
inferences about relationships between early event exposures and later life course
conditions. Our understanding of the influences of these risk factors at the population level
has been confined primarily to cross-sectional associations with individual-level data and
some longitudinal analyses of subnational data with limited generalizability. At the same
time, the volume of analytic work on cross-national surveys (such as the DHS, the MICS, or
the World Bank Living Standard Measurement Surveys) continues to grow (Fabic et al.
2012), while, with few exceptions (Hallett et al. 2010; Yount et al. 2014), the frequency of
exploiting multiple rounds of survey data for longitudinal insights remains low. With the
number of countries having a long time series of survey rounds increasing each year, a panel
investigation into the effects of maternal covariates on reproductive, child, or adult health
and social outcomes becomes possible and promising of new insights.

Constructing and Linking Birth Cohorts

Unlike traditional panel data in which individuals are followed and repeatedly measured, we
construct birth cohorts for members born in the same year and follow them across time. The
15-year period before the first available DHS survey in a given country defines the birth
years for the cohorts.2 These 15 single-year birth cohorts are then linked to their 15
counterpart cohorts in the subsequent survey round for the same country.

Panel a of Fig. 1 shows that daughters born between 1985 and 2000 are 0-15 years of age in
an illustrative 2000 survey round (diagonal lines up to the lower vertical line). The sample of
those aged 10-15 years relates age-wise to the sample of female respondents aged 15-20 in
the 2005 survey round (upper vertical line). Panel b of Fig. 1 illustrates the cohort linkage
with three DHS rounds conducted in Kenya in 1989, 1993, and 1998. The daughters aged
10-15 reported by mothers interviewed in 1989 are linked to their cohort counterparts aged
14-19 in the 1993 survey. Maternal risk and other individual covariates are measured at the
time of their birth (1984 to 1989), while their outcomes are those subsequently reported by
female survey respondents aged 14-19 in the 1993 survey round.

This cohort approach—sometimes called a pseudo-cohort approach—has been used in labor
economics and educational achievement studies (e.g., Deaton 1985; MclIntosh 2005) but has
been used infrequently in public health investigations. Researchers (e.g., Moffitt 1993;
Verbeek and Nijman 1992) have suggested that cross-sectional data constructed as cohorts
can be treated as genuine panel data, with some limitations. If these limitations can be
addressed, analyses with constructed cohorts can expand our understanding of

2\We first used a 10-year period for births occurring before a DHS round because this is the same base of births used for infant
mortality rates. We also constructed cohorts for a 20-year period. To balance sample power and optimize on the range of adult ages,
we elected to use births in the 15-year period prior to the DHS for cohort construction.
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intergenerational change, such as the effects of family environments on child development,
educational achievement, and employment prospects that otherwise are unavailable in low-
and middle-income countries (LMICs) given the paucity of large-scale, longitudinal
population data.

Potential Sources of Bias

Cohorts are then the units of analysis, and cohort-level means or averages are calculated
from data on individual members of a cohort defined, in our case, by the year of birth.
Cohorts constructed from survey samples of individuals, however, are subject to
measurement error. Whereas covariates and outcomes for a panel of individuals followed
longitudinally are observed repeatedly over time, with constructed cohorts, one must rely on
cohort means or averages. The accuracy of the summary statistics for aggregate units
depends on the underlying coverage and size of the survey sample. The obtained cohort
averages, however, are consistent, unbiased estimates of the true population cohort means,
with the difference resulting from sampling error. Studies have shown that such
measurement error is negligible, however, when the cohort size is sufficiently large (Verbeek
and Nijman 1992). In this analysis, we use means based on only those cohorts with 100 or
more members, as recommended by Verbeek and Nijman (1992). We conducted sensitivity
tests using cohort member sizes of 80 and 120, and observed nominal differences.

Another potential limitation of pseudo-cohorts is truncation bias—in our case, the upper age
limit of 49 years for female survey respondents. To track a cohort of daughters from birth
through their reproductive lifespans requires that countries have a long series of DHS rounds
to allow for sufficient exposure time to observe cohort reproductive behavior. Ten countries
in our sample allow for observation of adult outcomes to ages 35-38 years for daughters
born in the 15 years before the base survey. The average interval across the 189 surveys is 10
years, permitting observation largely over cohorts’ prime childbearing ages of 15-25 years.
To address potential truncation bias, our model specifications include the cohort’s mean age
of daughters at the time of the measured outcome. This approach enables us to assess the
proportional impact of the represented ages on the outcomes, even though, relatively
speaking, older women may be excluded. We also have constrained cohort members to be
aged 15 or older at the time of the assessed adult outcome. We further tested for truncation
bias by restricting the mean ages of the cohorts to 20-35 years and comparing the model
coefficients from the two sets. The results were similar, suggesting that the effects of
truncation were minimal.

A third possible limitation is that the births for whom exposure to maternal risk factors are
based do not perfectly represent their birth cohort in terms of maternal ages. For example,
children born in 1985 to mothers older than 45 years will not be reported in a 1990 survey
that interviews women aged 15-49. Because older mothers contribute relatively fewer births,
our model estimates will not be biased given that they include maternal age, which
completely determines the birth’s eligibility to be reported. As noted earlier, our analyses are
restricted to cohorts aged 15 or younger at the time of assessing risk factors at birth, which
empirically alleviates the representativeness problem.
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Other limitations with cohorts constructed from national population surveys include
differential mortality and international out-migration. Females who are acutely compromised
in infancy may not survive to be represented by their age peers in subsequent surveys. If they
are observed, these females may be severely undernourished and more likely to experience
adverse pregnancy outcomes. The bias from unobserved factors associated with those who
would have died, though, can be addressed by weighting the data using a survival probability
distribution (Deaton 1985).

On the other hand, the life course experiences of females who permanently move out of
country for work or other reasons will not be captured by their cohort peers present in
subsequent survey rounds. The potential bias from out-migration for most countries is likely
to be small. Because of the lack of high-quality data on migration, we cannot adjust for this
type of bias.

Last, recall bias will be present in some measures, irrespective of the pseudo-cohort
approach. Female respondents’ retrospective recall of their reproductive events used to
measure maternal risks may not be accurate or complete. Of the three maternal risk factors,
maternal age and parity are expected to suffer less recall bias compared with dates of live
births, which may be less accurate, especially for births occurring more than 10 years earlier.
We assume in this study that recall bias is random and somewhat mitigated with the use of
cohort averages.

Cohort Measures

The construction of linked cohort measures requires first characterizing individual records,
aggregating them at the cohort level by birth year, and linking birth cohorts across survey
rounds. To begin, risk factors at a daughter’s birth reference the conditions reported by the
mother in her birth history recorded in her base survey interview. The mother’s other
characteristics, such as her education level and place of residence, are similarly captured.
Adult nutritional status and reproductive outcomes of interest are obtained from the female
respondents in subsequent surveys. For example, a 39-year-old female respondent in a 1998
survey may report her fifth child to be a daughter born in 1984, when the mother was aged
25 and 30 months after her prior birth. In 1998, the index daughter was 14 years old, and we
classify her as at risk as a high-parity birth but not at risk in terms of young maternal age or
short birth interval. The cohort data for the daughter’s birth year of 1984 is then aligned with
same birth-year cohort of female respondents in the 2003 DHS (who are age 19) and
associated with the latter’s adult outcomes. That is, the measured height and weight, birth
history, LBW and child mortality experience, educational level, and paid work status of
those 19-year-old adult females are aggregated to calculate cohort means and are linked to
the maternal risk conditions for the cohort of daughters born in 1984.

After limiting the size of pseudo-cohorts to a minimum of 100 females to increase accuracy
of the cohort aggregate measures (as discussed in a later section), we arrive at an analysis
sample of 2,546 single-year birth cohorts across 189 DHS surveys for 50 countries. The
analysis is based on information from a total of 2,422,937 female respondents.
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Analytic Framework

The study’s analytic framework is shown in Fig. 2, wherein the early exposure conditions at
birth, along with maternal background characteristics, are hypothesized to influence later
adult reproductive and socioeconomic outcomes, and are tested with cohorts as units of
analysis. The adult daughter’s age at the time of the measured outcome is included as a
control variable. In our effort to focus on daughters’ early-life conditions, we defer from
including more measures of adult daughters’ characteristics to establish the utility of the
pseudo-cohort approach and its substantive relevance. We are also constrained by the
number of continuously measured variables across DHS rounds; for example, maternal
anthropometry and household wealth are recently added measures.

Analytic Approach

Of the eight outcomes investigated in the present study, adult years of schooling are
continuously measured; the other seven are cohort proportions. A linear model estimated
with ordinary least squares (OLS) method is used for years of schooling. Accordingly, its
coefficient is simply the expected change in years of schooling for a one-unit change in the
covariate while holding the other covariates fixed. The linear model, however, is
inappropriate for cohort proportions given their bounded nature because the model can
generate predictions below 0 or above 1. A typical way to handle the bounded nature of the
outcome is to use the logit transformation, under the assumption that the outcome values are
strictly within the unit interval. That assumption does not always hold given that 0 and 1 are
plausible outcome values. For example, if all female respondents in a particular cohort are
taller than 145cm, the proportion of short-statured women will be 0. In this study, we applied
the modeling strategy of Papke and Wooldridge (1996). Their functional form is based on
both the logit link function in the generalized linear regression and the binomial distribution.
In the model’s equation (Eqg. (1)), yis the cohort proportion; X ,and By, are the vectors of
hypothesized covariates and coefficients to be estimated.

Eyle) \_
In (m) =Bo+b1x1+ .. . +B,Tn- W

The model is estimated using the Bernoulli quasi-maximum likelihood estimation method.
The estimator is consistent, asymptotically normal, and efficient. All variance estimates for
the regression coefficients are obtained by robust variance estimation to adjust for correlated
observations (e.g., multiple observations of the same birth cohort) within countries. All
models are estimated using Stata 13 (StataCorp 2013).

To interpret the coefficients in models for cohort proportions, we assess change in In(£()4
X)I1-E()1X)) given a change in x;.

E (y|=) )
i A.??Z:Al — -
o B (1—E(yf) @)
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Thus, B;is the expected change in the natural log of the odds of £{()4x) for a one-unit change
in x;while other covariates are held fixed.

Equation (2) shows that the impact of a one-unit change in a model covariate x on the
outcome ywill vary with their values. To facilitate interpretation of the generalized linear
model (GLM) coefficients for the cohort proportions, we calculate and present the average
marginal effects (AMES), which estimate the mean marginal effect for a population given a
one-unit change in the covariate x. The standard errors are computed using the delta method
(Long 1997).

We first estimate the outcomes models for the full sample of cohorts, including the four
regions as dummy variables, and then separately for the SSA cohorts. The six reproductive
and two socioeconomic outcomes are defined in Table 1. Child mortality before age 5 is
measured both as the cohort proportion of recent births (in the past three years) to mothers
and as a proportion of all mothers in the cohort ever experiencing loss of a child under age 5.
Low birth weight is based on self-reports by mothers that their infants were born very small
or small and is similarly measured as a cohort proportion of all recent births and of mothers.
The cohort sample with birth size information is 2,101 for all countries and 1,169 for SSA.
Studies comparing maternal reports of infant birth weight with those recorded during health
facility deliveries suggest the former are biased upward, which would lead to lower
prevalence of LBW infants (Blanc and Wardlaw 2005; Robles and Goldman 1999). If this
bias exists across the 50 developing countries, our models will underestimate the association
between maternal risk factors at daughters’ birth and their LBW experiences and will serve
as a more conservative test than in the absence of recall bias.

Because anthropometry-based outcomes, such as short stature and low BMI, are not
available in the earliest surveys, the analytic samples for these models are smaller: 1,985 for
all countries, and 1,153 for those in SSA. Widely used cutoff values for short maternal
height are below 145-150cm (Christian 2010b; WHO 1997; Witter and Luke 1991) and for
undernutrition a BMI <18.5 (Black et al. 2013). For the current paid work outcome, the
cohort sample is slightly reduced because of the late introduction of DHS data collection on
payment for work: 2,043 total and 1,093 SSA cohorts. We estimated the models for the
samples of cohorts as described and for a sample of cohorts with no missing measures. The
signs and values of the coefficients for the latter do not change appreciably, but sample
composition is heavily weighted to those from the SSA region because of the anthropometry
measures included later in the DHS program. To ensure a broad range of development
influences, we present the model results based on cohort samples with available measures.

To facilitate interpretation of the models’ results, we conduct post-estimation simulations to
calculate the cohort proportions for each outcome that results from alternately eliminating
each of the three maternal risk factors. We estimate the model-based outcome proportions if
no daughters were born to mothers at young maternal ages (<18 years), at high parity (=4),
or within 18 months of the preceding birth. We then estimate the outcome proportions if all
three risk factors are eliminated. The assumption of their independence is more difficult to
defend if the analysis is conducted at the individual level; at the cohort level, the mean
values for these factors are not highly correlated.
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We last compare the estimated risk-eliminated proportions by cohort birth year and by age at
outcome survey separately against the observed values. These differences between cohort-
and age-specific proportions or averages with the observed levels reveal trends in the
benefits for the eight health and socioeconomic outcomes that potentially can be gained with
the elimination of the maternal risk factors.

The values of the means, standard deviations and ranges for the maternal risk factors, other
covariates, and outcome variables of interest are provided in Table 2. The mean proportion
of children dying before age 5 is 79 per 1,000 live births (0.079) across all cohorts and 100
per 1,000 live births for SSA cohorts. The estimates are plausible: the 2013 child mortality
rate was 50 per 1,000 births in less-developed countries and 93 per 1,000 births for SSA
(UNICEF 2014). Based on proportions of mothers, the experience of ever losing a child
under age 5 averages 12.5 % across all cohorts of mothers and 16.6 % for SSA cohorts. The
measure based on infants reported to be born small has a cohort average of 17.0 % for the
full sample and 15.7 % for the SSA cohorts. The average percentage of mothers reporting a
small infant at birth is 22.9 % for all and 22.3 % for SSA cohorts, respectively. For adult
health outcomes, mean percentages for undernourished and short-stature/stunted daughters
for all cohorts are 11.3 % and 4.2 %, respectively; SSA averages are slightly higher at

12.1 % undernourished and lower at 2.2 % for short stature. Average cohort years of
schooling among adult daughters are 6.42 for the total sample and 5.21 for SSA. The
percentage having paid work in SSA is 31.7 %, higher than the total of 28.6 %.

The mean cohort percentage of daughters born to mothers under 18 years of age averages
9.7 % overall and 10.8 % for the SSA region. The average cohort percentage of daughters
born at parity 4 or higher is 42.5 % for all cohorts and 45.4 % for SSA cohorts. The
percentage of daughters born within 18 months of their preceding siblings averages 15.6 %
and 12.5 % across all and SSA cohorts, respectively.

Figure 3 helps visualize the trends in the cohort proportions for the eight health and
socioeconomic outcomes, the three reproductive risk factors, and the two control variables
by year of the survey capturing the measurement. Trend lines suggest improvements in risk
factor exposures and the proportions and averages of outcomes. However, these values are
conditioned by the composition of cohorts in the sample. Those with unexpected trends
(e.g., cohort proportion of mothers experiencing child loss and low BMI, and proportions of
births born at high parity) likely reflect the increasing share of the cohort sample originating
from DHS surveys conducted in SSA countries.

Exploratory data analysis has not raised concerns about distributions of the outcomes or
covariates or possible violation of the assumptions for OLS and GLM estimation. The linear
and GLM regression results are provided for all cohorts in Table 3 and for SSA cohorts in
Table 4. We observe varying support of the hypothesized relationships between cohort
proportions of early risk exposures with cohort experiences of adverse health outcomes
(columns 1-6 in each table) and socioeconomic outcomes in adulthood (columns 7 and 8).
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The average marginal effects (AMEs), based on converting the coefficients in Tables 3 and
4, are presented in Table 5. The pvalues of the GLM coefficients and those of the AMEs are
not necessarily the same given that the two are conceptually different measures and
calculated under different assumptions (Greene 2011; Long 1997). The interpretation of the
AMEs is similar to those for coefficients in a linear regression model and assumes that other
covariates are fixed. For example, the AME for cohort levels of being born to a young
mother on their adult proportions of children dying before age 5 is a 0.145 percentage point
increase in the proportion of their births dying before age 5. A 10 percentage point reduction
in proportion of being born to a young mother implies a 1.45 percentage point decrease, or a
14.5 point decrease, in the under-5 mortality rate (e.g., rising from 79 to 94 deaths per 1,000
births). This approximates the child mortality experience for Southern Asia between 1995
and 2005 estimated by the United Nations (2015).

We discuss the model results primarily using the AMEs rather than coefficients, except for
the outcome of years of schooling, which is directly interpretable. The influences of the
three maternal risk factors in the full sample of cohorts are seen in the first three rows of
Table 5, where each is statistically significant with one or more of the reproductive outcomes
at p< .05 or better. The AMEs for young maternal age are sizable, positive, and significant
for child loss (0.145 as a percentage of births and 0.334 as a percentage of mothers) and low
BMI (0.219) at p< .10 or better. Young maternal age is also substantially and negatively
associated with a proportion of daughters with paid work, the AME being —0.476 (p < .10).

Although positively related with all cohort proportions for poor reproductive outcomes, the
AMEs for high parity are statistically significant (p < .10 or better) only for the experience
of child death among births (0.067) and among mothers (0.126). The AMEs for short birth
intervals are statistically significant for maternal child loss (0.142) and LBW experience
(0.122 for births and 0.256 for mothers, p < .05). Cohorts with high proportions of daughters
born to young mothers and at high parity appear to have significantly higher proportions of
adult daughters experiencing child loss, and cohorts with high proportions of daughters born
shortly after their siblings appear to have higher proportions delivering LBW infants in
adulthood.3

The statistical significance of the associations of maternal risk factors with adult
socioeconomic outcomes is limited. Cohorts with high proportions of daughters born to a
young mother and within an interval of 18 months from the previous birth are associated
with fewer years of schooling, on average, for adult daughters (shown in Table 3), but this
difference is not statistically significant. Perhaps the strength of the association from
maternal education preempts the influence of maternal risk factors. The AMEs for high
parity and short birth interval with cohort proportions having paid work are also not
statistically significant, although marginal statistical significance is observed for the negative
association between cohorts with high proportions born to young mothers and having paid
work (p<.10).

3\ tested the inclusion of the cohort proportion of births to mothers older than 34 and observed marginal change. The coefficients for
high parity were slightly attenuated with some outcomes but increased modestly for others. The nominal change in coefficients and
statistical significance reinforced the decision to avoid multicollinearity and not include older maternal age in the models.
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Among the control variables, maternal education—measured as the average cohort
proportion of daughters born to mothers with any schooling—exhibits the most consistent
and statistically significant associations with the reproductive health outcomes, as shown in
the fourth row of coefficients in Table 5. With the exception of short stature, an increase in
the proportion of daughters born to educated mothers is significantly associated with lower
proportions having adverse outcomes. For example, this covariate’s AMEs are statistically
significant with the cohort proportions experiencing child mortality (AMEs of -0.05 for
births and —0.085 for mothers), being born small (-0.081 for births and —0.134 for mothers),
and undernutrition status (-0.078 among adult daughters). The strong relationship of cohort
proportions born to educated mothers and average levels of schooling in adulthood (shown
in Tables 3 and 4) is suggestive of intergenerational transfer of schooling privilege; the
regression coefficient is +7.426 years of schooling overall and 7.401 years for SSA (both
significant at p < .001).

For the remaining control variables (shown in Table 3) the cohort proportions of adult
females’ age at the time of survey are statistically significant and negatively associated with
the reproductive outcomes, suggesting that age at survey is an appropriate control for
exposure or length of adult life span and that it captures secular improvements in well-being.
For example, in Table 3, the regression coefficients for cohort age at survey with schooling
(0.085; p<.001) and with paid work (0.107; p < .001) are both positive and statistically
significant. The proportions being born to mothers residing in urban areas at the time of the
base survey do not show any consistent pattern of associations with the outcome variables.
The control for the country’s region indicates that the levels of adverse reproductive
outcomes, relative to Latin America and the Caribbean, are significantly lower for female
birth cohorts from the North Africa/West Asia and Eastern Europe and significantly higher
for those from SSA. Cohort levels for the two socioeconomic outcomes of years of
schooling and paid work for these two regions are likewise significantly different from those
in Latin America and the Caribbean.

The AMEs from the GLM results for the SSA cohort subsample are shown in the lower
panel of Table 5. In general, the SSA pattern follows that for the full sample of cohorts,
although the magnitude of the coefficients (Table 4) and AMEs for the maternal risk factors
are often larger. For example, the AMEs of young maternal age on the two child mortality
cohort measures are 0.145 for the total sample and 0.334 and for the SSA cohort sample are
0.248 and 0.507; the regression coefficients and AMEs are both statistically significant. For
SSA, the AMEs for all three maternal risk factors are consistently positive and significantly
related to the proportions of cohorts experiencing child loss. Cohorts with higher proportions
of girls born at high parity are significantly associated with cohort proportions of infants
born LBW or adult daughters having LBW infants. The AMEs in SSA for maternity risk
factors are not significantly related with cohort proportions of adult daughters’ paid work.
SSA coefficient sizes for maternal education are smaller than those in the full sample.
Regional homogeneity likely constrains variation in the cohort measures and lessens the
likelihood of associations being statistically significant. The three risk factors” AMEs are
also not statistically significant for cohort proportions being short in adulthood, a possible
consequence of the low prevalence of stunting (the average SSA cohort percentage being
2.2 %).
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Table 6 presents post-estimation proportions, where we illustrate the influences of the
elimination of each maternal risk factor (young maternal age, high parity birth, and birth
interval under 18 months) on the proportion for each outcome for the cohorts, using the
GLM and linear regression results, and compare this with the observed level. The
simulations are conducted at the cohort level. For example, the AME of being born at high
parity on the proportion of mothers ever reporting a child dying before age 5 is 0.334. For a
cohort with the population average values for this risk factor and outcome (0.097 and 0.125,
respectively), eliminating high-parity births results in a lower proportion of mothers
reporting an under-5 death of 0.093 (= 0.125 — 0.097 x 0.334), which is the same as the
simulated value shown in Table 6. Note that the AME calculation to obtain the expected
change will not always replicate the simulated value given that the latter is computed for
each cohort and is then averaged across them.

If we take the proportion of infants reported to be born small as an example, in the third
panel of Table 6, the post-estimation simulation shows that eliminating the risk of births at
parity 4 or higher results in a cohort proportion of 0.141, lower than the observed cohort
proportion of 0.170. If exposure to all three risk factors is eliminated, the estimated
proportion is 0.136. (Given that the AME for high parity is 0.072, 0.141 ~ 0.170 — 0.072 x
0.425.) The observed proportion of mothers ever reporting a small infant at birth of 0.229
may be lowered to an estimated 0.185 if the risk of high-parity births is eliminated and to
0.154 if exposure to all three maternal risk factors is eliminated.

A comparison of the observed outcome levels and the risk-eliminated proportions shows
change in the expected directions for all cohorts and those in the SSA region, with the
exception of paid work. While mindful that not all maternal risk factors’ associations with
reproductive outcomes are statistically significant, we find the post-estimation exercise for
combined risk elimination to be informative in illustrating the potential relative magnitudes
of life course influences. The elimination of birth risk exposures is proportionally the largest
for the estimated proportion of mothers experiencing child loss (declining from 0.125 to
0.048, or by 62 %, overall; and from 0.166 to 0.041, or by 75 %, for SSA) and the smallest
for stunting (declining from 0.042 to 0.033, or by 21 % overall). The simulated proportion
from improved maternity conditions on daughters’ mean years of schooling is substantial for
SSA, increasing from 5.21 to 7.14 years, or by almost two years. Overall, health-related
gains may be the greatest for child mortality, followed by birth weight and nutritional status.
Socioeconomic gains are the largest for schooling among SSA cohorts.

Age and Cohort Patterns

In addition to variation by level of risk factors and regional origin, the cohort sample’s
proportions are often significantly influenced by year of birth and age in the year of outcome
measurement. To observe patterns by cohort birth year and age at outcome, we illustrate in
Fig. 4 the trends in the difference between all risk-eliminated and observed proportions for
the eight outcomes (labeled A-H) for these two factors (top and bottom of the pair of
graphs) over time (horizontal axis). The lines within the graph relate to the proportions
simulated for the full and SSA cohort samples. Moving from a small to a larger difference
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over time signifies a benefit or loss depending on the outcome, and the steepness of the trend
comparing birth year or age graphs is indicative of their relative influences.

We observe that the estimated benefit of non-exposure to maternal risk factors for averting
child loss (panels A and B) is greater for later birth cohorts and younger women and across
all cohorts rather than just the SSA cohorts. The estimated benefits of non-exposure to the
studied risks for infants born small are largest for earlier cohorts and older daughters (panels
C and D). The gains are smaller when based on maternal loss experience than when based
on infant survival, and regional gaps persist over time. The benefits of eliminating maternal
risks for female nutritional status (panel E) and height (panel F) suggest accrual to earlier
birth cohorts and older women and more for SSA cohorts than the full sample.

Although the early exposure to maternal risks was not significantly related to the
socioeconomic outcome of paid work (panel G), the benefits for the full and SSA cohort
samples exhibit different trends. Later birth cohorts and older women are estimated to derive
larger benefits for the SSA than for the full sample. In contrast, the trajectory of benefits for
years of education is fairly constant by birth year or age (panel H).

Discussion

Our analysis of national population survey data collected between 1985 and 2013 from 50
LMICs has aimed to assess the relationships between maternal risk factors at daughters’
births associated with eight selected adult developmental, reproductive, and socioeconomic
outcomes. Pseudo-cohorts were constructed using birth history and respondent reports from
189 cross-sectional rounds of DHS surveys. To our knowledge, this is the first such
application of the pseudo-cohort approach to standardized survey data collected in LMICs to
gain longitudinal insights into the life course consequences of adverse exposures at birth. An
additional methodological contribution from this study is overcoming the limitation of
bounded values of 0 and 1 for cohort averages used in logit models by combining the
modeling strategies of Deaton (1985) and Papke and Wooldridge (1996).

The selected outcomes represent important markers for female development over the life
course that research suggests may originate from early birth conditions and can be measured
through the time series of DHS surveys. We observed significant associations between high
cohort proportions of daughters born to young mothers and high levels of child mortality
among their births or as mothers themselves. Cohorts with high proportions of young
mothers are also associated with high proportions being undernourished or unpaid workers
as adults. Similarly, cohorts with high proportions of daughters born at high parity or soon
after a preceding sibling are linked to cohorts with high proportions of children being LBW.
The associations tend to be larger in magnitude in the SSA cohort sample. Cohorts with a
high proportion of daughters born to educated mothers are significantly more likely to be
linked to cohorts in which adult daughters have more years of schooling, on average,
indicating an intergenerational relationship between mothers’ and daughters’ schooling. This
finding may also reflect physical health advantages for better cognitive performance as a
result of healthy childbearing.
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There is likely intracohort heterogeneity in the reproductive and socioeconomic experiences
of the cohort members both at birth and in adulthood. This can constrain the covariance in
cohort proportions and result in larger standard errors and less statistical significance. The
linked cohort relationships, which are observed here to be statistically significant, robust in
magnitude, and in the expected direction, offer some assurance that unhealthy childbearing
has life course implications and that the constructed cohort approach merits further pursuit.
The simulated cohort proportions from the combined elimination of exposure to all three
maternal risks are lower than their observed proportions, and the cohort averages for adult
years of schooling are higher, both in the full and SSA regional samples. The one exception
is the cohort proportion experiencing paid work, which increases for the elimination of only
one risk factor—young maternal age—from 0.286 to 0.326 and only in the full sample. This
may reflect variation in the proportions of females having wage or paid work in the SSA
region. Folbre (2014) has suggested that women’s time burden of work is greater in African
economies but the proportion compensated is smaller.

This analysis has its limitations, some of which are related to the application of the pseudo-
cohort approach: for example, truncation bias, differential mortality, and respondent loss
resulting from international out-migration. Truncation bias can be mitigated over time with
the growing number of DHS surveys, particularly extending the time series in SSA
countries. In addition to testing the membership size of cohorts, we also tested restricting the
age range for cohort members and found little difference in the regression results. Selective
mortality, particularly that attributable to unobservable factors, can be addressed by using
the survival probability to weight the cohorts. However, we estimated both weighted and
unweighted regression models and obtained similar results, indicating that cohort averages
largely mitigated the possibility of survival bias. (We presented the unweighted results.)

Last, linked cohort data offer at least two distinct advantages over individual-level panel
data. First, the cost of repeated cross-sectional surveys with standardized content that allow
construction of cohort panels is much lower than for longitudinal surveys of comparable
sample size. Second, cohort panels are not subject to bias from sample attrition the same
way that longitudinal surveys are; therefore, they can cover a longer period. As long as the
cross-sectional data are based on a representative sample of the population of interest and
dramatic shifts in mortality have not occurred, constructed cohorts can provide consistent
estimates of the parameters of interest.

An in-depth understanding of the dynamics underlying reproductive and biological pathways
connecting gestational and newborn health with growth and development over the life course
is much needed. Ideally, such an understanding will be informed by multidisciplinary
research linking micro-level structures and processes—both biological and behavioral—to
macro-level ones. Research on fetal development, stress reactivity, reproductive capacity and
function, adolescent growth and development, and adult health, lifestyles, and performance
increasingly inform how these are shaped by changing nutritional, social, economic, and
physical environments. As Shetty and Schmidhuber (2011) suggested, these environmental
shifts will inform those occurring for life expectancies and aging experiences. For the health
of female populations in LMICs, research evidence on mitigating the effects of risks at birth
that can compromise their adult well-being is limited and is needed to help assess gender
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disparities observed in earlier studies (e.g., Merchant and Martorell 1988; Nenko and
Jasienska 2013; Yount et al. 2014). Findings from replicating this study’s analysis with sons
born to mothers with the same risk conditions using DHS male samples can be enlightening
about any gender disparities in adverse consequences experienced in adulthood. These
demographically oriented analyses, applying the pseudo-cohort approach, can give
population-scale credence to epigenetic and biobehavioral frameworks that have linked
early-life exposures for individuals to their later health outcomes (e.g., Barker 1994; Wang et
al. 2013). These studies have underscored the social inheritance conferred by maternal
education and the economic costs of poverty on child cognitive ability and educational
achievement in adulthood (e.g., Mani et al. 2013).

In sum, we observed a number of significant associations between selected demographic
indicators of healthy childbearing and specific adult developmental, health, and
socioeconomic outcomes in low-income populations, using pseudo-cohorts as units of
analysis. Not all three maternal risk factors are statistically significantly associated with each
of the eight measured outcomes. Taken as a whole and when viewed for age and cohort
patterns, however, life course linkages are distinguishable. Noteworthy also is that these
risks at birth—that is, short birth spacing, young maternal age, and high parity—are
preventable and can be addressed through improved access to pre-conception, maternal,
newborn, and child health care, as well as expanding social opportunity through female
education. Direct and indirect interventions in LMICs are available to reduce health-
compromising factors at birth, such as prolonged breast-feeding, improved girl and maternal
nutrition, effective contraceptive practice, and extended schooling to delay early
childbearing. These paths are known to prevent adverse birth outcomes over the long run and
in an enduring manner (Kavanaugh and Anderson 2013). Beyond the substantive findings,
this study’s methodological contribution has been to expand the set of statistical tools
available to test hypotheses using large-scale, standardized, repeated cross-sectional survey
data in a longitudinal manner. The pseudo-cohort approach can confer considerable resource
efficiency to future panel analyses.
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Fig. 1.
Illustration of birth cohort construction and linkage across DHS rounds
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Fig. 3.
Means and average proportions of constructed cohorts (77 = 2,546) for health and

socioeconomic outcomes and maternal risk factors, by year of survey
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children reported born small; D = Change in proportion of mothers ever having a small
baby; E = Change in proportion of adult daughters with BMI <18.5; F = Change in
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proportion of adult daughters with height <145cm; G = Change in proportion of adult
daughters with paid work; H = Change in adult daughter’s average years of education
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