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Abstract

Birth month is broadly predictive of both under-five mortality rates and stunting throughout most
of sub-Saharan Africa (SSA). Observed factors, such as mother's age at birth and educational
status, are correlated with birth month but are not the main factors underlying the relationship
between birth month and child health. Accounting for maternal selection via a fixed-effects model
attenuates the relationship between birth month and health in many SSA countries. In the
remaining countries, the effect of birth month may be mediated by environmental factors. Birth
month effects on mortality typically do not vary across age intervals; the differential mortality
rates by birth month were evident in the neonatal period and continued across age intervals. The
male-to-female sex-ratio at birth did not vary by birth month, which suggests that in utero
exposures are not influencing fetal loss, and therefore, the birth month effects are not likely due to
selective survival during the in utero period. In one-third of the sample, the birth month effects on
stunting diminished after the age of two years; therefore, some children were able to catch-up.
Policies to improve child health should target pregnant women and infants and must take
seasonality into account.

INTRODUCTION

Sub-Saharan Africa (SSA) presents some of the highest under-five mortality rates (USMR)
in the world. As of 2012, there were 98 deaths under age five per 1000 live births in SSA.
This represents significant progress since 1990 but is far from the Millennium Development
Goal (MDG) of 59 deaths per 1000 by 2015 (UNICEF's Division of Policy and Strategy,
2013). Thirty-four percent of the under-five deaths occur in the neonatal period and result
from preterm births, delivery-related complications and infections. During infancy and
childhood, the leading causes of death are pneumonia, diarrhea, and malarial; malnutrition is
an important underlying factor (UNICEF's Division of Policy and Strategy, 2013). The
seasonal nature of infectious causes of death (Brewster and Greenwood, 1993; Ye et al.,
2009) and the large numbers of neonatal deaths highlight the need to study the influence of
seasonal and early life exposures on child mortality. I address this gap by quantifying and

Appendix A. List of countries and survey years included in analysis.
Appendix B. Full regression results for all four survival models for the 30 countries in the sample.
Appendix C. Full regression results for all three logistic models for the 29 countries in the sample.

iHistoricaIIy, measles was also a leading cause of childhood deaths, but its contribution has declined significantly in the last decade.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dorélien

Page 2

analyzing the relationship between birth month (i.e., a proxy for early life conditions) and
child health in SSA. | attempt to identify whether birth month is a proxy for events that
occur at conception, in utero, or during infancy or whether the effect associated with birth
month is due to confounding by gestational age, an unobserved factor. This research is
particularly significant in light of the ongoing increase in high-priority child health
interventions taking place as a result of the MDGs.

Existing literature

A well-established literature demonstrates birth month and early-life conditions are
predictive of health later in life (Curhan et al., 1996; Moore et al., 1997; Doblhammer and
Vaupel, 2001; Barker et al., 2002; Gluckman et al., 2008; Huber et al., 2004; Torrey et al.,
1997; Bengtsson and Lindstrom, 2003; McEniry, 2011). Fewer studies have analyzed the
impact of birth month on early-life outcomes, such as infant and child mortality and
stunting, and fewer yet have focused on developing regions such as SSA (Eastman, 1945;
Breschi and Livi-Bacci, 1997; Mufioz-Tuduri and Garcia-Moro, 2008; Lokshin and
Radyakin, 2012).

In developed countries, birth month is predictive of infant and child health. In a study using
data from the late 1930s, American infants born in winter experienced higher infant
mortality rates than those born in summer (Eastman, 1945). However, due to selective
survival, if a winter baby survived the first few months, they were more likely to survive to
age one. Recent studies based on historical data from Europe have also documented
differential infant survival probabilities by birth month, although the magnitude of the effect
varied by region (Breschi and Livi-Bacci, 1997; Mufioz-Tuduri and Garcia-Moro, 2008).
Birth month remains predictive of early-life health in developed countries; Currie and
Schwandt (2013) used contemporary data and found that New England infants born in the
spring had higher birth weights, after controlling for gestational length, than those born in
the winter.

The findings from developing countries are mixed. In the Gambia, researchers found a
relationship between birth month and infectious disease mortality but only for individuals
older than 15 years (Moore et al., 1997), while in Mozambique, infant survival probabilities
vary with birth month (Artadi, 2005). Among Indian children, no relationship between birth
month and survival to age three was identified, but there was a statistically significant
relationship between birth month and stunting (Lokshin and Radyakin, 2012).ii

Possible mechanisms for birth month effects on health

Potential explanations for the effect of birth month fall into the following four categories: 1)
Births within a year may not be randomly distributed across the population because, for
instance, seasonal fertility patterns vary by socioeconomic status (Buckles and Hungerman,
2012); 2) The month of conception affects fetal nutritional inputs and seasonal exposures; 3)

A child is considered stunted if his/her height-for-age is more than two standard deviations below the mean in the World Health
Organization's reference population. Malnutrition, infections, stress, and genetic disorders can all lead to stunting. Height faltering is
usually observed after the weaning period and is thought to be indicative of chronic malnutrition and disease status; therefore, it does
not fluctuate widely over time. However, stunting can have its antecedents in fetal development; in those cases, it is typically
described as small for gestational age (McCowan et al., 1999; Maleta et al., 2003).
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birth month is also associated with different postpartum exposures in terms of disease and
nutrition (Eastman, 1945; Bengtsson and Lindstrém, 2003); and 4) when data on gestational
age is not available, the estimated birth month effect could be confounded by an interaction
between conception rate seasonality and the distribution of gestational ages (Currie and
Schwandt, 2013).

Differences at conception: Influence of socio-demographic characteristics—
Much of the literature on birth month and later life outcomes assumes that births in a given
month are randomly distributed across all segments of the population. However,
demographic covariates such as maternal education and birth order and spacing influence
early childhood mortality and stunting (Mosley and Chen, 1984; Madise et al., 1999), and it
is possible they are also correlated with birth month. If so, they may be driving at least part
of the relationship between birth month and health (Hobcraft et al., 1985; Buckles and
Hungerman, 2012; Brown, 2011); children born in different months may be different at
conception. For instance, in the US, controlling for a mother's socio-demographic
characteristics can explain up to half of the relationship between birth month and certain
later life outcomes (Buckles and Hungerman, 2012). One way to control for the influence of
selection is to follow the same mothers over time and compare the outcomes of siblings born
in different months to the same mother (Currie and Schwandt, 2013).

Differences in prenatal conditions: Fetal origins hypothesis

Adaptive response: One perspective posits that during development, the fetus may adjust
its physiology and metabolism as a response to cues from the mother regarding the external
environment. One of the most cited developmental responses, termed the thrifty phenotype
(i.e., reduced fetal growth), is believed to be an adaptive response by the fetus to nutritional
stress (Gluckman et al., 2008; Kuzawa and Quinn, 2009). In this case, seasonal metabolic
adjustments could result in increased infant survival, and we may not find a birth month
effect on mortality before adulthood.

Non-adaptive effects: Poor maternal conditions such as malnutrition, disease, and stress
during critical periods of gestation may impair fetal growth. Therefore, changes in fetal
development may simply reflect developmental constraints, which can later impact health in
early childhood and adulthood (Barker et al., 2002; Bateson et al., 2004; Lummaa, 2003). In
cases in which normal development may be impaired, negative effects of the altered
phenotype may appear early. For example, in temperate zones where rubella incidence is
seasonal, birth month may affect the risk of congenital rubella syndrome (Miller et al.,
1982). Information on birth weight, a proxy for prenatal conditions, could help us identify
whether exposures in utero or during infancy are responsible for the birth month effects; if
birth weight attenuates the relationship between birth month and child development and
mortality, then the birth month effect is most likely due to prenatal conditions.

Researchers have also tested for the presence of adverse in utero conditions by looking at the
ratio of male-to-female live births, termed the secondary sex ratio (Hansen et al., 1999;
Catalano et al., 2006, 2009; Bruckner and Catalano, 2007). In the presence of adverse
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maternal conditions, the ratio of male-to-female live births declines due to an increase in
male fetal loss.

Differences in postnatal conditions—A population's age-specific mortality profile
may vary by birth month due to interactions between climate, disease, socio-cultural
behaviors (e.g., seasonality in breastfeeding (Gonzalez-Chica et al, 2012)), and the age at
which a child experiences various seasons. For instance, due to the interactions between
waning maternal immunity and seasonal fluctuations in disease risk, a child born at the peak
of a measles outbreak may be better protected than a child born a few months prior,
especially in areas with low vaccination coverage (Breschi and Livi-Bacci, 1997; Victora et
al., 1987).

Confounding due to missing gestational age information—Studies that analyze
the relationship between birth month and health outcomes without controlling for gestational
age might identify seasonal relationships simply due to confounding (Currie and Schwandt,
2013). For instance, the period that falls nine months after the peak in conceptions may be
associated with better infant health outcomes because, on average, there will be fewer
preterm births during that month; the preterm children conceived nine months before would
have been born seven and eight months after conception.

I hypothesize that birth month will be predictive of child mortality and health in SSA but, a
priori, do not have enough information to hypothesize which birth months will be associated
with adverse outcomes. Given the large proportion of under-five deaths occurring during the
neonatal period, | also hypothesize that differences in mortality by birth month will be
apparent within the first month of life. In many SSA countries, women of different
socioeconomic and demographic backgrounds have different seasonal fertility patterns
(Dorelien, 2013); therefore, part of the birth month effect in SSA may be due to women's
choices regarding when to conceive (i.e., maternal selection). If there are birth month effects
on rates of stunting, | hypothesize that the stunted children were born small for their
gestational age or experienced health shocks early in life and never caught up.

DATA AND METHODS

I used Demographic and Health Surveys (DHS) data collected from 30 SSA countries.
Information on survey years included in the analysis can be found in Appendix A (contact
author for copies of appendices). The DHS are nationally representative surveys of women
of childbearing age (i.e., 15-49 years) carried out in developing countries and are well suited
for conducting analyses on child mortality and health. In addition to containing complete
reproduction histories from women (i.e., birth month and year of each child), they are also
asked if the child is still living. If the child has died, the age at death is ascertained.
Anthropometric measurements of height and weight for children under age fivelll were also

iliThe Cox PH is one of the few survival models that can incorporate both random-effects and fixed-effects. To run a fixed-effects
model, | stratified the data by maternal identity and removed variables that were fixed for mothers over time (Skrondal and Rabe-

Hesketh, 2012).
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collected during most surveys. In this study, | used the Birth Recode Files in which there is
one record for every child ever born to the interviewed women. The dataset includes births
from the 1980s to the mid 2000s; the specific time periods covered vary by country.

The DHS also contain data on individual and family characteristics, which may affect the
relationship between birth month and child health and survival. These include information
on sex, birth order, birth interval, rural/urban classifications, the age at which the mother
gave birth, the mother's education level, and religion (Mosley and Chen, 1984; Hobcraft et
al., 1985; Cleland and van Ginneken, 1988; Miller et al., 1992). For children born within
five years of the survey date, information on subjective size at birth based on the mother's
recollection and birth weight were also available.

Survey data only contain information on the births of children whose mothers have not died
between the time of birth and the interview date. There are also potential issues with
misreporting of birth dates, misreporting of age at death, and event under-reporting. To limit
recall bias, I limited the analyses to births in the ten years prior to the survey date. The DHS
imputes birth dates to address incomplete observations (Arnold, 1990). Observations with an
imputed birth month and/or birth year are excluded from our sample. The proportion of
observations with imputed birth dates ranged from less than one percent to 43 percent across
countries; on average, eight percent of the observations were dropped (Table 1). The
observations with imputed birth dates were more likely to be composed of older and dead
children from rural areas and of children born to uneducated mothers. | do not expect that
underreporting will bias the relationship between birth month and mortality, but it could lead
to an underestimation of the birth month effect. I am particularly concerned with
misreporting of the age at death. Observations that were missing information on age at death
were not included. Less than one percent of deaths were excluded in all countries except
Nigeria and South Africa, where 1.26 and 5.73 percent of deaths were excluded,
respectively.

Birth weight information was missing for most individuals in the sample (Table 2). The
variable “small at birth” was used in the stunting analyses but might also suffer from data
quality issues. A child was considered “small at birth” if the mother deemed the child
“smaller than average” or “very small” at birth. Based on analyses of DHS data from three
different countries, Channon (2011) found that maternal perception of size is a good proxy
for birth weight. | tabulated the mean birth weight by maternal recall size and found that for
every country in my sample, mean birth weight increased monotonically with recalled size,
and smaller than average and very small babies had a mean birth weight close to or below
the 2,500 gram cutoff. Nonetheless, the variable “small at birth” is not a perfect indicator of
low birth weight (LBW) (Robles and Goldman, 1999; Boerma et al, 1996). There are
conflicting results regarding wither relative size under- or overestimates LBW. In my
dataset, “small at birth” did not consistently capture all or most LBW infants, indicative of
some individual-level error.
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Conceptual Issues

There are other limitations of the DHS data. It contains no information on gestational length.
To deal with this, | assume that each individual was conceived nine months prior to birth.
This is problematic if many births have seven or eight month gestations and conception rates
vary seasonally. In SSA, preterm birthrates range from 10.1 per 100 live births in Western
Africa to 17.5 per 100 in Southern Africa (Beck et al., 2010); in addition, high levels of birth
seasonality, and therefore likely conception seasonality, have been documented (Dorelien,
2013). Consequently, by conducting the analysis at the level of birth month, the results may
be biased. In particular, in places with high birth seasonality, the birth month effect might be
overestimated.

Estimation Strategies—All analyses were carried out using STATA Statistical Software
version 12 (StataCorp, 2011). Separate analyses were run for each of the 30 SSA countries.
Country-specific analyses were performed primarily due to strong heterogeneity in SSA.
Birth month is a proxy for many ecological and socio-cultural factors that affect health; in
different countries, it may reflect different factors. Even if two countries share the same
ecological space, the interactions between the socio-cultural and ecological factors likely
create unique country-specific seasonal patterns in birth month effects on health.
Additionally, national patterns are themselves of interest and allow comparisons with results
from previous studies.

With the data available in the DHS, I test the significance of birth month effects by running
joint significance tests on all my models. | test whether maternal selection drives seasonality
in health outcomes and identify how birth month effects vary across age (pre and post natal),
a stepping-stone to identifying the factors underlying birth month effects on health.

Testing for birth month effects on selective survival in utero

The sex ratio at birth has been used as an indicator of selective survival in utero. To test
whether the ratio varied by birth month, | regressed the proportion of male births against
birth month indicator variables while controlling for birth order, duration since the mother's
previous pregnancy, mother's age at birth, maternal education level, type of residence, and
religion. The regression also included standard errors clustered at the mother level.

Testing for birth month effects on childhood survival

The relationship between birth month and mortality may vary across age intervals (Eastman,
1945; Breschi and Livi-Bacci, 1997; Mufioz-Tuduri and Garcia-Moro, 2008). To address
this concern and due to the discrete nature and censoring of our data, the first set of survival
analyses relied on a flexible piecewise exponential hazard (PWE) model to determine the
association between birth month and mortality across ages. The intervals over which |
assumed the hazard to be constant were less than 1 month, 1 to 5 months, 6 to 11 months, 12
to 23 months, 24 to 35 months, 36 to 47 months, and 48 to 59 months. | first used a
piecewise model with age intervals and birth month to generate hazards for each
combination of birth month and age interval. The resulting hazards were used to calculate
survival probabilities as well as USMR. Next, | used a likelihood ratio test to compare the fit
of models with and without interactions between birth month and age interval. For the
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majority of the countries, there were no significant interactions between birth month and
age-specific hazards. For the remainder of the survival analyses, | used Cox Proportional
Hazard (PH) models, which produce similar results to the PWE models and have the
advantage of allowing for a fixed-effects approach.iii

Cox PH Model 1, the baseline model, only accounts for birth month. I used these models to
demonstrate seasonal variations in the effect of birth month on health across SSA. In Cox
PH Model 2, I controlled for individual characteristics (i.e., birth order, sex, and birth
interval). In Cox PH Model 3, | additionally controlled for maternal and family
characteristics (i.e., Model 2 plus mother's age at birth, mother's education level, religion,
agricultural or non-agricultural household, and rural versus urban residence). In Cox PH
Model 4 (i.e., Model 2 plus mother's age at birth), | used a fixed-effects approach, stratifying
by mother's identity (Skrondal and Rabe-Hesketh, 2012). | was therefore able to control for
unobserved characteristics associated with having the same mother but could only use a
small fraction of the data to estimate the covariates.

Testing for birth month effects on stunting

RESULTS

To assess the relationship between birth month and stunting, I relied on anthropometric
measurements of surviving children born within five years of the survey date. In the first
logistic regression model (i.e., the individual model), I calculated the odds of being stunted
while controlling for birth month, sex, birth order, small-size at birth, and age. The second
logistic regression model included variables related to maternal and family characteristics
(as in Cox PH Model 3). The third model (i.e., the full model) was a fixed-effects model
with individual-level controls and controls for mother's age at birth; the fixed-effects model
took into account additional unobserved family characteristics. Another regression (i.e.,
Model 2 with interactions between birth month and a variable for children above age two)
tested whether the birth month effect on stunting varied across ages. To facilitate the
interpretation of the model results, | calculated the marginal effects (i.e., the differences in
the predicted probabilities) of each of the covariates using marginal standardization (Muller
and MacLehose, 2014).

Summary Statistics

Table 1 contains summary statistics for the children included in the mortality analysis.
Across SSA countries, substantial variation exists with respect to under-five mortality,
fertility, maternal education, fraction of agricultural and urban households, and religion. The
countries with the highest USMR tend to be located in the Sahel, while those with the lowest
U5MR are located in Southern Africa.

Table 2 presents summary statistics for the children included in the stunting analysis. Unlike
the sample described in Table 1, this sample only included children who were alive at the
time of the survey. In comparison with the first sample, there was a slightly higher
proportion of females, which might reflect higher male mortality rates; mothers were also
more likely to be educated and less likely to be from agricultural households.
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Sex Ratio at Birth Results

The ratio of male-to-female live births did not vary by birth month except in South Africa
and perhaps Uganda.

Survival Analysis Results

Quantifying the birth month effect on child survival—Based on output from the
PWE survival model with interactions between birth month and age interval, | calculated the
cumulative survival probabilities and converted the survival probabilities to USMR. Figure 1
lists the USMR for the months with the highest and lowest cumulative survival probabilities.
Differences between the extreme months (i.e., worst versus best birth month) could be large.
On average, the USMR in the worst birth month were 39 percent higher than in the best. In
Sierra Leone, lvory Coast, and Zimbabwe, the differences were greater than 60 percent. |
regressed the difference between the USMR for best and worst month with a measure of data
quality (Table 1) and did not find any significant results (R-squared = 0.0387).

The PWE models with birth month and age interactions were statistically significantly better
in only six countries: Burkina Faso, D.R. Congo, Ivory Coast, Niger, Nigeria, and Tanzania.
Therefore, in the majority of SSA countries, birth month effects were relatively constant
across age intervals. In Figure 2a, | show the survival curves for six typical countries, and in
Figure 2b, the survival curves for the six countries where birth month and age interactions
were significant. Figure 2a illustrates that the birth month effect is often evident during the
neonatal period and does not diminish with age.

For the remainder of this section, the results presented are from the Cox PH models. Full
regression results for each of the Cox PH models with estimates for all the covariates can be
found in Appendix B. Figure 3 is a heat map of the hazard ratio for each birth month relative
to the reference month from the model without individual- or maternal-level controls (i.e.,
Cox PH Model 1). The countries are sorted from north to south and east to west. The birth
month hazard ratios ranged from 1 (white) to a little over 2 (black). The p-values from the
joint significance test on birth months are shown on the right axis. Birth month was jointly
significant and predictive of survival to age five in every country sampled except the
majority of those in Southern Africa (i.e., Namibia, Swaziland, South Africa, and Lesotho);
these countries had the lowest child mortality rates. Birth month was not jointly significant
in Cameroon, Congo or Togo either. Additionally, in the aforementioned Southern African
countries and in Togo, seasonal fluctuations in births were not significant (Dorelien, 2013).

There were other geographic patterns present in the mortality results. For example in the
Sahelian countries, the first three months of the year exhibited the highest survival
probabilities (Figure 3). Overall, the patterns in the heat map indicate a great deal of
seasonal variation in the effect of birth month on health.

Controlling for individual level covariates and maternal selection—In the
majority of SSA countries, controlling for known characteristics resulted in small shifts in
the pattern and magnitude of the birth month hazard ratios (Figure 4; see legend for Cox PH
Models 2 and 3, Appendix B). Furthermore, the birth month effects remained significant in
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most countries. However, after controlling for maternal selection (i.e., using a fixed-effects
model), the birth month effect remained statistically significant in only one-third of the SSA
countries sampled. Birth month remained predictive of survival to age five in Chad, D.R.
Congo, Ghana, Guinea, Kenya, Mali, Nigeria, Sierra Leone, Uganda, Zambia, and
Zimbabwe (Figure 4). Some of these countries had relatively low levels of USMR (e.g.,
Kenya and Zimbabwe), while others had high levels (e.g., Chad and Mali). In more than half
of these countries, there was little variation in the birth month hazard ratio across the
different models (i.e., controlling for individual and family characteristics resulted in small
shifts in the pattern and magnitude of birth month hazard ratios); this suggests that maternal
selection does not explain the birth month effect on child survival. In Ghana and Zimbabwe,
hazard ratios calculated from the birth month coefficients increased after controlling for
maternal selection, which indicates that in these countries, maternal selection might have
been masking seasonality in birth month effects on health. In Guinea, controlling for
maternal selection altered the seasonal pattern of birth month effects on health; while June
remained the birth month associated with the greatest child mortality, February was no
longer associated with the highest level of child survival (Figure 4).

After controlling for maternal selection, the birth month effect was no longer jointly
significant in Benin, Burkina Faso, Cameroon, Ethiopia, Liberia, Madagascar, Malawi,
Mozambique, Senegal, or Tanzania. In these countries, maternal selection and therefore
unobserved differences at conception might be responsible for the seasonal patterns in birth
month effects on health. The joint tests for birth month were marginally significant in Ivory
Coast, Niger, and Rwanda. The birth month effects remained jointly insignificant in
Southern Africa, Congo, and Togo.

Quantifying the birth month effect on stunting—Based on the model with
individual-level controls, the predicted probability of being stunted varied by birth month,
and the differences were statistically significant. Figure 5 contains a heat map of the
marginal effects for each birth month relative to a reference month. The countries are sorted
by latitude and longitude (y-axis) and birth month (x-axis). The p-values from the joint
significance tests are on the right axis. The colors represent the marginal effect compared to
the birth month with the lowest probability of being stunted. The marginal effects ranged
from O (white) to slightly above 12 (black) percentage points. On average, there was a 7-
percentage point difference in the predicted probability of being stunted between children
born in the month associated with the highest rate of stunting and those born in the month
with the lowest rate (i.e., the best month). The predicted probabilities of being stunted for
children born in the best birth months are listed in parentheses (Figure 5).

Some countries stood out on the heat map. In Senegal, which has the lowest rates of
stunting, the difference in the predicted probabilities between the worst (April) and best
(February) birth month was only 3.4 percentage points. The marginal effect of birth month
was also small in Nigeria, where rates of stunting are large. The magnitudes of the birth
month effects were very large in Chad, Congo, Liberia, Malawi, and Niger (Figure 5,
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Appendix C). The joint significance test revealed that in Cameroon, Ivory Coast, Lesotho,
Sierra Leone, and Swaziland, birth month effects were not significant.

There also appears to be a spatial pattern in the effect of birth month on stunting. For
instance, in Sahelian countries (i.e., Mali, Niger, Chad, and Burkina Faso), the birth months
associated with the lowest probability of stunting are November and December, which
immediately follow the short rainy season (Figure 5). In Tanzania and Malawi, the birth
months associated with the highest levels of stunting occur during the rainy season just
before harvest (i.e., hunger season, January—March), and the months with the lowest levels
occur in the post-harvest dry season (i.e., August—October) (Mitchell, 2003).

The birth month effects are comparable to other well-known determinants of child stunting.
For instance, in Zambia, the marginal effect of a child being stunted if he/she was born in
January or February is 6 percentage points higher than if he/she was born in the last three
months of the year (Appendix C). This effect size is larger than the difference in the
predicted probabilities for males and females (i.e., 3.5 percentage points).

Size at birth, birth month and age interactions—Infants who were considered small
at birth were significantly more likely to be stunted at the time of the survey than other
infants (Appendix C). However, controlling for infant size did not attenuate or eliminate
birth month effects. The birth month effect was stronger in children under age two years
than in those over two in Benin, Congo, DR Congo, Ghana, Kenya, Malawi, Niger, Nigeria,
Tanzania, and Zimbabwe, which suggests children are able to compensate for the lack of
early growth (regression not shown). In Mali, Rwanda, and Zambia, the birth month effects
were much stronger for children over age two. In Ethiopia, Madagascar, and Guinea, the
interactions between birth month and age were significant but varied in direction. In the
remaining half of the countries in the sample, birth month effects did not vary significantly
by age.

Controlling for observed and unobserved maternal selection—ByY looking at the
marginal effects, | was able to compare the effect of birth month across various nested
logistic models. There were no large differences in the marginal effects between the model
with individual-level controls and the model controlling for observed maternal selection
(Figure 6). However, controlling for unobserved selection using the fixed-effects model
yielded significant changes. For the majority of countries where the birth month effect was
significant in the individual model, controlling for unobserved maternal selection
significantly damped the seasonality of the birth month effects on stunting. After running the
fixed-effects model, birth month remained jointly significant in only five countries—Zambia
and Malawi (i.e., the countries with the highest rates of stunting) and Benin, Madagascar,
and Tanzania (countries with high rates of stunting) (Figure 6).

DISCUSSION AND CONCLUSION

In SSA, birth month is broadly predictive of child health and survival. There are large and
significant differences among the probabilities of dying by age five or being stunted
according to birth month. The magnitudes of the birth month hazard ratios and marginal
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effects were often comparable to the health advantages of urban living or being female
(Appendix B and C).

One important caveat is that, because the analysis was conducted at the level of birth month
and not conception month, the magnitude of the birth month effect on health is most likely
overestimated, especially when the peak birth month corresponds with the healthiest birth
month in countries with high degrees of birth seasonality. Based on findings by Dorelien
(2013), the largest fluctuations in births occurred in West and Central Africa (i.e., Sierra
Leone, Guinea, DR Congo, Nigeria, Rwanda, Mozambique). For example in DR Congo, the
peak birth months are also the birth months associated with the highest survival
probabilities.

Although family background is related to birth month, controlling for known socio-
demographic factors did not account for a large amount of the birth month effect on child
health. In contrast, controlling for unobserved maternal selection did significantly dampen or
eliminate the birth month effects on health in many countries. In these cases, children born
in different months were already different at the time of conception. In countries where
maternal selection did not eliminate the effects of birth month on childhood health, the
effects are most likely mediated by environmental factors that influence pre- or post-natal
nutrition or disease status. Future work should try to unpack the factors behind the birth
month effect, but more data will be needed.

The survival analysis results indicated that differences in survival associated with birth
month were present in the neonatal period and were relatively constant across age intervals.
This suggests that differences at conception and or seasonal exposures in utero are most
likely responsible for the birth month effect. This is in contrast to studies that have found
differential effects of birth month across age intervals and attributed the birth month effects
on neonatal mortality to in utero processes and the birth month effects on post-neonatal
mortality to differential environmental factors during infancy (Eastman, 1945; Mufioz-
Tuduri and Garcia-Moro, 2008). We should prioritize interventions aimed at pregnant
women and infants, and policies aimed at improving infant health through supplemental
feeding of pregnant women should take seasonality into account.

The stunting analysis also indicated that seasonal exposures in utero or early in infancy
might be responsible for the birth month effects. In one-third of the sample, the birth month
effects on stunting diminished after age two; therefore, some children were able to catch up.
Only in Mali, Rwanda, and Zambia were the birth month effects considerably stronger for
children over age two. One explanation for this is that children born during certain months
might already be disadvantaged at birth, but during weaning, the pre-existing disadvantage
is exacerbated. The ratio of male-to-female live births did not vary by birth month except in
South Africa and perhaps Uganda. This suggests that in general, seasonal in utero exposures
are not resulting in fetal loss, and therefore, the birth month effect is not likely due to
selective survival during the in utero period. Similarly, | did not find evidence of postnatal
selective survival (i.e., there was no reversal of the birth month effect across age groups).
Nevertheless, in the presence of heterogeneity, weaker children may die earlier when born in
low survival months and therefore, the remaining children born in low survival months may
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be more robust. This could lead to opposing effects of birth month on stunting and survival.
In a few countries, such as Chad and Mali, there is evidence of this pattern of selective
survival; the effects of birth month on survival and stunting were opposite (Figures 3 and 5).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Bar chart comparing the under-five mortality rates for best and worst birth months.

Countries are ordered based on magnitude of under-five mortality rates.
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Survival probability curves for best and worst birth months. Panel 2a contains survival
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where there were significant interactions between birth month and the age specific hazards.
In these countries the birth month differences increased with age.

Biodemography Soc Biol. Author manuscript; available in PMC 2016 January 05.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Dorélien

Mali

Niger

Chad
Senegal
Burkina Faso
Guinea
Nigeria
Benin

Sierra Leone
Ethiopia
Togo

Ghana

Ivory Coast
Liberia
Cameroon
Kenya
Uganda
Congo DR
Congo
Rwanda
Tanzania
Malawi
Zambia
Mozambique
Madagascar
Zimbabwe
Namibia
Swaziland
South Africa
Lesotho

Figure 3.

Jan Feb Mar Apr May Jun Jul
| | | | | | |

Aug Sep Oct Nov Dec
l 11 1 |

i;
.

0.008
0.000
0.000
0.032
0.019
0.001
0.000
0.001
0.000
0.016
0.353
0.029
0.000
0.000
0.449
0.000
0.000
0.000

0.000
0.000
0.001
0.000
0.000
0.007
0.000
0.541
0.826
0.176
0.357

Page 17

Hazard Ratio

22

20

1.8

1.6

1.4

12 -

1.0 —
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country, the reference month is the month associated with the lowest probability of dying by
age five. Countries are ordered north/south and east/west. On the right axis are p-values

from joint significance tests on birth months.
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Figure 4.
Birth month hazard ratios from four different Cox Proportional Hazard Models. In the

eleven countries displayed, the birth month effect remained jointly significant after adding
individual level controls and controlling for maternal selection.
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Heat map showing marginal effects (i.e., differences between the predicted probabilities of
being stunted) for each birth month relative to a reference month. For each country, the

reference month is the month associated with the lowest predicted probability of being

stunted. The magnitude of the marginal effects ranged from O percentage points (white) to
12 percentage points (black). Countries are ordered north/south and east/west. On the right
axis, the p-values from the joint significance tests for birth month are presented.
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Figure 6.
Marginal effects for each birth month on the likelihood of being stunted from three different

logistic models. These five countries are the only ones in which birth month remained
jointly significant after running fixed effects model (i.e., controlling for observed and
unobserved maternal selection). The birth month coefficients in Model 1 and 2 are very
similar.
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Summary statistics and data quality measure for the sample of 30 sub-Saharan African countries included in
the analysis of under-five mortality.

Data
quality
(% obs
dropped
due to
imputed
birth
__date)

Country N
Benin 41,442 19.2
Burkina Faso 36,824 16.9
Cameroon 26,809 9.0
Chad 24,207 4.3
Congo 8,615 2.0
DR Congo 16,113 1.9
Ivory Coast 20,621 16.0
Ethiopia 40,079 4.0
Ghana 30,751 9.9
Guinea 14,329 433
Kenya 57,822 3.0
Lesotho 6,874 0.7
Liberia 19,643 6.5
Madagascar 52,840 75
Malawi 49,764 13
Mali 74,153 8.4
Mozambique 29,121 12.0
Namibia 24,207 23
Niger 40,796 13.7
Nigeria 89,049 5.9
Rwanda 41,038 2.9
Senegal 46,613 14.8
Sierra Leone 11,212 2.1
South Africa 10,178 2.0
Swaziland 5,318 0.4
Tanzania 60,873 5.5
Togo 14,469 27.9
Uganda 49,971 2.4
Zambia 48,842 11
Zimbabwe 31,377 0.3

Prob
of
deaths
under
five

10.4
145
11.4
16.4
10.0
13.6
11.2
13.6

9.5
10.9

8.6

9.4
14.9

8.3
15.7
18.8
13.9

6.7
19.1
14.1
15.3
11.2
14.2

4.9
10.0
10.8

8.9
13.1
14.7

7.2

Sex Mother's education level Household type
% male % no education % some primary % some secondary % urban %
employed
in
agriculture
50.6 76.0 17.1 6.88 33.3 62.5
51.0 86.6 9.2 4.22 21.7 78.0
50.2 29.0 424 28.60 421 54.8
50.2 75.7 19.1 5.13 40.0 61.8
50.8 8.4 33.9 57.70 59.9 37.4
50.5 24.8 425 32.70 40.2 63.2
50.3 66.2 242 9.54 43.3 44.0
51.2 80.2 13.4 6.43 15.0 80.0
51.0 435 333 23.20 28.9 60.4
51.4 83.6 9.0 7.34 21.7 62.8
50.5 21.7 57.4 20.90 18.6 453
50.6 3.6 66.4 30.00 20.0 39.1
51.2 59.1 25.9 15.00 355 32.0
50.9 22.7 52.0 25.30 28.1 73.6
50.5 331 59.8 7.04 16.1 63.5
50.4 84.9 10.9 419 26.5 67.2
49.9 40.1 55.4 4.49 33.7 67.4
50.2 16.4 39.8 43.80 36.9 18.0
50.9 85.3 10.2 4.53 29.6 57.9
50.9 52.5 24.5 23.00 29.0 49.7
50.6 36.3 54.5 9.24 18.2 85.0
50.9 78.0 16.3 5.69 334 44.4
50.2 75.4 12.1 12.50 33.3 62.0
50.4 9.9 322 57.90 458 0.5
51.1 111 36.3 52.60 27.2 12.8
50.5 31.3 61.7 6.87 18.5 73.1
50.8 60.8 29.6 9.53 26.3 46.8
49.8 29.0 58.1 12.80 19.8 70.0
49.7 16.1 63.8 20.10 33.7 55.4
50.4 12.7 51.7 35.60 24.5 35.8
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