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Abstract

Studies examining health effects of maternal fasting during Ramadan find that in utero
exposure to Ramadan has negative implications for child health, labor and education out-
comes. One key methodological concern in those studies is that the identification is based
under the assumption that parents do not selectively time birth relative to Ramadan. In
Matlab, a region in Bangladesh, a family planning program was initiated in 1977 in which
women in the treatment areas received free contraceptives door to door, but those in the
control areas were not part of the program. Using the Matlab Health Socio-economic Sur-
vey 1996, I find women, living in the treatment areas, are five to six percentage points less
likely to give birth 8 to 9 months after Ramadan after being exposed to the family planning
program. Moreover, more educated mothers, living in the treatment areas, are less likely to
overlap their pregnancies with Ramadan. This suggests that parents selectively time birth
relative to Ramadan, and selection in in utero exposure to Ramadan should be examined
allowing for time varying changes. I examine child height, which reflects both genotype and
phenotype influences in utero, and find evidence suggesting that presence of parental selec-
tion may lead us to wrong conclusions about the effect of maternal fasting on child height.
To explore whether or not the negative association between mother years of education and
Ramadan exposure is limited to the treatment areas of Matlab, I use all four waves of the
Indonesian Family Life Survey and find similar parental selection in Ramadan exposure.
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1 Introduction

More than 1 billion Muslims alive today were exposed to Ramadan in utero (hereafter in utero
exposure to Ramadan would be referred to as “exposure to Ramadan”)1. Ramadan is the 9th
month in the Islamic calender. During this month, Muslims are required to fast from dawn
to dusk in each day of the month except some who can seek exemptions. Although according
to Islamic law, pregnant women are exempted from fasting, in practice however, it has been
documented that a majority of the Muslim pregnant women fast during Ramadan. According
to the fetal origins hypothesis, this may be a serious concern. It is well established that in utero
experience of nutrition shocks and adverse conditions has serious implications for an individual’s
health and human capital formation (Almond and Currie, 2011; Currie, 2009)2. This has led
researchers to explore the consequence of maternal fasting during Ramadan on her child’s various
health outcomes as well as economic outcomes. The findings so far overwhelmingly corroborate
with the earlier evidence based on fetal origins hypothesis (Almond and Mazumder, 2011;
Ewijk, 2011; Almond et al., 2014; Majid, 2015; Karimi, 2014; Ewijk et al., 2013). These studies
find that exposure to Ramadan leads to poorer health, education outcomes, and labor market
outcomes.

Although in utero experience of maternal fasting during Ramadan has serious consequences
for an individual’s human capital formation and well being, not much is known in regards to
what policy might be effective in reducing number of pregnancies overlapping with Ramadan.
Moreover, relatively little is known regarding fertility selection relative to Ramadan. Previous
studies have examined selection in Ramadan exposure by comparing different parental socio-
economic measures between children who are exposed to Ramadan and children who are not
exposed to Ramadan (Almond and Mazumder, 2011; Ewijk, 2011; Almond et al., 2014; Majid,
2015; Karimi, 2014; Ewijk et al., 2013). Overall, these studies do not find any differences
in observable parental characteristics between children who are exposed and not exposed to
Ramadan. Here, it is important to note that Ramadan is a recurring event, and each year
Ramadan starts 11 days ahead from the day it started in the last year. The use of sufficiently
large number of cohorts allows the disentanglement of the effect of Ramadan exposure from
seasonality3. One potential problem arising from the use of large numbers of cohorts is that
within a geographic unit over time there can be time varying changes specific to that geographic
unit that will not be captured by the geographic unit fixed effects 4. Some of these changes such
as availability of contraceptive devices may allow parents to time birth relative to Ramadan.
More importantly, parents from different SES backgrounds may make use of these changes
differently in relation to birth relative to Ramadan. As a result, there could be parental selection
in Ramadan exposure because of these changes, and ignoring such changes may result in falsely
concluding that there is no selection concern.

Using the Matlab Health and Socio-Economic Survey (1996), I study whether provision of an
intensive family planning program can help parents to time birth relative to Ramadan. In
Matlab, a region in Bangladesh, the International Center for Diarrhoeal Disease Research,
Bangladesh (ICDDR, B) initiated a family planning program in some villages (treatment areas)
but not in others (control areas). Under the family planning program, women of reproductive
ages, living in the treatment areas, were given free contraceptives door to door in every two
weeks (Joshi and Schultz, 2013). Another appealing feature of the MHSS is that reliable birth

1According PEW research center number of Muslim population in 2010 was 1.6 billion. The period of human
gestation if about 9 months long. This implies children born in about 75% Islamic calender year days will be
exposed to Ramadan at some point of pregnancy.

2Almond and Currie (2011) provides a good review on existing literature on fetal origins hypothesis.
3It takes Ramadan about 33 years to complete full circuit of western calendar.
4These changes can be change in prices and community infrastructures.
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data can be obtained from the pregnancy histories of women. A demographic Surveillance
System (DSS) has been operating in Matlab from 1966, and it collects information on vital
events like birth, marriage, death, and migration. Reliable birth data is available from 1974
onward for both the treatment and control villages, which gives us 22 birth year cohorts to
study birth timing relative to Ramadan5.

Using a difference-in-differences strategy, this paper finds that Muslim mothers are about five
to six percentage points less likely to give birth eight to nine months after Ramadan after being
exposed to the family planning program. They are also about eight percentage points more
likely to give birth four to seven months after Ramadan. These two results imply that Muslim
mothers increase conceptions five to two months ahead of Ramadan but avoid conceptions when
Ramadan is either 1 month away or at the time of Ramadan. Using the same strategy on births
by Hindu mothers, this paper does not find any change in birth in months relative to Ramadan
on Hindu births. This strengthens the findings that the intensive family planning program in
Matlab helped mothers selectively time birth relative to Ramadan. In addition to these results,
using information on the timing of the family planning program, this paper finds that in the
program areas more educated Muslim mothers are less likely to overlap their pregnancies with
Ramadan after the initiation of the family planning program. Such pattern for more educated
Muslim mothers in the control areas and more educated Hindu mothers in the treatment areas
is not found. This means that children who are exposed and not exposed to Ramadan in
the treatment areas differ in one important observed characteristic—mother education. To
document the consequence of selection, heights of the children—who are under age ten years
during the survey year 1996—are analyzed6. Interestingly, a significant difference in child height
between Muslim children who are exposed and not exposed to Ramadan in the control areas
is not found. In contrast, in the treatment areas a statistically significant difference in child
height between Muslim children who are exposed and not exposed to Ramadan is found. In
the treatment areas, the Muslim children who are exposed to Ramadan are shorter than the
children who are not exposed. This paper concludes that the difference in child height between
children exposed and not exposed to Ramadan in the treatment areas could be due to parental
selection in Ramadan exposure.

Moreover, using all four waves of the Indonesian Family Life Survey (IFLS), this study also
documents that more educated Muslim mothers are less likely to overlap their pregnancies with
Ramadan. On other hand, for non-Muslim mothers the likelihood of exposure to Ramadan does
not vary by mother years of education. This reinforces the findings in Matlab, Bangladesh and
implies that the selection behavior is not only limited for a sub-sample of the MHSS, which
received the intensive family planning program. One key distinction between the IFLS data
and the MHSS data is that with the IFLS this paper does not evaluate a program effect on
the selection in Ramadan exposure but with the MHSS, it evaluates the program effect of the
family planning program on the selection in Ramadan exposure.

This paper makes some key contributions to the literature. First, it shows parents time birth
relative to Ramadan using two rich data sets from two countries. To the best of my knowledge,
this is the first paper that shows timing of birth relative to Ramadan. Earlier literature (Almond
and Mazumder, 2011; Ewijk, 2011; Almond et al., 2014; Majid, 2015; Karimi, 2014; Ewijk et
al., 2013) do not find any evidence that parents time birth relative to Ramadan.

Secondly, this paper shows that an intensive family planning program may help Muslim mothers
to avoid their pregnancies overlapping with Ramadan. In general, family planning programs
are promoted to reduce fertility rate. This study shows an unintended benefit of provision of an

5Although DSS started from 1966, the data was computerized starting from 1974.
6I only study children under age ten years to reduce the concern of adolescent growth spurt.
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intensive family planning program to Muslims is that it allows to them to avoid birth relative
to Ramadan to some extent.

Thirdly, this paper is also the first to document the importance of incorporating time varying
changes in examining selection in fertility relative to Ramadan. It illustrates that ignoring the
time varying changes may result in falsely concluding that there is no selection in Ramadan
exposure, whereas incorporating such changes lead to conclusion that there is. The underlying
identification assumption in earlier studies is that there is no parental selection in Ramadan
exposure. Absence of parental selection in Ramadan exposure implies that higher SES mothers
are no less likely to expose their pregnancies to Ramadan than lower SES mothers. This
guarantees that Ramadan exposure and non-exposure can be considered as a natural experiment,
and the differences in outcomes between children exposed and not exposed to Ramadan can
be attributed to maternal fasting during Ramadan7. On the other hand, the failure of the
assumption would imply that factors other than Ramadan exposure are responsible for the
observed difference in outcomes.

Lastly, this study documents how the presence of selection may affect identification of Ra-
madan exposure on child health outcomes. It documents that the negative association between
Ramadan exposure and child height—a measure of long term nutritional status (Strauss and
Thomas, 2007)—is more pronounced among the Muslim children residing in the villages which
got the intensive family planning program. Coupled with this observation, this paper finds that
more educated Muslim mothers residing in the same villages were also less likely to overlap their
pregnancies with Ramadan. This result has implications on the findings as well as methodolo-
gies applied in the earlier studies. This suggests that mean difference in SES characteristics
between children exposed and not exposed to Ramadan may not be sufficient enough to examine
selection in exposure to a recurring and predictable event like Ramadan. The earlier studies
should also examine parental selection allowing for time varying changes. It is important to
note that this study claims neither that the findings based on earlier studies are not valid nor
that maternal fasting has no negative implications for an individual’s human capital formation.
However, what is emphasized here is that parental selection in Ramadan exposure can occur
due to changes in community characteristics over time, and ignoring such changes may produce
biased estimates. Unfortunately, some of the studies do not have have information on time
varying changes, but for some studies there are information on time varying changes both at
household as well as community level.

The rest of the paper is organized as follows. Section 2 discusses the existing literature on
maternal fasting and its implications for child human capital formation. Section 3 discusses the
background of Matlab Family Planning and Child Health programs. Section 4 discusses the
data obtained from the MHSS and IFLS. Section 5 discusses the data on the Islamic calender
year and the construction of measures of birth months relative to Ramadan. Section 6 discusses
the empirical strategies used in this paper to study selective timing of birth relative to Ramadan
and also whether presence of selection may bias exposure effect on health outcomes. Section
7 presents the empirical results and explains the extent to which they differ from existing
literature. Section 8 provides discussion on the results and implications for existing studies and
section 9 provides concluding remarks.

7Sleep pattern, working hours, food consumption, etc., also change during the Ramadan. Economics literature
recognize such changes during Ramadan but generally attribute the difference in outcomes to exposure to maternal
fasting because a majority of Muslim pregnant women fast during Ramadan, and prolonged fasting may have
implications for both maternal and fetal health based on insights from bio-medical literature.
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2 Fetal Origins Hypothesis, Maternal Fasting and Child Human

Capital Formation

There is a growing literature on the “fetal origins hypothesis” which links adverse condition
and inadequate nutrition in utero to later life health outcomes. Numerous evidences show that
critical developments take place during these nine months in utero that are important for future
health and well being of an individual (Almond and Currie, 2011; Currie, 2009). Early studies
were based on association between exposure to shocks and health outcomes. To get causal
estimates researchers have exploited shocks which are exogenous to mothers. Some of these
studies used historic events, such as famine and disease outbreak, to get causal estimates. Unlike
these events, Ramadan is a recurring event, and it causes less severe nutritional compromise.
Only recently, nutrition shock due to maternal fasting during Ramadan has been studied by
economists. Below I discuss the literature on maternal fasting behavior during Ramadan, fasting
effect on maternal health and fetal health and identification issues in existing studies.

Maternal fasting behavior during Ramadan — Ramadan is a holy month to Muslims, as Prophet
Muhammad received his first revelation in this month. Among the five basic pillars—which are
regarded as obligations to every Muslim— fasting during Ramadan is one. During the entire
month of Ramadan, fasting entails refraining from eating, drinking, smoking as well as sexual
engagement from dawn to dusk. The fasting hours varies considerably by geographic location
and the season Ramadan is overlapping with. The further the location is away from the equator,
the higher the variation in fasting hours by season. Even though Ramadan is an obligation, it
is exempted for children, breastfeeding and pregnant women, elderly, ill, and travelers.

It is puzzling to observe that pregnant women fast during Ramadan, even though they are
exempted from fasting. Islamic law requires that if women miss fasting during pregnancy, they
should make up for the missed days after delivery. This requirement as well as guilt and cultural
expectations may also deter women from seeking the exemption (Reeves, 1992; Mirghani et al.,
2004; Robinson and Raisler, 2005). Based on several studies from several countries, Almond and
Mazumder (2011) note that about 70 to 90 percent of pregnant women fast during Ramadan.

Fasting and maternal health during pregnancy — medical research is extremely insightful in
understanding why it is not recommended for pregnant women to fast or skip meals for prolonged
time. Metzger et al. (1982) study effect of fasting on level of circulating fuels and glucoregulatory
hormones among pregnant women in their third trimester. They find profound changes in
biochemical measures among pregnant women when fasting was prolonged from 12 hours to 18
hours. These changes are known as “accelerated starvation”. Further, Meis et al. (1984) find
among pregnant women glucose concentration is significantly lower after eight hour of fasting
during daytime compared to nighttime. These studies conclude that pregnant women should
not fast or skip breakfast during pregnancy.

Maternal fasting and fetal health — based on Jaddoe and Witteman (2006) study, Almond
and Mazumder (2011) point out two prominent hypotheses which describe the effect of fasting
on fetal health. The first is “fetal under-nutrition”. Nutritional deprivation in utero leads to
adaptations which are beneficial in short term but causes lower birth weight. These permanent
changes in physiology and metabolism also make the body more susceptible to heart disease and
diabetes. Karimi (2014) provides detail accounts on why fasting may affect the child height.
He describes two phases of fetal development pre-ossification and post ossification process.
Based on the writings of Gluckman and Hanson (2004) and Cooper et al. (2006), he notes
that maternal nutrition affects both stages of fetal growth. Height also reflects phenotype and
genotype influences (Martorell and Habicht, 1986).
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The second hypothesis is that nutritional restrictions hinder the development of a placental
enzyme that is necessary for converting cortisol into inactive cortisone. Thus, it exposes the
fetus to excessive amounts of cortisol. Kapoor et al. (2006) and Seckl and Holmes (2007) suggest
that glucocorticoids such as cortisol in utero leads to a reprogramming of the hypothalamic
pituitary adrenal axis (HPA) which in turn may affect diabetes chances, cognitive functioning,
and high blood pressure. Dikensoy et al. (2008) reported that at the time of pregnancy fasting
during Ramadan is associated with an increased level of cortisol during pregnancy. Rizzo et al.
(1991) find association between maternal fasting during pregnancy and cognitive functioning.
Studies based on animal linked early pregnancy exposure ketone to neurological impairments
(Hunter and Sadler, 1987; Moore et al., 1989; Sheehan et al., 1985).

Epidemiological literature — these findings based on above mentioned studies provide founda-
tion for examining the effect of maternal fasting during Ramadan on child health outcomes.
Epidemiological studies find association between maternal fasting with reduced fetal breathing,
fetal heart rate in utero, and psychomotor development (Mirghani et al., 2004; DiPietro et al.,
2007; Cross et al., 1990). However, Malhotra et al. (1989) and Mirghani and Hamud (2006)) do
not find any effects on APGAR scores and birth weight.

Almond and Mazumder (2011) note several limitations of the epidemiological studies which
examine the exposure effect of Ramadan on individuals’ health outcomes. First of all, most of
those studies are based on a small number of observations. Secondly, those studies compare the
effect on fasters and non-fasters assuming that the decision to fast is exogenous. Thirdly, those
studies do not disentangle the fasting effect from the seasonality, as they are based on Ramadan
overlapping with only one season.

Economics literature — the application of Intent To Treat (ITT) analysis distinguishes the
study of Almond and Mazumder (2011) from the epidemiological studies on Ramadan. They
are also the first to study the impact of maternal fasting during Ramadan on child outcomes in
the economics literature. Given that human gestation is about 280 days long and the Islamic
calender year is about 354 days long, there will be some pregnancies which will not be overlapped
with Ramadan but some will be. ITT anaylsis allows them to get rid of the compliance problem
related to fasting, and the difference between children exposed and not exposed to Ramadan
can be analyzed. Under the assumption that parents do not selectively time birth relative
to Ramadan, it gives causal estimates of the impact of experiencing in utero nutrition shock.
Moreover, unlike most of the epidemiological studies, the study of Almond and Mazumder
(2011) is also based on a large number of cohorts.

Almond and Mazumder (2011) use data from Michigan, Iraq and Uganda. They study the
impact of nutrition compromise due to exposure to Ramadan on birth weight using data from
Michingan, and on various forms of disabilities using census data from Iraq and Uganda. They
find children who were exposed to Ramadan have lower birth weights and are more likely to
be disabled. Following Almond and Mazumder (2011), Ewijk (2011) finds that exposure to
Ramadan increases the chances of developing health problem such as coronary heart disease
and type 2 diabetes. Majid (2015) finds that exposure to Ramadan leads to fewer hours worked
and self-employment in later life8. Ewijk (2011) and Ewijk et al. (2013) use the wave 3 of
the IFLS. On the other hand, Majid (2015) primarily use the wave 4 of the IFLS. Using the
English register data, Almond et al. (2014) finds that maternal fasting during Ramadan leads to
lower test scores. Karimi (2014) uses 80 Demographic Health Surveys (DHS) from 35 countries
spanning 27 birth cohorts and finds that exposure to Ramadan in utero leads to shorter stature
for children. Ewijk et al. (2013) also finds negative association between Ramadan exposure and
height using the IFLS wave 3. Unlike Karimi (2014), they focus on adult height.

8In this context, self-employment is regarded as a poor labor market outcome.
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Although the studies in economics literature highlight the importance of identifying impact of
maternal fasting during Ramadan on relevant outcomes allowing for selection, they do not find
any evidence on parental selection in Ramadan exposure. The key limitation in these studies
is that they do not examine parental selection in Ramadan exposure allowing for time varying
changes. The above mentioned studies also have data limitations. In their Michigan and Iraq
data, Almond and Mazumder (2011) could not identify the religion of the mother. They used
Arab as proxy for Muslims in their Michigan data. The birth data from Uganda, Iraq, Indonesia
and the DHS data sets were also self-reported. This could be a serious problem as misreported
birth dates will lead to wrong classification of exposure to Ramadan. In comparison to the some
of the past data sets used in this literature, in the MHSS data the religion of the mother can
be clearly identified as well as reliable information on birth date can be extracted for a large
number of cohorts. Unlike the past studies which have used the IFLS, this paper uses the birth
information from the pregnancy histories of the mothers from all four waves of the IFLS and
restricts the recall period up to 5 year maximum to minimize the recall bias. The benefit of
using birth data from pregnancy histories is that it includes all the live births.

Compare to these earlier studies, this paper documents the effect of an intensive family plan-
ning program on selection in birth timing. The time varying component under study here is
the family planning program in Matlab, as the paper uses birth data of the birth cohorts who
were born before and after the program. This paper illustrates that if the timing and place-
ment information of the family planning program are ignored, we might incorrectly conclude
that there is no presence of parental selection in Ramadan exposure. Moreover, this paper
shows that presence of selection may produce biased estimate of the impact of the exposure
to Ramadan. Thus, this paper contributes to a set of literature that documents importance of
taking selection into account for causal identification. Thomas (2009), and Brown and Thomas
(2011) document selection in exposure to 1918 influenza epidemic in USA. Prior to their papers,
Almond (2006) shows that exposure to Influenza epidemic have implications for human capital
formation. Brown and Thomas (2011), however, find that fathers of those who were exposed
were from lower SES, were older, had higher fertility, less likely to be white and less likely to be
veteran of WW1. Controlling for these observables and using similar exposure definition as it
was defined by Almond (2006), they do not find any effect of Influenza on child human capital
formation and labor market outcomes. Buckles and Hungerman (2012) document variation in
maternal characteristics with respect to season of birth. They find that winter births dispropor-
tionately realized by teenagers, unmarried women, less educated mothers, and white women.
Their findings have implications for using season of birth as an instrument for schooling in
estimating returns to schooling. Prior to their paper, Lam et al. (1994), using data from USA,
show that parents are more likely avoid conceptions during extreme summer heat and seasonal
variation in births differs between two races namely the white and the black. Thomas (2009)
documents selection in fertility during famine in Bangladesh. Using the MHSS 1996, he finds
that during the famine in 1974 parents who gave birth were different in observable characteris-
tics than who did not. Pitt (1997) describes the importance of taking into account fertility and
mortality selection in estimating determinants of child health. Following Pitt (1997), Maitra
and Pal (2008) document the importance of fertility selection in estimating relation between
birth spacing and child mortality.

3 Matlab Family Planning and Child Health

Matlab is a thana (sub-district) in Chandpur District in Bangladesh. It is located 55 kilometers
of South-East of Dhaka. The International Center for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) established a demographic surveillance system (DSS) in 1966. In the DSS areas, the
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record of birth, death, and migration (in and out) are collected from the start of the project. In
October 1977, the DSS areas were contracted to 149 villages by excluding 84 villages. The family
planning and health project was launched in 70 villages (treatment areas) and the remaining
villages were comparison areas. No report of using randomization mechanism has been found
(Schultz 2009). The figure (1) in appendix also shows that the treatment areas were grouped
into clusters9. Schultz (2009) argues that the clustering of villages into the treatment areas
retain the spillover effect. Table 3 in appendix presents 1974 census data which shows that the
treatment and the comparison area were very similar except for few observable characteristics
such as sources of drinking water, number of cows, and age of both household head and his/her
spouse.

Based on several studies, Joshi and Schultz (2013) point out the contraceptives use went up
from 7% to 33 %. Sinha (2005) finds that the family planning program in Matlab lead to 14%
reduction in life time fertility. Barham (2012) also describes the other treatments added to the
treatment areas which are documented in Bhatia et al. (1980), Phillips et al. (1984) and Koenig
et al. (1990). In October 1977, the family planning program began in the treatment areas
through the provision of modern contraceptives. From June 1978, pregnant women received
tetanus toxoid vaccination, and also pregnant women in their last trimester pregnancy received
iron and frolic acid tablets. From March 1982, the children aged from 9 months to 59 months in
the treatment area 1 received measles vaccine. This program was expanded to treatment area
2 on November 1985. From January 1986, DPT, polio, and tuberculosis immunization were
given to children under age 5. Later in 1986, Vitamin A supplementation for children under
age 5 and nutritional rehabilitation for those who were nutritionally risky were added to the
treatment areas. In appendix section, I reproduced the table 1 from Barham (2012) which gives
a summary of the programs introduced in the treatment areas and age cohorts the programs
have affected.

4 Data

Matlab Household and Socioeconomic Survey

The first source of data used in this study is the Matlab Household and Socioeconomic Survey
(MHSS) 1996 which was funded by National Institute of Aging and was collaborative effort of
RAND, the Harvard School of Public Health, the University of Pennsylvania, and the University
of Colorado at Boulder. The primary sample was drawn from a probability sample of 2,883 baris
from 7,440 baris in the DSS 1994 sample frame. baris usually consists of cluster of households
in close physical proximity. In all baris, interviews were completed in 2,781 out of 2883 eligible
baris. Within each bari, up to two households were randomly selected. For each baris, one
household was randomly chosen and designated as primary household10. If there are more
than two households, the second household was randomly chosen and termed as secondary
household11. Otherwise, the second household was designated as the secondary household.
Out of the 2,781 baris, 94 baris were inappropriately interviewed and therefore disregarded
from analysis which leaves us with 2,687 baris. Out of these baris, 656 baris consisted of
one household, and rest of them had two or more households. Ideally, there should be 2,013
households but the survey team could find only 1,677 households. The remaining secondary
households are purposive sample based on relationship to the first household. In this paper, I
limit my analysis only to primary households.

9Figure 1, table 2 and 3 are reproduced from Barham (2012).
10In the data set, the primary households are denoted as status = 1.
11In the data set, the secondary households are denoted as status = 2.
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In the survey mothers were asked about birth dates of each of their children. Later the birth
dates were matched with the DSS data sets for their consistency and accuracy. Although the
DSS started in 1966, the events (i.e. birth, marriage) which took place beginning from 1974
were linked to computerized system of DSS. During the data collection process of the MHSS, the
consistency and accuracy of the dates of the events (i.e. birth, marriage) was only checked for
the data which was computerized. Therefore, I have reliable birth dates for 22 birth year cohorts
from 1974 to 1995. All birth dates before 1974 are self reported (Rahman et al., 1999). There
are also some other limitations with this data. I obtained the birth data from the pregnancy
history of the women interviewed in the MHSS 1996. This is a limitation because I can know
about births prior to 1996, only if the women living in sampled household survived until 1996.

Another limitation of the data is that for some births only month and year of birth are known,
and the birth dates are replaced with zero. It also varies considerably between the treatment
areas and the control areas. There are 2086 births which had date zeros out of 8573 from 1974
to 1995. Out of the 2086 births, the treatment areas had 856 births and the control areas
had 1230 births12. Moreover, among the births which have birth date information, 11 % of
births were reported to take place on date 1. I drop these births which report date 1 to avoid
wrong classification of births relative to the time of Ramadan they were born. The difference in
probability of reporting date 1 is not statistically significant between the treatment and control
areas.

After dropping the unknown birth dates, months and years, the final data set consists of 5754
births for birth year cohort from 1974 to 1995. Out of 5754 births, 2638 births are from the
treatment areas and 3116 births are from the control areas. Out of 2638 births in the treatment
areas, 2290 were born to Muslim mothers and 348 were born to Hindu mothers. Out of 3509
births in the control areas, 2981 were born to Muslim mothers and 135 were born to Hindu
mothers.

For the height analysis, I restrict the sample to the birth cohorts born between 1986 and 1995.
Therefore, the oldest child in the height sample was less than 10 years old in 1996. This
limits the concern that the children in the sample may have migrated away as well the concern
regarding adolescent growth spurt (Falkner and Tanner, 1986). In the MHSS 1996, height was
not measured for all children but only 2 randomly selected out of all the children present in the
household (Rahman et al., 1999). After limiting sample to children whose birth dates which are
not missing or reported date 1, there are 669 males and 655 females.

To study the association between exposure to Ramadan and child height, I match the birth
dates from the mother’s pregnancy with the birth month and year of the individuals surveyed
in the Matlab. I later match anthropometric data for each individual. I limit this study to only
single birth. I found only 28 twins in this data.

In the MHSS, the village level facility information was collected for 140 out of the 141 villages.
Therefore, when the village level time varying characteristics are included in the regression
specification, the sample would be based on 140 villages.

Another concern is the defining for years of education. The years of education is only known
if the household member went to a formal school. An overwhelming majority of the household
members, if educated, go to a formal school. However, some went to Madrasa, BRAC school or
Maktab 13. Some Madrasa and BRAC schools also provide educations very similar to formal
schools and curriculum approved by the government. It is not clear whether the household

12This could be due to the fact that family planning lead to decrease in total number of births in the treatment
areas. Hence missing births also declined in treatment areas.

13Less than 3.5 percent of all the births can be attributed to women who went to these schools.
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member went to a Madrasa or BRAC school which provide formal education or not. I define
zero years of education if the household member went to Madrasa, BRAC and Matab to avoid
missing data.

Table 1 summarizes the data from Matlab. The mothers on the average have 2.17 and the
fathers on the average have 3.28 years of education. The average age of mothers at the survey
is 37.40. About 13 % of the total births were not exposed to Ramadan at the time of pregnancy
and 8 % the total births were born during Ramadan. This implies 79% of the births were
exposed to Ramadan at some point during the pregnancies14. In the sample, 8 % of total births
are Hindu births. 52 % of the total births resulted in male births which is close to the natural
sex ratio at birth.

Indonesian Family Life Survey

In this study, the second source of data comes from all four waves of the Indonesian Family
Life Survey (IFLS) which were conducted on 1993, 1997, 2000 and 2007 respectively. At the
time of the first survey 1993–94, the sample drawn was representative of 83% of the population
residing in 13 provinces out of 27 provinces of Indonesia’s. Within each of the 13 the provinces,
the enumeration areas (EA) were randomly selected for inclusion in the final survey. In the
first wave, 7224 households were interviewed and detailed individual level information were also
collected including the age and education of the household members. The later waves sought to
follow up the same household and the re-contact rates of households from first wave were 94.4%,
95.1% and 93.6% in the second, third and fourth wave respectively. The low attrition rate is one
of the appealing features of IFLS. The attrition rate is lower because the migrant households
and individuals were carefully tracked in the later waves. Thomas et al. (2012) point out that
the migrant and non-migrant individuals are different in observable characteristics. The design
of IFLS to follow up on the migrant households and individuals reduces the concern of any
selection bias due to migration and disappearance from the original households.

During each wave of the survey the reproductive age women were asked about their pregnancy
histories. These pregnancy histories includes the birth date, birth outcome, gender of the child,
age of the mother at birth for all the births. All the information regarding birth dates and
outcomes are self-reported. For the purpose of the analysis of this paper, I restrict the births
which took place within the last five years from the survey wave year to reduce the recall bias.
This gives us 12,331 births from all four waves of the IFLS. Out of these births, 1430 births
have some missing birth dates and months. The information on mother education is missing
for about 59 births. Moreover, the community information is also missing for about 144 births.
After dropping these births, the final sample consist 10,753 15. One key difference between this
paper and other studies which used IFLS is that the other studies do not use the data from the
pregnancy histories of women to examine selection in Ramadan exposure. Ewijk (2011) and
Ewijk et al. (2013) use the third wave of the IFLS and Majid (2015) use the fourth wave of the
IFLS. However, the advantage of using pregnancy history is that pregnancy history contains
information on all births.

One advantage of the IFLS over the MHSS is that the selection in maternal mortality is less of
a concern. In the MHSS, I have information on pregnancy history for last 22 years for women
who were alive during the survey year. With all four waves of the IFLS, I can restrict the
pregnancy histories of the women for up to five years and still manage to get birth information

14Some births may still get classified as being exposed. However, past literature have used a very similar
exposure definition.

15Majid (2015), Ewijk (2011) and Ewijk et al. (2013) also take similar approach to missing birth dates. However,
they loose a much higher percentage of sample due to missing birth dates.
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for 16 birth year cohorts16.

Table 2 summarizes the sample from IFLS. The mothers on the average have 7.45 years of
education which is far more than the average years of education of mothers in MHSS. The
mothers on the average are 28.89 years old at the time of survey. Interestingly, the proportion
of children who are not exposed to Ramadan in utero is 13% which is very similar to MHSS.
Moreover, the proportion who are born during Ramadan is again 0.08%. The non-Muslim
accounts for 11% of the births. About 51.2% of the total births in IFLS resulted in male births.

5 Ramadan Measures

For a given year, the dates of the Western calender which overlaps with the Ramadan Month
of the Islamic calender can be matched 17. From the birth data only birth date of an individual
is known but gestation period is unknown. However, it can be observed that how many months
after Ramadan an individual ‘i’ was born. Generally, the gestation period for human is about
280 days long. For each date of birth, I construct century day code (CDC) following Almond and
Mazumder (2011). Here, ramadan0 is the month of the month of Ramadan and takes a value
of 1 if the individual ‘i’ was born during the month of Ramadan and 0 otherwise. Similarly,
ramadan1 would be the next month after the month of Ramadan and takes a value of 1 if
the individual ‘i’ was born next 30 days after Ramadan and 0 otherwise. Thus, ramadanX

would imply X month after Ramadan and would take a value of 1 if the individual ‘i’ was born
during the X month after Ramadan and 0 otherwise. Based on the definition of these variables,
for X < Y , ramadanXtoY can be constructed where ramadanXtoY takes a value of 1 if the
individual ‘i’ was born exact X to Y months after Ramadan and 0 otherwise.

Given that the gestation period of human is approximately 9 month long, the individuals who
were born during ramadan10 and ramadan11 are not exposed to Ramadan in utero. A variable
nonexposed is constructed that takes a value of 1 if an individual is born 10 to 11 months after
Ramadan and 0 otherwise.

6 Empirical Strategy

The discussion on empirical strategies is divided in three subsections. First subsection describes
the potential empirical challenges. Second subsection discusses the empirical frameworks for
examining the impact of the family planning on change in birth time relative to Ramadan and
change in parental selection in Ramadan exposure. Third subsection discusses the empirical
frameworks for analyzing association between Ramadan exposure and the child height.

Empirical Challenges

Endogenous program placement — as described earlier, the family planning program in Matlab
was not randomly allocated between the treatment and control areas. Although the treatment
and control areas were very similar in observable characteristics in 1974 (Barham, 2012; Joshi

16I have only 16 birth year cohorts due to the fact that IFLS 2 and 3 were conducted in less than five years
from the previous wave. The birth history was restricted up to the last wave.

17Following Almond and Mazumder (2011), we construct the Ramadan month from Institute of Oriental Studies
at the University of Zurich using their website www.oriold.uzh.ch/static/hegira.html
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and Schultz, 2013), they could potentially differ in unobservable dimensions. In the regression
equations village level fixed effects are included which will control for all the village level time
invariant unobservables. As long as the placement of the family planning program are not cor-
related with time varying unobserved factors, the difference-in-differences strategy will provide
us with unbiased estimate.

Selection in birth — the MHSS birth sample comes from pregnancy histories of the women. One
key issue, in the case of the MHSS, is that because of family planning program some women
may choose to avoid giving birth completely. For example, family planning program may allow
some parents to delay births who may not have done so in the absence of the program. These
parents may also not have avoided birth relative to Ramadan, had they chosen to have given
births. Thus, in the data only those parents who have given birth and avoid birth relative to
Ramadan might be observed.

To address this concern, the proportions of women who had ever given a live birth between
the control and treatment areas are compared in Table 3. Panel A of Table 3 shows about
93–94% of the women have at least one birth and women in the treatment areas are 1% less
likely to give birth but the difference between two areas is not statistically significant. Among
those who had not given a birth yet (panel B), the years of education of the women, education
of their husbands, their ages at the time of survey are compared. The married women who
had not given a birth yet in the treatment areas are older, less educated and has husband with
less education than their counterparts in the control areas. However, these differences are not
statistically significant. A similar analysis is performed on the Muslim married women who had
not given a birth yet (Table 4) and the conclusions remain the same. It is also important to
note that with the MHSS, I analyze birth cohort spanning over 22 years and in Matlab where
eventually almost every woman gives birth to a child. Given that there exists a large number
of birth cohorts and the fact more than 90 percent of women had given one live birth at some
point her reproductive age, selection in live birth is of less concern in this context.

Maternal mortality and migration attrition — the birth sample in the MHSS comes from the
pregnancy histories of the women observed in Matlab in 1996. The family planning program
and maternal health interventions may affect the mortality of the women in the treatment areas.
It is not clear how this will affect the bias. If women from the lower SES are more likely to
benefit from these programs and they are less likely to avoid births relative to Ramadan, then
we will observe a downward bias in the estimation of the program effect. On the other hand, if
women from higher SES are more likely to benefit from these programs and they are more likely
to avoid birth relative to Ramadan, we will observe an upward bias. Ronsmans et al. (1997)
find that maternal mortality from all causes declined in both the treatment and control areas
from 1976 to 1993, but the difference is not statistically significant between the treatment and
the control areas.

Migration may affect the results, if the migration pattern differs between the treatment and
control areas because of the program placement. Joshi and Schultz (2013) point out that the
relation between fertility outcomes and female migration in and out from the Matlab study
areas is not statistically significant. Barham and Kuhn (2014) find that male and female out
migration was higher in the control areas between 1983 and 1988. They attribute the lower
out migration in the treatment areas compared to that in the control areas to the health in-
terventions implemented in the treatment areas during 1983–88 period. The results of female
out migration in the study of Barham and Kuhn (2014) is not robust to inclusion of village
fixed effects. As mentioned earlier, village fixed effects are included in all regression equations
employed in this paper. In addition to this, one advantage of this analysis here is that program
effect is studied both for Muslims and non-Muslims. If migration is responsible for the birth
pattern relative to Ramadan, this may show for non-Muslims as well— as the data for both Mus-
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lims and non-Muslims are available from both the treatment and control areas. Furthermore,
Joshi and Schultz (2013) show that pre-family planning program fertility rate is very similar
between the treatment and the control areas using the MHSS data. Barham (2012) shows that
the levels of cognitive functioning, in the MHSS data, are very similar between the individuals
from the treatment and control areas who were born prior to the health interventions in the
treatment areas. In the context of Ramadan exposure, this study also do not find any difference
in Ramadan exposure between the two areas prior to the implementation of the family planning
program.

Another concern is that the information on birth location of the births are missing in the data.
In the paper, it is assumed that the location of the mother at the time of survey as the birth
location of the individuals born in the Matlab. Joshi and Schultz (2013) point out that female
migrations to the control areas from the treatment areas and vice-versa are very low. Moreover,
Joshi and Schultz (2013) and Sinha (2005) also consider that the location of the mother at the
time of the survey as the birth location of the children born in Matlab.

In the case of the IFLS, selection due to maternal mortality is less of a concern as the subsequent
waves were conducted at sufficient short intervals and pregnancy histories from at most last five
years of each survey wave are used for the analysis of this paper. Moreover, selection due to
migration is even lesser of a concern as the survey team carefully followed the migrant households
and individuals in the subsequent waves.

Trend difference — another key concern in any difference-in-differences strategy is that the
treatment and control villages may experience different time trends and establishment of other
facilities. The difference-in-differences point estimate may capture the inherent trend differences
between the treatment and control areas. As long as the trend is similar for both Muslims and
Hindus, the point estimates give us the causal effect of the family planning program. I also
control other time varying characteristics such as timing of electricity connection, village tube-
well establishment, satellite clinic establishment, and timing of the family planning program
interacted with the large market18. Electricity may allow parents to access information about
contraceptives from television and radio which in turn may affect the use of contraceptives.
Satellite health clinic may also provide provide contraceptives or information on using contra-
ceptives. Proximity of a large market may reflect the cost of getting contraceptives. Nearness
of tube-well will affect cost of getting water for women.

Birth Timing

To examine the impact of the family planning program in Matlab on the fertility selection
relative to Ramadan, birth data is needed both before and after the initiation of the program.
Recall that reliable birth data from the MHSS is available for 22 birth year cohorts born from
1974 to 1995 for both the treatment and control areas, and the family planning was initiated
in October, 1977. It could be tempting to think that a difference-in-differences strategy can
be applied on Muslim births to get the causal estimates of the effect of the family planning
program on fertility selection relative to Ramadan controlling for fixed seasonal variation in
births. However, one key concern still remains for causal identification. Ramadan completes
the full circuit of the western calender in 33 years, but the MHSS has reliable birth data for
only 22 birth cohorts. As a result, Ramadan is not balanced with respect to seasonality. To
analyze whether this is a concern, a difference-in-difference strategy can be applied on the Hindu
births similar to that applied on the Muslim births. The underlying assumption is that both

18In MHSS 1996, there is only information whether the village has large market but no information on from
what year it has large market.
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Muslim and Hindus are affected by residual seasonality, if there is any, and only Muslims have
incentive to respond to the family planning program in timing birth relative to Ramadan. If
the difference-in-differences estimate on Hindu births is not statistically different from zero but
on Muslim births it statistically different from zero, this would imply that Muslims are indeed
timing birth relative to Ramadan and the difference-in-differences estimate provides us a causal
estimate.

I estimate the following linear probability model for individual ‘i’ whose mother lives in village
‘j’ and was born in month m and year t:

Rijmt = β1Postmt + β2Postmt × Treatedj + β3Xijmt + β4θjt + γm + δt + θj + ǫijmt (1)

The dependent variable R takes various measures of birth in months from Ramadan. These
measures take a value of 1 if true and 0 otherwise. For example, if R represents the variable
ramadan8to9, in equation (1) ramadan8to9 would take a value of 1 if an individual ‘i’ born
whose mother lives in j in month m and year t were born 8 to 9 months after Ramadan and 0
otherwise. It is assumed that the individuals are born in the same locations their mothers live
at the time of the survey19. Post takes a value of 1 from August from 1978 and 0 otherwise.
Although the family planning program started in October, 1977 (Joshi and Schultz, 2013),
the female village workers started working in November, 1977 (Bhatia et al., 1980)20. Post is
identified because the year fixed effects do not absorb the coefficient of post, as the program did
not start from the beginning of a year. The Treated variable takes a value of 1 for villages which
received the family planning program and 0 otherwise. The interaction term Postmt×Treatedj
captures the effect of contraceptive program on birth timing. In the regression equation (1),
the village fixed effect θj absorbs the main effect of Treated as well as controls for the village
level unobservables. Xijmt is set of mother level observables like mother education in years and
mother age at the time of survey. The mother ages at the survey are specified as spline functions
with knots at every 5 year interval starting from age 15 to allow flexibly for non-linearities. θjt
is set of village level time varying characteristics such as from what year the village has tube-
well, electricity, satellite health clinics, and post interacted with whether the village has a large
market. I regress the equation (1) by splitting the sample by Muslim and Hindu and compare
the coefficient of Postmt×Treatedj for both Muslims and Hindus. Since only Muslim population
is affected by fasting during Ramadan, it allows us disentangle whether or not the change in
birth relative to Ramadan after the initiation of the intensive family planning program is due
to Ramadan or any other event which may affect both Muslims and Hindus21. In a full sample
combining the birth sample of both Hindu and Muslims, I can recover the point estimates for
Muslims and Hindus by interacting Postmt×Treatedj and other relevant variables with Hindu
and compare it with Postmt × Treatedj . The results will not differ in a split sample and full
sample as long as same fixed effects and controls are included in the regression equations.

The provision of a family planning program may also change the observed characteristics of
the children who are exposed to Ramadan and not exposed to Ramadan in utero. Here, the
observed characteristic of interest is mother years of education, as based on several studies
Schultz (2002) point out mother years of schooling has more effect on child health, schooling,
and adult productivity than same years of father’s education. Moreover, there is a substantial

19This is not a serious concern, as Joshi and Schultz (2013) point out migrations from the treatment to the
control areas and vice-versa are very low.

20The start date of the program and the post date is different because those who were conceived before
November 1977 were not exposed to the program. Thus post starts from August, 1978 nine months from the
start of the program.

21During the month of Ramadan the prices of goods and services and number of national holidays may change
and the mothers may want to time birth based on that. The underlying assumption is that both Hindus and
Muslims are affected by the changes in prices and other events like number of national holidays.
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literature which documents that the better mother education is positively associated with better
child height and BMI (Behrman and Deolalikar, 1988; Behrman and Wolfe, 1989, 1984; Strauss
and Thomas, 1995, 1998).

To analyze selection in Ramadan exposure, I limit the sample to birth cohorts born from 1974
to 1982. The family planning program may affect the female education who in future will be
mothers. Thus, limiting the sample to a smaller birth cohorts reduces the concern that the
education of the mothers, who are giving birth from 1974 to 1982, will be affected by family
planning program. I divide this sample in three categories: Muslim births in the control areas,
Muslim births in the treatment areas, and Hindu births in the treatment areas; and I estimate
the following linear probability model for individual ‘i’ whose mother lives in village ‘j’ and was
born in month m and year t:

nonexposedijmt = α1motherageijmt + α2mothereduyijmt + α3Postmt ×mothereduyijmt+

νm + ρt + ϑj + εijmt (2)

The variable nonexposed takes a value of 1 if children were not exposed to Ramadan during
pregnancy and 0 otherwise. The variable mothereduy is measured as years of education and
motherage is measured as age at the survey. ρt , ϑj and νm are year fixed effects, village fixed
effects, and month fixed effects respectively. With equation (2), the consequence of ignoring
placement and timing information of the family planning program can be analyzed. For that,
the variable Post×mothereduyijmt will be omitted and equation (2) will be regressed adding
the Muslim birth sample from both the treatment and control areas for the same birth cohorts.

Recall that association between Ramadan exposure and child height is studied for children who
are less than 10 years old. Therefore, the oldest children in the sample are born in 1986 when
the family planning is already in place in the treatment areas. Therefore, a variant of equation
(2) will be used where instead of post treatedj will be interacted with mothereduy and Block

will interacted with ρt to capture the additional interventions implemented in the treatment
areas.

With all four waves of pregnancy history data from the IFLS, whether exposure to Ramadan
varies by mothers’ level of educations is examined. For that purpose I use a variant of equation
(2) where instead of village fixed effects, I apply community fixed effects. In addition to month
and year fixed effects, birth date fixed effects are included in the model22. The standard errors
are clustered at community level instead of village level. It is important to reiterate that with the
MHSS data we are examining selection in Ramadan exposure due to family planning program
but with the IFLS we are only examining association between Ramadan exposure and mother
education.

In utero Ramadan Exposure and Child Height Correlations

If we find that parents are selectively timing birth relative to Ramadan, it is important that
we study the effect of maternal fasting on child health controlling for selection. Although the
family planning program is exogenous to households in Matlab, it may affect the child health
through the child quality quantity trade off. Therefore, due to exclusion restriction violation the
family planning program can not be used as an instrument for birth time relative to Ramadan

22Since the IFLS data is based on self-reported birth dates, this would reduce the concern if there is any
systematic relation between date of birth and Ramadan exposure during pregnancy.
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in child health outcome function. However, the correlations between Ramadan exposure and
child height can be examined in both the treatment areas and control areas. If a mother with
higher SES avoids pregnancy overlapping with Ramadan, we may find the correlations between
pregnancy overlapped with Ramadan and child height is negative. On the other hand, if a
mother with higher SES does not time birth relative to Ramadan in control areas because of
the absence of the family planning program, we may not find any correlation between child
height and pregnancy overlapped with Ramadan. Under this scenario we should be worried
that perhaps selection is driving the results rather than maternal fasting during Ramadan.

I regress following equation for individual ‘i’ whose age is ‘a’ living in village j and born in
month ‘m’ :

Hijma = Γ1Exposedijma + Γ2BornduringRamadanijma + Γ3Hinduijma+

Γ4Hinduijma × Exposedijma + Γ5Hinduijma ×BornduringRamadanijma+

Γ6malec×Hinduφm +malec× πa + ϕj + ξima (3)

When the outcome of interest is child height (H). Currie and Vogl (2013) argues that child height
is a good proxy for child birth weight. Height represents long run nutritional status (Strauss and
Thomas, 2007). The variable Exposed takes a value of 1 if the child was born between 1 and
9 months after Ramadan and 0 otherwise. The variable BornduringRamadan takes a value of
1 if the child was born during the month of Ramadan and 0 otherwise. BornduringRamadan

is defined separately from Exposed because individuals who were born during Ramadan were
partially exposed to Ramadan in utero. The omitted category in the regression equation (3)
are the individuals who are not exposed to Ramadan. φm, δa and ϕj are birth month, age in
months fixed effects and village fixed effects respectively. The malec takes a value of 1 if the
child is a male and 0 otherwise. The interaction term malec × πa absorbs the main effect of
malec. Moreover, it takes into account differential growth pattern for male and female children.
The standard errors in all regression equations are clustered at village level.

7 Results

Family planning program and Birth Timing

To study selective timing of birth, regression of ramadanX on post, post×treated are performed,
where X takes the values 0 to 11, controlling for birth month and year fixed effects as well as
village fixed effects. The results are presented in Table 5. The cohorts under study were
born from year 1974 to 1995. It shows women living in the treatment areas are around 3
percentage points less likely to give birth 8 and 9 months after Ramadan after being exposed
to the family planning program. This demonstrates that women in the treatment areas are
avoiding conceptions when Ramadan is one month away or in the month of Ramadan. On the
other hand, the coefficient of post× treated is positive for ramadan4 to ramadan7 and except
for ramadan6. For ramadan6, the coefficient of post × treated is negative but close to zero.
For ramadan0 to ramadan2 the post× treated coefficients are positive but close to zero. It is
important to note that in Table 5, the effect of family planning program is examined on the
birth for each separate month relative to Ramadan. Grouping the months would allow us to
gain more statistical power as well as be more informative. Based on the sign of coefficients,
I construct variables ramadan4to7 and ramadan8to9 where for example ramadan8to9 takes
a value of 1 if individual ‘i’ was born either during ramadan8 or ramadan9 and 0 otherwise.
Each of ramadan8to9 and ramadan4to7 are then regressed on the same independent variables
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including maternal years of education and spline fucntion of mother age at the survey with
several knots. To examine that these results are not driven by any other event other than
Ramadan, similar empirical strategies are applied on same Hindu birth cohorts. Biological
mother fixed effects, which absorb the mother time invariant preference for fasting, mother
education, mother age at survey, time invariant health and nutritional status such as height
and time invariant asset level, are also applied as a further robustness check.

In Table 6, the impacts of the family planning program on the births during ramadan8to9 for
both Muslims (column 1–3) and Hindus (column 4–6) are presented. It shows that Muslims
women—living in the treatment areas— are 6.2 percentage points less likely to give birth 8 and
9 months after Ramadan (column 1) following the family planning program. After the inclusion
of other village level time varying characteristics the magnitudes drops slightly but still remain
significant (column 2). The inclusion of biological mother fixed effect in contrast increases the
coefficient magnitude (column 3). On the other hand, for Hindus living in the treatment areas,
no change in birth during ramadan8to9 is found following family planning program in all three
specifications (column 4–6).

Similar to Table 6, the effect family planning program on birth during ramadan4to7 is analyzed
in Table 7. Here, it shows that provision of a family planning program actually increased the
Muslim births by 8.6 percentage points during ramadan4to7 (column 1). For Hindus, no change
in birth during ramdan4to7 (column 4) is found. The inclusion of village level time varying
characteristics do not change the result for Muslims (column 2) that much and for Hindus it
gives slightly positive estimate (column 5) but still much less than that for Muslims. Even after
the inclusion of biological mother fixed effects (column 3), the coefficient magnitude are very
similar for Muslims. For Hindus, however, the coefficient magnitude is −0.048. It should be
noted that when biological mother fixed effects are applied, the coefficient of Post× Treated are
only identified within the same mothers who gave birth before and after the family planning
program. The sensitivity of the coefficient of Post×Treated for Hindus, when biological mother
fixed effects are applied, could be due to small number births by the same mother before and
after the family planning program. To examine results are not sensitive to splitting the sample
in Hindu and Muslim births, for the same dependent variables as in Table 6 and Table 7, Hindu
is interacted with Post × Treated and other relevant variables, and regressions are employed
on the full sample. The results are presented in Table A1 which show that the same results as
in Table 6 and Table 7.

Birth Relative to Ramadan and Child Height

Based on the evidence provided by earlier literature, it becomes important to examine the effect
of exposure to Ramadan on child health. One advantage in this study is that the association
between Ramadan exposure and child health outcomes can be studied for both the treatment
and control areas. As mentioned earlier, child height is used in this paper as a measure of
child health, as height represents long term nutritional status (Strauss and Thomas, 2007). The
results are presented in Table 8. Pooling the height data of Muslim children from treatment
and control areas who are less than 10 years old at the time of survey, it is found that Ramadan
exposure is associated with about 2.78 centimeter decrease in child height (column 1) and it is
also significant at the 10 percent level. However, when the analysis is done separately for control
and treatment areas, the results are striking. In control areas (column 2) exposure is associated
with decrease in height by 1.3 centimeter whereas in treatment areas exposure is associated with
decrease in height by 4.42 centimeters (column 3). To explore the possibility that anything other
than Ramadan is responsible for this association in column (3), the association of Ramadan
exposure with child height are analyzed for both Muslim and Hindu children in treatment ares
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(column 4). The coefficient of Exposed for Muslims in column (4) is similar to that in column
(3) but for Hindus it is positive and joint F-test is statistically insignificant. This implies the
negative association between Ramadan exposure and height is only present for Muslim children
in the treatment areas. These results on height are puzzling. Suppose we had height data of
the children only from the treatment areas and produced the results in column (3) and (4) in
Table 8 following the empirical strategy of the earlier studies (Almond and Mazumder, 2011;
Ewijk, 2011; Almond et al., 2014; Majid, 2015; Karimi, 2014; Ewijk et al., 2013) we might have
incorrectly concluded that exposure to Ramadan leads to shorter stature. However, when we
have data height data from both the treatment and control areas, we can not draw the same
conclusion even after using the same empirical strategies.

One explanation for observing negative effects in the treatment areas but no effects in control
areas is that survival bias could be different between the two areas. If children exposed to
Ramadan, who might have been shorter on average, did not survive till the survey period in
the control areas, we might have observed similar relation between exposure to Ramadan and
child height. However, statistical difference in mortality of children between the treatment and
control areas is not found in the data. Moreover, it should be noted that mortality is also an
extreme event.

It could be also possible that that the pregnant women in the treatment areas are more likely to
fast during Ramadan compared to the control areas. It is impossible to rule out such possibility,
as I do not have information on the fasting behaviors of women residing in the treatment and
control areas. However, such differences might seem unlikely due to the geographical proximity
of both areas.

Apart from these possibilities, we might observe the results presented in column (3) and (4)
of Table 8, if there is parental selection in Ramadan exposure. If parents with higher SES
background are less likely to overlap pregnancies with Ramadan, we might observe the difference
in child health outcomes between children who are exposed and not exposed to Ramadan. Even
though the treatment and control areas are very similar in observable dimensions in 1974,
reproductive age women, in the treatment areas in Matlab, were provided with an intensive
family planning program starting from October,1977. Following the family planning program,
mothers from different SES backgrounds may respond differently in relation to overlapping their
pregnancies with Ramadan. Among the SES characteristics, mother education is considered to
be an important determinant of child health outcome (Schultz, 2002). The possibility whether
more educated mothers in the treatment areas are less likely to overlap their pregnancies with
Ramadan is considered in the next subsection.

Selection in Ramadan Exposure

Recall the child height were studied for children who are less than 10 years old at the time of
survey or possibly birth cohorts born between 1986 and 1995, and the family planning program
was initiated in October, 1977 much before these children were born. Before examining parental
selection in Ramadan exposure for the same birth cohorts whose heights were studied in Table 8,
it is important to examine parental selection in Ramadan exposure before the placement of the
family planning program. It could be possible that Muslim mothers, living in the treatment
areas, selectively overlap their pregnancies to Ramadan even before the start of the family
planning program. If that happens and we also find parental selection for the birth cohorts
who were born after the program, we might incorrectly attribute the observed selection in
Ramadan exposure to the family planning program. In Table 9, the likelihood of parental
selection in Ramadan exposure before the program placement is examined. It shows that there
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is no difference between the treatment and control areas in terms of Ramadan exposure and
parental SES measured by mother years of education, father years of education, and mother
age.

Table 10 shows association between exposure to Ramadan and mother years of education in the
treatment and control areas for birth cohort born between 1982 and 1995. The oldest individual
in this sample is 14 years old and it also encompasses the birth cohort born between 1986 and
1995. Joshi and Schultz (2013) also study these births cohorts to analyze the impact of the
family planning program on the child health and education outcomes. The results in column
(1) show that in the control areas there is no difference in mother years of education between
children exposed and not exposed to Ramadan. On the other hand, the results in column (2)
show that in the treatment areas more educated Muslim mothers are less likely to expose their
children to Ramadan at the time of pregnancy. In contrast to the results in column (2), the
results in column (3) shows that in the treatment areas more educated Hindu mothers are more
likely to overlap pregnancies with Ramadan, but the association is not statistically significant.

Table 11 documents the consequence of ignoring placement information of a program, for in-
stance a family planning program, that can induce selection in Ramadan exposure. The first
two columns are based on the birth cohorts born between 1982 and 1995 and last two columns
are based on the birth cohorts born between 1986 and 1995. Only Muslim births are considered
for this analysis. In column (1), treated is not interacted with mothereduy, and it shows that
more years of mother education has zero or no relation with Ramadan exposure. In contrast,
when treated is interacted with mothereduy, the coefficient of the interaction term is positive
and larger than that of mothereduy and the joint F test of mothereduy is statically significant
(p-value= 0.02). For birth cohorts born between 1986 and 1995, the results in column (3)
and (4) reflect findings in column (1) and (2) respectively. Given that mothers in Matlab, on
the average has very low level of education, it could be possible that the relations observed in
column (3) and column (4) are driven by outliers. To check that it is not the case, a similar
analysis is performed replacing mothereduy with motheredu where motheredu takes a value of
1 if mother has atleast 1 year of formal education and 0 otherwise. The results, presented in
Table A2, are very similar to that of Table 11. Therefore, the conclusions remain the same.

One concern in empirical frameworks presented in Table 10 and Table 11 is that the family
planning program may affect the female education. Thus, it could be possible that the family
planning is affecting the selection in Ramadan exposure and mother years of education is an
intermediary variable. To address this concern, an analysis similar to that in Table 10 and
Table 11 is performed restricting the birth cohorts born between 1974 and 1982. This gives
about four and half years of birth sample before and after the initiation of the family planning
program. The results are presented in Table 12. Column (2) shows, no change in selection in
Ramadan exposure post initiation of the family planning program in the control areas which
is as expected, since the control areas did not receive the family planning program. However,
column (3) shows that in the treatment areas more educated mothers are less likely to expose
their children to Ramadan following the family planning program even after controlling for
month fixed effects which captures seasonality. However, there could still be residual seasonality
which may not have captured by the month fixed effects. It could be still possible that parents
are timing birth against the any other factor instead of Ramadan23. If that is the case, similar
selection pattern would be observed for more educated Hindu mothers living in the treatment
areas. Column (4) in Table 12 shows no change in birth pattern for more educated Hindu
mothers. This result validates the findings that more educated Muslim mothers are less likely
to overlap pregnancies overlapping with Ramadan, if they are provided with a family planning

23For example, parents may face both high temperature and Ramadan at the same time but parents may want
to time conceptions based on temperature rather than Ramadan.
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program. With Table 12, the consequence of ignoring timing and placement of family planning
program can be analyzed. In column (1), the birth data from the treatment and control areas
are pooled and it shows that there is no selection. In contrast, column (3) of Table 12 shows
substantial selection in Ramadan exposure.

To explore whether or not selection in Ramadan exposure is limited only to Matlab, Bangladesh,
data from Indonesia—the IFLS is also used. As discussed in the data section, previous studies
Ewijk (2011); Majid (2015); Ewijk et al. (2013), which also used IFLS, did not examine the
selection in Ramadan exposure using the data from pregnancy histories of the reproductive
age women. The results are presented in Table 14 and Table 15. In column (1) of Table 14,
the results are presented for all the births which took place in the last five years of the survey
wave. The results show that more educated Muslim mothers are less likely to overlap their
pregnancies to Ramadan. However, for non-Muslim mothers, the years of education has almost
zero correlation with being exposed to Ramadan. In column (2), as a robustness check, the
sample is restricted to mothers whose highest education is up to 12 years 24, the results do not
change. In Table 15, we define mother education as dummy variable where it takes a value of
1 if educated and 0 otherwise. Again, results essentially remain the same.

8 Discussion

In the previous section three main results are presented. First, it is shown that the provision
of a family planning program leads to a decrease in births eight to nine months after Ramadan
but an increase in births four to seven months after Ramadan. Given that the length of human
gestation is about 9 months, it implies that Muslim mothers are avoiding conceptions when
Ramadan is one month away and in the month of Ramadan. On the other hand, they are
increasing conceptions when it is two to five months away. Secondly, it is shown that significant
negative association between Ramadan exposure and child height only exists for Muslim children
in the treatment areas but not for Muslim and Hindu children living in the control and treatment
areas respectively. Thirdly, it is also shown that in the treatment areas more educated Muslim
mothers are less likely to have pregnancies overlapped with Ramadan. The second and third
results together implies that perhaps the observed negative relation between Ramadan exposure
and the height of the Muslim children in the treatment areas is probably due to parental selection
in Ramadan exposure. Moreover, it is shown that the lower likelihood between mother years
education and Ramadan exposure is not limited to Matlab, Bangladesh but also is pertinent to
Indonesia.

It is puzzling to observe that mothers are avoiding conceptions when Ramadan is imminent or
taking place and shifting conceptions a few months ahead. If mothers are at all concerned about
avoiding pregnancies with Ramadan, they should choose a time period which do not overlap
with Ramadan. Then why do we also find that mothers in the treatment areas are more likely to
give birth 4 to 7 months after Ramadan. I point out two hypotheses for this behavioral pattern
but can not test them because of the data limitation. Firstly, it could be possible that women,
who are pregnant for longer periods of time, are less likely to be asked to fast during Ramadan.
Thus, if she relaxes the use of contraceptives few months ahead of Ramadan and possibly get
pregnant, she may may seek exemption from fasting. On other hand, if she is pregnant for one
month, she might be more likely to be asked to fast during Ramadan. In the USA, it has been
found most pregnancies are not acknowledged until after the first month of gestation (Floyd et
al., 1999). Unfortunately, we do not have any information on the fasting behavior of the Muslim

24Some mothers in IFLS who report that they went to college or beyond college but has missing years of
education.
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women residing in Matlab at the time of their pregnancies to test this hypothesis. Secondly,
it could be possible that household expenditure for Muslims may increase during the period
of Ramadan to celebrate both Ramadan and Eid al-Fitr. After the end of Ramadan, on the
first day of the next Islamic month Shawwal, Muslims celebrate Eid al-Fitr which is one of the
major festivals in the Muslim world. It could be possible that Muslim parents are avoiding
conceptions when Ramadan is imminent to avoid pregnancies at the time when the household
face increase in expenditure due to Ramadan and Eid al-Fitr, and this would be consistent with
the findings in the earlier literature. For example, Alam and Pörtner (2013) find an increase
in the use of contraceptives at the time of crop loss for agricultural households in Tanzania.
Similar to their findings, Eckstein et al. (1984) find that favorable price, weather and wage
shock lead to increase in fertility. Galloway (1987), using historic data from France, shows that
increase in price of wheat lead to a decline in fertility of the urban poor. Therefore, increase
in household expenditure can potentially explain avoidance of conceptions when Ramadan is
imminent. However, it does not properly explain why they are shifting the conceptions a few
months ahead. One possibility is that by the time the households recover from the phase of
elevated expenditure due to Ramadan, Eid al-Fitr, and Eid al-Adha, if the women gets pregnant
she can not avoid her pregnancies overlapping with the Ramadan in the following year. Recall
if a woman conceives in a narrow period of about 74 days after Ramadan is over, she may
completely avoid pregnancies overlapping with Ramadan25. This would explain why they are
avoiding conceptions when Ramadan is imminent and why they are shifting conceptions a few
months ahead. This hypothesis can not be tested as well because of the data limitation.

In the birth timing results, it was also found that the results are robust to inclusion of biological
mother fixed effects. This result has a methodological implication. Ewijk (2011) and, following
Ewijk (2011), Majid (2015) motivate to solve the problem of selection in Ramadan exposure by
controlling biological mother fixed effects. Controlling for biological mother fixed effects this
paper finds that time varying changes in the community affect timing of births. Griliches (1979)
in his seminal paper discusses identification limitation of using biological mother fixed effects.
He argues that parents may intervene based on discrepancy in endowments among siblings.
Indeed, using data from Colombia, Rosenzweig and Wolpin (1988) find that intra-family health
heterogeneities exist and parents also responds to those heterogeneities. They further show that
application of family fixed effects are ineffective in addressing such heterogeneities, and such
strategy may fail to produce consistent estimates in the presence of heterogeneities.

The second and third results have implications for empirical methodlogies employed in the
existing studies which examine the impact of exposure to Ramadan on various outcomes. As
mentioned earlier, existing studies rely on the assumption that parents do not time birth relative
to Ramadan. Although these studies recognize that selection in Ramadan exposure can bias the
estimates of interests, they do not examine selection allowing for time varying changes. If the
empirical strategies of the earlier studies were followed and placement information of the family
planning program were ignored, we would have incorrectly concluded there is no selection in
Ramadan exposure (see Table 11 column (1) and (3)). Moreover, based on the results shown in
column (1) in Table 8, we would have falsely concluded that the negative association between
Ramadan exposure and the child height as causal. However, column (2) and (4) of Table 11
and column(2) of Table 10 show substantial selection in Ramadan exposure when placement
information of the family planning program were taken in to account. Mother education is
regarded as an important determinant of child health and also in Matlab, a positive association
between mother years of education and child height is found (Table 13). As a result, it is
not surprising to find that the difference in height between exposed and non-exposed Muslim
children in the treatment areas are larger than that of in the control areas, once it is known

25Eid al-Adha and Eid al-Fitr are two biggest religious festivals in the Muslim world. Eid al-Adha takes place
about 70 days after Eid al-Fitr.

21



that in the treatment areas more educated mothers are less likely to expose their children to
Ramadan.

It is important to point out that results on the child height should be interpreted carefully. In
the control areas, selection in Ramadan exposure is not found and the exposure to Ramadan is
not also associated with the child height. However, this should not be interpreted as—Ramadan
exposure has no effect on child height or health outcomes. The reason is that the coefficient of
the variable exposed is an ITT (Intent to Treat) estimate which takes average impact of those
who fast and who do not fast. It could be still possible that there is an effect on child health
for those who fast. Moreover, health has a complex and multidimensional nature (Strauss and
Thomas, 2007). It could be possible that fasting does not affect child height but affects other
relevant health outcomes.

Recall that one limitation in this data set is that only birth dates of the children born in Matlab
are known but their gestation periods are unknown. Therefore, it is important to evaluate
whether premature births of babies can potentially confound the estimates. For premature and
post-term births to explain these results, two things should also take place. Let’s say that the
observed decrease in births after 8 to 9 months after Ramadan was due to premature births
and the conceptions of those births actually took place after Ramadan was over. To premature
births to explain this pattern, mothers in the treatment areas should give birth prematurely
within 7 months after Ramadan after getting the family planning program. Secondly, only the
Muslim births in the treatment areas should be affected. Chances of both taking place are
very rare. If anything we should observe more premature births in the control areas than in
the treatment areas because the mothers living in the treatment areas some maternal health
care along with the family planning program that was not available to mothers in the control
areas. Therefore, the treatment areas should have less premature births relative to the control
areas and the results should have, if anything, downward bias. Moreover, if any health shocks
affecting mothers and leading to premature births in the treatment areas, it should affect both
Muslims and Hindus living in the treatment areas. The fact that I do not observe similar
birth pattern of Hindus relative to Ramadan attests to the results that health shocks leading
to premature births are not responsible for this result.

Another concern is that male fragility may explain the decrease in births 8 to 9 months after
Ramadan in the treatment areas after the initiation of the family planning program. Almond
and Mazumder (2011) finds exposure to Ramadan in first two months of gestation leads to lower
male births. In this data, I do not observe such pattern. The results are presented in appendix
Table A3 birth relative to Ramadan and male birth for the control areas only because I do
not observe selection in birth timing in control areas. Moreover, male fragility also less likely
to be an explanation because the treatment areas received other maternal health interventions
which might increase the chances of male birth. Thus, male fragility can be ruled out as a likely
explanation.

9 Conclusion

There is little doubt about the welfare implications of the impact of adverse environments and
nutrition shocks in utero on health outcomes. We have seen proliferation of studies which have
documented the consequences of in utero shocks. In the context of nutrition shock due to
maternal fasting during Ramadan, prior studies have treated Ramadan exposure as a natural
experiment and attributed the negative effects of exposure to Ramadan on health and other
outcomes to maternal fasting during Ramadan. Although the prior studies have highlighted the
importance of identifying exposure effect of Ramadan allowing for parental selection in Ramadan
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exposure, they do not find any evidence of such selection. The examination of parental selection
in Ramadan exposure in prior studies is inadequate, as selection in Ramadan exposure is not
examined allowing for time varying changes.

Using two data sets from two countries, this paper shows that mothers with more education
are less likely to overlap their pregnancies with Ramadan. As mother education is one of the
most important determinants of child health, such selection in Ramadan exposure can lead to
unequal outcomes between exposed children and non-exposed children. Therefore, comparing
the mean outcomes of exposed children with that of non-exposed children, we may falsely
conclude that the effects are due to maternal fasting during Ramadan. This paper emphasizes
that parental selection in Ramadan exposure should be examined allowing for time varying
changes, as Ramadan is a recurring and a predictable event. It also documents that ignoring time
varying changes may lead to falsely concluding that there is no evidence of parental selection.
It further shows presence of parental selection may produce biased estimates of the effects of
Ramadan exposure. In the light of these findings, this paper recommends that it is important to
examine the nature of selection in Ramadan exposure appropriately, and any evaluation of the
impact of maternal fasting during Ramadan on relevant outcomes should be performed allowing
for selection.

Moreover, this paper also documents a beneficial aspect of provision of a family planning pro-
gram. Although the earlier studies have documented negative consequences of Ramadan expo-
sure on health, labor, and education outcomes, there was no evidence what kind of policy may
help mothers to avoid their pregnancies overlapping with Ramadan. The evidence from Matlab
suggests that provision of a family planning program may allow mothers to time birth relative
to Ramadan.
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10 Tables

Table 1: MHSS Summary Statistics

Panel A : Parental Characteristics
Variables Mean
Mother years of education 2.17
Father years of education 3.28
Mother age 37.40

Panel B: Birth Characteristics
nonexposed 0.13
Born during Ramadan 0.08
Male 0.52
Hindu 0.08

Notes: This table describes summary characteristics from the MHSS for birth co-
horts born between 1974 and 1995. In panel A summary characteristics of parents
are presented. Motherage is measured at the time of survey. In Panel B Birth char-
acteristics are presented. nonexposed takes a value of 0 if pregnancy overlapped first,
second and third trimester and 1 otherwise. The trimesters are calculated from the
birth date based on the assumption that pregnancy lasts for 9 months. Born during
Ramadan takes a value of 1 if the individual was born during the month of Ramadan
0 otherwise. The calculation of exposure to Ramadan is based under the assumption
that pregnancy lasts for 9 months.

Table 2: IFLS Summary Statistics

Panel A : Parental Characteristics
Variables Mean
Mother years of education 7.45
Mother age 28.89

Panel B: Birth Characteristics
nonexposed 0.14
Born during Ramadan 0.08
Male 0.51
Non-Muslim 0.11

Notes: This table describes summary characteristics from the IFLS restricting preg-
nancy history to maximum 5 years. In panel A summary characteristics of parents
are presented. Motherage is measured at the time of survey. In Panel B Birth char-
acteristics are presented. nonexposed takes a value of 0 if pregnancy overlapped first,
second and third trimester and 1 otherwise. The trimesters are calculated from the
birth date based on the assumption that pregnancy lasts for 9 months. Born during
Ramadan takes a value of 1 if the individual was born during the month of Ramadan
0 otherwise. The calculation of exposure to Ramadan is based under the assumption
that pregnancy lasts for 9 months.
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Table 3: Selection in live birth

Panel A
VARIABLES Control Treatment Diff p-value
Live birth .94 0.93 0.01 0.39

Panel B
Women Age 23.55 27.90 3.35 0.11
Women Yedu 3.89 3.13 0.77 0.41
Husband Yedu 3.06 2.67 0.39 0.67

Notes: This table describes whether there is selection in live birth because of the fam-
ily planning program between the treatment and control areas. The first two columns
show means in the treatment and control areas. The variable Y edu is education in
years. age is age at survey. The means are calculated using the survey weights. Panel
A compares the probability of at least one birth between the treatment and control
areas. Panel B compares observable characteristics of women who did not give birth
yet between the treatment and control areas . This table is based on data from the
MHSS.

Table 4: Selection in live birth : Muslim Married Women

Panel A
VARIABLES Control Treatment Diff p-value
Live birth 0.95 0.93 0.02 0.19

Panel B
Women Age 24.09 26.99 1.90 0.33
Women Yedu 3.76 3.22 0.49 0.46
Husband Yedu 3.06 2.67 0.39 0.67

Notes: This table describes whether there is selection in live birth because of the
family planning program between the treatment and control areas. The first two
columns show means in the treatment and control areas. The variable Y edu is ed-
ucation in years. age is age at survey. The means are calculated using the survey
weights. Panel A compares the probability of at least one birth between treatment
and control areas. Panel B compares observable characteristics of women who did
not give birth yet between the treatment and control areas . This table is based on
data from the MHSS.
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Table 5: Family Planning Program and Birth Timing Relative to Ramadan for Muslim-Birth Cohort 1974-95

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

post× treated 0.016 0.009 0.002 -0.010 0.024 0.042* -0.007 0.024 -0.033* -0.035 -0.008 -0.025
(0.025) (0.021) (0.016) (0.023) (0.022) (0.023) (0.019) (0.017) (0.017) (0.021) (0.022) (0.017)

post 0.260*** 0.171*** 0.178*** 0.158*** 0.072 -0.282*** -0.192*** -0.226*** -0.119*** -0.066* 0.048 -0.005
(0.041) (0.031) (0.038) (0.046) (0.052) (0.047) (0.030) (0.038) (0.036) (0.037) (0.029) (0.030)

R2 0.103 0.092 0.079 0.087 0.062 0.084 0.061 0.083 0.068 0.073 0.084 0.085
Observations 5271 5271 5271 5271 5271 5271 5271 5271 5271 5271 5271 5271
Mean Y 0.086 0.068 0.076 0.088 0.104 0.104 0.093 0.096 0.079 0.075 0.076 0.057
Month FE Y Y Y Y Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y Y Y Y Y
Village FE Y Y Y Y Y Y Y Y Y Y Y Y

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variables are based on birth months from Ramadan. ramadan 0 is the month of Ramadan. ramadan 1 is first 30 days after the
month of Ramadan, ramadan 2 is the second 30 days after the month of Ramadan and so on. For x=0,1,11 ramadanx takes a value of 1 if the individual
was born x months after Ramadan and 0 otherwise. Post takes a value of 1 from August,1978 and 0 otherwise. ramadan 11 is the last 24 days based
on calender year starting from the month of Ramadan. Post takes a value of 1 if the birth took place from August, 1978 and 0 otherwise. The variable
treated takes a value of 1 if mother lives in the treatment areas and 0 otherwise. The analysis in this table are based on pregnancy histories of the Muslim
mothers only. This table is based on data from the MHSS.
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Table 6: Family Planning Program and Birth Timing Relative to Ramadan: Birth Cohort
1974-95

Muslim Birth Sample Hindu Birth Sample

VARIABLES ramadan8to9 ramadan8to9 ramadan8to9 ramadan8to9 ramadan8to9 ramadan8to9

(1) (2) (3) (4) (5) (6)

post× treated -0.062** -0.057** -0.066* 0.004 0.005 0.067
(0.028) (0.025) (0.037) (0.095) (0.101) (0.208)

post -0.183*** -0.169*** -0.159* 0.020 0.012 0.053
(0.046) (0.048) (0.082) (0.168) (0.167) (0.305)

R2 0.111 0.112 0.427 0.306 0.310 0.534
Observations 5166 5166 5166 466 466 466
Mean Y 0.154 0.154 0.154 0.182 0.182 0.182
Month FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Village FE Y Y Y Y Y Y
Village TVC N Y Y N Y Y
Mother FE N N Y N N Y

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable ramadan8to9 takes a value of 1 if the individual was born 8 to 9 months after
Ramadan and 0 otherwise. Post takes a value of 1 from August, 1978 and 0 otherwise. The variable treated takes a
value of 1 if the village received the family planning program and 0 otherwise. All regressions include spline function
of mother age at 5 year interval from age 15 onward and mother years of education. Village T.V.C are village time
varying characteristics are large market, electricity, tube-well and satellite clinic. Post is interacted with whether
the village has large market. For electricity, tube-well and satellite clinic post takes a of value 1 from the year after
these were established and 0 otherwise. This table is based on data from the MHSS.

Table 7: Family Planning Program and Birth Timing Relative to Ramadan: Birth Cohort
1974-95

Muslim Birth Sample Hindu Birth Sample

VARIABLES ramadan4to7 ramadan4to7 ramadan4to7 ramadan4to7 ramadan4to7 ramadan4to7

(1) (2) (3) (4) (5) (6)

post× treated 0.086*** 0.080** 0.082* -0.017 0.026 -0.048
(0.032) (0.033) (0.049) (0.218) (0.212) (0.333)

post -0.627*** -0.623*** -0.611*** -0.681* -0.755** -0.888*
(0.063) (0.062) (0.094) (0.352) (0.366) (0.529)

R2 0.191 0.191 0.497 0.342 0.356 0.550
Observations 5166 5166 5166 466 466 466
Mean Y 0.396 0.396 0.396 0.337 0.337 0.337
Month FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Village FE Y Y Y Y Y Y
Village TVC N Y Y N Y Y
Mother FE N N Y N N Y

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable ramadan4to7 takes a value of 1 if the individual was born 4 to 7 months after
Ramadan and 0 otherwise. Post takes a value of 1 from August, 1978 and 0 otherwise. The variable treated takes
a value of 1, if the village received the family planning program and 0 otherwise. All regressions include spline
function of mother age at 5 year interval from age 15 onward and mother years of education. Village T.V.C are
village level time varying characteristics are large market, electricity, tube-well and satellite clinic. Post is interacted
with whether the village has large market. For electricity, tube-well and satellite clinic post takes a value of 1 from
the year after these were established and 0 otherwise. This table is based on data from the MHSS.
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Table 8: Exposure to Ramadan and Child Height

Muslim Children Only Muslim+Hindu Children

VARIABLES height(C+T) height(C) height(T) height(T)

(1) (2) (3) (4)

BornduringRamadan -1.219 -0.011 0.165 -0.070
(1.496) (2.578) (2.789) (2.296)

exposed -2.782* -1.384 -4.428 -4.516*
(1.490) (1.927) (2.813) (2.294)

Hindu -4.627*
(2.329)

BornduringRamadan× Hindu 5.388
(8.008)

exposed×Hindu 6.797**
(3.106)

R2 0.876 0.889 0.938 0.924
Observations 1174 655 519 611
Mean Y 100.5 100.8 100.1 100.7
Month FE Y Y Y Y
Malec× Age in Month FE Y Y Y Y
Village FE Y Y Y Y
F:exposed+exposed × Hindu 0.6
P-Value 0.5

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The height sample is based on children who are less than 120 months old at the time of survey. The
dependent variable height is measured in centimeters. Exposed takes a value of 1 if pregnancy overlapped first,
second and third trimester and 0 otherwise. The trimesters are calculated from the birth date based on the
assumption that pregnancy lasts for 9 months. BornduringRamadan takes a value of 1 if the individual was born
during Ramadan and 0 otherwise. The omitted category is the pregnancies which did not overlap with Ramadan.
All regression specifications include mother age, mother years of education. C and T denotes control are treatment
areas respectively. C+T imply the samples from the control and treatment areas are pooled. This table is based on
data from the MHSS.

Table 9: Parental SES and Ramadan Exposure for cohort 1974-July,1978

VARIABLES Control Difference p-value
motherage -0.002 0.002 0.38
mothereduy 0.001 -.004 0.21
fathereduy 0.001 -.002 0.39
Notes: This table presents coefficients of regressions nonexposed on motherage,
fathereduy and mothereduy controlling for month and year fixed effects. The col-
umn named Difference shows difference in coefficient between treatment and control
areas for pre-program birth cohorts. The third column shows p-value of of the differ-
ence. The dependent variable nonexposed takes a value of 0 if pregnancy overlapped
first, second and third trimester and 1 otherwise. The variable mothereduy and
fathereduy is mother and father education in years respectively. motheage is age
at survey. Post takes a value of 1 from August,1978 and 0 otherwise. This table is
based on data from the MHSS.
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Table 10: Exposure to Ramadan and Mother Education: Birth Cohort 1982-1995

Muslim Birth Sample Hindu Birth Sample

nonexposed(C) nonexposed(T) nonexposed(T)
(1) (2) (3)

motherage 0.001 -0.001 0.002
(0.001) (0.001) (0.005)

mothereduy -0.004 0.006* -0.012
(0.003) (0.003) (0.011)

R2 0.240 0.272 0.668
Observations 1990 1432 215
Mean Y 0.146 0.138 0.153
Month FE Y Y Y
Block× Year Y Y Y
Village FE Y Y Y

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. All regression specifications include mother age and mother years of education. mother years of
education. C and T denote the control areas and the treatment areas respectively. Column 1 and 2 are Muslims
from the control areas and the treatment areas only. Column 3 is Hindus from the treatment areas. This table is
based on data from the MHSS.

Table 11: Birth Relative to Ramadan and Mother Education

Muslim Birth Cohort 1982-1995 Muslim Birth Cohort 1986-1995
nonexposed nonexposed nonexposed nonexposed

(1) (2) (3) (4)

motherage 0.000 0.000 0.000 0.000
(0.001) (0.001) (0.001) (0.001)

mothereduy 0.000 -0.005* -0.002 -0.008**
(0.002) (0.003) (0.003) (0.004)

treated× mothereduy 0.011*** 0.014***
(0.004) (0.005)

R2 0.248 0.250 0.359 0.362
Observations 3422 3422 2356 2356
Mean Y 0.143 0.143 0.160 0.160
Month FE Y Y Y Y
Block× Year FE Y Y Y Y
Village FE Y Y Y Y
F:mothereduy+treated×mothereduy 5.36 2.98
P-Value 0.02 0.09

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. The treated takes a value of 1 if the villages received the family planning program and 0 otherwise.
All regression specifications include mother age and mother years of education. The sample includes Muslim births
both from treatment and control areas. This table is based on data from the MHSS.
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Table 12: Exposure to Ramadan and Mother Education: Birth Cohort 1974-1982

Muslim Birth Sample Hindu Birth Sample

VARIABLES nonexposed(C+T) nonexposed(C) nonexposed(T) nonexposed(T)
(1) (2) (3) (4)

motherage 0.000 -0.001 0.002 -0.006
(0.001) (0.001) (0.001) (0.006)

mothereduy 0.003 0.003 -0.003 -0.018*
(0.002) (0.005) (0.003) (0.010)

post -0.045 -0.139** -0.143
(0.049) (0.054) (0.104)

post×mothereduy -0.002 0.013** 0.014
(0.007) (0.005) (0.017)

R2 0.402 0.421 0.406 0.684
Observations 2012 1080 932 146
Mean Y 0.117 0.111 0.123 0.185
Month FE Y Y Y Y
Year FE Y Y Y Y
Village FE Y Y Y Y
F:mothereduy+post×mothereduy 0.034 6.258 0.065
P-Value 0.855 0.015 0.801

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. The treated takes a value of 1 if the villages received the family planning program and 0 otherwise.
Variables motherage is mother age at survey and mothereduy is mother years of education at survey. Post take a
value of from August, 1978 and 0 otherwise. C and T denote the control areas and the treatment areas respectively.
C+T imply the samples from the treatment and control ares pooled. Column 2 and 3 are based on Muslim sample
from the control areas and treatment areas respectively. Column 4 is based on Hindu sample from the treatment
areas. This table is based on data from the MHSS.

Table 13: Mother Education and Child Height

All Control Areas Treatment Areas
(1) (2) (3)

motherage -0.009 0.003 0.014
(0.047) (0.075) (0.070)

mothereduy 0.378*** 0.295* 0.495***
(0.099) (0.158) (0.132)

R2 0.865 0.883 0.921
Observations 1299 688 611
Mean Y 100.7 100.8 100.7
Month FE Y Y Y
Malec× Age in Month FE Y Y Y
Village FE Y Y Y

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The height sample is based on children who are less than 120 months old at the time of survey. The
dependent variable height is measured in centimeters. The sample includes all the children from the treatment and
control areas. All imply sample from both the treatment and control areas are pooled. This table is based on data
from the MHSS.
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Table 14: Exposure to Ramadan and Mother Education

(All Education) (Less than Equal to 12 Years)
VARIABLES nonexposed nonexposed

motherage 0.00125** 0.00134**
(0.000571) (0.000603)

mothereduy 0.00221* 0.00303*
(0.00130) (0.00163)

nonm 0.0412 0.0377
(0.0313) (0.0334)

nonm×mothereduy -0.00384 -0.00259
(0.00287) (0.00372)

Constant 0.197*** 0.200***
(0.0324) (0.0340)

Observations 10,753 9,853
R-squared 0.142 0.141
Birthday FE Y Y
Month FE Y Y
Year FE Y Y
commid93 Y Y
F: mothereduy+nonm×mothereduy 0.40 0.02
P > F 0.54 0.90

Standard errors clustered at community ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. Variables motherage is mother age at survey and mothereduy is mother years of education at survey.
The nonm (non-Muslim) takes a value of 1 if the mother is non-Muslim and 0 otherwise. Commid93 represents
original IFLS communities. mothereduy is defined as years of mother education. The results in the table are based
on all four waves of the IFLS restricting pregnancy history to maximum 5 years from the survey year.

Table 15: Exposure to Ramadan and Mother Education

(Birth cohort-last five year from survey) (Birth cohort-1989-2007)
VARIABLES nonexposed nonexposed

motherage 0.00130** 0.00137***
(0.000578) (0.000504)

motheredu 0.0423** 0.0323*
(0.0191) (0.0166)

nonm 0.0340 0.0456
(0.0385) (0.0401)

nonm×motheredu -0.0269 -0.0220
(0.0380) (0.0416)

Constant 0.170*** 0.112***
(0.0369) (0.0331)

Observations 10,753 13,351
R-squared 0.142 0.144
Birthday FE Y Y
Month FE Y Y
Year FE Y Y
commid93 Y Y
F: mothereduy+nonm×motheredu 0.21 0.07
P > F 0.64 0.79

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. Variables motherage is mother age at survey and motheredu takes a value of 1, if mother had atleast
1 year of education and 0 otherwise. The nonm (non-Muslim) takes a value of 1 if the mother is non-Muslim and
0 otherwise. Commid93 represents original IFLS communities. motheredu takes a value of 1 if mother is educated
and 0 otherwise. The results in the table are based on all four waves of the IFLS.
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Table A1: Family Planning Program and Birth Timing Relative to Ramadan: Birth Cohort
1974-95

ramadan8to9 ramadan4to7
(1) (2) (3) (4) (5) (6)

post×treated -0.062** -0.057** -0.066* 0.085*** 0.082** 0.083*
(0.028) (0.025) (0.037) (0.032) (0.032) (0.049)

post×treated×Hindu 0.076 0.070 0.161 -0.101 -0.100 -0.178
(0.092) (0.096) (0.184) (0.230) (0.228) (0.323)

post -0.180*** -0.165*** -0.158* -0.620*** -0.615*** -0.600***
(0.046) (0.048) (0.083) (0.063) (0.063) (0.093)

post×Hindu 0.119 0.105 0.133 -0.094 -0.100 -0.277
(0.136) (0.136) (0.226) (0.320) (0.317) (0.435)

R2 0.126 0.128 0.435 0.199 0.199 0.499
Observations 5632 5632 5632 5632 5632 5632
Mean Y 0.156 0.156 0.156 0.391 0.391 0.391
Month FE Y Y Y Y Y Y
Hindu× Year FE Y Y Y Y Y Y
Hindu × Village FE Y Y Y Y Y Y
Village TVC N N N N N N
Mother FE N N N N N N
F: 0.026 0.020 0.270 0.005 0.006 0.086
P-Value 0.873 0.889 0.604 0.944 0.939 0.770

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable ramadan4to7 takes a value of 1 if the individual was born 4 to 7 months after
Ramadan and 0 otherwise. The dependent variable ramadan8to9 takes a value of 1 if the individual was born 8 to
9 months after Ramadan and 0 otherwise. Post takes a value of 1 from August, 1978 and 0 otherwise. The variable
treated takes a value of 1, if the villages received the family planning program and 0 otherwise. The variable
post× treated is the interaction of post and treated. All regressions include spline function of mother age at 5 year
interval from age 15 onward and mother years of education. Village T.V.C are village time varying characteristics
are large market, electricity, tube-well and satellite clinic. Post is interacted with whether the village has large
market. For electricity, tube-well and satellite clinic post takes a value 1 from the year after these were established
and 0 otherwise. This table is based on data from the MHSS.

Table A2: Ramadan Exposure and Mother Education

Muslim Birth Sample Hindu Birth Sample

Birth Cohort 1982-1995 Birth Cohort 1986-1995 Birth Cohort 1982-1995 Birth Cohort 1986-1995
(1) (2) (3) (4) (5) (6) (7) (8)

motherage 0.000 0.000 0.000 0.000 0.006 0.006 0.005 0.005
(0.001) (0.001) (0.001) (0.001) (0.005) (0.005) (0.004) (0.004)

motheredu 0.002 -0.017 -0.007 -0.028 -0.068 -0.081 -0.091 -0.050
(0.013) (0.017) (0.018) (0.025) (0.061) (0.164) (0.074) (0.107)

treated× motheredu 0.045* 0.052 0.017 -0.052
(0.024) (0.032) (0.174) (0.132)

R2 0.248 0.249 0.359 0.360 0.633 0.633 0.775 0.776
Observations 3422 3422 2356 2356 317 317 223 223
Mean Y 0.143 0.143 0.160 0.160 0.142 0.142 0.152 0.152
Month FE Y Y Y Y Y Y Y Y
Block× Year FE Y Y Y Y Y Y Y Y
Village FE Y Y Y Y Y Y Y Y
F:motheredu+treated ×motheredu 3.02 1.49 1.11 1.34
P-Value 0.08 0.22 0.30 0.25

Standard errors are clustered at the village ID level.
*** p<0.01, ** p<0.05, * p<0.1

Notes: The dependent variable nonexposed takes a value of 0 if pregnancy overlapped first, second and third trimester
and 1 otherwise. The trimesters are calculated from the birth date based on the assumption that pregnancy lasts
for 9 months. The treated takes a value of 1 if the villages received the family planning program and 0 otherwise.
Variables motherage is mother age at survey and motheredu takes a value of 1 if mother has any formal education
and 0 otherwise. Post takes a value of 1 from August, 1978 and 0 otherwise. treated takes a value of 1 if the areas
received family planing program and 0 otherwise. Column 1 and 2 are Muslims from the control areas and the
treatment areas only. Column 3 is Hindus from the treatment areas. This table is based on data from the MHSS.
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Table A3: Birth Relative to Ramadan and Male Fragility

(1) (2)
VARIABLES malec malec

(1) (2)

ramadan 0 0.038 0.036
(0.043) (0.042)

ramadan 1 0.005 -0.003
(0.054) (0.056)

ramadan 2 0.017 0.016
(0.049) (0.050)

ramadan 3 0.072 0.067
(0.050) (0.053)

ramadan 4 0.033 0.035
(0.044) (0.045)

ramadan 5 -0.015 -0.018
(0.043) (0.043)

ramadan 6 0.064* 0.068**
(0.034) (0.031)

ramadan 7 0.021 0.019
(0.044) (0.046)

ramadan 8 0.043 0.045
(0.053) (0.053)

ramadan 9 0.045 0.048
(0.039) (0.040)

R2 0.039 0.043
Observations 2981 2937
Mean Y 0.528 0.529
Month FE Y Y
Year FE Y Y
Village FE Y Y
F 0.921 0.818
P>F 0.341 0.369
Standard errors are clustered at the village ID level.

*** p<0.01, ** p<0.05, * p<0.1
Notes: The dependent variable malec takes a value of 1 if the individual born is a male. ramadan0 is the month of
Ramadan. Each ramadanx x=1-9 takes 30 days from the time Ramadan ends. ramadanx takes a value of 1 if true
and 0 otherwise. Omitted category is the births which were not exposed to Ramadan. Column 1 does not include
any mother level observables. Column 2 include mother age defined as spline function with knots at 5 year interval
from 15 onward and mother years of education.
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