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Abstract 

The effect of pre-birth exposure to Ramadan, the Muslim month of fasting, on children’s height 

and an array of pregnancy, delivery, and postpartum outcomes— namely birthweight, neonatal 

mortality, breastfeeding initiation and duration, and a series of maternal pregnancy and delivery 

complications— was measured. Since the birth and postpartum outcomes correlate with the length 

of gestation, they can provide evidence on the effect of exposure to Ramadan on the length of 

gestation. I used data from 98 demographic and health surveys from 37 low and lower-middle 

income countries and found that pre-birth exposure to Ramadan decreases a Muslim male child’s 

height by as much as 12.2 mm on average. The examinations of the other outcomes did not provide 

strong evidence on the impact of exposure to Ramadan on gestation length. 

JEL Classifications: I15, J13, O15, I12 

Keywords: Ramadan, Height, Birthweight, Neonatal Mortality, Breastfeeding, Pregnancy and 

Birth Complications. 

 ملخص

تقدم هذه النبذة قياسا لأثر التعرض قبل الولادة لشهر رمضان، شهر الصوم في الإسلام، على قامة الأطفال ومجموعة من الأثار على الحمل 

تشممممممل على وتح التحدود الودن عند الولادة ووفياث  دووي الولادة وبدض الراممممماعة التبيعية ومدتها  –والولادة وعلى نتائج ما بعد الولادة 

لى وسمملةمملة من المضمماعفاث اثناض الحمل والولادةن وبالن ر  لى ان نتائج الولادة وما بعدها ورتب  بتول فترة الحمل، ومبن اعتبارها دليلا ع

دولة منخفضة  37عملية مةح دوموغرافي وصحي من  98لن لقد استخدمت انا بياناث من اثر التعرض لشهر رمضان على طول فترة الحم

ملم في المتوس ن لم  2ن12ومتوستة الدخل ووتدث ان التعرض لشهر رمضان قبل الولادة وقلل من طول قامة ذكور التفل المةلم بمقدار 

 ضان على طول فترة الحملنتقدم فحوص النتائج الأخرى دليلاً قوواً على تأثير التعرض لشهر رم
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1. Introduction

A growing number of studies show that nutritional environment during gestation can affect a

person’s long-term health (Barker et al. 1990, Barker 1999, Gluckman and Hanson 2005).

Childhood height is an informative indicator of gestational nutrition and can serve as a link

between fetal nutrition and adulthood health. Particularly, the effect on height of a nutritional

shock at a certain episode of gestation may predict the risk of specific health issues, such as

cardiovascular heart diseases, in adulthood since the critical windows of development of the long

bones— which lay the foundation for the growth in height— largely match to those for the heart

(Karimi 2016). Accounting for timing of exposure to the shock in utero, in turn, requires evaluating

the effect of the shock on the length of gestation. Information on length of gestation however is

usually either unavailable or imprecise (Almond and Mazumder 2011, Mocan et al. 2015).

In this paper, I use exposure to the Muslim fasting month, Ramadan, as a natural experiment for a

change in the pre-birth nutritional environment. Since the exposure may alter length of gestation,

assignment of the exposure to a certain pre-birth episode is potentially erroneous in the lack of

information on length of gestation. To approximate the effect on length of gestation, I measure the

effect on a set of pregnancy, birth, and postpartum outcomes that are among the known correlates

of length of gestation. My empirical analyses are focused on under 5 years old children for whom

anthropometric measures and exact birth dates are reported in the USAID Demographic and Health

Surveys (DHS). I use the DHS data from 98 surveys from 37 low or lower-middle income countries

with at least a 10 percent Muslim population.

I find that pre-birth exposure to Ramadan negatively affects male children’s height. The effect 

emerges at age 2 years and gradually becomes stronger and more statistically significant through 

ages 3 and 4 years. Particularly, 3 and 4 years old Muslim boys who were exposed to a full 30-day 

Ramadan in utero are on average 3.1–4.3 millimeters (mm) shorter than non-exposed Muslim and 

non-Muslim boys at the same ages. Examining the hypothetical situation in which the exposure is 

concentrated in different months shows that the peak of the height effect appears in the fourth 

month before birth. The negative effect on height of exposure at this month amounts to 11.2–12.2 

mm on average at age 4 years. In general, exposure during the furthest months from birth, which 

encompass the critical windows of development of the long bones, is more consequential. 

Overall negative effect of pre-birth exposure to Ramadan on male children’s birthweight is small—

about an average of 12 g (grams)—and statistically insignificant but increases to an average of 23 

g if the exposure takes place in the mid-gestation. Pre-birth exposure to Ramadan has trivial to no 

effect on breastfeeding initiation and duration and also on the likelihood of neonatal death in the 

first day or month after birth. While it slightly increases the chance of maternal excessive bleeding 

and convulsion at birth, pre-birth exposure to Ramadan does not increase the chance of incidence 

of other maternal pregnancy, delivery, and post-delivery complications. There findings indicate 

that pre-birth exposure to Ramadan may have only a slim effect, if any, on the gestation period. 

Therefore, Ramadan-induced nutritional stress provides an opportunity to examine the long-term 

effects on health of a pre-birth nutritional shock by accounting for its timing, especially when 

information on the gestation period is unavailable. 

This work contributes to the literature that studies the relationship between fetal nutrition and 

health in several ways. First, it provides a wide-ranging assessment of the health effects of pre-

birth nutritional stress by examining various pregnancy, birth, postpartum, and childhood 

outcomes. Second, it addresses a common concern about the mis-assignment of a nutritional shock 

to different episodes of gestation, arisen from the lack of information on the gestation length. Third, 

it uses a large dataset of a diverse population from different countries located at different latitudes 
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and having varied economic structures, cultures, and climates to measure the effects of interest. 

This paper is organized in six sections. In Section 2, the related literature and biological 

background are reviewed. In Section 3, the data and econometric models are introduced. In Section 

4, the effect on height is presented. In Section 5, the effects on the correlates of length of gestation 

are discussed. Section 6 concludes. 

2. Background

Nutritional shocks during the critical windows of fetal development can result in fetal adaptive

responses to ensure that the brain receives the required nutrition. Prioritizing the brain nonetheless

can hinder the development of other organs such as the kidney, heart, and components of the

digestive system (Gluckman and Hanson 2005). The critical windows of development of the

organs closely match to those of the long bones, which determine the ultimate height.2 Such a

close matching can potentially be used to predict the effect of a prenatal nutritional shock on the

incidence of particular adulthood diseases: the effect of the shock on childhood height may signal

the increased risk of incidence of the adulthood diseases (Karimi 2016). The proposition is in

agreement with a large literature that finds strong correlation between height and morbidity and

mortality from different diseases (Waaler 1984, Barker et al. 1990, Fogel et al. 1994, Jousilahti et

al. 2000, Carslake et al. 2013).

To tease out the connection between a change in the prenatal nutrition and height, researchers have 

employed different exogenous shocks as natural experiment. Some examples are America’s Dust 

Bowl, variations in rainfall in Indonesia, Ethiopian famine, Nigerian civil war, and El Nino floods 

in Ecuador (Cutler et al. 2007, Maccini and Yang 2009, Dercon and Porter 2010, Akresh et al. 

2012, Rosales 2013). In such analyses, aside from the concern about endogeneity of the shock, its 

impact on length of gestation needs to be assessed. If it is suspected that the shock has a significant 

impact on length of gestation and it is not taken into account, then the analysis that relies on the 

timing of the shock is impaired.3 If information on length of gestation is not available, then a study 

that uses an exogenous shock that is not drastic enough to change gestation length will not suffer 

from this. 

Exposure to Ramadan may provide a suitable natural experiment if the exact timing of a prenatal 

shock is of interest.4 First, the occurrence of Ramadan is generally considered exogenous to 

2 The long bones develop in four stages: (1) limb buds appear; (2) mesodermal condensation takes place along the limb buds; (3) 

cartilage models develop within the mesodermal condensations and primary ossification centers form simultaneously; (4) 

materialization process starts. The first three stages are steps toward formation of the long bones, starting from the last week of 

the first month of gestation and completing by the end of month 5. The last stage, on the other hand, is an expansionary step that 

follows the previous steps (Khurana 2009, Rose and Pawlina 2010, Karimi 2016). Kidneys, for example, develop in four stages 

as well: (1) initial kidney cells form and ureteric buds appear; (2) the ureteric buds and their connection develop while bifurcation 

inside kidneys takes place; (3) bifurcation process intensifies and the kidneys ascent from their early position; (4) the collecting 

duct system expands and completes. Similar to the development of the long bones, the first three stages of kidneys’ development 

are formation steps, and the last step is an expansionary step. It is of particular interest that the timing of the formation and 

expansionary phases of kidneys’ development closely coincide with those of the long bones. There are similar coincidences in the 

development of the heart, components of digestive system, and brain. 
3 In the lack of information on length of gestation, length of all gestations is usually assumed fixed and identical. In a 

hypothetical situation in which exposure to an early gestation shock reduces exposed individuals’ length of gestation by one 

month while the non-exposed individuals’ gestation period remains unchanged, any measured effect of exposure to the shock in 

the “ assumed” month 5 of gestation, for example, is the result of comparing fetuses who are 4 and 5 months old and hence are at 

different stages of their development. 
4 Exposure to Ramadan can stress a fetus if the mother fasts or experiences dietary or sleeping disruption. The stress can decrease 

plasma glucose and alanine levels but increase ketone and cortisol levels in pregnant women (Metzeger et al. 1982, Dikensoy et 

al. 2009). Such changes are likely to have long-term developmental effects (Gluckman and Hanson 2005, Kapoor et al. 2006). 

Ramadan-induced nutritional stress can also hinder development of the long bones by limiting the transfer of calcium and vitamin 

D to the fetus via placenta (Gluckman et al. 1996, Cooper et al. 2006). 
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parents’ and household’s characteristics (Almond and Mazumder 2011, van Ewijk 2011, Almond 

et al. 2011, Majid 2012, Schultz-Nielsen et al. 2016, Karimi 2016).5 Second, observational studies 

have not found evidence of a connection between Ramadan fasting and length of gestation (Salleh 

1989, Kavehmanesh and Abolghasemi 2004, Mirghani and Hamud 2006, Ziaee et al. 2010, 

Bloomfield 2011, Awwad et al. 2012, Karanteke et al. 2015). Although obtaining an unbiased 

measurement of the effect from observational studies is not guaranteed, evidence from studies that 

use exposure to Ramadan as a natural experiment shows that it has negligible effect on the 

gestation period (Almond and Mazumder 2011).6,7 

Nevertheless, the assumption that exposure to Ramadan has no or insignificant effect on the 

gestation period may depend on the context. Almond and Mazumder (2011) use data from Muslims 

living in Michigan, USA, but the observance of Ramadan can potentially be different in different 

countries, then the effect on the gestation length may vary from one country to another. The lack 

of information on length of gestation however has forced researchers to assume a fixed length for 

all gestations without empirically testing the strength of the assumption (van Ewijk 2011, Almond 

et al. 2011, Majid 2012, Karimi 2016). 

To overcome the lack of information on the gestation length, outcomes that are related to the 

gestation length can be examined. Information such as birthweight, neonatal death, breastfeeding 

initiation and duration, and a series of maternal complications during pregnancy and at or after 

delivery are available in the DHS data. Birthweight, neonatal death, and breastfeeding initiation 

and duration are factors that are affected by length of gestation. In other words, if exposure to 

Ramadan affects length of gestation, then one would expect to notice its effect on these outcomes 

as well. On the other hand, pregnancy and delivery complications are factors that affect length of 

gestation. Hence, detecting an effect of exposure to Ramadan on these factors may point to a 

shortened gestation. In the following, connection of these variables to length of gestation is 

reviewed in the related medical literature. 

– Length of gestation and birthweight

Length of gestation and fetal growth are the two major determinants of the birthweight (Donahue

et al. 2010). Amini et al. (1994) show that more than 80% of variations in birthweight are, in fact,

explained by the gestational age. Therefore, the birthweight and length of gestation have usually

been used as parallel outcomes in measuring the impact of mothers’ exposure to potential risk and

stress such as lead, caffeine intake, and employment during pregnancy (Factor-Litvak et al. 1991,

Beck et al. 2007, Casas et al. 2015).

– Length of gestation and neonatal death

The highest risk of child mortality is in the neonatal period— i.e., the first 28 days after birth—

such that child death during this period constitutes about 45% of all deaths under the age of 5

years.8 The first week of neonatal period is the most vulnerable week, during which about 75% of

5 Almond and Mazumder (2011) measure the effect of prenatal exposure to Ramadan on newborn Arabs’ birthweight in the State 

of Michigan and on disability in adulthood in Iraq and Uganda; van Ewijk (2011) measures its effect on general health in 

Indonesia; Almond et al. (2011) measure its effect on Pakistani and Bangladeshi children’s educational performance in England; 

Schultz-Nielsen et al. (2016) measure its effect on labor market outcomes of Muslims in Denmark; and Karimi (2016) measures 

its effect on birthweight and childhood height in a pool of 35 developing countries.  
6 Almond and Mazumder (2011) use length of gestation information and find that exposure to Ramadan during pregnancy may 

decrease its length only by about one day.  
7 Examining the effect on the gestational age of other nonradical changes in the prenatal nutritional environment has also shown 

little negative effects. For example, Mocan et al. (2016) use the U.S. birth records from 1989 to 2004 and show that a 50 percent 

increase in earning for a low-skill unmarried pregnant American mother increases her child’s gestational age by about 2 days.  
8 The World Health Organization (WHO) media centre fact sheets at: http://www.who.int/mediacentre/factsheets/fs178/en/ 
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neonatal mortality happens (Lawn et al. 2005). In the first week, the first day is the most 

susceptible day, during which about half of all neonatal deaths take place (Lawn et al. 2005, Lawn 

et al. 2010). Among the direct causes of neonatal death, preterm birth is the most blamed one that 

accounts for about a third of neonatal deaths (Lawn et al. 2005). In general, there is a reversed J-

shaped continuous relationship between neonatal mortality and gestational age (Ananth and Platt 

2004).9

– Length of gestation and breastfeeding

Breastfeeding initiation rate and its duration are generally lower for children who are not born full-

term (Donath and Amir 2008, Lutsiv et al. 2013). Donath and Amir (2008) use a longitudinal

survey of Australian children and show that the odds of being breastfed by month 6 after birth

significantly drop when length of gestation decreases. More specifically, the odds are 80% and

51% for children born during weeks 37–39 and 35–36 of gestation, respectively, when compared

to children born during week 40. Lutsiv et al. (2013) conduct a population-based study in Ontario,

Canada and show that the odds of breastfeeding initiation before hospital discharge significantly

drop as length of gestation decreases. Particularly, the odds are 93%, 87%, 81%, and 74% for

children born during weeks 40, 39, 38, and 37 of gestation, receptively, when compared to children

born during week 41. Findings of studies that exclusively examine preterm children are also in line

with the findings of the aforementioned studies that focus on late preterm and early-term children

(Espy and Senn 2003, de Freitas et al. 2016).10

– Length of gestation and maternal delivery and postpartum complications

Maternal pregnancy and delivery complications can potentially result in a delivery before its term.

In the DHS data, four types of birth complications are often reported: prolonged labor, uterus

infection, excessive bleeding, and convulsion. A reported prolonged labor can be viewed as a sign

of shortened gestation period because it often requires labor induction and cesarean birth then

results in late preterm or early-term delivery (Bhatta and Keriakos 2011). 11  If mothers’

characteristics are considered, increased fetal growth, or macrosomia, is one of the key causes of

prolonged labor (Lowe 2007, Astrid and Hildingsson 2014). A well-accepted cause of

Macrosomia, in turn, is gestational diabetes (Cunningham 2001, Stotland et al. 2004, Sweeting et

al. 2016). There is clinical evidence that Ramadan fasting increases the risk of gestational diabetes

(Mirghani and Hamud 2006). Therefore, a possible channel of the effect of exposure to Ramadan

on prolonged labor, if any, can be through gestational diabetes and macrosomia.

Reported maternal excessive bleeding during or after birth and uterus infection after birth can also 

be viewed as signs of delivery before its full term.12 Fetal macrosomia, prolonged labor, and 

induction of labor are among the known causes of excessive bleeding at or after birth (Bais et al. 

2004, Breathnach and Geary 2009). Uterus infection is mainly affected by the mode of delivery, 

such that its prevalence in cesarean is significantly higher than that in normal deliveries 

(Goldenberg and Andrews 1996, Chaim et al. 2000, Olsen et al. 2009).13 Considering the risk 

factors for excessive bleeding and uterus infection, the mechanism of the effect of Ramadan on 

9 Ananth and Platt (2004) also show that there is a similar reversed J-shaped relationship between length of gestation and 

birthweight, which is the key indirect cause of neonatal death. 
10 According to the American College of Obstetricians and Gynecologists (ACOG) deliveries that take place before the 37th 

week, between weeks 35–36, and between weeks 37-39 of gestation are called preterm, late preterm, and early term, respectively 

(ACOG 2013). 
11 Prolonged labor is also called dystocia. 
12 Excessive bleeding and uterus infection are called postpartum hemorrhage and postpartum endometritis, respectively. 
13 Uterus infection is 1–3%, 5–15%, and 15–20% prevalent in normal, scheduled cesarean, and unscheduled cesarean deliveries, 

respectively (Moldenhauer 2016). 
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them is similar to that on prolonged labor. 

A reported maternal convulsion, which is usually combined with maternal hypertension, at or after 

birth can also be viewed as a sign of decreased length of gestation.14 Since there is no effective 

treatment for convulsion, and it can harm the fetus and mother, induced delivery is usually 

considered a treatment choice when convulsion occurs (Sibai et al. 2006). Perhaps not surprisingly, 

empirical studies find an association between convulsion and shortened gestation (Koopmans et 

al. 2009 and Sibai 2011). There is weak clinical evidence of the effect of Ramadan fasting on 

pregnant women’s blood pressure, which can potentially increase the risk of convulsion at delivery 

(Awwad et al. 2012, Jamilian et al. 2015). 

– Length of gestation and pregnancy complications

Maternal complications during pregnancy can potentially reduce the gestation period. In the DHS

data, three questions about pregnancy complications are often answered. The questions ask about

the experience of any of the following complications during the last pregnancy the led to a live

birth: (1) bleeding; (2) headache, blurry vision, or abdominal pain; and (3) night blindness.

Bleeding earlier in a pregnancy is not necessarily a complication, but its occurrence later in

pregnancy can be a sign of labor and lead to delivery before its full term (Nicholson et al. 2001,

Sharami et al. 2013).15 Majority of the studies that investigate the effect of bleeding during

pregnancy on the gestation length find a negative effect although it is usually a modest one (Ananth

and Savitz 1994, Yang et al. 2004). Risk factors for pregnancy bleeding are mostly unknown, but

it can be a symptom of uterus inflammation or infection (Yang et al. 2004). Clinical studies of

Ramadan have not reported its effect on bleeding.

Headache, blurry vision, and abdominal pain are also common and considered normal during 

pregnancy, but they sometimes manifest complications that can result in a shortened gestation. 

Each of the three can be a sign of preeclamsia and high blood pressure, but blurry vision and 

abdominal pain are also symptoms of gestational diabetes and urinary track infection, respectively 

(Kennedy 2000, Seth and Mieler 2001, Digre 2013). Clinical studies have connected all of the 

three factors to preterm delivery (Seth and Mieler 2001, Nair 2005, Adeney and Williams 2006, 

Marozio et al. 2012). Clinical studies that examine the effect of Ramadan fasting on maternal 

blood pressure have not found a statistically significant effect although high blood pressure was 

more prevalent among fasting pregnant women than non-fasting ones (Awwad et al. 2012, 

Jamilian et al. 2015). 

Night blindness during pregnancy is usually caused by vitamin A deficiency and is more common 

in developing countries (Christian et al. 2000, Tielsch et al. 2008). It is shown that women who 

experience night blindness due to vitamin A insufficiency during pregnancy have a higher chance 

of giving birth to low birthweight children (Tielsch et al. 2008). Since low birthweight can be a 

sign of reduced gestation period, and it is shown that exposure to Ramadan reduces birthweight, 

reported night blindness may also signal the effect of exposure to Ramadan on length of gestation 

(Almond and Mazumder 2011, Majid 2012). 

14 Convulsions after child birth are usually considered preeclampsia or eclampsia, which are types of hypertension that is induced 

by pregnancy. Its symptoms are high blood pressure, edema and the presence of protein in urine (ACOG 1996, Dutta et al. 2006).
15 When bleeding has happened during pregnancy is not specified in the DHS data. The DHS data also does not report the 

number of episodes of bleeding and the amount of blood loss, which both are relevant to the effect of bleeding on length of 

gestation.
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3. Data and Econometrics Model

3.1 Data

I use children information from 98 DHS surveys, representing 37 countries, in the empirical

analyses.16 I started with 117 DHS surveys from 45 low and lower-middle income countries that

have at least a 10% Muslim population, but I dropped 19 surveys in which no information on

children’s exact birth date and mothers’ religion is available. The remained 98 surveys provide a

pool of 900,811 children from 37 countries.17 In each of the 98 surveys, there are children with

and without exact birth date. More specifically, the exact birth date is missing for about 37% of

children in the pool. Socioeconomic characteristics of children with and without exact birth date

are different. Children without birth date tend to be from families with less educated parents, from

rural areas, Muslims, poorer, and shorter in height at all ages (Table 1).18

According to the requirements of different analyses presented in the paper, I select different 

subsamples of the large sample. For example, in the height analyses in which the outcome variable 

is height-for-age Z-score, I use a subsample that contains children’s height, its exact measurement 

date, and exact birth dates. When I analyze birthweight, the key sample selection constraint is the 

availability of the birthweight and exact birth date. However, when I analyze neonatal mortality, I 

no longer limit the sample to children with exact birth date because deceased children’s day of 

birth is not reported in any of the surveys. 

To study the effect on height, I started with the subsample of 565,360 children with exact birth 

date. I dropped children for whom height or exact height measurement date is missing or height-

for-age Z-score falls outside of [–6,6] range, which left 510,718 children in the sample.19 Then, I 

dropped twin births, 13,829 cases, because twin children’s growth curve is different from that for 

singleton children. The availability of control variables further restricted the sample: successive 

additions of constraints on the availability of information on province or state of residence in the 

pertinent country, household wealth, mother’s height, mother’s education and age, father’s 

education, and father’s age resulted in dropping 1,321, 17,057, 40,263, 4,578, 18,471, and 46,391 

children, respectively.20,21 These constraints decreased the sample to 368,808 children. In the last 

step, I dropped observations for which there are discrepancies between height measurement and 

16 The DHS Program conducts nationally representative population and health surveys in developing countries then organizes 

and publicizes the data. The program is implemented by ICF International and financed by the USAID, the United States Agency 

for International Development (See: http://dhsprogram.com/Who-We-Are/About-Us.cfm). 
17 Most of the countries are low or lower-middle income, measured by 2015 GNI per capita by the World Bank, countries. The 

low income countries are Benin, Burkina Faso, Burundi, Central African Republic, Chad, Comoros, Ethiopia, Guinea, Liberia, 

Malawi, Mali, Mozambique, Niger, Senegal, Sierra Leone, Tanzania, Togo, and Uganda. The lower-middle income countries are 

Bangladesh, Cameroon, Egypt, Ghana, India, Ivory Coast, Kenya, Kyrgyzstan, Morocco, Nigeria, Pakistan, and Uzbekistan. 

However, seven other countries— Albania, Azerbaijan, Gabon, Jordan, Kazakhstan, Maldives, and Turkey— are among the 

upper-middle income countries (See: https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-

and-lending-groups). More than 96 percent of observations are from low or lower-middle income countries. 
18 A controlled correlation examination shows that if an alive child’s mother’s and father’s education increase by one level, then 

the likelihood of reporting the child’s exact birth date increases by about 4.0 and 1.3 percentage points, respectively. Also, being 

Muslim and moving from one wealth quintile to a lower one decrease the likelihood of reporting a child’s exact birth date by 

about 3.5 and 2.4 percentage points, respectively. The estimated associations, which are statistically significant, are conditional 

on holding other covariates constant. The likelihood of reporting exact birth date for a Muslim child is on average about 11.2 

percentage point less than that for a non-Muslim child whose parents’ education and wealth are higher by one level. 
19 To have uniform height-for-age Z-scores across countries and through time, I recompute children’s height-for-age Z-score by 

employing the WHO 2006 age- and sex-specific Child Growth Standards, available at http://www.who.int/nutgrowthdb/en/, as 

the reference population.
20 I use information provided in variables that can indicate a household’s wealth and are provided in all DHS surveys to generate 

a consistent indicator of wealth across counties and through time. The variables are (1) source of drinking water, (2) type of 

toilet, (3) main material of the floor, (4) access to electricity, (5) ownership of radio, and (6) ownership of TV. 
21 I also drop children whose mothers’ height falls outside the [120,190] centimeters range to count out outliers and reporting and 

measurement errors. 
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interview dates. The latter further downsized the sample to 308,879 observations.22 In Table (2), 

the distribution of observations are presented by country, mother’s religion, and children’s sex. 

Similar to height analyses, in the analyses of birthweight, breastfeeding initiation and duration, 

and pregnancy and birth complications, I included only alive singleton children with exact birth 

date. In each case, after dropping children for whom the outcome variable of interest is missing, 

the data trimming and cleaning process was exactly similar to that for height analyses described 

above.23 In Appendix A, distributions of observations used in these analyses are presented by 

country, mother’s religion, and children’s sex (Tables A.1–A.10). 

In the large sample, there are 73,017 deceased children— 33,404 of them died as a neonate— 

whom are considered in the analyses of neonatal mortality. Exact birth date is not reported for 

deceased children. For consistency, I included alive children without exact birth date alongside 

alive children with exact birth date in the sample. The rest of the data trimming and cleaning 

process was similar to that for other outcomes. In Appendix A, the distribution of alive or deceased 

children for whom control variables are not missing is presented by country, mother’s religion, 

and children’s sex (Table A.2). 

3.2 Exposure measures 

I assume a normal 270-day gestation length for every child and go backwards from the child’s 

exact birth date to determine if the child’s gestation was coincided with Ramadan. If it did, then I 

determine the number of days of coincidence, or exposure, during the entirety, trimesters, and 

months of gestation (Figure 1). For most of the analyses, exact birth dates are available, but 

dividing the presumed gestation period into trimesters and months becomes more uncertain when 

only year and month of a child’s birth are available, which is the case when neonatal mortality is 

studied. In the latter case, I consider three episodes: two episodes of uncertain exposure in the 

beginning and at the end— namely, birth and conception months— and one episode of likely 

exposure in the middle of gestation (Figure 2).24 

After finding the number of days of exposure to Ramadan, I find hours of exposure during the 

predetermined episodes of gestation. Hours of exposure to Ramadan in a specific episode are the 

summation of hours of exposure in each day of exposure in the episode. Hours of exposure in a 

Ramadan day is the number of daylight hours in the day since the fasting time in a Ramadan day 

is in exact accordance with daylight hours. Daylight hours of an exposure day, in turn, are 

calculated based on when the day is positioned in the corresponding year and the latitude of the 

22 For about 15% of children with reported height, dates of height measurement and interview do not match. In about 80% of 

these cases, measurement date is a date before interview. These children are in average shorter than those whose measurement 

and interview dates are identical. The reason for the discrepancy is unclear, but one possibility is that height is transferred from 

health cards, which are issued before interview.  
23 Checking the mismatch of height measurement and interview dates is irrelevant for these outcomes. 
24 Even when the exact birth dates are used, the assignment of exposure is not certain in the lack of information on length of 

gestation. Unavailability of exact birth date adds to the uncertainty. In the month of birth, there are potentially 0, 1, 2, ... , or 30 

days of exposure, depending on the day of birth and the timing of the coincidence of Ramadan with the birth month. As an 

example, consider two children who are born in the same year and month, but their days of birth are not reported. Also, suppose 

that a Ramadan started in the 15th day of their birth month. If one of the children was born in the 10th day of the birth month, 

then the child is actually not exposed to Ramadan in utero. If the other child was born in the 25th day of the birth month, then the 

child is exposed to 10 Ramadan days in utero. I nonetheless assume that both of them are exposed to 15 Ramadan days during 

their birth month. Similarly, the assignment of exposure to the presumed month of conception is uncertain. However, the 

assignment of exposure is less uncertain in the time period from the month right after the presumed conception month to the 

month prior to the birth month.  
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place of residence. 25  In the followings, the hours of exposure measures are listed. 26  These 

measures are used in all analyses but neonatal mortality. 

HER270b: hours of exposure to Ramadan during the 270-day period before birth

HER190b: hours of exposure to Ramadan during the first 90-day period before birth

HER290b: hours of exposure to Ramadan during the second 90-day period before birth 

HER390b: hours of exposure to Ramadan during the third 90-day period before birth 

HER130b: hours of exposure to Ramadan during the first 30-day period before birth

HER230b: hours of exposure to Ramadan during the second 30-day period before birth 

HER930b: hours of exposure to Ramadan during the ninth 30-day period before birth

3.3 Identification strategy and econometric specifications 

To tease out the effect of prenatal exposure to Ramadan on children’s height and other outcomes, 

I use variations in the timing of exposure to Ramadan in utero and in religion. The identification 

strategy then does not use variations in the observance of Ramadan, which is unknown and 

potentially endogenous. Variations in the exposure to Ramadan are perceived to be exogenous 

instead. In other words, it is as if the assignment of treatment (i.e., exposure) is random, but the 

willingness to be treated (i.e., observance) is not random. Therefore, the measured effects present 

the intent to treat (ITT), or reduced form, effects. 

The identification strategy thus relies on two identification assumptions: (1) exposure to Ramadan 

in utero is exogenous and (2) length of gestation is identical for all live births. The summary 

statistics of the children’s and their parents’ observable characteristics provides preliminary 

evidence on the validity of the first assumption. In Table (3), Panel A, means and standard 

deviations of the characteristics are presented by children’s sex, their mothers’ religion, and the 

level of exposure. Although there are differences among Muslim and non-Muslim children in 

terms of their parents’ education and household’s rate of urbanization, the presented 

characteristics— birth order, parents’ age at birth and education, mothers’ height, and households’ 

rate of urbanization— do not change by the intensity of exposure in each group. More careful 

examinations of the validity of the assumption of exogeneity of exposure to Ramadan, provided in 

Appendix B, show no systematic bias into exposure by setting the timing of conception according 

to the occurrence of Ramadan. 

The validity of the second assumption— that length of gestation is fixed— is investigated in 

Section (5) where the effects of exposure to Ramadan on an array of length of gestation correlates 

are examined. As will be discussed, the results hint at no significant difference between 

distributions of length of gestation in the exposed and non-exposed groups. Therefore, although 

length of gestation is unknown, exposure to Ramadan is unlikely to affect the assignment of 

exposure to the presumed episodes of fetal life. Nonetheless, since it is not certain that month 9 

before birth, for example, is the first month of gestation, I use adjective“ pre-birth” to describe the 

time intervals. 

25 Latitude of the place of residence of a household is given in the Geographical Database, a package provided with most of the 

DHS surveys. When the package was not provided, I found the pertinent latitude in the Google Maps using city or town of 

residence information.  
26 As a part of robustness tests, I use other measures of exposure to Ramadan— namely, days and dummies of exposure—. Those 

measures are labeled similarly. For example, DER270b and ER270b indicate days and dummy of exposure to Ramadan

during the 270-day period before birth, respectively. 
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Non-Muslims are included in the analyses for falsification tests and to account for seasonal effects. 

Ramadan does not occur at a certain time every year; it circulates and occurs about 11 days earlier 

each year, so that a full circulation takes about 32 years. Hence, seasonal effects can potentially 

confound the effect of interest. My large dataset that includes 30 birth cohorts guarantees that the 

seasonal effects are controlled. 

Means of children’s height-for-age Z-score reveal signs of the effect of exposure to Ramadan: as 

the exposure intensifies from none to 30 days, height-for-age Z-score of Muslim boys decline, 

especially later in childhood (Table 3, Panel B). However, it is difficult to discern a pattern of 

effects by the intensity of exposure for girls. Thus, similar to Karimi (2016), I specify sex- and 

age-specific econometric models in which relevant background covariates, which are extensively 

available in the DHS data, are controlled. I estimate three econometric models for each of the 10 

sex-age groups of children—i.e., ,4)(,1),...,(,0),(,4),(,1),...,(,0),(=),( girlgirlgirlboyboyboyas :  

Mas
ii

Mas
i

MasMas
i XexposureHAZ ,,,,,,,,=  +++ (1) 

Nas
ii

Nas
i

NasNas
i XexposureHAZ ,,,,,,,,=  +++ (2) 

i
as

ii
asas

i exposureMUSLIMexposureHAZ ,,, )(=  ++
as

ii
as

i
as

ii
as MUSLIMXMUSLIMX ,,,, .)(  ++++ (3) 

where i , s , a , M , and N  indicate a child, the child’s sex ( girlboys ,= ), the child’s year(s) 

of age ( 0,1,2,3,4=a ), Muslim, and non-Muslim, respectively. Variable HAZ is the child’s 

height-for-age Z-score, and exposure is a set of hours of exposure measures such as  HER270b

,  HER390bHER290bHER190b ,, , or  HER930bHER230bHER130b ,...,, . Vector X  contains

control variables, namely the child’s age in days, year of birth, month of birth, birth order, an 

urban/rural indicator, a country indicator, a province indicator, parents’ age at the child’s birth, 

parents’ education level, mother’s height, and household’s wealth indicator. 27  Variable 

MUSLIM indicates if the the child’s mother is Muslim. To account for clustering effects, I cluster 

standard errors at the country level.28 

In Model (1), where the effect of exposure to Ramadan on height-for-age Z-score for a sex-age 

group of children is measured by Mas ,, , only Muslim children are included. In Model (2), where 

the effect of interest is measured by Nas ,, , only non-Muslim children are included. Model (3), 

which uses both Muslims’ and non-Muslims’ information, measures the Muslim versus non-

Muslim differential effect of exposure to Ramadan by as, . The latter includes a full set of 

interaction terms. Then, the following equality connects it to the former models: 
NasMasas ,,,,, =  − . In most cases, the models are estimated by the ordinary least squares (OLS) 

method, but in some cases the fixed-effect (FE) method is used as well. 

4. The effect on height29

I estimate Models (1)–(3) for each sex-age group using the three sets of exposure measures— i.e.,

27 A parent’s education level is categorized under any of the following six categories: no education, incomplete primary, 

complete primary, incomplete secondary, complete secondary, and higher. 
28 The levels of statistical significance are robust to the level of clustering such as country-province, year, year-country, and year-

country-province. Using an alternative method, namely multilevel analysis at the levels, provides similar results. 
29 The STATA codes used to organize each survey, clean and refine the pooled workfile, calculate Z-scores, estimate the 

econometric models, and test alternative explanation are available, and I can provide them to researchers upon request. 
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exposure during the 270-day period before birth and its 90-day and 30-day sub-periods— using 

the OLS method. The estimated effects are reported in Appendix C (Tables C.1–C.4). Each entry 

of the tables is the average effect on the height-for-age Z-score of an hour of exposure to Ramadan 

during the corresponding pre-birth episode in a group of children specified by age, sex, and 

religion. The results show that the height is not negatively associated with pre-birth exposure to 

Ramadan in female children.30 In male children however the two are negatively associated.31 

Additionally, the effect on male children’s height presents a specific pattern: the negative effect 

surfaces at age 2 years and progressively becomes stronger and more statistically significant by 

ages 3 and 4 years.32 Also, the timing of appearance of the strongest effects coincides with the 

critical windows of development the long bones. 

While the relative size, statistical significance, and pattern of the effects on the height-for-age Z-

score can be discerned in Tables (C.1)–(C.4), converting the effects to millimeters and graphically 

illustrating them will be more revealing. Figure (3) shows ranges of the effect of exposure to a full 

month of Ramadan on height at different pre-birth episodes at ages 3 and 4 years when exposed 

and non-exposed male Muslim children are compared.33 Figure (4) shows the ranges of effect on 

height when exposed male Muslim children at the ages are compared to both non-exposed Muslim 

and non-Muslim male children.34 

Figures (3) and (4) show that exposure to a full 30-day Ramadan during the 270-day period before 

birth is associated with a 1.0 to 4.3 mm decrease in height, depending on the age and level of 

comparison. The effect is stronger at age 4 years or when Muslims are contrasted to non-Muslims. 

When trimesters of the 270-day period are considered, the strongest negative effect appears earlier 

in the presumed gestation—i.e., either in the second or third trimester before birth— and amounts 

to an average 7.5 mm. The importance of early- and mid-gestation exposure is further verified 

when the effect in monthly episodes is measured. For example, the negative height effect can 

amount to an average 12.2 mm if a full exposure occurs in month 4 before birth.35 

30 Some positive effects on female children’s height at age 1 can be detected. The effects however do not persist to ages 2, 3, and 

4 years. Therefore, they do not present a pattern that is consistent with the dynamics of growth in height, which tends to preserve 

and intensify the effects of earlylife nutritional shocks. 
31 Males’ disadvantages in affliction, sometimes framed as selective male misery or fragile male hypothesis, are documented by 

clinical studies (Kraemer 2000). Sex differences in vulnerability to adversities are more pronounced during gestation (Loke 1978, 

Gualtieri and Hicks 1985, Lavoie et al. 1998). Most studies that document evidence of sex differences in bearing in utero shocks 

use sex ratio at birth as the outcome of interest (Lyster 1974, Fukuda et al. 1998, Hansen et al. 1999, Zorn et al. 2002). Almond 

and Mazumder (2011) show that prenatal exposure to Ramadan is associated with up to 6.6 percentage point decrease in the 

likelihood of a male birth among Muslims in Michigan, USA. Karimi (2016) also finds sex-specific effects on children’s height. 
32 Consequences of fetal life restrictions may not be apparent immediately after birth (Gluckman and Hanson 2005). Late 

realization of the effects is documented in other studies as well (Kusin et al. 1992, Roseboom et al. 2000, Eriksson 2006). More 

importantly, Kusin et al. (1992), who have recorded height and weight effects of a randomized prenatal nutritional 

supplementation in the first five years of life, observe that height difference between treatment and control groups broadens while 

weight difference shrinks by age. 
33 To find each range, first I multiply the pertinent estimated coefficient by 360 ( 3012=  ) because an exposed child in the

sample experienced Ramadan days that were about 12 hours long on average. The coefficient of interest is under column“ 

Muslim” in Tables (C.1)–(C.4). The resulted number is the estimated effects of a full 30-day exposure to Ramadan on height-for-

age Z-score. The smallest unit of exposure to Ramadan is a day. Therefore, by multiplying the coefficient by 30, I assume that the 

effect of exposure to Ramadan on height is linear with respect to the number of days of exposure (Results of examining 

alternative measures of exposure to Ramadan, discussed in Appendix D, show that is not a strong assumption). Finally, I 

transform the latter number to millimeters by multiplying it by the standard deviation of a male child’s height at the first and last 

days of the pertinent age in the reference population. 
34 Each range is found in a similar way to those in Figure (3), but the estimated coefficients are the ones under column “ All” in 

Tables (C.1)–(C.4). 
35 Ramadan’s effect on height is smaller than the effect of sharper shocks such as famines. For example, Dercon and Porter 

(2010) find that birth during the peak of the 1984 Ethiopian famine resulted a 30 mm drop in children’s height. Ramadan effect 

however is comparable to the effect of earlylife family income shocks. For example, Banerjee et al. (2010) find that birth during 
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The pattern of the effect is noteworthy. The critical windows of development of the long bones 

fall in the first and second trimesters of gestation These stages of the long bones’ development 

complete by the ends of month 5 of gestation. By that time, the primary ossification centers in the 

long bones have formed; they only expand and materialize afterwards. I focus on age 4 years, the 

age at which a child’s height has a closer resemblance to the child’s ultimate height than the height 

at age 3 years. Figure (3), Panel B, in which exposed and non-exposed 4-year-old Muslim boys 

are compared, shows that the negative effect is at its greatest magnitude at month 7 before birth, 

which presumably is month 3 of gestation when the long bones’ cartilage models form and develop 

at the highest rate. The magnitude of the effects gradually decrease from then such that it becomes 

zero by the month just before birth. The pattern of the effect in Figure (4), Panel B, when exposed 

4-year-old Muslim boys are compared to their non-exposed Muslim and non-Muslim counterparts,

is not as distinct as the pattern in Figure (3), Panel B. Nonetheless, the strongest effect still appears

early and tends to diminish when approaching birth.

Figures (3) and (4) show that the effect on height of exposure to Ramadan during month 9 before 

birth is strong and statistically significant regardless of age and level of comparison. Months 9 

before birth, presumably the month of conception, has only a short overlap with a critical window 

of development of the long bones. The relatively large effects can be caused by mothers’ higher 

rate of observance of Ramadan in the first month of pregnancy because of their unawareness to 

the pregnancy or the lower burden of fasting. 

In a series of robustness tests, I check how the effects on height change when countries with a 

large share of observations are dropped, the heaping points of the birth day are dropped, alternative 

exposure measures are used, fixed-effect estimation method is applied, and pre-conception and 

post-birth exposure measures are included. The results, presented and discussed in Appendix D, 

show that the sign and pattern of the effects remain unchanged although the sizes of the effects 

moderately change.36 

5. The effect on the correlates of length of gestation

In the analyses of height, I assumed a fixed 270-day gestation for all children. However, exposure

to Ramadan can potentially change length of gestation and if the change is not taken into account,

then comparing the height of non-exposed children to that of children who were exposed during

month 4 before birth, for example, is not justifiable since the two groups of children were at

different stages of their fetal lives. This consideration is especially important when the timing of

exposure is intended to be used to deduct the long-term effects on health from the effects on height.

In the followings, I test how strong the fixed-gestation assumption is by examining the effect of

pre-birth exposure to Ramadan on a host of pregnancy, delivery, and post-birth outcomes that are

among the known correlates of length of gestation.

5.1 Birthweight 

Exposed and non-exposed Muslim boys’ average birthweights are 3,184 and 3,181 grams, 

the 1863–1890 pest attacks to French vineyards was associated with 6–10 mm decline in height at age 20 years. Also, Maccini 

and Yang (2009) find that birth during a year with 20% more rainfall in rural Indonesia was associated with a 5.7 mm height 

increase in women. The latter shocks usually result in constant low food intake; whereas Ramadan results in disruptions in food 

intake. The measured Ramadan effects are more severe than the effects of most other shocks that cause disruptions in food intake. 

For example, the effects are greater than those measured by Rosales (2016), examining the effect on height of the 1997–1998 El 

Nino floods in Ecuador.  
36 Although I have not reported the results, I have examined the robustness of the effects to two more tests and found no 

significant change in their sign and pattern. In the first test, I drop surveys in which a significant number of observations (at least 

20, 30, 40, or 50 percent) lack the exact birth date and reestimate the effects. In the second, I drop pre-2000 surveys, which have 

a slightly different format, and reestimate the effects.  
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respectively; for exposed and non-exposed Muslim girls, the averages are 3,080 and 3,091, 

respectively. While exposed and non-exposed children’s average birthweight differences are not 

statistically significant, I further investigate the birthweight effect of exposure to Ramadan in 

controlled regressions. First, I assume a fixed 270-day length for all gestations and run OLS and 

fixed-effect regressions. Second, I change length of gestations to 210, 240, and 300 days, run OLS 

and fixed-effect regressions, and compare the results.37 

Table (E.1.1) in Appendix E.1, presents the estimated effects on birthweight of exposure to 

Ramadan when length of gestation is set 270 days. I multiply them by 360,000 to obtain the effects 

of full 30-day exposure to Ramadan and visualize the effects.38 Figure (5), visualizing the OLS 

results, shows that the effect of pre-birth exposure to Ramadan on male and female children’s 

birthweight is generally negative but mostly small in size and statistically insignificant. More 

specifically, the results show that full exposure to Ramadan during the 270-day period before birth 

is associated with an average 11 and 12 grams decrease in male and female children’s birthweight, 

respectively. While the effects are hardly statistically significant, full exposure during the second 

and third trimesters before birth, for male and female children, respectively, has near statistically 

significant effect, which on average amount to 23 grams. The effects however disappear in the 

fixed-effect regressions. 

The first set of examinations show some weak, if any, effect of exposure to Ramadan on 

birthweight. The question is whether the measured effects are signs of shortened gestation given 

the close association of birthweight and length of gestation. As a test, I check the pattern and sizes 

of the effect on birthweight of exposure to Ramadan during 30-day episodes (months) before birth. 

I start with assuming a 7 months (210 days) gestation for all children and gradually add a month 

to gestations up to 10 months. The results for male children, presented in Table (E.1.2) in Appendix 

E.1, show that regardless of the assumption on length of gestation, exposure during months 1 and

5 before birth have statistically significant, or close to statistically significant, adverse effect on

male children’s birthweight in OLS estimations. A consistent pattern is observed in fixed-effect

estimations as well: again, regardless of the assumption on length of gestation, exposure during

months 1 and 7 before birth have statistically significant, or close to statistically significant,

negative effect on male children’s birthweight. More importantly, sizes of the effects for each of

the pre-birth months only slightly change when the assumption on the gestation length is

changed.39 Measuring almost identical effects on birthweight of exposure during specific pre-birth

months regardless of the assumption on length of gestation indicates that the months represent a

specific episodes of fetal development. This plus the substantial change in the size of the effect of

exposure during the pre-birth months when length of gestation is assumed to be 10 months may

suggest that length of gestation the exposed and non-exposed children is the same.

5.2 Neonatal mortality 

There are 22,639 alive born children who were deceased before the age of 5 years and have all of 

the required information to qualify for the analyses presented in this section.40 Among them, 

37 In Table (A.1) in Appendix A, the distribution of observations in the birthweight analyses is presented by country, survey, 

religion, and sex. 
38 360,000 is the result of multiplying 12 (average daylight hours during a Ramadan in the sample) by 30 (number days of a 

typical Ramadan) and 1,000 (to change kilograms to grams). 
39 Similar results are found when female children’s birthweight is examined, although they are not reported. For female children, 

regardless of the assumption on length of gestation, exposure during months 4 and 7 before birth in OLS regressions and during 

months 2 and 4 before birth in fixed-effect regressions always has statistically significant, or close to statistically significant, 

adverse effect on female children’s birthweight. 
40 Table (A.2) in Appendix A, shows the distribution of observations in the analyses presented in this section by country, survey, 

religion, and sex. 
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11,101 (about 49 percent) died as neonates (in the first 30 days after birth), of which 9,898 (about 

89 percent) happened in the first day after birth. Given the particular vulnerability of children 

during the first day and month after birth in the sample, I examine the effect of pre-birth exposure 

to Ramadan on the likelihood of death at these times. Also, since neonate death and length of 

gestation are closely associated, I examine the effects under three scenarios: when length of 

gestation is assumed to be 7, 8, and 9 months. 

Since the deceased children’s day of birth is not reported in any of the surveys, I distinguish three 

pre-birth periods: conception month, mid-gestation months, and birth month. Depending on when 

the birth day was, a deceased child might or might not have been exposed to a Ramadan during 

the month of birth. This uncertainty in assignment of exposure carries over to the month of 

conception, but it is more likely that exposure is correctly assigned during the middle months of 

gestation.41 To be consistent, I treat currently alive children, whose birth day is available, as if 

their days of birth is not available. 

The results of estimating linear probability models for the effect of exposure to Ramadan on 

neonatal mortality are presented in Tables (E.2.1) and (E.2.2) in Appendix E.3. Each entry of the 

tables is the effect of an hour of exposure to Ramadan during the three periods and under each 

scenario when exposed Muslim children are compared to non-exposed Muslim and non-Muslim 

children. If length of gestations is assumed to be 9 months, then exposure during conception month 

has statistically significant effect on male children’s death in both first day and month after birth. 

Assuming a partial exposure during the conception month, the size of the effect on the likelihood 

of a male child’s death in the first day and month of life are on average 0.36 and 0.49 percentage 

points, respectively. 

The effect on male neonate death however is not preserved in fixed-effect regressions. Also, under 

both methods of estimation, the effects disappear when length of gestations are reduced to 8 or 7 

months.42 In addition, no effect is detected on female neonate death. 

5.3 Breastfeeding initiation and duration 

I examine the effect of pre-birth exposure to Ramadan on two breastfeeding outcomes: 

breastfeeding initiation and breastfeeding duration. In the unprocessed sample, about 96% of 

children are breastfed regardless of the timing of breastfeeding initiation.43 Among them, about 

27%, 32%, and 59% were put to breast immediately, in the first hour, and in the first day after 

birth, respectively. Accordingly, I construct the following breastfeeding initiation outcomes: if 

ever breastfed versus never breastfed, if breastfeeding initiated immediately after birth versus 

never breastfed, if it initiated in the first hour after birth versus never breastfed, if it initiated in the 

first day after birth versus never breastfed, and the day number at which breastfeeding initiated. 

The results, presented in Tables (E.3.1) and (E.3.2) in Appendix E.3, show no significant effect of 

pre-birth exposure to Ramadan on the initiation of breastfeeding among male children.44 However, 

41 This source of uncertainty in assignment of exposure is in addition to another one, the lack of information about length of 

gestation.
42 If month 9 before is the month of conception, or length of gestation is 9 months, documenting an effect of exposure to 

Ramadan during this month is more likely because the likelihood of observing Ramadan is greater during the month. 
43  The unprocessed sample is the sample in which only the availability of information on whether a child is ever breastfed is 

considered. In the regression samples, availability of exact birth dates and all of the control variables are also considered. The 

distribution of observations— by country, survey, religion, and sex— in the regression analyses are presented in Table (A.3), 

Appendix A. 
44 The effects of interest are estimations of coefficient   in Model (3) that compares exposed Muslim children to non-exposed

and non-Muslim children. 
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some statistically significant, or close to statistically significant, negative effects are detected on 

female children in fixed-effect regressions when the entirety of the presumed gestation is 

considered (Table E.3.1, Panel B, Appendix E.3). In this case, a full exposure may decrease the 

likelihood of ever being breastfed by about 0.6 percentage points. Also, the likelihood of 

breastfeeding initiation immediately, during the first hour, and during the first day after birth may 

decrease by about 2.1, 2.4, and 1.1 percentage points, respectively. In addition, a full exposure 

may delay breastfeeding initiation by about 0.09 day. These effects however disappear when 

broken down into trimesters of gestation (Table E.3.2, Panel B, Appendix E.3). 

To examine the effect of pre-birth exposure to Ramadan on breastfeeding duration, I use number 

of months of breastfeeding and whether a child is breastfed for at least 3, 4, ..., or 16 complete 

months as outcome variables.45 I examine each of the outcomes under two general settings: (A) 

when all children, those who are currently being breastfed and those who are not, are included in 

the sample and (B) when only children who are not currently being breastfed are included in the 

sample. The first sample constitutes younger children who will probably be breastfed longer than 

what is reported, but it provides greater variations in the outcomes. On the other hand, the reported 

duration of breastfeeding in the second sample may suffer from reporting error since it mainly 

constitutes older children. Under each setting, I consider two cases: (1) when never breastfed 

children are included and (2) when they are excluded. The latter is to address the concern that 

never breastfed children or their mothers can be typically different from breastfed children and 

their mothers. 

The results, estimated by the OLS and fixed-effect methods and presented in Tables (E.3.3)–

(E.3.6) in Appendix E.3, show no differential effect of exposure to Ramadan on female children’s 

breastfeeding duration. For male children also no significant negative effect in breastfeeding 

duration up to 12 months of age, which is the recommended breastfeeding length by the WHO, is 

traced. In other words, pre-birth exposure to Ramadan is not associated with greater likelihood of 

being breastfed for less than 3, 4, ... , or 12 months. It also does not negatively impact months of 

breastfeeding. However, patterns of negative effects, although small and mostly statistically 

insignificant, can be detected after the 12th month of age for male children. Such patterns are 

especially detectable in the OLS estimations, presented in Table (E.3.3) in Appendix E.3. For 

example, the estimated coefficients for 13, 14, 15, and 16 months of breastfeeding translate to 

about 0.77, 0.97, 0.85, and 0.45 percentage points decreases in the likelihood of breastfeeding, 

respectively, as results of pre-birth exposure to a full 30-day Ramadan.46 

5.4 Maternal delivery and postpartum complications 

In the unprocessed sample, 116,557, 144,012, 110,663, and 111,869 mothers have answered the 

questions about prolonged labor, excessive bleeding, uterus infection, and convulsion, 

respectively. Among them, about 24%, 15%, 11%, and 10% have reported the complications, 

respectively. In the regression samples, in which availability of exact birth dates and covariates 

reduces the number of observations, the ratios are preserved.47 

Results of estimating the effect of pre-birth exposure to Ramadan on the outcomes are reported in 

45 I do not use dependent variables that are constructed based on 1 and 2 months of breastfeeding because: first, the comparison 

groups will considerably shrink; second, majority of children whose breastfeeding duration is 1 or 2 month(s) are currently being 

breastfed. 
46 Similar results are found when trimesters of gestation are examined. The negative effects on breastfeeding, which again appear 

after the first year of age, are more pronounced if a male child is exposed to Ramadan during trimester 3 before birth. 
47 Tables (A.2)–(A.7) in Appendix A, show the distribution of observations in the regression analyses of this section by country, 

survey, religion, and sex. 
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Table (E.4.1) in Appendix E.4.48 A review of the results shows that pre-birth exposure to Ramadan 

is associated with a lower likelihood of incidence of maternal excessive bleeding, uterus infection, 

and convulsion during or after female births. More specifically, a full 30-day exposure to Ramadan 

is associated with 1.2 to 3.5 percentage points decrease in the likelihood of incidence of the 

complications, depending on the timing of exposure, but the strongest effect is pertinent to the 

trimester immediately before birth. Similar association can be seen between exposure to Ramadan 

and uterus infection after male births: a full 30-day exposure to Ramadan is associated with 2.1 to 

2.9 percentage points decrease in the likelihood of incidence of uterus infection. However, 

exposure to Ramadan can increase the likelihood of incidence of excessive bleeding and 

convulsion after male births by about 0.8 to 1.9 percentage points if a full 30-day exposure is 

considered. Effect of exposure to Ramadan on prolonged labor is detected for neither male no 

female children. 

5.5 Maternal pregnancy complications 

In the unprocessed sample, 94,443, 96,504, 213,720 mothers have responded to the questions about 

the incidence of (1) headache, blurry vision, or abdominal pain, (2) bleeding, and (3) night 

blindness during pregnancy, respectively. Among them, 25%, 10%, and 9% reported their 

incidence, respectively. The rates of incidence in regression samples are almost identical: 27%, 

9%, and 9%, respectively.49 

Results of OLS estimations of the effect of pre-birth exposure to Ramadan on the pregnancy 

complications are reported in Table (E.5.1) in Appendix E.5.50 The results shows that pre-birth 

exposure to Ramadan is associated with a lower likelihood of incidence of most maternal 

pregnancy complications. Particularly for male children, no positive association is detected: on 

average, exposure to a full 30-day exposure to Ramadan during the 270-day period before birth 

may decrease the probability of occurrence of headache, blurry vision, or abdominal pain, 

bleeding, and night blindness by 2.2, 0.8, 1.2 percentage points, respectively. The negative 

associations are more pronounced and statistically significant if exposure happened during the first 

and second trimesters before birth. For example, a full 30-day exposure to Ramadan during the 

second trimester before birth may decrease the probability of occurrence of headache, blurry 

vision, or abdominal pain, bleeding, and night blindness by 7.1, 2.7, 1.5 percentage points, 

respectively. More or less similar, but weaker and less statistically significant, effects can be 

detected for female children. 

The results need to be interpreted carefully because (1) they potentially suffer from the erroneous 

48 The outcomes— indicated by PLABOR, EBLEED, INFECT, and CONVOL— are dummy variables that take

value one when the pertinent complication is reported but zero otherwise. The reported coefficients are the estimations of 

coefficient   in Model (3) that compares exposed Muslim to non-exposed Muslim and non-Muslim mothers. Thus, a positive

coefficient implies that exposure to Ramadan during the pertinent pre-birth episode is associated with a higher likelihood of 

incidence of the corresponding complication. For each outcome, I estimate a linear probability model by the OLS method. 

Running fixed-effect regressions is not possible for these outcomes because the complications are reported only for the last birth 

for a mother. 
49 Tables (A.8)–(A.10) in Appendix A, show the distribution of observations in the regression analyses of this section by country, 

survey, religion, and sex. 
50 The outcome variables— indicated by HBA, BLEED, and NIGHTB, respectively— are dummy variables that

contain 1 if a complication is reported and 0 otherwise. The reported coefficients are estimations of coefficient   in Model (3)

that compare exposed Muslim to non-exposed Muslim and non-Muslim mothers. Thus, a positive coefficient implies that 

exposure to Ramadan during the pertinent pre-birth episode is associated with a higher likelihood of incidence of the 

corresponding complication. For each outcome, a linear probability model is estimated by the OLS method. Similar to delivery 

and post-delivery complications, running fixed-effect regressions is not possible for these outcomes because they are reported 

only for a mother’s most recent pregnancy. 
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assignment of treatment to the treated: the complications may have occurred before any exposure 

to Ramadan; (2) the observation are from a limited number of countries. 

5.6 Discussion 

The analyses of Sections (5.1)–(5.5) are conducted to find if the outcomes provide evidence on the 

effect of pre-birth exposure to Ramadan on length of gestation. Assessing the effect of exposure 

to Ramadan on the birthweight shows a possible 23 gram negative effect. The small size of the 

effect in addition to the fact that it is not robust to the fixed-effect examination do not necessarily 

point to a reduced gestation period. Further examinations show that exposure during some specific 

pre-birth months has almost identical and nearly statistically significant effect on birthweight 

regardless of the assumption on length of gestation. The latter also can be interpreted as the 

insignificance of the effect of exposure to Ramadan on length of gestation. The effect on the 

birthweight, if any, should be interpreted conservatively since self-reported birthweights— which 

are used in this study— may suffer from sizable measurement error (Schieve et al. 1999). 

The evidence from the examination of neonatal mortality does not hint at the effect of exposure to 

Ramadan on the gestation length. More specifically, pre-birth exposure to Ramadan slightly 

increases the likelihood of neonatal mortality in male children in one of the specifications; 

however, the effect is not robust to the choice of gestation length and intra-family comparisons. 

Also, no effect on female neonate death is found. 

Moreover, no robust effect on the breastfeeding initiation outcomes of pre-birth exposure to 

Ramadan is found. An extensive analysis of breastfeeding duration outcomes nonetheless reveals 

a pattern of weak effects on the likelihood of breastfeeding for more than 12 months. The size and 

late appearance of the effect cannot justify reduced gestation length, especially when compared to 

the findings of the literature that assesses the relationship between the gestation length and duration 

of breastfeeding (Donath and Amir 2008, Lutsiv et al. 2013). In addition, no effect on 

breastfeeding duration outcomes is detected in female children. The results are robust to the choice 

of the method of estimation, outcome, and constraint on the estimation sample. 

Pre-birth exposure to Ramadan is not positively associated with greater likelihood of incidence of 

most maternal pregnancy, delivery, and post-delivery complications. The exceptions are 

convulsion at delivery and excessive bleeding after delivery in male births. In female births, 

finding no positive associations between pre-birth exposure to Ramadan and the complications is 

consistent with other findings of this paper, that exposure to Ramadan has usually no effect on 

female children’s outcomes. 

Based on the findings, I conclude that any possible effect of prenatal exposure to Ramadan on 

length of gestation is minor and does not imperil the validity of the assumption on length of 

gestation. This study however does not consider the possibility that the effect of exposure to 

Ramadan on length of gestation may vary by the timing of exposure. 

6. Conclusion

I investigate the effect of nutritional stress in utero on height using exposure to Ramadan as a

natural experiment and assuming a fixed gestation length. I pay special attention to the timing of

exposure, which can be distorted because of the potential effect of exposure to Ramadan on length

of gestation. The lack of information on length of gestation however does not allow for a direct

assessment of the distortions. To approximate the effect on length of gestation, I examine the effect

of exposure to Ramadan on a series of its known correlates.

The effect of exposure to Ramadan on male children’s height becomes apparent at ages 3 and 4 
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years, while no consistent effect on female children’s height is detected. The negative effect on 

height of exposure to Ramadan during the 270-day period before birth is between 1.0 to 4.3 mm 

on average. Examining the effect of exposure during three pre-birth trimesters shows that the 

strongest negative effects appear in the second and third trimesters before birth and amount to 7.5 

mm on average. Similar pattern of effect is observed if exposure during nine pre-birth months is 

examined. A negative height effect can amount to an average 12.2 mm if a full exposure occurs in 

month 4 before birth, when growth of the long bones is at its highest rate. There is a clear pattern 

of effect on height when exposed and non-exposed 3- or 4-year-old Muslim boys are compared: 

the strongest effect appears in the further months from birth, but the effect gradually weakens 

approaching birth. 

Pre-birth exposure to Ramadan is associated with a 23 gram decrease in birthweight in some 

specifications. In addition, exposure to Ramadan has no or small effect on neonatal mortality and 

breastfeeding outcomes, although a pattern of weak effects on the likelihood of breastfeeding male 

children for more than one year can be distinguished. Exposure to Ramadan also is not associated 

with higher risks of incidence of most maternal pregnancy and delivery complications for both 

male and female children. The exceptions are excessive bleeding and convulsion at delivery when 

a male child is born. In these cases, the risks are in 0.8 to 1.9 percentage point range. On the whole, 

exposure to Ramadan has minor to no effect on the correlates of length of gestation. Therefore, it 

may have slim, if any, effect on length of gestation and may not distort the analyses that rely on 

the timing of exposure. 

This paper examines and reviews a wide range of health consequences of experiencing Ramadan 

during gestation. Since about three-fourth of Muslims undergo Ramadan in utero, improving 

nutritional environment for pregnant women may result in significant long-term health then 

economic improvements in Muslim communities. Advocating improvement of nutritional 

environment for pregnant women, completely and unequivocally exempting them from fasting— 

not even requiring makeup after pregnancy— by religious authorities, and assigning designated 

areas for pregnant women’s eating during Ramadan in the workplace are some policies that can be 

pursued. This paper also emphasizes on the importance of information on length of gestation. 

Medical technological progress allows for the precise measurement of length of gestation. At the 

same time, inclusion of length of gestation in health cards and reporting it in surveys can provide 

valuable information to researchers. 
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Figure 1: Finding exposure to Ramadan during the pre-birth episodes when a 

child’s exact birth date is available  

Notes: The figure shows how exposure to Ramadan during the specified episodes of gestation is determined when the child’s exact birth date is 

available. It is assumed that the child’s gestation lasts for 270 days. Using the child’s exact birth date, the period is divided into three 90-day 

episodes (trimesters) and nine 30-day episodes (months). More specifically, 270b, T1b, T2b, T3b, M1b, M2b, ... , and M9b tag the 270-day 
period, trimester 1, trimester 2, trimester 3, month 1, month 2, ... , and month 9 before birth, respectively. If Ramadan starts from day 85 and ends 

on day 55 before birth (Example 1), then the child was exposed to Ramadan during trimester 1 before birth: 5 days of exposure in the trimester 

occurred in month 2 before birth, while the next 25 days occurred in month 3 before birth. Although there is not more than one Ramadan in each 
355-day period, I have shown another Ramadan that starts from day 225 and ends on day 195 before birth (Example 2). In the latter example, the 

child was exposed to Ramadan during trimester 3 before birth: half of the exposure occurred in month 7 before birth, while the other half 

occurred in month 8 before birth. Number of days of exposure to Ramadan in an episode and the number of daylight hours in the corresponding 
days are then used to determine the total hours of exposure to Ramadan in the episode.
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Figure 2: Finding exposure to Ramadan during the pre-birth episodes when a child’s exact 

birth date is not available  

Notes: The figure shows how exposure to Ramadan during the episodes of gestation (namely, birth month, conception month, and middle-

gestation months) is determined when the child’s exact birth date is not available. The unavailability of the child’s exact birth date makes 

exposure assignment more uncertain because the child could have been born in any day from the first to the last day of the child’s reported birth 
month. Therefore, a birth month and a conception month, instead of a birth day and a conception day, are specified, depending on the assumption 

on length of gestation. Three scenarios are considered for gestation length: 7, 8, and 9 months. The exposure assignment can be shown with 

examples. If a Ramadan starts from day 25 of the child’s birth month (Example 1) and the child was born in day 15 of the month, then 5 days of 
exposure will be assigned to the child’s birth month; whereas the child is in fact not exposed to Ramadan before birth. If a Ramadan starts before 

the child’s presumed conception month and ends in day 20 of the month (Example 2), then 20 days of exposure will be assigned to the child’s 

conception month; whereas the actual exposure during the conception month is for 5 days if the conception took place exactly 270 days before 
birth. If a Ramadan starts after the presumed conception month or finishes before the presumed birth month (Examples 3 and 4), then it is more 

likely that exposure is assigned correctly.  
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Figure 3A: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a male child’s height (in millimeters) at age 3 years when exposed Muslims 

are compared to non-exposed Muslims 

28



Figure 3B: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a male child’s height (in millimeters) at age 4 years when exposed Muslims are 

compared to non-exposed Muslims 

Notes: The figures present the ranges of the effect on height of a full-30 day exposures to Ramadan at different pre-birth episodes—specified at 

the top of the figures as 270b, T1b, T2b, T3b, M1b, M2b, ... , and M9b that indicate the 270-day period, trimester 1, trimester 2, trimester 3, 
month 1, month 2, ... , and month 9 before birth, respectively—when exposed male Muslim children at ages 3 and 4 are compared to non-exposed 

male Muslim children at the same ages. Each range is shown by a solid rectangle for which the 95% confidence interval is shown by vertical lines 

above and below. To find the range of the effect for an episode, first the corresponding estimated coefficient—inserted in column “Muslim” in 

Tables (C.1)--(C.4) in Appendix C—is multiplied by 360 (=12\times30) because an exposed child in the sample experienced Ramadan days that 

were about 12 hours long on average. The resulted number is the effect of a full 30-day exposure to Ramadan during the episode on a child’s 

height-for-age Z-score. The latter number, multiplied by standard deviations of male children’s height at the first and last days of the age year of 
interest in the reference population, gives the effect in millimeters.  
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Figure 4A: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a male child’s height (in millimeters) at age 3 years when exposed Muslims are 

compared to non-exposed Muslims and non-Muslims 
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Figure 4B: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a male child’s height (in millimeters) at age 4 years when exposed Muslims are 

compared to non-exposed Muslims and non-Muslims 

Notes: The figures present the ranges of the effect on height of a full-30 day exposures to Ramadan at different pre-birth episodes—specified at 

the top of the figures as 270b, T1b, T2b, T3b, M1b, M2b, ... , and M9b that indicate the 270-day period, trimester 1, trimester 2, trimester 3, 
month 1, month 2, ... , and month 9 before birth, respectively—when exposed male Muslim children at ages 3 and 4 are compared to their non-

exposed counterparts among Muslims and non-Muslims. Each range is shown by a solid rectangle for which the 95% confidence interval is 

shown by vertical lines above and below. To find the range of the effect for an episode, first the corresponding estimated coefficient—inserted in 

column “All” in Tables (C.1)--(C.4) in Appendix C—is multiplied by 360 (=12\times30) because an exposed child in the sample experienced 

Ramadan days that were about 12 hours long on average. The resulted number is the effect of a full 30-day exposure to Ramadan during the 

episode on a child’s height-for-age Z-score. The latter number, multiplied by standard deviations of male children’s height at the first and last 
days of the age year of interest in the reference population, gives the effect in millimeters.  
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Figure 5A: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a male child’s birthweight (in grams) when exposed Muslims are compared to 

non-exposed Muslims and non-Muslims 
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Figure 5B: The effect of a full 30-day exposure to Ramadan during different pre-birth 

episodes on a female child’s birthweight (in grams) when exposed Muslims are compared 

to non-exposed Muslims and non-Muslims 

Notes: The figures present the average effect on birthweight of a full-30 day exposure to Ramadan at different pre-birth episodes—specified at 

the top of the figures as 270b, T1b, T2b, and T3b that indicate the 270-day period and trimesters 1 to 3 before birth—when exposed male Muslim 

children are compared to their non-exposed Muslims and non-Muslims. The average effects are shown by horizontal lines for which the 95% 
confidence intervals are shown by vertical lines above and below. To find the average effects and the confidence intervals, the corresponding 

estimated coefficients—inserted in column “All” in Table (E.1.1) in Appendix E—are multiplied by 360 (=12\times30) since an exposed child in 

the sample experienced Ramadan days that were about 12 hours long on average.  
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Table 1: Comparing characteristics of children whose exact birth date is not reported to those of 

children whose exact birth date is reported 

Notes: Each of the numbers is calculated for the corresponding subgroup of children, specified in the top row. A parent’s education level is 

categorized in one of the followings in the data: no education (or illiterate), incomplete primary, complete primary, incomplete secondary, 
complete secondary, and higher. A poor household is a household whose wealth score is in lowest wealth quintile. A household’s wealth score is 

the principle component vector of six variables: source of drinking water, type of toilet, main material of the floor, access to electricity, 

ownership of radio, and TV ownership. 
Data Source: Demographic and health surveys, the DHS Program, USAID. 
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Table 2: Surveying years and number of children by country, religion and sex in the 

sample used in height analyses 

Data Source: Demographic and health surveys, the DHS Program, USAID. 
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Table 3: Summary statistics of children’s and their parents’ characteristics and children’s 

height-for-age Z-score by religion, intensity of exposure, and sex 

Notes: A partially exposed child is a child who was exposed to Ramadan for 1 to 29 days during the 270-day period before birth, but a fully 

exposed child is exposed to a full 30-day Ramadan during the period. Standard deviations are in parentheses.  

Data Source: Demographic and health surveys, the DHS Program, USAID. 
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Appendix A: Distribution of observations in the
analyses of the correlates of length of gestation

Table A.1: Distribution of observations in the analyses of birthweight
by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania 2008-2009 611 616 126 116 0.9
2 Azerbaijan 2006 805 665 2 2 0.9
3 Bangladesh – 0 0 0 0 0.0
4 Benin 1996 , 2006 , 2011-2012 963 873 4,978 4,927 7.5
5 Burkina Faso 1998-99 , 2003 , 2010 2,198 2,071 1,341 1,240 4.4
6 Burundi 2010-2011 43 33 882 839 1.1
7 Cameroon 1998 , 2004 , 2011 294 314 1,878 1,837 2.8
8 Central Afr. Rep. 1994-95 61 50 401 387 0.6
9 Chad 1996-97 , 2004 345 353 282 242 0.8
10 Comoros 1996 , 2012 874 929 5 5 1.2
11 Egypt 1995-96 , 2005 , 2008 , 2014 8,308 7,574 406 328 10.6
12 Ethiopia 1992 , 1997 , 2003 219 205 520 479 0.9
13 Gabon 2000 , 2012 148 121 1,489 1,474 2.1
14 Ghana 1998-99 , 2003 , 2008 , 2014 293 264 1,219 1,166 1.9
15 Guinea 1999 , 2005 , 2012 1,137 1,027 195 153 1.6
16 India 1998-99 , 2005-06 1,453 1,317 10,336 8,923 14.0
17 Ivory Coast 2011-12 340 316 295 318 0.8
18 Jordan 1997 , 2012 5,745 5,318 37 49 7.1
19 Kazakhstan 1995 232 257 84 98 0.4
20 Kenya 1998 , 2003 , 2008-09 280 252 2,123 2,042 3.0
21 Kyrgyzstan 1997 431 414 39 24 0.6
22 Liberia 2006-07 , 2013 71 58 416 399 0.6
23 Malawi 2000 , 2004-05 , 2010 673 647 4,501 4,423 6.5
24 Maldives 2009 1,144 1,131 0 0 1.4
25 Mali 1995-96 , 2001 , 2006 2,898 2,739 186 158 3.8

2012-2013
26 Morocco 2003-04 1,148 1,118 0 0 1.4
27 Mozambique 1997 , 2003-04 , 2011 575 562 3,331 3,398 5.0
28 Niger 1998 , 2006 , 2012 1,249 1,156 5 8 1.5
29 Nigeria 1999 , 2003 , 2008 , 2013 1,142 1,145 2,991 2,925 5.2
30 Pakistan 2012-13 235 224 0 0 0.3
31 Senegal 2005 , 2010-11 1,126 1,019 45 45 1.4
32 Sierra Leone 2008 , 2013 1,012 1,118 277 277 1.7
33 Tanzania 1996 , 2004-05 1,054 906 1,498 1,476 3.1
34 Togo 1998 , 2013-14 268 264 936 931 1.5
35 Turkey 1998 771 642 2 5 0.9
36 Uganda 2000-01 , 2006 , 2011 230 225 1,142 1,106 1.7
37 Uzbekistan 1996 513 488 11 14 0.7

Total 38,889 36,411 41,979 39,814 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.2: Distribution of observations in the analyses of neonatal
mortality by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania 2008-2009 648 653 131 123 0.3
2 Azerbaijan 2006 1111 933 3 3 0.4
3 Bangladesh 1996-1997 , 1999-2000 14160 13626 1487 1461 6.0

2004 , 2007 , 2011
4 Benin 1996 , 2001 , 2006 3777 3627 11401 11122 5.8

2011-2012
5 Burkina Faso 1992-1993 , 1998-1999 5282 5053 3459 3293 3.3

2003 , 2010
6 Burundi 2010-2011 55 50 1649 1543 0.6
7 Cameroon 1998 , 2004 , 2011 1045 1044 3513 3539 1.8
8 Central Afr. Rep. 1994-1995 100 118 941 898 0.4
9 Chad 1996-1997 , 2004 2990 3012 1857 1724 1.9
10 Comoros 1996 , 2012 1740 1727 6 6 0.7
11 Egypt 1992-1993 , 1995-1996 23835 22384 1126 990 9.4

2005 , 2008 , 2014
12 Ethiopia 1992 , 1997 , 2003 5055 4776 6653 6389 4.5
13 Gabon 2000 , 2012 201 171 2178 2170 0.9
14 Ghana 1993-1994 , 1998-1999 1062 943 4128 3994 2.0

2003 , 2008 , 2014
15 Guinea 1999 , 2005 , 2012 4774 4416 622 608 2.0
16 India 1998-1999 , 2005-06 5812 5417 32199 29421 14.2
17 Ivory Coast 1994 , 2011-12 716 659 640 713 0.5
18 Jordan 1997 , 2012 6492 5967 46 64 2.5
19 Kazakhstan 1995 272 289 89 101 0.1
20 Kenya 1993 , 1998 , 2003 1024 896 5068 4980 2.3

2008-2009
21 Kyrgyzstan 1997 490 477 46 26 0.2
22 Liberia 2006-2007 , 2013 466 365 2987 2861 1.3
23 Malawi 2000 , 2004-2005 , 2010 1730 1774 9743 9676 4.5
24 Maldives 2009 1271 1237 0 0 0.5
25 Mali 1995-1996 , 2001 , 2006 15097 14768 1257 1278 6.3

2012-2013
26 Morocco 1992 , 2003-2004 2783 2697 0 0 1.1
27 Mozambique 1997 , 2003-2004 , 2011 1402 1435 6951 6865 3.3
28 Niger 1992 , 1998 , 2006 , 2012 6719 6281 32 34 2.6
29 Nigeria 1999 , 2003 , 2008 , 2013 17101 16649 12019 11546 11.2
30 Pakistan 2012-2013 1441 1408 0 0 0.6
31 Senegal 2005 , 2010-2011 3108 2864 99 87 1.2
32 Sierra Leone 2008 , 2013 2688 2735 598 614 1.3
33 Tanzania 1991-1992 , 1996 , 2004-05 2282 2246 3698 3642 2.3
34 Togo 1998 , 2013-2014 582 557 2646 2716 1.3
35 Turkey 1998 1573 1382 4 6 0.6
36 Uganda 1995 , 2000-2001 , 2006 597 583 4003 3996 1.8

2011
37 Uzbekistan 1996 630 596 16 16 0.2

Total 140,111 133,815 121,295 116,505 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.3: Distribution of observations in the analyses of breastfeeding
by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania 2008-2009 468 495 91 99 0.8
2 Azerbaijan 2006 802 674 2 3 1.0
3 Bangladesh 1996-1997 , 1999-2000 4067 3827 319 296 5.6

2004 , 2007 , 2011
4 Benin 1996 , 2001 , 2006 568 548 2851 2730 4.4

2011-2012
5 Burkina Faso 1998-1999 , 2003 , 2010 943 893 713 703 2.1
6 Burundi 2010-2011 0 2 10 11 0.0
7 Cameroon 1998 , 2004 , 2011 444 438 1751 1782 2.9
8 Central Afr. Rep. 1994-1995 43 33 252 252 0.4
9 Chad 1996-1997 , 2004 1143 1137 763 715 2.5
10 Comoros 1996 , 2012 275 252 0 0 0.3
11 Egypt 1995-1996 , 2005 , 2008 8941 8747 483 408 12.2

2014
12 Ethiopia 1992 , 1997 , 2003 736 749 1561 1540 3.0
13 Gabon 2000 , 2012 61 43 661 663 0.9
14 Ghana 1998-1999 , 2003 , 2008 274 260 1457 1414 2.2

2014
15 Guinea 1999 , 2005 , 2012 481 481 71 72 0.7
16 India 1998-1999 , 2005-06 1587 1528 9490 8877 14.1
17 Ivory Coast 2011-2012 21 27 16 18 0.1
18 Jordan 1997 , 2012 2319 2227 31 42 3.0
19 Kazakhstan 1995 130 144 59 72 0.3
20 Kenya 1998 , 2003 , 2008-2009 388 363 2314 2332 3.6
21 Kyrgyzstan 1997 232 195 29 16 0.3
22 Liberia 2006-2007 , 2013 122 92 872 857 1.3
23 Malawi 2000 , 2004-2005 , 2010 759 769 4465 4589 7.0
24 Maldives 2009 531 527 0 0 0.7
25 Mali 1995-1996 , 2001 , 2006 4064 4061 363 303 5.8

2012-2013
26 Morocco 2003-2004 1867 1805 0 0 2.4
27 Mozambique 1997 , 2003-2004 , 2011 256 271 1485 1536 2.3
28 Niger 1998 , 2006 , 2012 900 809 5 4 1.1
29 Nigeria 1999 , 2003 , 2008 , 2013 3825 3721 3618 3371 9.6
30 Pakistan 2012-2013 34 31 0 0 0.0
31 Senegal 2005 , 2010-2011 543 526 17 18 0.7
32 Sierra Leone 2008 , 2013 385 367 116 98 0.6
33 Tanzania 1996 , 2004-2005 1158 1074 1837 1772 3.8
34 Togo 1998 , 2013-2014 60 66 297 311 0.5
35 Turkey 1998 815 701 3 5 1.0
36 Uganda 2000-2001 , 2006 , 2011 219 230 1471 1480 2.2
37 Uzbekistan 1996 235 253 11 12 0.3

Total 39,696 38,366 37,484 36,401 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.4: Distribution of observations in the analysis of prolonged
labor by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania – – – – – –
2 Azerbaijan – – – – – –
3 Bangladesh 1996-1997 , 1999-2000 6056 5724 681 620 17.9

2004 , 2007
4 Benin 1996 159 168 596 569 2.0
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon 1998 62 43 219 220 0.7
8 Central Afr. Rep. 1994-1995 79 96 721 700 2.2
9 Chad 1996-1997 257 283 260 219 1.4
10 Comoros 1996 330 279 0 0 0.8
11 Egypt 1995-1996 2475 2172 148 120 6.7
12 Ethiopia – – – – – –
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 2005-2006 1501 1298 9573 7918 27.7
17 Ivory Coast – – – – – –
18 Jordan 1997 1681 1524 27 37 4.5
19 Kazakhstan 1995 200 235 80 88 0.8
20 Kenya 1998 61 54 1019 1011 2.9
21 Kyrgyzstan 1997 402 369 39 23 1.1
22 Liberia – – – – – –
23 Malawi – – – – – –
24 Maldives – – – – – –
25 Mali 1995-1996 1236 1261 98 98 3.7
26 Morocco – – – – – –
27 Mozambique 1997 , 2003-2004 441 453 2409 2393 7.8
28 Niger 1998 , 2006 1128 1024 6 9 3.0
29 Nigeria 1999 , 2003 1034 1089 972 937 5.5
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania 1996 598 598 945 958 4.2
34 Togo 1998 186 212 1098 1104 3.5
35 Turkey 1998 913 732 3 4 2.3
36 Uganda – – – – – –
37 Uzbekistan 1996 478 433 11 14 1.3

Total 19,277 18,047 18,905 17,042 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.5: Distribution of observations in the analysis of maternal excessive
bleeding during and after delivery by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania – – – – – –
2 Azerbaijan – – – – – –
3 Bangladesh 1996-1997 , 1999-2000 6049 5718 680 619 14.4

2004 , 2007
4 Benin 1996 159 168 596 569 1.6
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon 1998 62 43 219 220 0.6
8 Central Afr. Rep. 1994-1995 79 96 721 700 1.8
9 Chad 1996-1997 257 283 260 219 1.1
10 Comoros 1996 330 280 0 0 0.7
11 Egypt 1995-1996 2475 2172 148 120 5.4
12 Ethiopia – – – – – –
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 1998-1999 , 2005-2006 2726 2366 17705 14912 41.6
17 Ivory Coast – – – – – –
18 Jordan 1997 1681 1524 27 37 3.6
19 Kazakhstan 1995 200 235 80 88 0.7
20 Kenya 1998 61 54 1017 1011 2.4
21 Kyrgyzstan 1997 402 369 39 23 0.9
22 Liberia – – – – – –
23 Malawi – – – – – –
24 Maldives – – – – – –
25 Mali 1995-1996 1235 1261 98 98 3.0
26 Morocco – – – – – –
27 Mozambique 1997 , 2003-2004 441 453 2411 2392 6.3
28 Niger 1998 , 2006 1124 1023 6 9 2.4
29 Nigeria 1999 , 2003 1034 1083 961 927 4.4
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania 1996 598 597 945 958 3.4
34 Togo 1998 186 212 1097 1104 2.9
35 Turkey 1998 912 733 3 4 1.8
36 Uganda – – – – – –
37 Uzbekistan 1996 478 433 11 14 1.0

Total 20,489 19,103 27,024 24,024 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.6: Distribution of observations in the analysis of postpartum
uterus infection by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania – – – – – –
2 Azerbaijan – – – – – –
3 Bangladesh 1996-1997 , 1999-2000 6052 5722 681 619 18.6

2004 , 2007
4 Benin 1996 159 168 596 569 2.1
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon 1998 62 43 219 220 0.8
8 Central Afr. Rep. 1994-1995 79 96 721 700 2.3
9 Chad 1996-1997 257 283 259 219 1.4
10 Comoros 1996 330 279 0 0 0.9
11 Egypt 1995-1996 2475 2172 148 120 7.0
12 Ethiopia – – – – – –
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 1998-1999 1224 1067 8125 6993 24.7
17 Ivory Coast – – – – – –
18 Jordan 1997 1681 1524 27 37 4.6
19 Kazakhstan 1995 200 235 80 88 0.9
20 Kenya 1998 61 54 1018 1011 3.0
21 Kyrgyzstan 1997 402 369 39 23 1.2
22 Liberia – – – – – –
23 Malawi – – – – – –
24 Maldives – – – – – –
25 Mali 1995-1996 1235 1260 98 98 3.8
26 Morocco – – – – – –
27 Mozambique 1997 , 2003-2004 441 453 2411 2391 8.1
28 Niger 1998 , 2006 1125 1023 6 9 3.1
29 Nigeria 1999 , 2003 1032 1081 961 927 5.7
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania 1996 597 596 945 958 4.4
34 Togo 1998 186 212 1098 1104 3.7
35 Turkey 1998 912 732 3 4 2.3
36 Uganda – – – – – –
37 Uzbekistan 1996 478 433 11 14 1.3

Total 18,988 17,802 17,446 16,104 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.7: Distribution of observations in the analysis of convulsion
during delivery by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania – – – – – –
2 Azerbaijan – – – – – –
3 Bangladesh 1996-97 , 1999-2000 6047 5715 681 619 17.9

2004 , 2007
4 Benin 1996 159 168 594 568 2.0
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon 1998 62 43 217 219 0.7
8 Central Afr. Rep. 1994-1995 79 96 721 699 2.2
9 Chad 1996-1997 257 283 259 219 1.4
10 Comoros 1996 330 279 0 0 0.8
11 Egypt 1995-1996 2475 2172 148 120 6.7
12 Ethiopia – – – – – –
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 2005-2006 1501 1298 9573 7916 27.7
17 Ivory Coast – – – – – –
18 Jordan 1997 1681 1524 27 37 4.5
19 Kazakhstan 1995 200 235 80 88 0.8
20 Kenya 1998 61 54 1019 1011 2.9
21 Kyrgyzstan 1997 402 369 39 23 1.1
22 Liberia – – – – – –
23 Malawi – – – – – –
24 Maldives – – – – – –
25 Mali 1995-1996 1233 1260 97 98 3.7
26 Morocco – – – – – –
27 Mozambique 1997 , 2003-2004 440 453 2410 2391 7.8
28 Niger 1998 , 2006 1125 1020 6 9 3.0
29 Nigeria 1999 , 2003 1027 1073 954 921 5.4
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania 1996 598 594 944 958 4.2
34 Togo 1998 186 212 1098 1102 3.6
35 Turkey 1998 910 732 3 4 2.3
36 Uganda – – – – – –
37 Uzbekistan 1996 478 433 11 14 1.3

Total 19,251 18,013 18,881 17,016 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.8: Distribution of observations in the analysis of headache,
blurry vision, and abdominal pain during pregnancy by country,
survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania – – – – – –
2 Azerbaijan – – – – – –
3 Bangladesh 1999-2000 , 2004 3177 3008 369 335 10.8
4 Benin – – – – – –
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon – – – – – –
8 Central Afr. Rep. – – – – – –
9 Chad – – – – – –
10 Comoros – – – – – –
11 Egypt – – – – – –
12 Ethiopia 2003 1323 1218 1569 1599 8.9
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 1998-1999 , 2005-2006 2940 2604 19097 16117 63.8
17 Ivory Coast – – – – – –
18 Jordan – – – – – –
19 Kazakhstan – – – – – –
20 Kenya – – – – – –
21 Kyrgyzstan – – – – – –
22 Liberia – – – – – –
23 Malawi 2004-2005 450 425 2218 2132 8.2
24 Maldives – – – – – –
25 Mali – – – – – –
26 Morocco – – – – – –
27 Mozambique 2003-2004 309 302 1539 1541 5.8
28 Niger – – – – – –
29 Nigeria – – – – – –
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania – – – – – –
34 Togo – – – – – –
35 Turkey 1998 915 734 3 4 2.6
36 Uganda – – – – – –
37 Uzbekistan – – – – – –

Total 9,114 8,291 24,795 21,728 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.9: Distribution of observations in the analysis of bleeding
during pregnancy by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania 2008-2009 534 495 111 100 1.9
2 Azerbaijan – – – – – –
3 Bangladesh 1999-2000 , 2004 3176 3008 369 335 10.5
4 Benin – – – – – –
5 Burkina Faso – – – – – –
6 Burundi – – – – – –
7 Cameroon – – – – – –
8 Central Afr. Rep. – – – – – –
9 Chad – – – – – –
10 Comoros – – – – – –
11 Egypt – – – – – –
12 Ethiopia 2003 1323 1218 1569 1599 8.7
13 Gabon – – – – – –
14 Ghana – – – – – –
15 Guinea – – – – – –
16 India 1998-1999 , 2005-2006 2940 2601 19092 16108 62.0
17 Ivory Coast – – – – – –
18 Jordan – – – – – –
19 Kazakhstan – – – – – –
20 Kenya – – – – – –
21 Kyrgyzstan – – – – – –
22 Liberia – – – – – –
23 Malawi 2004-2005 450 425 2218 2132 8.0
24 Maldives – – – – – –
25 Mali – – – – – –
26 Morocco – – – – – –
27 Mozambique 2003-2004 309 300 1541 1543 5.6
28 Niger – – – – – –
29 Nigeria – – – – – –
30 Pakistan – – – – – –
31 Senegal – – – – – –
32 Sierra Leone – – – – – –
33 Tanzania – – – – – –
34 Togo – – – – – –
35 Turkey 1998 916 734 3 4 2.5
36 Uganda 2000-2001 58 43 206 210 0.8
37 Uzbekistan – – – – – –

Total 9,706 8,824 25,109 22,031 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table A.10: Distribution of observations in the analysis of night
blindness during pregnancy by country, survey, religion and sex

Country Survey Years
Muslims Non-Muslims % in

Boys Girls Boys Girls Total
1 Albania 2008-2009 544 499 111 102 0.9
2 Azerbaijan 2006 816 629 2 2 1.1
3 Bangladesh 2004 2170 2089 231 208 3.5
4 Benin 2001 , 2006 650 635 3109 3282 5.8
5 Burkina Faso 2003 1065 1076 837 733 2.8
6 Burundi – – – – – –
7 Cameroon 2004 130 114 575 585 1.1
8 Central Afr. Rep. – – – – – –
9 Chad 2004 617 622 250 283 1.3
10 Comoros – – – – – –
11 Egypt – – – – – –
12 Ethiopia 1992 , 1997 1010 908 2357 2236 4.9
13 Gabon 2000 50 39 576 624 1.0
14 Ghana 2003 , 2008 345 295 1332 1280 2.5
15 Guinea 2005 387 397 61 46 0.7
16 India 1998-99 , 2005-2006 2939 2604 19093 16112 30.8
17 Ivory Coast – – – – – –
18 Jordan – – – – – –
19 Kazakhstan – – – – – –
20 Kenya 2008-2009 280 221 1198 1139 2.1
21 Kyrgyzstan – – – – – –
22 Liberia – – – – – –
23 Malawi 2000 , 2004-05 863 912 4658 4608 8.3
24 Maldives 2009 991 996 0 0 1.5
25 Mali 2001 , 2006 3415 3328 296 275 5.5
26 Morocco 2003-2004 1989 1883 0 0 2.9
27 Mozambique 2003-2004 309 301 1540 1543 2.8
28 Niger 2006 726 677 3 7 1.1
29 Nigeria 2003 , 2008 4215 4241 3450 3354 11.5
30 Pakistan – – – – – –
31 Senegal 2005 690 617 18 26 1.0
32 Sierra Leone 2008 476 480 135 136 0.9
33 Tanzania 2004-2005 861 785 1191 1239 3.1
34 Togo – – – – – –
35 Turkey – – – – – –
36 Uganda 2000-2001 , 2006 254 230 1584 1563 2.7
37 Uzbekistan – – – – – –

Total 25,792 24,578 42,607 39,383 100

Data Source: Demographic and health surveys, the DHS Program, USAID.
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Appendix B: Controlled correlation of exposure to Ramadan
with a child’s parents’ and household’s characteristics

Estimations of the effect of an hour of exposure to Ramadan during the 270-day
and three 90-day periods before birth on children’s
parents’ and household’s characteristics

Mother’s Father’s Mother’s Father’s Household
Exposure Birth Years of Years of Age at Age at Mother’s Wealth
Measure Urban Order Education Education Birth Birth Height Score

Muslims
HER270b 4.42e-06 -4.57e-05 0.000138*** -6.94e-05 4.68e-06 -2.92e-06 -0.000101 -1.92e-05

(5.88e-06) (5.76e-05) (4.16e-05) (4.40e-05) (0.000131) (0.000164) (9.10e-05) (2.10e-05)
HER190b 2.65e-06 -5.84e-05 0.000176*** -0.000192** 5.71e-06 0.000130 -0.000125 -2.28e-06

(9.10e-06) (5.22e-05) (4.94e-05) (7.72e-05) (0.000122) (0.000216) (0.000116) (2.13e-05)
HER290b 1.20e-05* -1.85e-05 0.000159*** -9.43e-05 -3.53e-05 -5.28e-05 -0.000108 -2.59e-05

(6.14e-06) (5.76e-05) (5.42e-05) (6.37e-05) (0.000137) (0.000161) (0.000122) (2.29e-05)
HER390b -4.72e-07 -5.68e-05 7.89e-05 7.92e-05 3.92e-05 -9.47e-05 -7.12e-05 -3.06e-05

(6.92e-06) (7.27e-05) (5.69e-05) (5.79e-05) (0.000166) (0.000186) (0.000116) (2.89e-05)
Obs. 165,256 165,256 165,189 163,769 165,256 165,256 165,256 165,256

Non-Muslims
HER270b -4.72e-06 7.95e-06 -6.74e-05 3.42e-05 -0.000100 0.000114 -0.000145 2.22e-05

(4.71e-06) (3.27e-05) (4.10e-05) (6.87e-05) (8.99e-05) (0.000138) (0.000109) (1.96e-05)
HER190b -1.95e-06 6.89e-06 2.04e-06 -4.33e-05 -0.000161 0.000427** -0.000200 2.23e-05

(6.40e-06) (2.91e-05) (4.51e-05) (8.91e-05) (9.70e-05) (0.000209) (0.000138) (1.81e-05)
HER290b 1.67e-06 4.11e-05 -0.000101** 0.000163** -0.000185 4.42e-05 -4.75e-05 7.34e-06

(7.31e-06) (5.13e-05) (4.18e-05) (7.76e-05) (0.000129) (0.000176) (0.000132) (2.78e-05)
HER390b -1.17e-05 -1.29e-05 -0.000115 2.60e-05 1.67e-05 -0.000152 -0.000156 3.19e-05

(7.40e-06) (4.40e-05) (7.08e-05) (7.64e-05) (0.000115) (0.000126) (0.000142) (2.14e-05)
Obs. 143,623 143,623 143,580 142,928 143,623 143,623 143,623 143,623

Notes: Each entry of the table is the effect of an hour exposure to Ramadan during a pre-birth episode, specified in the first column, on
a child’s characteristics, specified in the top row. Exposure measure are HER270b, HER190b, HER290b, and HER390b. Variable HER270b
contains hours of exposure to Ramadan during the 270-day period before birth, while variables HER190b, HER290b, and HER390b contain
hours of exposure to Ramadan during the first, second, and third 90-day periods (trimesters) before birth. The reported numbers are estimated
coefficients of the exposure measures (listed in the first column from left) in the regressions in which the left-hand-side variable is any of the
characteristics listed on the top row and the right-hand-side variables are exposure measure(s) and the rest of the control variables. Control
variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable that
indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth
indicator. For both subgroups, i.e. Muslims and non-Muslim, male and female children are pooled. Standard errors, presented in parentheses,
are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Appendix C: The results of height regressions

Table C.1: The ffect of an hour of exposure to Ramadan during the 270-
day period before birth on height-for-age Z-score by sex, religion and age

Measure Boys Girls
Age of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims

0

HER270b -0.000134 1.03e-05 0.000144 0.000107 0.000221 0.000114
(0.000162) (0.000111) (0.000112) (0.000181) (0.000154) (0.000109)

Obs. 38,360 19,975 18,385 37,253 19,274 17,979

1

HER270b 7.29e-05 1.38e-05 -5.91e-05 0.000324** 0.000214** -0.000110
(0.000144) (8.61e-05) (0.000103) (0.000126) (9.96e-05) (8.41e-05)

Obs. 34,948 18,027 16,921 33,607 17,285 16,322

2

HER270b -5.81e-05 -5.19e-05 6.26e-06 0.000165 0.000135 -3.01e-05
(0.000131) (9.12e-05) (7.06e-05) (0.000133) (9.28e-05) (9.81e-05)

Obs. 32,276 16,845 15,431 31,181 16,257 14,924

3

HER270b -0.000169 -7.15e-05 9.78e-05 0.000113 -1.81e-05 -0.000131
(0.000159) (0.000117) (0.000124) (0.000189) (9.56e-05) (0.000156)

Obs. 27,082 15,347 11,735 26,008 14,835 11,173

4

HER270b -0.000259* -0.000202*** 5.74e-05 3.34e-05 5.30e-05 1.96e-05
(0.000138) (5.62e-05) (0.000101) (0.000120) (0.000104) (8.07e-05)

Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each coefficient
is estimated in a regression for a subgroup of children specified by sex, mother’s religion, and age. Control variables in
the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable
that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height,
and households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results
are reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted with all of the
explanatory variables. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are
clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *,
respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table C.2: The effect of an hour of exposure to Ramadan during
three 90-day periods (trimesters) before birth on height-for-age
Z-score by sex, religion and age

Measures Boys Girls
Age of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims

0

HER190b -0.000112 -8.81e-07 0.000111 7.14e-05 0.000123 5.15e-05
(0.000218) (0.000139) (0.000172) (0.000212) (0.000193) (0.000135)

HER290b -6.78e-05 -2.26e-05 4.53e-05 -1.32e-05 0.000151 0.000165
(0.000192) (0.000147) (0.000128) (0.000185) (0.000116) (0.000131)

HER390b -0.000195 5.11e-05 0.000246** 0.000261 0.000409* 0.000148
(0.000168) (0.000146) (9.76e-05) (0.000240) (0.000213) (0.000115)

Obs. 38,360 19,975 18,385 37,253 19,274 17,979

1

HER190b 0.000122 2.30e-05 -9.87e-05 0.000346** 0.000179 -0.000167
(0.000187) (0.000108) (0.000142) (0.000168) (0.000131) (0.000120)

HER290b -6.75e-05 -4.64e-05 2.11e-05 0.000287 0.000295** 7.78e-06
(0.000183) (0.000125) (0.000135) (0.000204) (0.000132) (0.000145)

HER390b 0.000129 6.08e-05 -6.85e-05 0.000303* 0.000175 -0.000129
(0.000165) (0.000109) (0.000101) (0.000150) (0.000122) (8.44e-05)

Obs. 34,948 18,027 16,921 33,607 17,285 16,322

2

HER190b 6.07e-06 -4.04e-06 -1.01e-05 0.000190 0.000144 -4.52e-05
(0.000161) (0.000133) (9.12e-05) (0.000198) (0.000130) (0.000142)

HER290b -0.000142 -8.93e-05 5.23e-05 0.000120 0.000142 2.13e-05
(0.000212) (0.000120) (0.000129) (0.000209) (0.000130) (0.000157)

HER390b -6.26e-05 -6.88e-05 -6.22e-06 0.000166 0.000118 -4.78e-05
(0.000132) (0.000112) (7.86e-05) (0.000123) (1.00e-04) (8.61e-05)

Obs. 32,276 16,845 15,431 31,181 16,257 14,924

3

HER190b -0.000179 -2.48e-05 0.000154 6.81e-05 2.14e-05 -4.67e-05
(0.000180) (0.000130) (0.000130) (0.000228) (8.97e-05) (0.000205)

HER290b 3.05e-05 9.40e-05 6.36e-05 0.000153 2.21e-05 -0.000131
(0.000224) (0.000136) (0.000188) (0.000266) (0.000132) (0.000205)

HER390b -0.000320* -0.000264* 5.55e-05 0.000117 -9.19e-05 -0.000209
(0.000177) (0.000145) (0.000151) (0.000186) (0.000136) (0.000130)

Obs. 27,082 15,347 11,735 26,008 14,835 11,173

4

HER190b -0.000175 -6.98e-05 0.000105 9.61e-05 9.20e-05 -4.04e-06
(0.000168) (8.79e-05) (0.000141) (0.000205) (0.000172) (0.000118)

HER290b -0.000445** -0.000298*** 0.000147 3.06e-05 4.62e-05 1.56e-05
(0.000167) (7.82e-05) (0.000139) (0.000141) (9.98e-05) (0.000108)

HER390b -0.000249 -0.000273*** -2.37e-05 -2.95e-05 1.47e-05 4.41e-05
(0.000216) (9.76e-05) (0.000156) (0.000132) (9.63e-05) (0.000120)

Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, 
second, and third 90-day periods (trimesters) before birth. Each set of coefficients of the exposure measures 
are estimated in a regression for a subgroup of children specified by sex, mother’s religion, and age. Control 
variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural 
indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’ 
education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and 
non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in 
which Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number 
of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical 
significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table C.3: The effect of an hour of exposure to Ramadan during nine 30-day periods (months)
before birth on 0, 1, and 2 years old male children’s height-for-age Z-score by religion and age
Measures Age=0 Age=1 Age=2

of Non- Non- Non-
Exposure All Muslims Muslims All Muslims Muslims All Muslims Muslims
HER130b -0.000137 -0.000160 -2.22e-05 0.000382 0.000138 -0.000244 -7.58e-05 -2.37e-05 5.21e-05

(0.000326) (0.000226) (0.000193) (0.000251) (0.000185) (0.000171) (0.000266) (0.000161) (0.000237)
HER230b -0.000338 1.29e-05 0.000351 0.000188 -3.17e-05 -0.000220 0.000207 0.000102 -0.000104

(0.000348) (0.000185) (0.000274) (0.000288) (0.000178) (0.000190) (0.000290) (0.000190) (0.000181)
HER330b 0.000221 9.53e-05 -0.000125 -0.000177 6.99e-06 0.000184 -0.000159 -0.000173 -1.42e-05

(0.000321) (0.000332) (0.000167) (0.000268) (0.000176) (0.000176) (0.000192) (0.000141) (0.000150)
HER430b -0.000133 -3.39e-05 9.95e-05 0.000119 8.86e-05 -3.01e-05 -0.000207 0.000172 0.000379*

(0.000254) (0.000147) (0.000232) (0.000201) (0.000164) (0.000164) (0.000377) (0.000267) (0.000207)
HER530b 0.000191 -1.87e-05 -0.000210 0.000165 4.70e-05 -0.000118 8.82e-06 -0.000137 -0.000146

(0.000285) (0.000219) (0.000141) (0.000267) (0.000196) (0.000188) (0.000238) (0.000225) (0.000114)
HER630b -0.000346 -5.92e-05 0.000287 -0.000513 -0.000272 0.000241 -0.000249 -0.000311 -6.25e-05

(0.000308) (0.000250) (0.000200) (0.000318) (0.000182) (0.000234) (0.000278) (0.000207) (0.000198)
HER730b -0.000292 -7.18e-05 0.000221 0.000407* 0.000266 -0.000141 -0.000176 3.98e-06 0.000180

(0.000273) (0.000230) (0.000206) (0.000215) (0.000168) (0.000166) (0.000281) (0.000167) (0.000191)
HER830b -1.34e-05 0.000279* 0.000292 -7.97e-05 -0.000114 -3.45e-05 -5.90e-05 -2.47e-06 5.66e-05

(0.000235) (0.000156) (0.000194) (0.000203) (0.000155) (0.000169) (0.000181) (0.000149) (0.000115)
HER930b -0.000304 -0.000170 0.000134 0.000170 0.000130 -3.96e-05 4.80e-05 -0.000258 -0.000306*

(0.000276) (0.000213) (0.000155) (0.000303) (0.000240) (0.000180) (0.000311) (0.000268) (0.000157)
Obs. 38,360 19,975 18,385 34,948 18,027 16,921 32,276 16,845 15,431

Notes: Variables HER130b, HER230b, ... , and HER930b contain hours of exposure to Ramadan during the first, second, ... , and ninth 30-day periods (months)
before birth. Each set of coefficients of the exposure measures are estimated in a regression for a subgroup of children specified by sex, mother’s religion, and
age. Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates
country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that
use both Muslims’ and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in which Muslim dummy is
interacted with all of the explanatory variables. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at
country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table C.3 (continued): The effect of an hour of exposure to Ramadan
during nine 30-day periods (months) before birth on 3 and 4 years
old male children’s height-for-age Z-score by religion and age
Measures Age=3 Age=4

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims
HER130b -0.000338 -0.000174 0.000164 -7.07e-05 -8.37e-05 -1.29e-05

(0.000270) (0.000124) (0.000241) (0.000254) (0.000138) (0.000213)
HER230b 3.97e-05 0.000133 9.28e-05 -0.000256 -4.49e-05 0.000211

(0.000318) (0.000218) (0.000244) (0.000189) (0.000119) (0.000169)
HER330b -0.000347 -8.12e-05 0.000266 -0.000188 -0.000121 6.72e-05

(0.000255) (0.000132) (0.000193) (0.000314) (0.000184) (0.000271)
HER430b -0.000149 -0.000107 4.21e-05 -0.000730*** -0.000252*** 0.000478**

(0.000412) (0.000245) (0.000292) (0.000211) (8.71e-05) (0.000227)
HER530b 3.43e-05 0.000237 0.000203 -0.000231 -0.000316* -8.47e-05

(0.000260) (0.000180) (0.000231) (0.000301) (0.000177) (0.000200)
HER630b 0.000175 0.000102 -7.31e-05 -0.000413* -0.000312** 0.000102

(0.000253) (0.000153) (0.000192) (0.000211) (0.000147) (0.000190)
HER730b -0.000350 -0.000197 0.000153 -0.000374 -0.000458** -8.40e-05

(0.000313) (0.000262) (0.000212) (0.000310) (0.000207) (0.000166)
HER830b -0.000192 -0.000252 -6.02e-05 9.15e-05 -6.63e-05 -0.000158

(0.000219) (0.000169) (0.000146) (0.000317) (0.000134) (0.000275)
HER930b -0.000489* -0.000355 0.000134 -0.000540* -0.000377** 0.000163

(0.000262) (0.000231) (0.000213) (0.000271) (0.000175) (0.000189)
Obs. 27,082 15,347 11,735 24,720 14,070 10,650

Notes: Variables HER130b, HER230b, ... , and HER930b contain hours of exposure to Ramadan during the first,
second, ... , and ninth 30-day periods (months) before birth. Coefficients of the exposure measures are estimated
in a regression for a subgroup of children specified by sex, mother’s religion, and age. Control variables in the
regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable
that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height,
and households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results
are reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted with all of the
explanatory variables. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses,
are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **,
and *, respectively.
Data Source: Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table C.4: The effect of an hour of exposure to Ramadan during nine 30-day periods (months)
before birth on 0, 1, and 2 years old female children’s height-for-age Z-score by religion and age
Measures Age=0 Age=1 Age=2

of Non- Non- Non-
Exposure All Muslims Muslims All Muslims Muslims All Muslims Muslims
HER130b -0.000182 -0.000133 4.87e-05 0.000578** 0.000304* -0.000274 0.000163 -3.11e-05 -0.000194

(0.000341) (0.000285) (0.000200) (0.000239) (0.000178) (0.000184) (0.000285) (0.000115) (0.000230)
HER230b 0.000375 0.000331 -4.36e-05 0.000139 -5.84e-05 -0.000198 0.000300 0.000328* 2.75e-05

(0.000263) (0.000275) (0.000132) (0.000258) (0.000140) (0.000205) (0.000254) (0.000187) (0.000176)
HER330b -0.000118 7.09e-05 0.000189 0.000377 0.000386 8.48e-06 1.35e-05 5.73e-05 4.38e-05

(0.000285) (0.000120) (0.000245) (0.000292) (0.000249) (0.000230) (0.000265) (0.000172) (0.000202)
HER430b -0.000171 0.000215 0.000386* 0.000541* 0.000536*** -4.62e-06 0.000158 0.000255 9.71e-05

(0.000340) (0.000221) (0.000204) (0.000305) (0.000196) (0.000215) (0.000299) (0.000223) (0.000226)
HER530b -0.000245 -0.000277 -3.24e-05 0.000539* 0.000454** -8.53e-05 -9.35e-05 0.000268 0.000361**

(0.000256) (0.000187) (0.000199) (0.000285) (0.000210) (0.000212) (0.000294) (0.000187) (0.000163)
HER630b 0.000398 0.000586*** 0.000188 -0.000284 -0.000159 0.000125 0.000327 -0.000144 -0.000471**

(0.000326) (0.000193) (0.000224) (0.000242) (0.000163) (0.000160) (0.000261) (0.000221) (0.000205)
HER730b 0.000233 0.000390 0.000157 0.000335 0.000355** 2.04e-05 -0.000103 0.000107 0.000210

(0.000349) (0.000310) (0.000182) (0.000269) (0.000166) (0.000171) (0.000351) (0.000181) (0.000225)
HER830b 0.000315 0.000295 -1.96e-05 0.000444** 9.34e-05 -0.000351** 0.000381 0.000158 -0.000223

(0.000251) (0.000212) (0.000166) (0.000208) (0.000156) (0.000160) (0.000291) (0.000174) (0.000201)
HER930b 0.000122 0.000497** 0.000376*** 0.000134 0.000157 2.21e-05 0.000107 6.42e-05 -4.24e-05

(0.000269) (0.000237) (0.000136) (0.000300) (0.000193) (0.000199) (0.000159) (0.000120) (0.000129)
Obs. 37,253 19,274 17,979 33,607 17,285 16,322 31,181 16,257 14,924

Notes: Variables HER130b, HER230b, ... , and HER930b contain hours of exposure to Ramadan during the first, second, ... , and ninth 30-day periods (months)
before birth. Coefficients of the exposure measures are estimated in a regression for a subgroup of children specified by sex, mother’s religion, and age. Control variables
in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province of
residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’
information (their results are reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted with all of the explanatory variables.
Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels at the 1,
5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table C.4 (continued): The effect of an hour of exposure to Ramadan
during nine 30-day periods (months) before birth on 3 and 4 years
old male children’s height-for-age Z-score by religion and age
Measures Age=3 Age=4

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims
HER130b 0.000497* 0.000366* -0.000131 9.86e-05 6.79e-05 -3.07e-05

(0.000275) (0.000187) (0.000199) (0.000265) (0.000216) (0.000140)
HER230b -0.000260 -0.000196 6.38e-05 0.000197 0.000183 -1.43e-05

(0.000385) (0.000194) (0.000308) (0.000295) (0.000240) (0.000167)
HER330b 6.01e-05 -1.69e-05 -7.70e-05 -5.25e-05 -3.00e-08 5.24e-05

(0.000285) (0.000140) (0.000291) (0.000268) (0.000209) (0.000203)
HER430b 0.000550* 0.000334* -0.000216 0.000115 6.41e-05 -5.12e-05

(0.000317) (0.000180) (0.000243) (0.000208) (0.000147) (0.000193)
HER530b -0.000122 -6.77e-06 0.000115 -4.60e-05 -0.000141 -9.48e-05

(0.000339) (0.000163) (0.000288) (0.000256) (0.000195) (0.000182)
HER630b 0.000136 -0.000201 -0.000337 -3.47e-05 0.000249** 0.000284*

(0.000409) (0.000294) (0.000220) (0.000185) (0.000120) (0.000146)
HER730b -0.000161 -0.000211 -4.95e-05 -0.000267 0.000124 0.000390*

(0.000255) (0.000175) (0.000177) (0.000305) (0.000167) (0.000214)
HER830b 6.46e-05 -0.000115 -0.000179 -1.79e-05 -0.000154 -0.000136

(0.000285) (0.000214) (0.000184) (0.000182) (0.000183) (0.000159)
HER930b 0.000493** 0.000105 -0.000389** 0.000140 0.000101 -3.95e-05

(0.000216) (0.000130) (0.000185) (0.000237) (0.000161) (0.000195)
Obs. 26,008 14,835 11,173 23,444 13,341 10,103

Notes: Variables HER130b, HER230b, ... , and HER930b contain hours of exposure to Ramadan during the first,
second, ... , and ninth 30-day periods (months) before birth. Coefficients of the exposure measures are estimated in a
regression for a subgroup of children specified by sex, mother’s religion, and age. Control variables in the regressions
are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable that
indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and
households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results
are reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted with all
of the explanatory variables. Obs. is the abbreviation for number of observations. Standard errors, presented in
parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated
by ***, **, and *, respectively.
Data Source: Data Source: Demographic and health surveys, the DHS Program, USAID.
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Appendix D: Robustness Tests 

In a series of tests, I check robustness of the estimated height effects that were discussed in Section 

(4). More specifically, I reestimate Models (1)–(3) dropping overrepresented countries in the 

sample, dropping the heaping points of the birth day, using alternative exposure measures, and 

employing fixed-effect estimation method. I also examine the effect of inclusion of pre-conception 

and post-birth exposure to Ramadan.  

Large fractions of observations in the estimation sample—12.5%, 12.3%, 9.1%, 6.7%, and 5.8% 

of total observations—are coming from India, Egypt, Nigeria, Bangladesh, and Mali, respectively. 

To test if the effects on height of pre-birth exposure to Ramadan are driven by observations from 

these overrepresented countries, I estimate the effects for children at ages 3 and 4 years—the ages 

at which strong and statistically significant effect appears—excluding observations from each of 

the five countries. The results, presented in Tables (D.1.1)–(D.1.4) where original results are 

juxtaposed against the results when any of the countries are dropped, show that statistical 

significance and pattern of the effects remain unchanged. Particularly, in all cases, exposure during 

the third and second trimesters before birth has the largest negative effects on children's height at 

ages 3 and 4, respectively. Also, the outcomes of the month regressions, although not reported, 

show similar pattern to the original results.51 

There are spikes in the number of children who reported 1, 5, 10, 15, 20, or 25 as their day of birth 

(Figure D.2.1). As another robustness check, I reestimate the original models dropping children 

born at these days and compare the results with the original ones. In effect, I estimate the models 

for 3- and 4-year-old children when all heaped points of the day of birth—i.e., 1, 5, 10, 15, 20, and 

25—are dropped and when only the highly heaped points of the day of birth—i.e., 1, 5, 10, and 

20—are dropped. The results, presented in Tables (D.2.1)–(D.2.4) in which original results are 

given alongside the new results, show that the pattern of the effects are preserved after dropping 

the heaping points, especially when only highly heaped points are dropped.  

In the original regressions, I estimate the effect of “hours” of exposure to Ramadan during different 

episodes before birth on height. To test the robustness of the results against different measures of 

exposure, I reestimate the models for 3- and 4-year-old children when “days” or “indicators” of 

exposure are used.52 As another set of exposure measures, I separate partial exposure at the 

beginning and end of gestation from full exposure. Tables (D.3.1)–(D.3.4), where the new results 

are juxtaposed against original ones, show that the pattern of the effects remains unchanged when 

alternative exposure measures are examined, although there are minor differences in the magnitude 

of the effects.53  

To address family- and household-level unobserved factors that may influence the timing of 

conception or the intention to treat, I conduct fixed-effect analysis in which the identification is 

driven from the comparison of the exposed and non-exposed siblings of the same mother or from 

the same household. Since it is rare to have a mother with more than one child at the same year of 

age, it is not possible to run age-specific fixed-effect regressions. In Tables (D.4.1)–(D.4.2), the 

51 In addition, it can be seen that dropping either India, Egypt, or Mali results in rather smaller effects than those in the original 

regressions. On the other hand, dropping either Nigeria or Bangladesh results in rather greater effects than those in the original 

regressions. One possible explanation of the changes in results is the difference in observance of Ramadan—i.e., intention to treat—

among these two groups of countries: observance may be higher in India, Egypt, and Mali but lower in Nigeria and Bangladesh 

than the average observance in the sample. 
52 An indicator of exposure is a dummy variable that contains 1 when a child is exposed to Ramadan during the pre-birth 

episode of interest; 0 otherwise. 
53 The hours of exposure coefficients times 12—the average hours of daylight during a Ramadan in the sample—are 

comparable to the days of exposure coefficients. Also, hours of exposure coefficients times 12×30 are comparable to the 

indicators of exposure coefficients because most exposed children are exposed to a full Ramadan. 
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results of fixed-effect regressions are compared to the original OLS regressions when children of 

all ages are pooled. Although negative in sign, the OLS results are not statistically significant. 

However, the fixed-effect results are both negative in sign and statistically significant. Interpreting 

the estimated fixed-effect coefficients is not straightforward because the exposed and non-exposed 

children of different mothers or households can have different age differentials. For example, for 

one mother, the exposed and non-exposed children can be at ages 4 years and 0 year, respectively. 

For another mother however they can be at ages 2 years and 0 year, respectively. The estimated 

coefficients therefore are averages over such and other possible cases.54 Nonetheless, it can be seen 

that the magnitude of the coefficients in mothers' fixed-effect regressions are comparable to 

magnitude of the OLS coefficients at late childhood, which are presented in Tables (C.1) and (C.2). 

This should be at no surprise given the fact that the height effect is more significant and distinctive 

at late childhood. 

I also investigate the case for inclusion of pre-conception measures of exposure to Ramadan and 

its impact on the results. Since Ramadan reoccurs every year, it is essentially different than one-

time nutritional shocks—such as human and natural disasters like famines, tornadoes, and wars—

that are usually used in the literature. Therefore, going backwards from birth to more than 9 or 10 

months results in two problems. First, going beyond 12 months will remain no child who is counted 

as non-exposed then no reference group for comparisons. Second, going beyond 9 or 10 months 

shrinks the comparison group. As an example, in Tables (D.5.1)–(D.5.2), I have presented the 

estimated coefficients of height regressions in which hours of exposure during pre-conception 

months are gradually included for 4-year-old male children. As it can be seen, gradual inclusion 

of preconception measures results in dissipation of the effects such that no effect can be detected 

when exposure during month 12 or more before birth are included. 

In addition, I investigate the case for inclusion of post-birth measures of exposure to Ramadan. In 

fact, when examining height effect of exposure to Ramadan during months 9, 8, ... , 2, and 1 before 

birth, I am dividing the exposed children into 9 groups and comparing them with those who were 

not exposed to Ramadan, or were exposed during months 10, 11, and 12 before birth. Any member 

of any of the groups of the exposed children was also exposed to Ramadan after birth. For example, 

a child who was exposed to Ramadan during month 9 before birth was also exposed to Ramadans 

during months 4, 16, 27, and 39 after birth. Or, a child who was exposed to Ramadan during month 

8 before birth was also exposed to Ramadans during months 5, 17, 28, and 40 after birth. Therefore, 

the comparison of the effects of exposure to Ramadan in months 9 and 8 before birth embeds the 

comparison of the effects of exposure during the following two series of Ramadans after birth: 

months (4, 16, 27, 39) and months (5, 17, 28, 40). The question is how much of the measured 

effects are attributable to post-birth Ramadans. The differential effect of post-birth Ramadans is 

probably minor because members of the control group—children who were exposed to Ramadan 

during months 10, 11, 12 before birth—are also exposed to the same number of post birth 

Ramadans. Then, it is expected that the comparison of the treatment and control groups cancels 

out the effects of post-birth Ramadans.55 As a result, I do not need to separately examine post-birth 

exposure measures. 

54 To have a straightforward interpretation of the fixed-effect coefficients, one can include pairs of children at specific ages 

in separate regressions. Focusing on the effect of exposure on height at age 4 years, when it is expected that the effect on 

height is most significant, the relevant pairs of children in terms of age are (4,3), (4,2), (4,1), and (4,0) where the second 

component of the pairs are the ages of the non-exposed children of the same sex and mother/household. The regression 

sample however is not large enough to provide enough variation to conduct such analyses. 
55 Since post-birth exposures happened at different months for the groups of children specified by the timing of their pre-

birth exposure, I do not expect that the effects of post-birth exposures “completely” cancel each other out. 
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D.1: Dropping overrepresented countries

Table D.1.1: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
3 by sex and religion after dropping overrepresented countries
from the regression sample
Measure Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no country is dropped):
HER270b -0.000169 -7.15e-05 9.78e-05 0.000113 -1.81e-05 -0.000131

(0.000159) (0.000117) (0.000124) (0.000189) (9.56e-05) (0.000156)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

India is dropped:
HER270b -0.000128 -7.33e-05 5.48e-05 3.63e-05 -2.59e-05 -6.22e-05

(0.000167) (0.000119) (0.000137) (0.000190) (9.59e-05) (0.000164)
Obs. 24,799 15,053 9,746 23,913 14,537 9,376

Egypt is dropped:
HER270b -0.000103 -6.66e-06 9.61e-05 0.000174 3.22e-05 -0.000142

(0.000162) (0.000129) (0.000128) (0.000194) (9.59e-05) (0.000159)
Obs. 23,164 11,608 11,556 22,360 11,327 11,033

Nigeria is dropped:
HER270b -0.000235 -0.000109 0.000127 0.000126 9.37e-06 -0.000117

(0.000157) (0.000113) (0.000133) (0.000202) (0.000101) (0.000164)
Obs. 24,342 13,816 10,526 23,377 13,291 10,086

Bangladesh is dropped:
HER270b -0.000241 -0.000135 0.000106 9.68e-05 -4.77e-05 -0.000144

(0.000156) (0.000117) (0.000127) (0.000202) (0.000107) (0.000159)
Obs. 24,945 13,415 11,530 24,063 13,060 11,003

Mali is dropped:
HER270b -0.000119 -1.13e-05 0.000108 0.000104 -2.25e-05 -0.000127

(0.000155) (0.000113) (0.000123) (0.000196) (0.000106) (0.000157)
Obs. 25,602 13,984 11,618 24,585 13,499 11,086

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth.
Each coefficient is estimated in a regression for subgroup of 3 years old children specified by sex and mother’s
religion. Control variables in the regressions are children’s age in days, children’s year, month, and order of
birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at
children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that
use both Muslims’ and non-Muslims’ information (their results are reported under “All”) contain the full set
of interaction terms in which Muslim dummy is interacted with all of the explanatory variables. Obs. is the
abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country
level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.1.2: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
4 by sex and religion after dropping overrepresented countries
from the regression sample
Measure Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no country is dropped):
HER270b -0.000259* -0.000202*** 5.74e-05 3.34e-05 5.30e-05 1.96e-05

(0.000138) (5.62e-05) (0.000101) (0.000120) (0.000104) (8.07e-05)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

India is dropped:
HER270b -0.000246 -0.000202*** 4.34e-05 5.07e-05 6.40e-05 1.34e-05

(0.000150) (5.72e-05) (0.000112) (0.000125) (0.000104) (8.62e-05)
Obs. 22,530 13,801 8,729 21,559 13,095 8,464

Egypt is dropped:
HER270b -0.000176 -0.000147** 2.85e-05 1.16e-05 2.50e-05 1.34e-05

(0.000137) (6.28e-05) (9.90e-05) (0.000149) (0.000144) (8.24e-05)
Obs. 21,177 10,698 10,479 20,086 10,126 9,960

Nigeria is dropped:
HER270b -0.000277* -0.000207*** 6.92e-05 2.49e-05 6.59e-06 -1.83e-05

(0.000150) (6.00e-05) (0.000113) (0.000130) (0.000103) (8.42e-05)
Obs. 22,245 12,652 9,593 21,085 11,986 9,099

Bangladesh is dropped:
HER270b -0.000307** -0.000227*** 8.07e-05 2.93e-05 5.48e-05 2.55e-05

(0.000145) (5.93e-05) (0.000105) (0.000130) (0.000114) (8.29e-05)
Obs. 22,788 12,324 10,464 21,640 11,706 9,934

Mali is dropped:
HER270b -0.000261* -0.000213*** 4.77e-05 5.77e-05 6.87e-05 1.10e-05

(0.000141) (5.80e-05) (0.000102) (0.000123) (0.000109) (8.11e-05)
Obs. 23,441 12,890 10,551 22,216 12,219 9,997

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each
coefficient is estimated in a regression for subgroup of 4 years old children specified by sex and mother’s religion.
Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an
urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth,
parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’
and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in
which Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number of
observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance
levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.1.3: Effect of an hour of exposure to Ramadan
during three 90-day periods (trimesters) before birth on
height-for-age Z-score at age 3 by sex and religion after
dropping overrepresented countries

Measures Boys Girls
of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims
Original results (no is country dropped):

HER190b -0.000179 -2.48e-05 0.000154 6.81e-05 2.14e-05 -4.67e-05
(0.000180) (0.000130) (0.000130) (0.000228) (8.97e-05) (0.000205)

HER290b 3.05e-05 9.40e-05 6.36e-05 0.000153 2.21e-05 -0.000131
(0.000224) (0.000136) (0.000188) (0.000266) (0.000132) (0.000205)

HER390b -0.000320* -0.000264* 5.55e-05 0.000117 -9.19e-05 -0.000209
(0.000177) (0.000145) (0.000151) (0.000186) (0.000136) (0.000130)

Obs. 27,082 15,347 11,735 26,008 14,835 11,173
India is dropped:

HER190b -0.000146 -2.18e-05 0.000124 -1.34e-05 1.60e-05 2.94e-05
(0.000189) (0.000132) (0.000141) (0.000226) (9.09e-05) (0.000209)

HER290b 4.38e-05 9.67e-05 5.29e-05 6.57e-05 7.23e-06 -5.85e-05
(0.000238) (0.000136) (0.000207) (0.000259) (0.000130) (0.000205)

HER390b -0.000265 -0.000280* -1.56e-05 4.96e-05 -9.79e-05 -0.000148
(0.000185) (0.000145) (0.000161) (0.000196) (0.000135) (0.000151)

Obs. 24,799 15,053 9,746 23,913 14,537 9,376
Egypt is dropped:

HER190b -0.000190 -3.80e-05 0.000152 8.18e-06 -5.08e-05 -5.89e-05
(0.000190) (0.000150) (0.000133) (0.000246) (0.000105) (0.000212)

HER290b 9.31e-05 0.000166 7.31e-05 0.000299 0.000120 -0.000178
(0.000245) (0.000165) (0.000194) (0.000257) (0.000120) (0.000207)

HER390b -0.000145 -9.61e-05 4.85e-05 0.000263 5.97e-05 -0.000204
(0.000163) (0.000138) (0.000157) (0.000172) (0.000110) (0.000132)

Obs. 23,164 11,608 11,556 22,360 11,327 11,033
Nigeria is dropped:

HER190b -0.000285 -0.000119 0.000165 6.87e-06 1.75e-05 1.06e-05
(0.000187) (0.000114) (0.000151) (0.000241) (0.000104) (0.000212)

HER290b -9.04e-05 2.03e-05 0.000111 0.000160 4.40e-05 -0.000116
(0.000205) (0.000116) (0.000195) (0.000283) (0.000142) (0.000216)

HER390b -0.000305 -0.000211 9.43e-05 0.000205 -2.72e-05 -0.000232*
(0.000181) (0.000149) (0.000156) (0.000187) (0.000128) (0.000135)

Obs. 24,342 13,816 10,526 23,377 13,291 10,086
Bangladesh is dropped:

HER190b -0.000235 -6.78e-05 0.000167 7.33e-05 3.61e-06 -6.97e-05
(0.000193) (0.000147) (0.000130) (0.000233) (0.000105) (0.000206)

HER290b -5.64e-05 2.03e-05 7.67e-05 0.000115 -2.56e-05 -0.000141
(0.000224) (0.000133) (0.000193) (0.000281) (0.000141) (0.000209)

HER390b -0.000391** -0.000336** 5.50e-05 9.72e-05 -0.000118 -0.000215
(0.000168) (0.000129) (0.000156) (0.000198) (0.000142) (0.000134)

Obs. 24,945 13,415 11,530 24,063 13,060 11,003
Mali is dropped:

HER190b -0.000115 4.27e-05 0.000157 7.94e-05 3.11e-05 -4.83e-05
(0.000181) (0.000131) (0.000131) (0.000234) (9.86e-05) (0.000206)

HER290b 9.38e-05 0.000157 6.31e-05 0.000130 1.13e-05 -0.000119
(0.000214) (0.000124) (0.000188) (0.000271) (0.000141) (0.000206)

HER390b -0.000299 -0.000221 7.76e-05 9.38e-05 -0.000109 -0.000203
(0.000181) (0.000154) (0.000148) (0.000191) (0.000145) (0.000130)

Obs. 25,602 13,984 11,618 24,585 13,499 11,086

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during 
the first, second, and third 90-day periods (trimesters) before birth. Each set of coefficients of the 
exposure measures are estimated in a regression for subgroup of 3 years old children specified by sex 
and mother’s religion. Control variables in the regressions are children’s age in days, children’s year, 
month, and order of birth, an urban/rural indicator, a variable that indicates country and province of 
residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth 
indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results are 
reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted 
with all of the explanatory variables. Obs. is the abbreviation for number of observations. Standard 
errors, presented in parentheses, are clustered at country level. The statistical significance levels at 
the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.1.4: Effect of an hour of exposure to Ramadan
during three 90-day periods (trimesters) before birth on
height-for-age Z-score at age 4 by sex and religion after
dropping overrepresented countries

Measures Boys Girls
of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims
Original results (no country is dropped):

HER190b -0.000175 -6.98e-05 0.000105 9.61e-05 9.20e-05 -4.04e-06
(0.000168) (8.79e-05) (0.000141) (0.000205) (0.000172) (0.000118)

HER290b -0.000445** -0.000298*** 0.000147 3.06e-05 4.62e-05 1.56e-05
(0.000167) (7.82e-05) (0.000139) (0.000141) (9.98e-05) (0.000108)

HER390b -0.000249 -0.000273*** -2.37e-05 -2.95e-05 1.47e-05 4.41e-05
(0.000216) (9.76e-05) (0.000156) (0.000132) (9.63e-05) (0.000120)

Obs. 24,720 14,070 10,650 23,444 13,341 10,103
India is dropped:

HER190b -0.000192 -6.37e-05 0.000128 0.000160 0.000105 -5.47e-05
(0.000175) (8.89e-05) (0.000144) (0.000207) (0.000171) (0.000125)

HER290b -0.000397** -0.000298*** 9.89e-05 8.46e-06 4.26e-05 3.42e-05
(0.000172) (7.88e-05) (0.000146) (0.000141) (0.000101) (0.000108)

HER390b -0.000215 -0.000280*** -6.43e-05 -3.35e-05 3.50e-05 6.85e-05
(0.000229) (9.76e-05) (0.000169) (0.000141) (9.46e-05) (0.000124)

Obs. 22,530 13,801 8,729 21,559 13,095 8,464
Egypt is dropped:

HER190b -0.000155 -5.64e-05 9.82e-05 -5.02e-06 -4.61e-05 -4.10e-05
(0.000175) (9.33e-05) (0.000144) (0.000240) (0.000198) (0.000115)

HER290b -0.000398** -0.000268** 0.000130 7.98e-05 9.28e-05 1.30e-05
(0.000187) (0.000106) (0.000141) (0.000170) (0.000147) (0.000110)

HER390b -8.53e-05 -0.000163 -7.76e-05 -1.08e-05 5.51e-05 6.59e-05
(0.000211) (0.000110) (0.000152) (0.000154) (0.000151) (0.000125)

Obs. 21,177 10,698 10,479 20,086 10,126 9,960
Nigeria is dropped:

HER190b -0.000196 -0.000123 7.35e-05 3.97e-06 -4.33e-06 -8.30e-06
(0.000190) (8.47e-05) (0.000159) (0.000206) (0.000166) (0.000130)

HER290b -0.000390** -0.000248*** 0.000142 3.70e-05 2.44e-05 -1.27e-05
(0.000181) (8.01e-05) (0.000151) (0.000156) (9.50e-05) (0.000125)

HER390b -0.000306 -0.000269** 3.69e-05 3.51e-05 5.03e-06 -3.00e-05
(0.000223) (0.000111) (0.000153) (0.000139) (0.000106) (0.000106)

Obs. 22,245 12,652 9,593 21,085 11,986 9,099
Bangladesh is dropped:

HER190b -0.000268 -0.000160** 0.000108 9.47e-05 7.78e-05 -1.69e-05
(0.000169) (7.23e-05) (0.000143) (0.000214) (0.000183) (0.000120)

HER290b -0.000470** -0.000278*** 0.000191 4.07e-05 5.75e-05 1.68e-05
(0.000176) (7.38e-05) (0.000140) (0.000153) (0.000114) (0.000109)

HER390b -0.000267 -0.000255** 1.19e-05 -4.18e-05 2.89e-05 7.06e-05
(0.000229) (9.85e-05) (0.000159) (0.000142) (0.000113) (0.000122)

Obs. 22,788 12,324 10,464 21,640 11,706 9,934
Mali is dropped:

HER190b -0.000161 -7.62e-05 8.47e-05 0.000151 0.000147 -3.27e-06
(0.000170) (9.12e-05) (0.000141) (0.000208) (0.000171) (0.000120)

HER290b -0.000445** -0.000303*** 0.000142 8.40e-05 8.27e-05 -1.27e-06
(0.000171) (8.23e-05) (0.000141) (0.000137) (0.000101) (0.000107)

HER390b -0.000265 -0.000290*** -2.48e-05 -6.18e-05 -3.14e-05 3.05e-05
(0.000225) (0.000103) (0.000158) (0.000138) (9.37e-05) (0.000120)

Obs. 23,441 12,890 10,551 22,216 12,219 9,997

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during 
the first, second, and third 90-day periods (trimesters) before birth. Each set of coefficients of the 
exposure measures are estimated in a regression for a subgroup of 4 years old children specified by sex 
and mother’s religion. Control variables in the regressions are children’s age in days, children’s year, 
month, and order of birth, an urban/rural indicator, a variable that indicates country and province of 
residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth 
indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results are 
reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted 
with all of the explanatory variables. Obs. is the abbreviation for number of observations. Standard 
errors, presented in parentheses, are clustered at country level. The statistical significance levels at the 
1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.2: Dropping day of birth heaped points

Figure D.2.1: Share of observations at different birth days in the regression
sample in percentage

Notes: The horizontal axis in the figure presents days of birth in children’s birth month. Each bar shows the
percentage of children who are born in the pertinent day in the regression sample, which includes 309,879
children.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.2.1: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
3 by sex and religion after dropping day of birth heaped points
from the regression sample
Measure Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no observation is dropped):
HER270b -0.000169 -7.15e-05 9.78e-05 0.000113 -1.81e-05 -0.000131

(0.000159) (0.000117) (0.000124) (0.000189) (9.56e-05) (0.000156)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

All heaped birth days are dropped:
HER270b -0.000142 -5.70e-05 8.49e-05 -9.44e-08 -6.82e-05 -6.81e-05

(0.000141) (9.34e-05) (0.000129) (0.000238) (0.000121) (0.000193)
Obs. 19,735 10,806 8,929 18,912 10,460 8,452

Highly heaped birth days are dropped:
HER270b -0.000162 -6.57e-05 9.58e-05 0.000110 -4.43e-05 -0.000154

(0.000138) (9.46e-05) (0.000126) (0.000218) (0.000107) (0.000172)
Obs. 22,731 12,583 10,148 21,915 12,238 9,677

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth.
Each coefficient is estimated in a regression for subgroup of 3 years old children specified by sex and mother’s
religion. Control variables in the regressions are children’s age in days, children’s year, month, and order of
birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at
children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that
use both Muslims’ and non-Muslims’ information (their results are reported under “All”) contain the full set of
interaction terms in which Muslim dummy is interacted with all of the explanatory variables. All heaped birth
days are 1st, 5th, 10th, 15th, 20th, and 25th of birth month. Highly heaped birth days are 1st, 10th, and 15th
of birth month. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses,
are clustered at country level. The statistical significance levels at the 1, 5, 10, and 20 percent are indicated by
***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.2.2: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
4 by sex and religion after dropping day of birth heaped points
from the regression sample
Measure Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no observation is dropped):
HER270b -0.000259* -0.000202*** 5.74e-05 3.34e-05 5.30e-05 1.96e-05

(0.000138) (5.62e-05) (0.000101) (0.000120) (0.000104) (8.07e-05)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

All heaped birth days are dropped:
HER270b -0.000160 -0.000109 5.13e-05 -9.43e-05 5.64e-05 0.000151

(0.000152) (0.000112) (9.62e-05) (0.000146) (0.000114) (0.000114)
Obs. 17,988 9,935 8,053 16,988 9,384 7,604

Highly heaped birth days are dropped:
HER270b -0.000262 -0.000197* 6.44e-05 -7.59e-05 5.98e-05 0.000136

(0.000163) (0.000104) (0.000107) (0.000143) (0.000117) (0.000108)
Obs. 20,746 11,526 9,220 19,604 10,926 8,678

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each
coefficient is estimated in a regression for subgroup of 4 years old children specified by sex and mother’s religion.
Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an
urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth,
parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’
and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in
which Muslim dummy is interacted with all of the explanatory variables. All heaped birth days are 1st, 5th, 10th,
15th, 20th, and 25th of birth month. Highly heaped birth days are 1st, 10th, and 15th of birth month. Obs. is the
abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level.
The statistical significance levels at the 1, 5, 10, and 20 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.2.3: Effect of an hour of exposure to Ramadan during
three 90-day periods (trimesters) before birth on height-for-age

at age 3 by sex and religion after day of birth heaped points
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no observation is dropped):
HER190b -0.000179 -2.48e-05 0.000154 6.81e-05 2.14e-05 -4.67e-05

(0.000180) (0.000130) (0.000130) (0.000228) (8.97e-05) (0.000205)
HER290b 3.05e-05 9.40e-05 6.36e-05 0.000153 2.21e-05 -0.000131

(0.000224) (0.000136) (0.000188) (0.000266) (0.000132) (0.000205)
HER390b -0.000320* -0.000264* 5.55e-05 0.000117 -9.19e-05 -0.000209

(0.000177) (0.000145) (0.000151) (0.000186) (0.000136) (0.000130)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

All heaped birth days are dropped:
HER190b -0.000120 4.89e-05 0.000169 8.22e-05 4.35e-05 -3.87e-05

(0.000159) (9.66e-05) (0.000151) (0.000276) (0.000118) (0.000251)
HER290b 4.46e-05 3.82e-05 -6.41e-06 2.21e-05 -2.93e-05 -5.14e-05

(0.000210) (0.000145) (0.000171) (0.000339) (0.000174) (0.000260)
HER390b -0.000290 -0.000252* 3.80e-05 -0.000114 -0.000216 -0.000102

(0.000180) (0.000137) (0.000153) (0.000214) (0.000148) (0.000161)
Obs. 19,735 10,806 8,929 18,912 10,460 8,452

Highly heaped birth days are dropped:
HER190b -0.000160 1.35e-05 0.000174 0.000162 9.83e-06 -0.000152

(0.000167) (0.000106) (0.000142) (0.000256) (0.000120) (0.000224)
HER290b 7.62e-05 9.58e-05 1.96e-05 0.000188 3.26e-05 -0.000156

(0.000201) (0.000117) (0.000182) (0.000297) (0.000146) (0.000224)
HER390b -0.000331* -0.000282** 4.81e-05 -5.52e-06 -0.000161 -0.000155

(0.000164) (0.000133) (0.000145) (0.000206) (0.000132) (0.000144)
Obs. 22,731 12,583 10,148 21,915 12,238 9,677

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, 
second, and third 90-day periods (trimesters) before birth. Each set of coefficients of the exposure measures are 
estimated in a regression for subgroup of 3 years old children specified by sex and mother’s religion. Control 
variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural 
indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’ 
education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and non-
Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in which 
Muslim dummy is interacted with all of the explanatory variables. All heaped birth days are 1st, 5th, 10th, 15th, 
20th, and 25th of birth month. Highly heaped birth days are 1st, 10th, and 15th of birth month. Obs. is the 
abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. 
The statistical significance levels at the 1, 5, 10, and 20 percent are indicated by ***, **, and *, respectively. 
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.2.4: Effect of an hour of exposure to Ramadan during
three 90-day periods (trimesters) before birth on height-for-age

at age 4 by sex and religion after day of birth heaped points
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Original results (no observation is dropped):
HER190b -0.000175 -6.98e-05 0.000105 9.61e-05 9.20e-05 -4.04e-06

(0.000168) (8.79e-05) (0.000141) (0.000205) (0.000172) (0.000118)
HER290b -0.000445** -0.000298*** 0.000147 3.06e-05 4.62e-05 1.56e-05

(0.000167) (7.82e-05) (0.000139) (0.000141) (9.98e-05) (0.000108)
HER390b -0.000249 -0.000273*** -2.37e-05 -2.95e-05 1.47e-05 4.41e-05

(0.000216) (9.76e-05) (0.000156) (0.000132) (9.63e-05) (0.000120)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

All heaped birth days are dropped:
HER190b -0.000141 2.45e-05 0.000165 -6.85e-05 2.82e-05 9.67e-05

(0.000189) (0.000136) (0.000145) (0.000205) (0.000183) (0.000136)
HER290b -0.000260 -0.000147 0.000113 -2.02e-05 9.36e-05 0.000114

(0.000182) (0.000122) (0.000152) (0.000183) (0.000122) (0.000152)
HER390b -0.000143 -0.000224 -8.05e-05 -0.000158 6.02e-05 0.000218

(0.000246) (0.000167) (0.000149) (0.000173) (0.000119) (0.000141)
Obs. 17,988 9,935 8,053 16,988 9,384 7,604

Highly heaped birth days are dropped:
HER190b -0.000173 -4.35e-05 0.000129 5.83e-05 0.000116 5.80e-05

(0.000189) (0.000134) (0.000132) (0.000220) (0.000197) (0.000128)
HER290b -0.000428** -0.000277*** 0.000151 -0.000110 4.09e-05 0.000150

(0.000195) (0.000100) (0.000162) (0.000175) (0.000104) (0.000149)
HER390b -0.000275 -0.000305* -2.95e-05 -0.000192 1.09e-05 0.000203

(0.000243) (0.000152) (0.000156) (0.000177) (0.000116) (0.000145)
Obs. 20,746 11,526 9,220 19,604 10,926 8,678

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, 
second, and third 90-day periods (trimesters) before birth. Each set of coefficients of the exposure measures are 
estimated in a regression for subgroup of 4 years old children specified by sex and mother’s religion. Control 
variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural 
indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’ 
education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and non-
Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in which 
Muslim dummy is interacted with all of the explanatory variables. All heaped birth days are 1st, 5th, 10th, 15th, 
20th, and 25th of birth month. Highly heaped birth days are 1st, 10th, and 15th of birth month. Obs. is the 
abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. 
The statistical significance levels at the 1, 5, 10, and 20 percent are indicated by ***, **, and *, respectively. 
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.3: Using alternative exposure measures

Table D.3.1: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
3 by sex and religion using different exposure measures
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Hours of exposure:
HER270b -0.000169 -7.15e-05 9.78e-05 0.000113 -1.81e-05 -0.000131

(0.000159) (0.000117) (0.000124) (0.000189) (9.56e-05) (0.000156)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Days of exposure:
DER270b -0.00220 -0.000925 0.00128 0.00146 -0.000179 -0.00164

(0.00188) (0.00138) (0.00148) (0.00230) (0.00117) (0.00190)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Indicator of exposure:
ER270b -0.0767 -0.0335 0.0432 0.0771 0.0501 -0.0270

(0.0490) (0.0352) (0.0383) (0.0614) (0.0367) (0.0529)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Partial versus full exposure:
P HERend 0.000196 5.82e-05 -0.000137 0.00112*** 0.00101*** -0.000108

(0.000335) (0.000164) (0.000341) (0.000341) (0.000266) (0.000186)
F HER270b -0.000177 -7.76e-05 9.95e-05 0.000125 -6.37e-06 -0.000131

(0.000159) (0.000117) (0.000124) (0.000185) (9.17e-05) (0.000156)
P HERstart -0.000638 -0.000350 0.000289 0.000384 0.000192 -0.000192

(0.000418) (0.000303) (0.000283) (0.000308) (0.000194) (0.000272)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Notes: Variables HER270b, DER270b, and ER270B contain hours, days, and indicator of exposure to Ramadan 
during the 270-day period before birth, respectively. F HER270b contains hours of exposure for those who were 
exposed to a full 30-day Ramadan during the 270-day period, while P HERstart and P HERend contain hours of 
exposure for those who were partially exposed at the beginning and end of the 270-day period, respectively. Each 
coefficient (or the set of coefficients) is estimated for subgroup of 3 years old children specified by sex and mother’s 
religion. Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an 
urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, 
parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ 
and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in 
which Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number of 
observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance 
levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.3.2: Effect of an hour of exposure to Ramadan during
the 270-day period before birth on height-for-age Z-score at age
4 by sex and religion using different exposure measures
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Hours of exposure:
HER270b -0.000259* -0.000202*** 5.74e-05 3.34e-05 5.30e-05 1.96e-05

(0.000138) (5.62e-05) (0.000101) (0.000120) (0.000104) (8.07e-05)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Days of exposure:
DER270b -0.00331** -0.00244*** 0.000873 0.000309 0.000533 0.000225

(0.00161) (0.000628) (0.00120) (0.00140) (0.00120) (0.000955)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Indicator of exposure:
ER270b -0.0995* -0.0913*** 0.00811 0.0584 0.0435 -0.0149

(0.0491) (0.0159) (0.0367) (0.0488) (0.0425) (0.0327)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Partial versus full exposure:
P HERend 0.000202 -3.29e-05 -0.000235 0.000154 0.000268 0.000114

(0.000314) (0.000233) (0.000206) (0.000321) (0.000219) (0.000267)
F HER270b -0.000262* -0.000205*** 5.69e-05 4.12e-05 5.61e-05 1.49e-05

(0.000137) (5.28e-05) (0.000102) (0.000121) (0.000104) (8.19e-05)
P HERstart -0.000559 -0.000452 0.000106 0.000465 0.000101 -0.000363

(0.000390) (0.000282) (0.000293) (0.000344) (0.000253) (0.000249)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Notes: Variables HER270b, DER270b, and ER270B contain hours, days, and indicator of exposure to Ramadan
during the 270-day period before birth, respectively. F HER270b contains hours of exposure for those who were
exposed to a full 30-day Ramadan during the 270-day period, while P HERstart and P HERend contain hours of
exposure for those who were partially exposed at the beginning and end of the 270-day period, respectively. Each
coefficient (or the set of coefficients) is estimated in a regression for subgroup of 4 years old children specified by
sex and mother’s religion. Control variables in the regressions are children’s age in days, children’s year, month, and
order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at
children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both
Muslims’ and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction
terms in which Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number
of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance
levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.3.3: Effect of an hour of exposure to Ramadan during
three 90-day periods (trimesters) before birth on height-for-age
at age 3 by sex and religion using different exposure measures
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Hours of exposure:
HER190b -0.000179 -2.48e-05 0.000154 6.81e-05 2.14e-05 -4.67e-05

(0.000180) (0.000130) (0.000130) (0.000228) (8.97e-05) (0.000205)
HER290b 3.05e-05 9.40e-05 6.36e-05 0.000153 2.21e-05 -0.000131

(0.000224) (0.000136) (0.000188) (0.000266) (0.000132) (0.000205)
HER390b -0.000320* -0.000264* 5.55e-05 0.000117 -9.19e-05 -0.000209

(0.000177) (0.000145) (0.000151) (0.000186) (0.000136) (0.000130)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Days of exposure:
DER190b -0.00235 -0.000426 0.00193 0.000931 0.000231 -0.000700

(0.00213) (0.00153) (0.00156) (0.00280) (0.00109) (0.00250)
DER290b 0.000477 0.00124 0.000765 0.00210 0.000457 -0.00165

(0.00262) (0.00157) (0.00221) (0.00322) (0.00156) (0.00251)
DER390b -0.00395* -0.00311* 0.000834 0.00147 -0.00103 -0.00250

(0.00210) (0.00169) (0.00181) (0.00224) (0.00163) (0.00155)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Indicator of exposure:
ER190b -0.0602 -0.0395 0.0207 0.0728 0.0462 -0.0266

(0.0546) (0.0363) (0.0306) (0.0465) (0.0297) (0.0433)
ER290b -0.00714 0.00685 0.0140 0.0591 0.0139 -0.0452

(0.0698) (0.0330) (0.0535) (0.0518) (0.0364) (0.0407)
ER390b -0.132** -0.0967** 0.0351 0.0402 -0.0216 -0.0618*

(0.0507) (0.0361) (0.0403) (0.0401) (0.0346) (0.0333)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Partial versus full exposure:
P HERend 0.000196 9.06e-05 -0.000106 0.00108*** 0.00102*** -6.68e-05

(0.000324) (0.000156) (0.000324) (0.000358) (0.000272) (0.000194)
F HER190b -0.000219 -3.92e-05 0.000180 2.64e-05 -1.99e-05 -4.63e-05

(0.000194) (0.000135) (0.000142) (0.000228) (8.63e-05) (0.000216)
F HER290b 2.92e-05 9.24e-05 6.33e-05 0.000211 7.86e-05 -0.000132

(0.000228) (0.000131) (0.000195) (0.000258) (0.000127) (0.000201)
F HER390b -0.000288 -0.000254* 3.41e-05 0.000157 -5.20e-05 -0.000209

(0.000170) (0.000145) (0.000150) (0.000189) (0.000133) (0.000128)
P HERstart -0.000637 -0.000382 0.000255 0.000414 0.000191 -0.000223

(0.000422) (0.000313) (0.000289) (0.000302) (0.000200) (0.000260)
Obs. 27,082 15,347 11,735 26,008 14,835 11,173

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, 
second, and third 90-day periods (trimesters) before birth. Variables DER190b, DER290b, and DER390b contain 
days of and ER190b, ER290b, and ER390b are dummy variables for exposure to Ramadan during the trimesters. 
F HER190b, F HER290b, and F HER390b contain hours exposure to Ramadan during the trimesters for those 
who were exposed to a full 30-day Ramadan during the three trimesters, while P HERstart and P HERend contain 
hours of exposure to Ramadan for those who were partially exposed at the beginning and end of the 270-day period, 
respectively. Each set of coefficients are estimated in a regression for subgroup of 3 years old children specified by 
sex and mother’s religion. Control variables in the regressions are children’s age in days, children’s year, month, and 
order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at 
children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both 
Muslims’ and non-Muslims’ information (their results are reported under “All”) contain the full set of interaction 
terms in which Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for 
number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical 
significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.3.4: Effect of an hour of exposure to Ramadan during
three 90-day periods (trimesters) before birth on height-for-age
at age 4 by sex and religion using different exposure measures
Measures Boys Girls

of Non- Non-
Exposure All Muslims Muslims All Muslims Muslims

Hours of exposure:
HER190b -0.000175 -6.98e-05 0.000105 9.61e-05 9.20e-05 -4.04e-06

(0.000168) (8.79e-05) (0.000141) (0.000205) (0.000172) (0.000118)
HER290b -0.000445** -0.000298*** 0.000147 3.06e-05 4.62e-05 1.56e-05

(0.000167) (7.82e-05) (0.000139) (0.000141) (9.98e-05) (0.000108)
HER390b -0.000249 -0.000273*** -2.37e-05 -2.95e-05 1.47e-05 4.41e-05

(0.000216) (9.76e-05) (0.000156) (0.000132) (9.63e-05) (0.000120)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Days of exposure:
DER190b -0.00243 -0.000980 0.00145 0.000970 0.000979 8.71e-06

(0.00198) (0.00105) (0.00167) (0.00246) (0.00202) (0.00142)
DER290b -0.00546*** -0.00347*** 0.00199 0.000433 0.000592 0.000158

(0.00197) (0.000881) (0.00165) (0.00171) (0.00119) (0.00130)
DER390b -0.00315 -0.00323*** -7.88e-05 -0.000428 2.79e-05 0.000456

(0.00252) (0.00109) (0.00188) (0.00152) (0.00110) (0.00144)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Indicator of exposure:
ER190b -0.0459 -0.00667 0.0392 0.0798 0.0540 -0.0257

(0.0490) (0.0283) (0.0371) (0.0590) (0.0573) (0.0281)
ER290b -0.115** -0.0615*** 0.0535 0.0160 0.0388* 0.0228

(0.0429) (0.0217) (0.0339) (0.0336) (0.0194) (0.0321)
ER390b -0.0615 -0.0729*** -0.0113 0.0352 0.0442 0.00904

(0.0567) (0.0240) (0.0416) (0.0478) (0.0318) (0.0313)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Partial versus full exposure:
P HERend 0.000176 -1.14e-05 -0.000188 0.000185 0.000277 9.21e-05

(0.000332) (0.000232) (0.000238) (0.000345) (0.000220) (0.000281)
F HER190b -0.000212 -8.66e-05 0.000125 0.000117 8.56e-05 -3.16e-05

(0.000171) (9.11e-05) (0.000137) (0.000215) (0.000181) (0.000119)
F HER290b -0.000447** -0.000307*** 0.000141 5.61e-05 5.86e-05 2.44e-06

(0.000166) (7.95e-05) (0.000140) (0.000141) (9.90e-05) (0.000106)
F HER390b -0.000218 -0.000259** -4.12e-05 -4.20e-05 2.23e-05 6.42e-05

(0.000206) (0.000100) (0.000146) (0.000128) (9.15e-05) (0.000120)
P HERstart -0.000566 -0.000487* 7.83e-05 0.000435 8.99e-05 -0.000345

(0.000414) (0.000285) (0.000323) (0.000335) (0.000252) (0.000252)
Obs. 24,720 14,070 10,650 23,444 13,341 10,103

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, second, 
and third 90-day periods (trimesters) before birth. Variables DER190b, DER290b, and DER390b contain days of and 
ER190b, ER290b, and ER390b are dummy variables for exposure to Ramadan during the trimesters. F HER190b, 
F HER290b, and F HER390b contain hours exposure to Ramadan during the trimesters for those who were exposed 
to a full 30-day Ramadan during the three trimesters, while P HERstart and P HERend contain hours of exposure 
to Ramadan for those who were partially exposed at the beginning and end of the 270-day period, respectively. Each 
set of coefficients are estimated in a regression for subgroup of 4 years old children specified by sex and mother’s 
religion. Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, 
an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, 
parents’ education, mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and 
non-Muslims’ information (their results are reported under “All”) contain the full set of interaction terms in which 
Muslim dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number of observations. 
Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels at the 1, 5, 
and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.4: Fixed-effect results

D.4.1: Effect of an hour of exposure to Ramadan during the 270-day
period before birth on height-for-age Z-score by sex and religion

Measure Boys Girls
of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims
Mothers’ Fixed-Effect:

HER270b -0.000217 -0.000143 6.05e-05 0.000219 -2.60e-06 -0.000246**
(0.000169) (0.000117) (0.000123) (0.000165) (0.000111) (0.000121)

Obs. 157,386 84,264 73,122 151,493 80,992 70,501
No. Mothers 137,142 72,924 64,342 131,601 69,905 61,796

Households’ Fixed-Effect:
HER270b -0.000156 -0.000123 1.74e-05 0.000203 3.02e-05 -0.000179

(0.000155) (0.000105) (0.000114) (0.000150) (9.96e-05) (0.000113)
Obs. 157,386 84,264 73,122 151,493 80,992 70,501
No. Households 132,218 69,727 62,726 127,052 66,961 60,290

OLS:
HER270b -1.35e-05 -3.08e-05 -1.74e-05 0.000196** 0.000121 -7.56e-05

(6.18e-05) (4.42e-05) (5.72e-05) (8.96e-05) (8.19e-05) (5.59e-05)
Obs. 157,386 84,264 73,122 151,493 80,992 70,501

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each
coefficient is estimated in a regression for a subgroup of 0 to 4 years old children specified by sex and mother’s religion.
Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural
indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’ education,
mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’ information
(their results are reported under “All”) contain the full set of interaction terms in which Muslim dummy is interacted
with all of the explanatory variables. Obs. is the abbreviation for number of observations. Standard errors, presented in
parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by
***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.4.2: Effect of an hour of exposure to Ramadan during three 90-day
periods (trimesters) before birth on height-for-age Z-score
by sex and religion

Measures Boys Girls
of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims
Mothers’ Fixed-Effect:

HER190b -0.000249 -0.000210 4.36e-05 8.43e-05 -8.83e-05 -0.000187
(0.000203) (0.000140) (0.000147) (0.000197) (0.000133) (0.000146)

HER290b -0.000439** -0.000244* 0.000169 0.000410** 9.65e-05 -0.000344**
(0.000207) (0.000141) (0.000152) (0.000205) (0.000137) (0.000153)

HER390b -2.85e-06 1.55e-05 -4.86e-08 0.000208 2.68e-06 -0.000235*
(0.000205) (0.000140) (0.000150) (0.000197) (0.000137) (0.000143)

Obs. 157,386 84,264 73,122 151,493 80,992 70,501
No. Mothers 137,142 72,924 64,342 131,601 69,905 61,796

Households’ Fixed-Effect:
HER190b -0.000186 -0.000153 2.15e-05 0.000178 -2.19e-05 -0.000195

(0.000186) (0.000126) (0.000138) (0.000181) (0.000119) (0.000137)
HER290b -0.000298 -0.000215* 6.28e-05 0.000323* 8.60e-05 -0.000250*

(0.000189) (0.000128) (0.000140) (0.000188) (0.000123) (0.000143)
HER390b -6.02e-06 -1.32e-05 -1.89e-05 0.000136 3.59e-05 -0.000113

(0.000187) (0.000126) (0.000138) (0.000179) (0.000122) (0.000131)
Obs. 157,386 84,264 73,122 151,493 80,992 70,501
No. Households 132,218 69,727 62,726 127,052 66,961 60,290

OLS:
HER190b -9.22e-06 -3.37e-05 -2.45e-05 0.000129 4.75e-05 -8.18e-05

(0.000106) (6.03e-05) (0.000109) (0.000115) (0.000101) (8.97e-05)
HER290b -1.43e-05 -1.60e-05 -1.76e-06 0.000168 0.000137 -3.06e-05

(0.000104) (8.44e-05) (7.13e-05) (0.000122) (8.81e-05) (9.31e-05)
HER390b -2.05e-05 -4.10e-05 -2.05e-05 0.000281*** 0.000181** -9.92e-05***

(5.28e-05) (4.06e-05) (3.70e-05) (9.28e-05) (8.36e-05) (3.16e-05)
Obs. 157,386 84,264 73,122 151,493 80,992 70,501

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, second, and
third trimester (90 days each) before birth. Each set of coefficients of the exposure measures are estimated in a regression
for subgroup of 0 to 4 years old children specified by sex and mother’s religion. Control variables in the regressions are
children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country
and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth
indicator. The regressions that use both Muslims’ and non-Muslims’ information (their results are reported under “All”)
contain the full set of interaction terms in which Muslim dummy is interacted with all of the explanatory variables. Obs. is
the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The
statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.5: Inclusion of pre-birth exposure measures

Table D.5.1: Effect of an hour of exposure to Ramadan during the first to eighteenth 30-day
periods (months) before birth on 4-year-old male children’s height-for-age Z-score
when only Muslims are included
Exposure Regressions when exposure measures in the following months are included:
Measures 1–9 1–10 1–11 1–12 1–13 1–14 1–15 1–16 1–17 1–18
HER130b -8.37e-05 -0.000332** -0.000118 0.000953 0.000953 0.000291 -2.64e-06 -0.000278 0.000411 0.000424

(0.000138) (0.000126) (0.000266) (0.000871) (0.000871) (0.00104) (0.00134) (0.00124) (0.00121) (0.00119)
HER230b -4.49e-05 -0.000217 -5.60e-05 0.00122 0.00122 0.00154 0.000898 0.000201 0.00202 0.00206

(0.000119) (0.000130) (0.000169) (0.000971) (0.000971) (0.00128) (0.00187) (0.00191) (0.00188) (0.00177)
HER330b -0.000121 -0.000310 -0.000137 0.00109 0.00109 0.00264** 0.00205 0.00107 0.00397* 0.00404*

(0.000184) (0.000201) (0.000279) (0.000899) (0.000899) (0.00122) (0.00179) (0.00219) (0.00214) (0.00199)
HER430b -0.000252*** -0.000457*** -0.000285* 0.000956 0.000956 0.00264* 0.00273** 0.00198 0.00524*** 0.00532***

(8.71e-05) (0.000112) (0.000155) (0.000961) (0.000961) (0.00132) (0.00131) (0.00161) (0.00190) (0.00178)
HER530b -0.000316* -0.000520** -0.000341 0.000906 0.000906 0.00258* 0.00279** 0.00283** 0.00508*** 0.00516***

(0.000177) (0.000241) (0.000280) (0.000955) (0.000955) (0.00133) (0.00135) (0.00138) (0.00131) (0.00169)
HER630b -0.000312** -0.000520*** -0.000346* 0.000902 0.000902 0.00258* 0.00276** 0.00293** 0.00283** 0.00289

(0.000147) (0.000126) (0.000200) (0.000995) (0.000995) (0.00130) (0.00130) (0.00141) (0.00137) (0.00186)
HER730b -0.000458** -0.000676*** -0.000498 0.000751 0.000751 0.00243* 0.00261* 0.00276* 0.00226 0.00226

(0.000207) (0.000226) (0.000337) (0.00101) (0.00101) (0.00134) (0.00132) (0.00141) (0.00148) (0.00147)
HER830b -6.63e-05 -0.000303* -0.000125 0.00112 0.00112 0.00280** 0.00298** 0.00314** 0.00274* 0.00274*

(0.000134) (0.000155) (0.000213) (0.000981) (0.000981) (0.00133) (0.00132) (0.00140) (0.00143) (0.00138)
HER930b -0.000377** -0.000497*** -0.000313 0.000937 0.000937 0.00260** 0.00279** 0.00293** 0.00252* 0.00251*

(0.000175) (0.000171) (0.000247) (0.000960) (0.000960) (0.00124) (0.00125) (0.00135) (0.00138) (0.00134)
HER1030b -0.000579** -0.000437* 0.000801 0.000801 0.00247* 0.00266** 0.00280** 0.00240* 0.00239*

(0.000247) (0.000250) (0.000845) (0.000845) (0.00125) (0.00127) (0.00134) (0.00137) (0.00133)
HER1130b 0.000310 0.00158 0.00158 0.00321** 0.00338** 0.00352** 0.00314** 0.00313**

(0.000286) (0.00107) (0.00107) (0.00133) (0.00131) (0.00140) (0.00142) (0.00139)
HER1230b 0.00113 0.00113 0.00291** 0.00312** 0.00329** 0.00284* 0.00283**

(0.000841) (0.000841) (0.00126) (0.00130) (0.00138) (0.00141) (0.00137)
HER1330b 0.00229* 0.00284 0.00333* 0.00206 0.00204

(0.00127) (0.00171) (0.00175) (0.00188) (0.00176)
HER1430b 0.00105 0.00190 0.00282 0.000377 0.000329

(0.000915) (0.00178) (0.00215) (0.00241) (0.00216)
HER1530b 0.000679 0.00181 -0.00163 -0.00171

(0.00130) (0.00223) (0.00267) (0.00232)
HER1630b 0.000781 -0.00283 -0.00292

(0.00124) (0.00226) (0.00190)
HER1730b -0.00229** -0.00238*

(0.00112) (0.00130)
HER1830b -5.36e-05

(0.000833)
Obs. 14,070 14,070 14,070 14,070 14,070 14,070 14,070 14,070 14,070 14,070

Notes: Variables HER130b, HER230b, ... , and HER1830b contain hours of exposure to Ramadan during the first, second, ... , and eighteenth 30-day periods
(months) before birth. Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural indicator, a
variable that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator.
Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels
at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table D.5.1: Effect of an hour of exposure to Ramadan during the first to eighteenth 30-day
periods (months) before birth on 4-year-old male children’s height-for-age Z-score
when both Muslims and non-Muslims are included
Exposure Regressions when exposure measures in the following months are included:
Measures 1–9 1–10 1–11 1–12 1–13 1–14 1–15 1–16 1–17 1–18
HER130b -7.07e-05 -0.000314 -8.53e-05 0.00269 0.00252 0.00170 0.00155 0.000711 0.00105 0.000822

(0.000254) (0.000245) (0.000340) (0.00173) (0.00167) (0.00185) (0.00200) (0.00202) (0.00217) (0.00224)
HER230b -0.000256 -0.000424** -0.000252 0.00306 0.00401* 0.00490 0.00456 0.00244 0.00332 0.00267

(0.000189) (0.000185) (0.000299) (0.00208) (0.00220) (0.00295) (0.00321) (0.00352) (0.00405) (0.00424)
HER330b -0.000188 -0.000373 -0.000188 0.00299 0.00417** 0.00787** 0.00752** 0.00463 0.00604 0.00496

(0.000314) (0.000333) (0.000352) (0.00183) (0.00202) (0.00303) (0.00325) (0.00385) (0.00471) (0.00488)
HER430b -0.000730*** -0.000931*** -0.000746** 0.00248 0.00359 0.00769** 0.00765** 0.00551 0.00710 0.00570

(0.000211) (0.000246) (0.000357) (0.00203) (0.00219) (0.00330) (0.00344) (0.00335) (0.00428) (0.00478)
HER530b -0.000231 -0.000430 -0.000240 0.00299 0.00413* 0.00814** 0.00815** 0.00851** 0.00964** 0.00824

(0.000301) (0.000333) (0.000420) (0.00194) (0.00214) (0.00320) (0.00347) (0.00352) (0.00372) (0.00499)
HER630b -0.000413* -0.000617*** -0.000431 0.00279 0.00393* 0.00796** 0.00796** 0.00873** 0.00877** 0.00788*

(0.000211) (0.000203) (0.000283) (0.00202) (0.00218) (0.00326) (0.00350) (0.00370) (0.00374) (0.00441)
HER730b -0.000374 -0.000587* -0.000397 0.00283 0.00397* 0.00800** 0.00800** 0.00867** 0.00851** 0.00861**

(0.000310) (0.000332) (0.000438) (0.00191) (0.00209) (0.00321) (0.00342) (0.00359) (0.00371) (0.00374)
HER830b 9.15e-05 -0.000139 5.08e-05 0.00328 0.00442* 0.00845** 0.00845** 0.00915** 0.00905** 0.00929**

(0.000317) (0.000318) (0.000358) (0.00206) (0.00222) (0.00330) (0.00355) (0.00373) (0.00382) (0.00388)
HER930b -0.000540* -0.000657** -0.000461 0.00277 0.00391* 0.00793** 0.00794** 0.00862** 0.00851** 0.00872**

(0.000271) (0.000277) (0.000353) (0.00199) (0.00212) (0.00324) (0.00348) (0.00365) (0.00375) (0.00380)
HER1030b -0.000565* -0.000413 0.00279 0.00393* 0.00796** 0.00796** 0.00865** 0.00855** 0.00876**

(0.000299) (0.000363) (0.00191) (0.00211) (0.00321) (0.00345) (0.00359) (0.00369) (0.00376)
HER1130b 0.000332 0.00363* 0.00474** 0.00872** 0.00872** 0.00937** 0.00928** 0.00949**

(0.000389) (0.00214) (0.00229) (0.00337) (0.00356) (0.00371) (0.00380) (0.00385)
HER1230b 0.00292 0.00411** 0.00828** 0.00830** 0.00906** 0.00894** 0.00917**

(0.00179) (0.00197) (0.00317) (0.00346) (0.00365) (0.00376) (0.00383)
HER1330b 0.00118 0.00595** 0.00615* 0.00790** 0.00738* 0.00789*

(0.000730) (0.00233) (0.00310) (0.00363) (0.00408) (0.00433)
HER1430b 0.00255 0.00292 0.00593 0.00485 0.00579

(0.00155) (0.00293) (0.00424) (0.00520) (0.00560)
HER1530b 0.000315 0.00390 0.00231 0.00369

(0.00202) (0.00405) (0.00544) (0.00589)
HER1630b 0.00245 0.000774 0.00242

(0.00199) (0.00396) (0.00506)
HER1730b -0.00107 0.000498

(0.00183) (0.00443)
HER1830b 0.000943

(0.00245)
Obs. 24,720 24,720 24,720 24,720 24,720 24,720 24,720 24,720 24,720 24,720

Notes: Variables HER130b, HER230b, ... , and HER1830b contain hours of exposure to Ramadan during the first, second, ... , and eighteenth 30-day
periods (months) before birth. Control variables in the regressions are children’s age in days, children’s year, month, and order of birth, an urban/rural
indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’
wealth indicator. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The
statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Appendix E:
Results of regressions in which correlates of
the length of gestation are dependent variable

E.1: Birthweight

Table E.1.1: Effect of an hour of exposure to Ramadan during
the 270-day and three 90-day periods before birth on children’s
birthweight (kg) by method of estimation, sex, and religion

Measures OLS Mother’s Fixed-Effect
of Non- Non-

Exposure All Muslims Muslims All Muslims Muslims
Panel A: male children

HER270b -3.36e-05 -1.61e-06 3.20e-05 -6.63e-05 8.01e-06 7.15e-05
(3.37e-05) (1.76e-05) (2.52e-05) (9.03e-05) (5.92e-05) (6.84e-05)

HER190b -3.09e-05 -9.11e-06 2.18e-05 -0.000107 1.86e-05 0.000127
(4.15e-05) (2.63e-05) (2.76e-05) (0.000109) (7.12e-05) (8.28e-05)

HER290b -6.36e-05* -1.38e-05 4.98e-05* -8.81e-05 -5.75e-06 7.97e-05
(3.25e-05) (1.94e-05) (2.87e-05) (0.000112) (7.08e-05) (8.71e-05)

HER390b -1.45e-05 1.77e-05 3.22e-05 -9.07e-06 1.27e-05 1.73e-05
(4.74e-05) (2.57e-05) (3.62e-05) (0.000110) (7.53e-05) (8.02e-05)

Obs. 80,868 38,889 41,979 80,868 38,889 41,979
No. Mothers – – – 72,748 34,626 38,163

Panel B: female children
HER270b -3.11e-05 -1.96e-05 1.16e-05 -6.82e-05 3.77e-05 0.000110*

(4.00e-05) (1.84e-05) (3.20e-05) (8.59e-05) (5.98e-05) (6.16e-05)
HER190b -1.06e-05 -1.59e-05 -5.32e-06 1.49e-05 3.97e-05 2.43e-05

(4.80e-05) (2.32e-05) (3.81e-05) (0.000103) (7.18e-05) (7.47e-05)
HER290b -1.20e-07 -2.94e-05 -2.93e-05 -8.64e-05 8.83e-06 0.000104

(4.15e-05) (2.28e-05) (3.44e-05) (0.000111) (7.51e-05) (8.23e-05)
HER390b -6.50e-05 -1.41e-05 5.09e-05 -0.000131 6.39e-05 0.000199***

(4.17e-05) (2.11e-05) (3.39e-05) (0.000108) (7.50e-05) (7.69e-05)
Obs. 76,225 36,411 39,814 76,225 36,411 39,814
No. Mohers – – – 68,396 32,337 36,086

Notes: Results of two series of specifications of regressions are presented in this table. In one series of specification, 
HER270b—hours of exposure to Ramadan during the 270-day period before birth—is used as the exposure measure. 
In another series of specification, HER190b, HER290b, and HER390b—hours of exposure to Ramadan during the 
first, second, and third 90-day periods (trimesters) before birth, respectively—are used as the exposure measures. In 
all of the regressions, the dependent variable is currently alive children’s birthweight in kilograms. Each coefficient 
(or set of coefficients) is estimated in a regression for a subgroup of children specified by their mother’s religion. 
Control variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a 
variable that indicates country and province of residence, parents’ age at children’s birth, parents’ education, 
mothers’ height, and households’ wealth indicator. The regressions that use both Muslims’ and non-Muslims’ 
information (their results are reported under “All”) contain the full set of interaction terms in which Muslim 
dummy is interacted with all of the explanatory variables. Obs. is the abbreviation for number of observations. 
Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels at the 
1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.1.2: Muslim-nonMuslim differential effect of an hour exposure to Ramadan
during 30-day periods (months) before birth on male children’s birthweight (kg)
Exposure OLS Mother’s Fixed-Effect
Measures 7 months 8 months 9 months 10 months 7 months 8 months 9 months 10 months
HER130b -0.000101* -9.83e-05 -0.000107 -4.64e-05 -0.000292* -0.000271* -0.000271 -0.000242

(5.72e-05) (5.92e-05) (6.53e-05) (8.01e-05) (0.000161) (0.000164) (0.000171) (0.000188)
HER230b 1.90e-05 2.18e-05 1.55e-05 5.86e-05 -4.05e-05 -2.29e-05 -2.44e-05 -4.27e-06

(5.12e-05) (4.88e-05) (4.98e-05) (4.98e-05) (0.000155) (0.000157) (0.000162) (0.000169)
HER330b -2.12e-05 -1.94e-05 -2.68e-05 2.18e-05 -9.68e-05 -7.12e-05 -7.28e-05 -4.81e-05

(5.48e-05) (5.32e-05) (6.21e-05) (6.88e-05) (0.000162) (0.000165) (0.000170) (0.000183)
HER430b -5.66e-05 -5.60e-05 -6.38e-05 -1.47e-05 -0.000148 -0.000121 -0.000125 -0.000102

(7.97e-05) (8.18e-05) (8.28e-05) (9.47e-05) (0.000159) (0.000161) (0.000167) (0.000178)
HER530b -0.000101 -0.000101 -0.000109 -5.83e-05 -7.40e-05 -4.40e-05 -4.83e-05 -2.41e-05

(7.14e-05) (6.98e-05) (6.71e-05) (7.96e-05) (0.000161) (0.000165) (0.000171) (0.000182)
HER630b -6.38e-06 -5.32e-06 -1.36e-05 3.96e-05 -0.000136 -9.76e-05 -0.000103 -7.69e-05

(6.05e-05) (5.78e-05) (6.40e-05) (6.34e-05) (0.000158) (0.000164) (0.000170) (0.000183)
HER730b -2.89e-05 -3.01e-05 -4.08e-05 1.18e-05 -0.000201 -0.000193 -0.000196 -0.000169

(4.85e-05) (4.84e-05) (4.52e-05) (5.88e-05) (0.000161) (0.000161) (0.000170) (0.000184)
HER830b 1.00e-05 7.50e-06 6.89e-05 0.000125 0.000121 0.000152

(7.40e-05) (7.61e-05) (9.35e-05) (0.000161) (0.000162) (0.000178)
HER930b -3.28e-05 -4.58e-06 -3.95e-06 8.75e-06

(6.77e-05) (7.28e-05) (0.000165) (0.000168)
HER1030b 0.000150* 7.29e-05

(8.26e-05) (0.000184)
Obs. 80,868 80,868 80,868 80,868 80,868 80,868 80,868 80,868
No. Mothers – – – – 72,748 72,748 72,748 72,748

Notes: In each column, estimated coefficients of the exposure measure in one of the regressions are reported. The exposure measures are variables
HER130b, HER230b, ... , HER930b, and HER1030b: hours of exposure to Ramadan during the first, second, ... , ninth, and tenth 30-day periods
(months) before birth. In all of the regressions, the dependent variable is currently alive children’s birthweight in kilograms and control variables
are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age
at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. All regressions use both Muslims’ and non-Muslims’
information, and the full set of interaction terms in which Muslim dummy is interacted with all of the explanatory variables. The sets of coefficients
that are highlighted by Italic font depict a pattern across regressions. Obs. is the abbreviation for number of observations. Standard errors, presented
in parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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E.2: Neonatal mortality

Table E.2.1: Muslim-nonMuslim differential effect of an hour exposure to Ramadan
on the likelihood of a male child’s death in the first day and month after birth
Panel A: Dependent variable is a dummy that takes 1 if a child died in the first day

Exposure measures:↓

OLS Fixed-effect
Assumed Gestation Length Assumed Gestation Length

9 months 8 months 7 months 9 months 8 months 7 months
Possible Exposure in Birth Month 1.51e-05 6.93e-06 9.06e-06 1.32e-05 1.41e-06 -1.06e-05

(1.18e-05) (1.21e-05) (1.15e-05) (3.43e-05) (2.27e-05) (2.59e-05)
More Likely Exposure in Middle Months 1.72e-06 -4.22e-06 -3.85e-06 -2.51e-05 -5.50e-06 1.96e-05

(7.42e-06) (7.72e-06) (7.58e-06) (2.00e-05) (1.34e-05) (1.49e-05)
Possible Exposure in Conception Month 2.02e-05** -7.48e-06 7.61e-06 -1.58e-05 -2.87e-06 1.42e-05

(9.27e-06) (1.15e-05) (1.07e-05) (3.31e-05) (2.25e-05) (2.45e-05)
Number of deceased children 9,898 9,898 9,898 9,898 9,898 9,898
Number of alive children 250,305 250,305 250,305 250,305 250,305 250,305
No. Mothers – – – 217,691 115,470 102,414
Panel B: Dependent variable is a dummy that takes 1 if a child died in the first month

Exposure measures:↓

OLS Fixed-effect
Assumed Gestation Length Assumed Gestation Length

9 months 8 months 7 months 9 months 8 months 7 months
Possible Exposure in Birth Month 1.26e-05 1.54e-06 3.65e-06 -2.09e-05 2.88e-08 2.26e-05

(1.19e-05) (1.24e-05) (1.19e-05) (3.60e-05) (2.36e-05) (2.73e-05)
More Likely Exposure in Middle Months 4.37e-06 -3.74e-06 -3.68e-06 -2.51e-05 1.51e-07 2.50e-05

(7.69e-06) (8.41e-06) (8.63e-06) (2.10e-05) (1.41e-05) (1.56e-05)
Possible Exposure in Conception Month 2.72e-05** -7.36e-06 1.01e-05 -1.05e-05 1.36e-05 2.47e-05

(1.14e-05) (1.10e-05) (1.12e-05) (3.49e-05) (2.36e-05) (2.58e-05)
Number of deceased children 11,101 11,101 11,101 11,101 11,101 11,101
Number of alive children 250,305 250,305 250,305 250,305 250,305 250,305
No. Mothers – – – 218,380 115,823 102,752

Notes: Each entry of the table shows the association of the likelihood of a male child’s death in the first day or month after birth with a an hour
of exposure to Ramadan in the corresponding episode of gestation (specified in the first column) if gestation lengths is presumed to be what is
specified in the top rows. In each panel, results of estimating linear probability models with two method, OLS and fixed-effect, are presented.
Three scenarios of length of gestation are examined: 9, 8, and 7 months gestations. Control variables are year of birth, month of birth, an
indicator for urban/rural, an indicator of country and province of residence, mother’s height, mother’s age at birth, father’s age at birth, mother’s
education level, father’s education level, and an indicator of household’s wealth. Standard deviations are clustered at country level. Sings *, **,
and *** show statistical significance at 10%, 5%, and 1% levels, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.2.2: Muslim-nonMuslim differential effect of an hour exposure to Ramadan
on the likelihood of a female child’s death in the first day and month after birth
Panel A: Dependent variable is a dummy that takes 1 if a child died in the first day

Exposure measures:↓

OLS Fixed-effect
Assumed Gestation Length Assumed Gestation Length

9 months 8 months 7 months 9 months 8 months 7 months
Possible Exposure in Birth Month 2.85e-06 2.69e-06 5.28e-06 -3.09e-05 -4.93e-06 2.93e-05

(1.13e-05) (8.83e-06) (8.42e-06) (3.10e-05) (2.06e-05) (2.30e-05)
More Likely Exposure in Middle Months -1.17e-05** -1.21e-05*** -1.15e-05*** -2.75e-05 -4.20e-06 2.32e-05*

(5.67e-06) (3.96e-06) (3.39e-06) (1.84e-05) (1.23e-05) (1.37e-05)
Possible Exposure in Conception Month 6.26e-07 -1.01e-05 1.01e-06 -3.62e-05 -2.25e-05 1.39e-05

(1.21e-05) (9.32e-06) (5.90e-06) (3.11e-05) (2.07e-05) (2.33e-05)
(9.27e-06) (1.15e-05) (1.07e-05) (3.31e-05) (2.25e-05) (2.45e-05)

Number of deceased children 7,389 7,389 7,389 7,389 7,389 7,389
Number of alive children 241,923 241,923 241,923 241,923 241,923 241,923
No. Mothers – – – 208,306 110,377 98,105
Panel B: Dependent variable is a dummy that takes 1 if a child died in the first month

Exposure measures:↓

OLS Fixed-effect
Assumed Gestation Length Assumed Gestation Length

9 months 8 months 7 months 9 months 8 months 7 months
Possible Exposure in Birth Month 4.68e-06 4.56e-06 7.90e-06 -1.47e-05 -6.53e-07 1.84e-05

(1.02e-05) (8.13e-06) (7.57e-06) (3.29e-05) (2.20e-05) (2.43e-05)
More Likely Exposure in Middle Months -1.00e-05* -9.75e-06** -8.39e-06** -1.59e-05 3.81e-06 1.99e-05

(5.56e-06) (3.65e-06) (3.41e-06) (1.94e-05) (1.30e-05) (1.45e-05)
Possible Exposure in Conception Month -4.39e-08 -1.28e-05 3.20e-06 -4.81e-05 -3.05e-05 1.82e-05

(1.14e-05) (9.93e-06) (7.68e-06) (3.29e-05) (2.20e-05) (2.48e-05)
Number of deceased children 8,397 8,397 8,397 8,397 8,397 8,397
Number of alive children 241,923 241,923 241,923 241,923 241,923 241,923
No. Mothers – – – 208,859 110,658 98,379

Notes: Each entry of the table shows the association of the likelihood of a male child’s death in the first day or month after birth with a an hour of
exposure to Ramadan in the corresponding episode of gestation (specified in the first column) if gestation lengths is presumed to be what is specified
in the top rows. In each panel, results of estimating linear probability models with two method, OLS and fixed-effect, are presented. Three scenarios
of length of gestation are examined: 9, 8, and 7 months gestations. Control variables are year of birth, month of birth, an indicator for urban/rural, an
indicator of country and province of residence, mother’s height, mother’s age at birth, father’s age at birth, mother’s education level, father’s education
level, and an indicator of household’s wealth. Standard deviations are clustered at country level. Sings *, **, and *** show statistical significance at
10%, 5%, and 1% levels, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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D.3: Breastfeeding

Table E.3.1: Muslim-nonMuslim differential effect of an hour exposure to Ramadan during
the 270-day period before birth on the likelihood of breastfeeding and breastfeeding initiation
Panel A: Linear probability models estimated using OLS method
Exposure Dependent variables (Y) for boys Dependent variables (Y) for girls
Measure:↓ EVER DAYS DAY1 HOUR1 HOUR0 EVER DAYS DAY1 HOUR1 HOUR0
HER270b 6.29e-06 -2.26e-05 8.90e-06 9.30e-06 9.26e-06 2.55e-06 1.40e-05 4.53e-06 4.19e-06 4.90e-06

(4.79e-06) (4.24e-05) (6.46e-06) (1.25e-05) (1.32e-05) (5.80e-06) (2.33e-05) (7.62e-06) (1.43e-05) (1.67e-05)
Obs. if Y=0 4002

160,533
4002 4002 4002 3688

152,042
3688 3688 3688

Obs. if Y=1 190469 139200 70495 61605 182440 132736 68121 59528
Panel B: Linear probability models estimated using fixed-effect method
Exposure Dependent variables (Y) for boys Dependent variables (Y) for girls
Measure:↓ EVER DAYS DAY1 HOUR1 HOUR0 EVER DAYS DAY1 HOUR1 HOUR0
HER270b 7.87e-06 6.16e-05 -1.34e-05 -1.64e-05 -1.91e-05 -1.63e-05 0.000259 -3.12e-05 -6.83e-05* -6.03e-05

(1.28e-05) (0.000113) (2.94e-05) (4.81e-05) (5.30e-05) (1.22e-05) (0.000189) (2.55e-05) (4.03e-05) (4.38e-05)
Obs. 194,471

160,533
143,202 74,497 65,607 186,128

152,042
136,424 71,809 63,216

No. mothers 169,279 133,206 70,073 61,644 161,724 126,667 67,371 59,285

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each estimated coefficient times 360 is the association of
dependent variables specified in the top rows with exposure to a full month of Ramadan during the 270-day period before birth for a currently alive male or female child.
The dependent variables are ever being breastfed (EVER), the day number after birth when a child was put to breast (DAYS), if a child was put to breast in day 1 after birth
versus never being breastfed (DAY1), if a child was put to breast in hour 1 after birth versus never being breastfed (HOUR1), and if a child was put to breast immediately
after birth versus never being breastfed (HOUR0). Linear probability models are estimated when a dependent variable is a dummy variable. Control variables in the
regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s
birth, parents’ education, mothers’ height, and households’ wealth indicator. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses,
are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.2: Muslim-nonMuslim differential effect of an hour exposure to Ramadan during three
90-day periods (trimesters) before birth on the likelihood of breastfeeding and breastfeeding initiation
Panel A: Linear probability models estimated using OLS method
Exposure Dependent variables (Y) for boys Dependent variables (Y) for girls
Measures:↓ EVER DAYS DAY1 HOUR1 HOUR0 EVER DAYS DAY1 HOUR1 HOUR0
HER190b 5.52e-06 -6.88e-05 8.96e-06 7.99e-06 7.92e-06 1.88e-06 -1.13e-06 3.62e-06 4.21e-06 2.42e-06

(5.81e-06) (5.92e-05) (6.97e-06) (1.09e-05) (1.29e-05) (6.09e-06) (2.74e-05) (7.85e-06) (1.49e-05) (1.74e-05)
HER290b 1.14e-05** 6.16e-05 1.65e-05** 2.51e-05 2.76e-05 -1.23e-06 1.33e-06 -1.34e-07 -7.81e-06 -6.74e-06

(5.54e-06) (4.18e-05) (7.62e-06) (1.54e-05) (1.66e-05) (6.75e-06) (3.65e-05) (9.30e-06) (1.74e-05) (1.97e-05)
HER390b 2.94e-06 -4.04e-05 2.01e-06 -2.48e-06 -4.99e-06 6.42e-06 3.42e-05 9.38e-06 1.32e-05 1.63e-05

(7.11e-06) (4.84e-05) (1.01e-05) (2.02e-05) (2.14e-05) (7.24e-06) (3.52e-05) (1.00e-05) (1.89e-05) (2.18e-05)
Obs. if Y=0 4002

160,533
4002 4002 4002 3688

152,042
3688 3688 3688

Obs. if Y=1 190469 139200 70495 61605 182440 132736 68121 59528
Panel B: Linear probability models estimated using fixed-effect method
Exposure Dependent variables (Y) for boys Dependent variables (Y) for girls
Measures:↓ EVER DAYS DAY1 HOUR1 HOUR0 EVER DAYS DAY1 HOUR1 HOUR0
HER190b -6.01e-06 -8.98e-05 6.62e-05** 0.000101** 0.000102** 1.87e-05* -0.000117 7.06e-05*** 7.54e-05** 7.05e-05*

(1.13e-05) (8.31e-05) (2.69e-05) (4.07e-05) (4.60e-05) (1.06e-05) (0.000138) (2.21e-05) (3.41e-05) (3.79e-05)
HER290b 1.22e-06 4.15e-05 3.22e-05 2.67e-05 2.29e-05 3.48e-06 -1.30e-05 1.73e-05 -1.75e-06 -1.33e-05

(1.14e-05) (8.18e-05) (2.84e-05) (4.32e-05) (4.83e-05) (1.14e-05) (0.000111) (2.54e-05) (3.80e-05) (4.27e-05)
HER390b 3.43e-06 -4.74e-05 1.21e-05 8.54e-06 4.59e-06 5.20e-06 -0.000196 2.89e-05 2.11e-05 4.95e-06

(1.07e-05) (7.02e-05) (2.44e-05) (3.73e-05) (4.21e-05) (1.04e-05) (0.000133) (2.10e-05) (3.03e-05) (3.42e-05)
Obs. 194,471

160,533
143,202 74,497 65,607 186,128

152,042
136,424 71,809 63,216

No. Mothers 169,279 133,206 70,073 61,644 161,724 126,667 67,371 59,285

Notes: Variables HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, second, and third 90-day periods (trimesters) before birth. Each
estimated coefficient times 360 shows the association of dependent variables specified in the top rows with exposure to a full month of Ramadan during the 270-day period before
birth for a currently alive male or female child. The dependent variables are ever being breastfed (EVER), the day number after birth when a child was put to breast (DAYS), if a
child was put to breast in day 1 after birth versus never being breastfed (DAY1), if a child was put to breast in hour 1 after birth versus never being breastfed (HOUR1), and if a
child was put to breast immediately after birth versus never being breastfed (HOUR0). Linear probability models are estimated when a dependent variable is a dummy variable.
Control variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’
age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. Obs. is the abbreviation for number of observations. Standard errors, presented in
parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.3: Muslim-nonMuslim differential effects of an hour of exposure to Ramadan
during the 270-day period before birth on months of breastfeeding and on the likelihood
of a male child being breastfed for at least 3, 4, . . . , or 9 months (OLS regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:

Case 1: Never-breastfed children are included:
Exposure Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 1.35e-05 1.96e-05 2.24e-05 2.04e-05 2.63e-05 2.55e-05* 1.75e-05

- (1.02e-05) (1.25e-05) (1.47e-05) (1.54e-05) (1.71e-05) (1.48e-05) (1.25e-05)
No. breastfed < i months - 5933 6871 7503 8034 9295 9912 10892
No. breastfed ≥ months - 142895 137731 132880 128193 122836 118293 113507

Case 2: Never-breastfed children are excluded:
Exposure Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 5.47e-06 1.11e-05 1.35e-05 1.29e-05 1.79e-05 1.69e-05 7.25e-06

- (5.93e-06) (7.82e-06) (9.98e-06) (1.09e-05) (1.29e-05) (1.25e-05) (1.17e-05)
No. breastfed < i months - 2,032 3,012 3,690 4,259 5,568 6,222 7,248
No. breastfed ≥ months - 142,895 137,731 132,880 128,193 122,836 118,293 113,507

Panel B: Only ever-breastfed children are included:
Case 1: Never-breastfed children are included:

Exposure Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000839* 2.09e-05 2.57e-05 2.65e-05 2.18e-05 3.14e-05 3.07e-05 1.86e-05

(0.000452) (1.74e-05) (2.11e-05) (2.33e-05) (2.22e-05) (2.69e-05) (2.69e-05) (2.54e-05)
No. breastfed < i months

77,180
6,153 7,176 7,916 8,569 9,977 10,726 11,880

No. breastfed ≥ i months 70,615 69,592 68,852 68,199 66,791 66,042 64,888
Case 2: Never-breastfed children are excluded:

Exposure Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000583 7.48e-06 1.23e-05 1.37e-05 9.15e-06 2.03e-05 2.02e-05 7.43e-06

(0.000472) (1.54e-05) (1.89e-05) (2.16e-05) (2.04e-05) (2.65e-05) (2.84e-05) (2.79e-05)
No. breastfed < i months

72,680
2,094 3,117 3,857 4,510 5,918 6,667 7,821

No. breastfed ≥ i months 70,615 69,592 68,852 68,199 66,791 66,042 64,888

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i months”(i=3,4,...,9) times
360 is the estimated association of the likelihood of being breastfed for at least 3, 4, ... , 9 months with exposure to a full month of Ramadan during the
270-day period before birth for a male child in the subgroup specified in the top rows. Linear probability models are estimated by the OLS method in
these cases. Each entry under “months”times 360 is the OLS estimated association of months breastfed with exposure to a full month of Ramadan during
the 270-day period before birth. Control variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable
that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator.
Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance
levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.3 (continued): Muslim-nonMuslim differential effects of an hour of
exposure to Ramadan during the 270-day period before birth on months of
breastfeeding and on the likelihood of a male child being breastfed for at least
10, 11, . . . , or 16 months (OLS regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:

Case 1: Never-breastfed children are included:
Exposure Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 1.35e-05 1.04e-05 4.75e-06 -1.17e-05 -1.66e-05 -1.25e-05 7.03e-07

(1.25e-05) (1.31e-05) (1.35e-05) (1.37e-05) (1.39e-05) (1.44e-05) (1.61e-05)
No. breastfed < i months 12,253 13,168 13,694 20,398 21,343 23,509 25,740
No. breastfed ≥ i months 108,500 104,100 99,526 88,888 84,163 78,373 72,582

Case 2: Never-breastfed children are excluded:
Exposure Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 3.38e-06 1.04e-06 -4.54e-06 -2.15e-05 -2.70e-05* -2.35e-05 -1.24e-05

(1.30e-05) (1.23e-05) (1.27e-05) (1.44e-05) (1.49e-05) (1.56e-05) (1.73e-05)
No. breastfed < i months 8,646 9,596 10,168 16,909 17,909 20,118 22,391
No. breastfed ≥ i months 108,500 104,100 99,526 88,888 84,163 78,373 72,582

Panel B: Only ever-breastfed children are included:
Case 1: Never-breastfed children are included:

Exposure Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 1.11e-05 8.57e-06 4.97e-06 -1.22e-05 -1.93e-05 -3.44e-06 4.17e-06

(2.50e-05) (2.44e-05) (2.48e-05) (2.18e-05) (2.12e-05) (2.00e-05) (2.35e-05)
No. breastfed < i months 13,427 14,539 15,336 22,403 23,737 26,328 29,072
No. breastfed ≥ i months 63,341 62,229 61,432 54,365 53,031 50,440 47,696

Case 2: Never-breastfed children are excluded:
Exposure Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b -5.65e-08 -2.59e-06 -6.80e-06 -2.27e-05 -3.01e-05 -1.20e-05 -2.44e-06

(2.76e-05) (2.62e-05) (2.68e-05) (2.51e-05) (2.43e-05) (2.20e-05) (2.38e-05)
No. breastfed < i months 9,368 10,480 11,277 18,344 19,678 22,269 25,013
No. breastfed ≥ i months 63,341 62,229 61,432 54,365 53,031 50,440 47,696

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i
months”(i=10,11,...,16) times 360 is the estimated association of the likelihood of being breastfed for at least 10, 11, ... , 16 months with
exposure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup specified in the top rows. Linear
probability models are estimated by the OLS method in these cases. Control variables in the regressions are children’s year, month, and
order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’
education, mothers’ height, and households’ wealth indicator. Obs. is the abbreviation for number of observations. Standard errors, presented
in parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *,
respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.4: Muslim-nonMuslim differential effects of an hour of exposure to
Ramadan during the 270-day period before birth on months of breastfeeding
and on the likelihood of a male child being breastfed for at least 3, 4, . . . , or 9
months (mothers’ fixed-effect regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 4.19e-08 2.06e-05 3.58e-05 2.57e-05 1.14e-06 -8.29e-06 -2.85e-05

- (2.30e-05) (2.47e-05) (2.64e-05) (2.82e-05) (3.09e-05) (3.42e-05) (3.86e-05)
Obs. - 148,828 144,602 140,383 136,227 132,131 128,205 124,399
No. Mothers - 133,378 129,976 126,546 123,146 119,741 116,450 113,244
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - -4.06e-06 1.56e-05 2.72e-05 2.48e-05 -1.48e-06 -8.76e-06 -3.51e-05

- (1.41e-05) (1.66e-05) (1.94e-05) (2.16e-05) (2.53e-05) (2.95e-05) (3.50e-05)
Obs. - 144,927 140,743 136,570 132,452 128,404 124,515 120,755
No. Mothers - 130,267 126,862 123,434 120,022 116,617 113,341 110,145

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000219 3.09e-05 6.35e-05 9.27e-05** 6.43e-05 3.19e-05 3.45e-06 -2.69e-05

(0.00117) (4.14e-05) (4.34e-05) (4.57e-05) (4.76e-05) (5.13e-05) (5.55e-05) (6.37e-05)
Obs.

76,768
76,768 76,768 76,768 76,768 76,768 76,768 76,768

No. Mothers 71,501 71,501 71,501 71,501 71,501 71,501 71,501
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b -0.000125 -1.54e-06 3.92e-05 7.88e-05* 4.86e-05 1.96e-05 -9.71e-06 -4.39e-05

(0.00116) (3.29e-05) (3.63e-05) (4.08e-05) (4.35e-05) (4.89e-05) (5.44e-05) (6.41e-05)
Obs.

72,709
72,709 72,709 72,709 72,709 72,709 72,709 72,709

No. Mothers 67,783 67,783 67,783 67,783 67,783 67,783 67,783

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i
months”(i=3,4,...,9) times 360 is the estimated association of the likelihood of being breastfed for at least 3, 4, ... , 9 months with
exposure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup specified in the top rows.
Linear probability models are estimated in which mothers’ fixed-effects are controlled. Each entry under “months”times 360 is the fixed-
effect estimated association of months breastfed with exposure to a full month of Ramadan during the 270-day period before birth. Control
variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and
province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. Obs. is
the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical
significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.4 (continued): Muslim-nonMuslim differential effects of an hour
of exposure to Ramadan during the 270-day period before birth on months
of breastfeeding and on the likelihood of a male child being breastfed for at
least 10, 11, . . . , or 16 months (mothers’ fixed-effect regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b -2.30e-05 -2.02e-05 -4.45e-05 -7.88e-06 -3.96e-05 8.03e-06 -1.54e-05

(4.26e-05) (4.66e-05) (4.99e-05) (6.29e-05) (6.71e-05) (7.30e-05) (7.73e-05)
Obs. 120,753 117,268 113,220 109,286 105,506 101,882 98,322
No. Mothers 110,220 107,245 103,830 100,492 97,250 94,147 91,103
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b -2.72e-05 -2.46e-05 -3.80e-05 3.84e-06 -3.55e-05 1.51e-05 -7.67e-06

(3.95e-05) (4.44e-05) (4.78e-05) (6.26e-05) (6.73e-05) (7.36e-05) (7.83e-05)
Obs. 117,146 113,696 109,694 105,797 102,072 98,491 94,973
No. Mothers 107,124 104,157 100,750 97,419 94,205 91,117 88,085

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 13 months 14 months 15 months 16 months
HER270b -1.99e-05 7.34e-07 -2.32e-05 5.59e-05 1.13e-05 8.13e-05 8.02e-05

(6.67e-05) (7.04e-05) (7.25e-05) (8.51e-05) (8.65e-05) (9.00e-05) (8.99e-05)
Obs. 76,768 76,768 76,768 76,768 76,768 76,768 76,768
No. Mothers 71,501 71,501 71,501 71,501 71,501 71,501 71,501
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b -3.91e-05 -1.51e-05 -3.83e-05 6.19e-05 1.06e-05 8.28e-05 7.34e-05

(6.76e-05) (7.19e-05) (7.43e-05) (8.86e-05) (9.05e-05) (9.45e-05) (9.47e-05)
Obs. 72,709 72,709 72,709 72,709 72,709 72,709 72,709
No. Mothers 67,783 67,783 67,783 67,783 67,783 67,783 67,783

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under
“i months”(i=10,11,...,16) times 360 is the estimated association of the likelihood of being breastfed for at least 10, 11, ... ,
16 months with exposure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup
specified in the top rows. Linear probability models are estimated in which mothers’ fixed-effects are controlled. Control
variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates
country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth
indicator. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at
country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.5: Muslim-nonMuslim differential effects of an hour of exposure to Ramadan
during the 270-day period before birth on months of breastfeeding and on the likelihood
of a female child being breastfed for at least 3, 4, . . . , or 9 months (OLS regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 6.41e-06 1.36e-05* 1.78e-05* 1.98e-05* 2.07e-05* 2.24e-05* 1.88e-05

- (5.65e-06) (7.48e-06) (9.78e-06) (1.04e-05) (1.20e-05) (1.27e-05) (1.29e-05)
No. breastfed < i months - 5531 6377 7059 7613 8905 9557 10596
No. breastfed ≥ i months - 136745 131820 127093 122509 117261 112846 108275
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 2.10e-06 8.78e-06 1.32e-05 1.58e-05* 1.69e-05 1.74e-05 1.10e-05

- (3.93e-06) (7.26e-06) (9.08e-06) (9.05e-06) (1.14e-05) (1.22e-05) (1.24e-05)
No. breastfed < i months - 1,935 2,821 3,533 4,115 5,435 6,128 7,200
No. breastfed ≥ months - 136,745 131,820 127,093 122,509 117,261 112,846 108,275

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000825 7.46e-06 1.80e-05 2.63e-05 3.16e-05 2.83e-05 2.67e-05 1.82e-05

(0.000564) (1.42e-05) (1.89e-05) (2.20e-05) (2.30e-05) (2.29e-05) (2.56e-05) (2.64e-05)
No. breastfed < i months

74,767
5,715 6,643 7,405 8,054 9,484 10,276 11,464

No. breastfed ≥ i months 68,689 67,761 66,999 66,350 64,920 64,128 62,940
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000728 -5.22e-07 1.12e-05 2.06e-05 2.64e-05 2.32e-05 2.18e-05 1.30e-05

(0.000494) (8.88e-06) (1.62e-05) (1.94e-05) (2.03e-05) (2.21e-05) (2.41e-05) (2.44e-05)
No. breastfed < i months

70,649
1,990 2,918 3,680 4,329 5,759 6,551 7,739

No. breastfed ≥ i months 68,689 67,761 66,999 66,350 64,920 64,128 62,940

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i months”(i=3,4,...,9) times
360 is the estimated association of the likelihood of being breastfed for at least 3, 4, ... , 9 months with exposure to a full month of Ramadan during the
270-day period before birth for a male child in the subgroup specified in the top rows. Linear probability models are estimated by the OLS method in
these cases. Each entry under “months”times 360 is the OLS estimated association of months breastfed with exposure to a full month of Ramadan during
the 270-day period before birth. Control variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable
that indicates country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator.
Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance
levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.5 (continued): Muslim-nonMuslim differential effects of an hour of
exposure to Ramadan during the 270-day period before birth on months of
breastfeeding and on the likelihood of a female child being breastfed for at least
10, 11, . . . , or 16 months (OLS regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 2.90e-05** 1.87e-05 7.32e-06 6.52e-06 6.35e-06 1.31e-05 1.66e-05

(1.10e-05) (1.28e-05) (1.36e-05) (1.67e-05) (1.71e-05) (2.02e-05) (2.08e-05)
No. breastfed < i months 12,003 12,962 13,475 20,219 21,184 23,343 25,452
No. breastfed ≥ i months 103,278 98,933 94,601 84,097 79,443 73,754 68,241
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 2.12e-05* 1.25e-05 3.55e-06 3.87e-06 2.79e-06 7.19e-06 9.71e-06

(1.08e-05) (1.13e-05) (1.19e-05) (1.76e-05) (1.79e-05) (2.08e-05) (2.02e-05)
No. breastfed > i months 8,646 9,634 10,191 16,978 17,974 20,174 22,324
No. breastfed ≥ i months 103,278 98,933 94,601 84,097 79,443 73,754 68,241

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 3.14e-05 2.14e-05 1.14e-05 2.15e-05 2.61e-05 3.08e-05 3.38e-05

(2.47e-05) (2.73e-05) (2.87e-05) (3.42e-05) (3.61e-05) (3.65e-05) (3.28e-05)
No. breastfed < i months 13,041 14,194 14,950 22,045 23,385 25,997 28,627
No. breastfed ≥ i months 61,363 60,210 59,454 52,359 51,019 48,407 45,777
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 2.73e-05 1.74e-05 6.48e-06 1.81e-05 2.37e-05 2.88e-05 3.20e-05

(2.29e-05) (2.42e-05) (2.55e-05) (3.28e-05) (3.54e-05) (3.61e-05) (3.19e-05)
No. breastfed < i months 9,316 10,469 11,225 18,320 19,660 22,272 24,902
No. breastfed ≥ i months 61,363 60,210 59,454 52,359 51,019 48,407 45,777

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i
months”(i=10,11,...,16) times 360 is the estimated association of the likelihood of being breastfed for at least 10, 11, ... , 16 months with
exposure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup specified in the top rows. Linear
probability models are estimated by the OLS method in these cases. Control variables in the regressions are children’s year, month, and
order of birth, an urban/rural indicator, a variable that indicates country and province of residence, parents’ age at children’s birth, parents’
education, mothers’ height, and households’ wealth indicator. Obs. is the abbreviation for number of observations. Standard errors, presented
in parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *,
respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.6: Muslim-nonMuslim differential effects of an hour of exposure to
Ramadan during the 270-day period before birth on months of breastfeeding
and on the likelihood of a female child being breastfed for at least 3, 4, . . . , or 9
months (mothers’ fixed-effect regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 4.84e-06 1.68e-05 3.29e-05 4.47e-05* 6.43e-05** 5.60e-05* 6.55e-05*

- (2.01e-05) (2.26e-05) (2.44e-05) (2.71e-05) (3.05e-05) (3.34e-05) (3.71e-05)
Obs. - 142,276 138,197 134,152 130,122 126,166 122,403 118,871
No. Mothers - 127,246 123,961 120,644 117,361 114,075 110,936 107,979
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b - 1.79e-05 3.06e-05* 4.60e-05** 5.73e-05** 7.51e-05*** 6.58e-05** 7.68e-05**

- (1.34e-05) (1.69e-05) (1.92e-05) (2.25e-05) (2.70e-05) (3.02e-05) (3.47e-05)
Obs. - 138,680 134,641 130,626 126,624 122,696 118,974 115,475
No. Mothers - 124,377 121,079 117,757 114,464 111,167 108,042 105,081

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000900 5.06e-05 5.52e-05 6.72e-05 7.84e-05 6.25e-05 7.24e-05 8.43e-05

(0.00110) (3.74e-05) (4.20e-05) (4.48e-05) (4.78e-05) (5.38e-05) (5.65e-05) (6.03e-05)
Obs.

74,404
74,404 74,404 74,404 74,404 74,404 74,404 74,404

No. Mothers 69,075 69,075 69,075 69,075 69,075 69,075 69,075
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ months 3 months 4 months 5 months 6 months 7 months 8 months 9 months
HER270b 0.000517 9.04e-06 1.62e-05 3.14e-05 3.66e-05 4.59e-05 5.80e-05 7.40e-05

(0.00111) (3.13e-05) (3.72e-05) (4.11e-05) (4.47e-05) (5.31e-05) (5.63e-05) (6.10e-05)
Obs.

70,679
70,679 70,679 70,679 70,679 70,679 70,679 70,679

No. Mothers 65,676 65,676 65,676 65,676 65,676 65,676 65,676

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under “i
months”(i=3,4,...,9) times 360 is the estimated association of the likelihood of being breastfed for at least 3, 4, ... , 9 months with ex-
posure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup specified in the top rows. Linear
probability models are estimated in which mothers’ fixed-effects are controlled. Each entry under “months”times 360 is the fixed-effect esti-
mated association of months breastfed with exposure to a full month of Ramadan during the 270-day period before birth. Control variables
in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province of
residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth indicator. Obs. is the abbreviation for
number of observations. Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels at the 1,
5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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Table E.3.6 (continued): Muslim-nonMuslim differential effects of an hour
of exposure to Ramadan during the 270-day period before birth on months
of breastfeeding and on the likelihood of a female child being breastfed for at
least 10, 11, . . . , or 16 months (mothers’ fixed-effect regressions)
Panel A: Currently being breastfed and ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 5.62e-05 1.99e-05 1.56e-05 6.28e-05 7.85e-05 0.000121 0.000145*

(4.17e-05) (4.56e-05) (4.88e-05) (6.25e-05) (6.71e-05) (7.35e-05) (7.97e-05)
Obs. 115,281 111,895 108,076 104,316 100,627 97,097 93,693
No. Mothers 104,973 102,165 98,963 95,815 92,672 89,663 86,762
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 6.58e-05* 2.72e-05 2.40e-05 7.32e-05 8.33e-05 0.000116 0.000136*

(3.99e-05) (4.43e-05) (4.76e-05) (6.27e-05) (6.75e-05) (7.43e-05) (8.11e-05)
Obs. 111,924 108,567 104,792 101,075 97,417 93,928 90,565
No. Mothers 102,080 99,275 96,102 92,968 89,834 86,840 83,952

Panel B: Only ever-breastfed children are included:
Exposure Case 1: Never-breastfed children are included:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 5.31e-05 -1.92e-05 -5.59e-05 -3.32e-05 -3.97e-05 4.75e-05 5.88e-05

(6.64e-05) (7.07e-05) (7.24e-05) (8.43e-05) (8.61e-05) (8.94e-05) (9.16e-05)
Obs. 74,404 74,404 74,404 74,404 74,404 74,404 74,404
No. Mothers 69,075 69,075 69,075 69,075 69,075 69,075 69,075
Exposure Case 2: Never-breastfed children are excluded:
Measure:↓ 10 months 11 months 12 months 13 months 14 months 15 months 16 months
HER270b 4.08e-05 -3.16e-05 -7.14e-05 -4.33e-05 -4.36e-05 4.39e-05 5.82e-05

(6.80e-05) (7.27e-05) (7.45e-05) (8.80e-05) (8.99e-05) (9.35e-05) (9.60e-05)
Obs. 70,679 70,679 70,679 70,679 70,679 70,679 70,679
No. Mothers 65,676 65,676 65,676 65,676 65,676 65,676 65,676

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Each entry under
“i months”(i=10,11,...,16) times 360 is the estimated association of the likelihood of being breastfed for at least 10, 11, ... ,
16 months with exposure to a full month of Ramadan during the 270-day period before birth for a male child in the subgroup
specified in the top rows. Linear probability models are estimated in which mothers’ fixed-effects are controlled. Control
variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates
country and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth
indicator. Obs. is the abbreviation for number of observations. Standard errors, presented in parentheses, are clustered at
country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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E.4: Maternal Delivery and postpartum complications

Table E.4.1: Muslim-nonMuslim differential effects of an hour of exposure to Ramadan
during the 270-day and three 90-day (trimesters) periods before birth on the likelihood
of maternal delivery and post-delivery complications
Exposure Dependent variables (Y) for boys Dependent variables (Y) for girls
Measures:↓ PLABOR EBLEED INFECT CONVOL PLABOR EBLEED INFECT CONVOL
HER270b 2.72e-05 2.28e-05 -5.77e-05 4.71e-05* 2.36e-05 -8.38e-05** -7.07e-05* -4.33e-05*

(4.68e-05) (2.29e-05) (3.79e-05) (2.34e-05) (3.31e-05) (3.01e-05) (3.60e-05) (2.40e-05)
HER190b 3.60e-05 3.87e-05 -7.40e-05* 4.32e-05 1.44e-05 -9.35e-05*** -9.61e-05** -4.52e-05

(5.91e-05) (3.22e-05) (4.13e-05) (3.53e-05) (3.71e-05) (2.86e-05) (4.26e-05) (2.72e-05)
HER290b 6.41e-05 5.22e-05* -8.07e-05 5.34e-05* 6.68e-05 -5.07e-05 -4.31e-05 -7.26e-05**

(5.95e-05) (2.94e-05) (4.88e-05) (2.56e-05) (5.54e-05) (4.88e-05) (2.92e-05) (3.13e-05)
HER390b 6.90e-06 -3.25e-06 -3.78e-05 5.02e-05*** 2.06e-05 -8.14e-05* -5.02e-05 -3.35e-05

(4.02e-05) (3.00e-05) (4.69e-05) (1.73e-05) (3.84e-05) (4.54e-05) (4.16e-05) (2.40e-05)
Obs. if Y=0 29,391 40,198 32,723 34,159 27,249 36,546 30,427 31,723
Obs. if Y=1 8,791 7,315 3,711 3,973 7,840 6,581 3,479 3,306

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Variables HER190b, HER290b, and
HER390b contain hours of exposure to Ramadan during the first, second, and third 90-day periods (trimesters) before birth. Each estimated coefficient
times 360 shows the association of binary dependent variables specified in the second row with exposure to a full month of Ramadan during the
corresponding time period before birth for a male or female child. The dependent variables are prolonged labor (PLABOR), excessive bleeding
(EBLEED), high fever and discharge (INFECT), and convulsion (CONVOL). Linear probability models are estimated by OLS method. Control
variables in the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country and province
of residence, parents’ age at children’s birth, parents’ education, mother’s height, and households’ wealth indicator. Standard errors, presented in
parentheses, are clustered at country level. The statistical significance levels at the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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E.5: Maternal Pregnancy complications

Table E.5.1: Muslim-nonMuslim differential effects of an hour of exposure
to Ramadan during the 270-day and three 90-day periods (trimesters)
before birth on the likelihood of maternal pregnancy complications
Exposure Boys Girls
Measures:↓ HBA BLEED NIGHTB HBA BLEED NIGHTB
HER270b -6.08e-05 -2.12e-05 -3.22e-05* -5.26e-05 1.30e-05 -1.35e-05

(4.15e-05) (4.33e-05) (1.65e-05) (5.42e-05) (1.42e-05) (2.36e-05)
HER190b -6.17e-05 -1.58e-05 -5.12e-05** -4.98e-05 7.59e-06 -1.59e-05

(3.63e-05) (7.91e-05) (2.38e-05) (7.74e-05) (2.18e-05) (2.85e-05)
HER290b -0.000197*** -7.61e-05* -4.03e-05 -0.000167 -3.27e-05 -2.37e-05

(3.72e-05) (3.46e-05) (2.48e-05) (0.000122) (4.92e-05) (2.04e-05)
HER390b -5.50e-05 -2.08e-05 -1.21e-05 -4.89e-05 1.83e-05 -8.76e-06

(7.99e-05) (3.63e-05) (1.53e-05) (7.47e-05) (4.80e-05) (3.13e-05)
Obs. if Y=0 24,805 31,546 62,526 22,112 27,931 58,570
Obs. if Y=1 9,104 3,269 5,873 7,907 2,924 5,391

Notes: Variable HER270b contains hours of exposure to Ramadan during the 270-day period before birth. Variables
HER190b, HER290b, and HER390b contain hours of exposure to Ramadan during the first, second, and third 90-day
periods (trimesters) before birth. Each estimated coefficient times 360 shows the association of binary dependent variables
specified in the second row with exposure to a full month of Ramadan during the corresponding time period before birth
for a male or female child. The dependent variables are severe headache, blurry vision, and abdomen pain (HBA), bleeding
(BLEED), and night blindness (NIGHTB). Linear probability models are estimated by OLS method. Control variables in
the regressions are children’s year, month, and order of birth, an urban/rural indicator, a variable that indicates country
and province of residence, parents’ age at children’s birth, parents’ education, mothers’ height, and households’ wealth
indicator. Standard errors, presented in parentheses, are clustered at country level. The statistical significance levels at
the 1, 5, and 10 percent are indicated by ***, **, and *, respectively.
Data Source: Demographic and health surveys, the DHS Program, USAID.
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