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AbsTrACT
background Diarrhoea is the second- leading infectious 
cause of death in children younger than age 5 years. 
The global burden of severe diarrhoeal disease is 
concentrated in Africa and Southeast Asia, where a 
significant percentage of the population resides in low- 
resource settings. We aimed to quantitatively examine 
whether extending the duration of legislated paid 
maternity leave affected the prevalence of childhood 
diarrhoea in low- income and middle- income countries 
(LMICs).
Methods We merged longitudinal data measuring 
national maternity leave policies with information on the 
prevalence of bloody diarrhoea related to 884 517 live 
births occurring between 1996 and 2014 in 40 LMICs 
that participated at least twice in the Demographic and 
Health Surveys between 2000 and 2015. We used a 
difference- in- differences approach to compare changes 
in the percentage of children with bloody diarrhoea 
across eight countries that lengthened their paid 
maternity leave policy between 1995 and 2013 to the 32 
countries that did not.
results The prevalence of bloody diarrhoea in the past 
2 weeks was 168 (SD=40) per 10 000 children under 5 
years in countries that changed their policies and 136 
(SD=15) in countries that did not. A 1- month increase 
in the legislated duration of paid maternity leave was 
associated with 61 fewer cases of bloody diarrhoea 
(95% CI −98.86 to −22.86) per 10 000 children under 
5 years of age, representing a 36% relative reduction.
Conclusion Extending the duration of paid maternity 
leave policy appears to reduce the prevalence of bloody 
diarrhoea in children under 5 years of age in LMICs.

InTroduCTIon
Globally, diarrhoea is the fourth leading cause of 
death and the second leading infectious cause of 
death in children under 5 years of age.1 2 In 2015, 
an estimated 957.5 million episodes of diarrhoea 
occurred in children younger than the age of 5 
years, of which 499 000 episodes led to death.1 
The burden of diarrhoeal disease is concentrated 
primarily in younger children. Diarrhoea incidence 
peaks before 1 year of age and then decreases with 
age.3 A high proportion (72%) of deaths from diar-
rhoea occur in children younger than 2 years of 
age.2 From 1990 to 2010, the incidence of diar-
rhoea in children under 5 years has decreased by 
10.4%, with the fastest decrease in western and 

eastern sub- Saharan Africa.1 Nevertheless, in low- 
income and middle- income countries (LMICs), 
acute diarrhoeal infection remains one of the most 
frequent childhood illnesses, and severe diarrhoea 
is among the most common reasons for hospital 
admission in children.2

Diarrhoea is both preventable and treatable. 
There are proven interventions that can go a long 
way toward reducing diarrhoea incidence and 
mortality.4–10 A recent review estimated reduc-
tions in the risk of childhood diarrhoea of 48%, 
17% and 36%, attributable to hand washing with 
soap, improved water quality and excreta disposal, 
respectively.11 A review of 18 studies from LMICs 
indicated that not breastfeeding was associated 
with increases of 165% and 32% in the risk of diar-
rhoea among infants 0–5 months of age and 6–11 
months of age, respectively, compared with exclu-
sive breastfeeding.12 Furthermore, preventive zinc 
supplementation was associated with a 13% reduc-
tion in diarrhoea incidence in children.13

Vaccine coverage might reduce diarrhoea inci-
dence by lowering the risk of viral infection. A review 
of six randomised trials and quasi- experimental 
studies from LMICs demonstrated that the use of 
rotavirus vaccines was associated with 74% and 
61% reductions in very severe rotavirus infection 
and severe rotavirus infection, respectively.14 Simi-
larly, a review of 12 randomised trials and quasi- 
experimental studies from LMICs showed that the 
use of the oral cholera vaccine was associated with 
a 52% reduction in the risk of cholera infection in 
children under 5 years of age.15

Despite extensive research on preventive 
and therapeutic interventions, the evidence for 
informing specific national social policy strategies 
to lower childhood diarrhoea prevalence through 
these mechanisms remains limited.4 13 16 Extending 
the duration of legislated paid maternity leave has 
been associated with lower infant mortality in a 
sample of 18 Organisation for Economic Co- op-
eration and Development countries17–20 and a 
sample of 20 LMICs.21 In addition, more generous 
paid maternity leave policies were associated with 
increased breastfeeding practices22–27 and vaccina-
tion uptake.28 29 To the best of our knowledge, the 
impacts of maternity leave policies on childhood 
diarrhoea have not been evaluated. In this study, 
using a novel database on nationally legislated 
maternity leave policies, we evaluated whether paid 
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maternity leave policy affects the prevalence of childhood diar-
rhoea in LMICs.

MeThods
data sources
Longitudinal data measuring national maternity leave policies 
for each UN member state were made available by the Univer-
sity of California Los Angeles’ WORLD Policy Analysis Center 
and then collected retrospectively to 1995 by McGill Universi-
ty’s Policy- Relevant Observational Studies for Population Health 
Equity and Responsible Development project.30 Further details 
regarding the collection and coding of global maternity leave 
policies are available elsewhere.31

Demographic and Health Surveys (DHS) were used to measure 
childhood diarrhoea and other individual- level covariates for 
children under 5 years of age. Many LMICs have conducted 
multiple DHS, often at a 5- year interval. These nationally repre-
sentative household surveys provide a wide range of detailed 
health- related and demographic information focusing on 
maternal and child health. Standard DHS use a two- stage cluster 
sampling design, with the first stage selecting sample points (eg, 
clusters) and the second stage selecting households. Trained 
interviewers and structured questionnaires are used to inter-
view selected married women and married men aged 15–49. 
In addition to collecting demographic information, the surveys 
also collected information on household assets and features of 
the dwelling units. Information on children younger than the 
age of 5 years in the household was also recorded. Standardised 
measurement techniques were used to ensure the comparability 
of surveys across countries and survey waves. Further details 
regarding the sampling and survey techniques are available else-
where.32 33

sample
For the analysis, we linked national maternity leave policies 
between 1995 and 2013 (inclusive) to information from 944 084 
children under 5 years of age at the time of the interviews in 
40 LMICs. These 40 countries were identified based on the 
availability of at least two DHS between 2000 and 2015 (inclu-
sive), allowing for analyses of policy effects on changes in the 
prevalence of childhood diarrhoea occurring within countries 
over time. A 1- year lag was used to respect temporality between 
policy year and birth year, resulting in a sample of 884 517 chil-
dren born between 1996 and 2014 (inclusive) from 114 DHS in 
40 LMICs (table 1). In further analyses using full- time equiva-
lent (FTE) weeks of paid maternity leave, Namibia was excluded 
because we lacked information on FTE weeks of paid maternity 
leave between 1995 and 2003. Thus, these analyses included 
873 307 children born between 1996 and 2014 from 111 DHS 
across 39 LMICs (table 1). Treated and control countries were 
distinguished based on whether or not they experienced a change 
in national paid maternity leave policy.

Measures
Outcome variable
Our primary outcome variable was whether children had blood 
in their stools in the past 2 weeks at the time of the interview. We 
selected this measure of severe diarrhoea because the frequency 
of loose stools in breastfed infants can be difficult to distinguish 
from pathological diarrhoea due to an infection based on survey 
data. Information on bloody diarrhoea (clearly pathological) 
was extracted from at least two DHS for each sampled country. 
Briefly, mothers surveyed in the DHS were asked to provide 

information on the prevalence of diarrhoea for all children under 
the age of 5 years in the household. If a child had diarrhoea in 
the past 2 weeks, mothers were additionally asked whether there 
was blood in the stools.

Exposure variables
The exposure of interest was the legislated length of paid mater-
nity leave for each sampled country between 1995 and 2013 
(inclusive). We first recorded the legislated weeks of paid leave 
available to mothers only. We then calculated the FTE weeks of 
paid leave by multiplying the legislated weeks of leave by the 
wage replacement rate. Further details regarding calculation of 
FTE weeks of paid maternity leave are available elsewhere.31 To 
reduce exposure misclassification, as well as ensure temporality 
between exposure and outcome, each child was assigned the 
legislated length of paid maternity leave 1 year prior to the birth 
year. We did not distinguish between leave that could be taken 
before or after birth.

Control variables
Research on the epidemiology of diarrhoea in children2 4 12 
was used to identify determinants of childhood diarrhoea in 
LMICs at the household, maternal and child levels. Covariates 
at the household level included the number of listed household 
members, number of children under 5 years of age living in the 
household, place of residence (eg, urban or rural) and an indi-
cator for drinking water source (unimproved or improved), 
which was created by using the new scale for household drinking 
water used by the WHO and the UNICEF.34 We also included 
the asset- based DHS household wealth index, which was created 
by and used as a standard by the DHS and UNICEF Multiple 
Indicator Cluster Surveys to capture the within- country relative 
wealth standing of each household. At the maternal and child 
level, covariates included mother’s education received in years, 
mother’s age at delivery, mother’s number of living children, 
child’s sex, child’s age at interview and child’s birth order.

In addition, to minimise confounding on the country level, 
we measured country- level characteristics that may be associated 
with changes to paid maternity leave policies and with childhood 
diarrhoea incidence from the World Bank’s World Development 
Indicators and Global Development Finance databases.35 These 
variables included gross domestic product (GDP) per capita 
(constant 2011 international dollar) based on purchasing power 
parity (PPP), female labour force participation rate (percentage 
of female population ages 15–64 years), percentage of unem-
ployed female labour force, government health expenditures per 
capita based on PPP (constant 2011 international dollar) and 
total health expenditure (percentage of GDP).

statistical analysis
Effect of paid maternity leave
We estimated the effect of a 1- month increase in paid mater-
nity leave policy on the prevalence of bloody diarrhoea using the 
following logistic regression model:

 

logit
(
Yijt = 1

)
= β0 + β1 ∗Mjt−1 +

∑
βn ∗ Zijt +

∑
βk ∗ Cjt−1 + λj + δt,   

where  Yijt  represents the outcome (ie, whether the child had 
blood in the stools in the past 2 weeks at the time of the inter-
view) for child i born in country j in year t, and  Mjt−1  is the 
calculated months of paid maternity leave in country j 1 year 
before the birth year (t–1). In the first model, we included fixed 
effects for country ( λj ) and year ( δt ) to account for, respectively, 
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Table 1 Policy and household survey characteristics from treated and control countries

Country

effective year of 
paid maternity 
leave policy 
extension

Length of paid 
maternity leave 
before and after 
the extension 
(weeks)

dhs survey years 
before policy 
change

dhs survey years 
after policy change

birth years 
available
(min–max) sample size

Average 
bloody 
diarrhoea 
cases per 
10 000 
children in 
the past 
2 weeks*

Female formal 
employment 
as percentage 
of total non- 
agricultural 
employment

Bangladesh 2006 12 to 16 2004 2007, 2011, 2014 1999–2014 24 922 45 12.6%

Kenya 2008 8.6 to 12.9 2003–2008 2014 1998–2014 19 121 149 –

Lesotho 2005, 2007, 2009 0, 2, 6, 12 2004 2009–2014 1999–2014 8584 129 63.9%

Malawi 2000 0 to 8 2000 2010 1996–2010 25 663 164 32.7%

Uganda 2006 4.3 to 12 2000–2006 2011 1996–2011 18 605 379 13.7%

Zambia 2002–2006 12, 12.8, 17.1 2001 2007–2013 1996–2014 22 150 192 19.9%

Zimbabwe 2006 12.9 to 14 2005 2010–2015 2000–2014 13 373 114 34.1%

All treated countries†       132 418 168
(SD=40)

Armenia – 20 2000–2005 2010 1996–2010 4023 20 80.9%

Benin – 14 2001 2006–2011 1996–2012 29 157 59 4.2%

Bolivia – 12.9 2003 2008 1998–2008 15 299 273 23.1%

Burkina Faso – 14 2003 2010 1998–2010 20 546 122 6.2%

Cameroon – 14 2004 2011 1999–2011 15 027 293 13.3%

Chad – 14 2004 2014 1999–2014 19 141 292 12.1%

Colombia – 12 2000–2005 2010 1996–2010 32 369 145 43.1%

Congo – 15 2005 2011 2000–2012 8426 218 17.9%

Democratic Republic of 
Congo

– 14 2007 2013 2002–2014 23 081 224 10.0%

Dominican Republic – 12 2002 2007–2013 1997–2013 22 414 76 43.8%

Egypt – 12.9 2000–2005 2008–2014 1996–2014 43 128 37 73.7%

Ethiopia – 12.9 2000–2005 2011 1996–2011 24 084 142 –

Gabon – 14 2000 2012 1996–2012 8393 143 –

Ghana‡ – 12 2003 2008–2014 1998–2014 10 955 159 10.1%

Guinea – 14 2005 2012 2000–2012 10 700 189 –

Haiti – 12 2000–2005 2012 1997–2012 14 558 279 –

Honduras – 12 2005 2011 2000–2012 20 265 126 24.4%

Indonesia – 12.9 2002 2007–2012 1997–2012 43 149 5 18.1%

Jordan – 10 2002 2007–2012 1997–2012 24 323 52 76.5%

Liberia – 12.9 2007 2013 2002–2013 11 434 452 13.5%

Madagascar – 14 2003 2008 1998–2009 15 788 63 15.0%

Mali – 14 2001–2006 2012 1996–2013 28 504 67 9.3%

Mozambique – 8.6 2003 2011 1998–2011 17 561 88 –

Namibia§ – 12 2000–2006 2013 1996–2013 11 210 169 38.1%

Nepal – 7.4 2001–2006 2011 1996–2012 14 696 134 13.4%

Niger – 14 2006 2012 2001–2012 17 546 212 5.8%

Nigeria – 12 2003 2008–2013 1998–2013 56 178 170 6.8%

Peru – 12.9 2000–2004 2007, 2009, 2010, 
2011, 2012

1996–2012 73 651 141 35.4%

Philippines – 8.6 2003 2008–2013 1998–2013 18 845 36 29.8%

Rwanda – 12 2000–2005 2010–2014 1996–2014 27 203 108 22.0%

Senegal – 14 2005 2010, 2012, 2014, 
2015

2000–2014 35 944 163 8.7%

Sierra Leone – 12 2008 2013 2003–2013 14 868 267 14.3%

Tanzania – 12 2004 2010–2015 1999–2014 19 633 69 25.1%

All control countries¶       752 099 136
(SD=15)

*Average weighted by DHS weight.
†Treated countries are countries that experienced a change in the duration of paid maternity leave between 1995 and 2013.
‡Ghana was added to the ‘treated’ group in the analysis on FTE weeks of paid maternity leave.
§Namibia was excluded in the analysis on FTE weeks of paid maternity leave.
¶Control countries are countries that did not experience a change in the duration of paid maternity leave between 1995 and 2013.
DHS, Demographic and Health Survey; FTE, full- time equivalent.
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Table 2 Sociodemographic characteristics of the study sample, 
1996–2014, N=884 517

household- level and individual- level covariates

Mean (SD) number of listed household members 6.74 (0.33)

Mean (SD) number of children under 5 years of age living in 
household

2.00 (0.09)

Household wealth

Poorest 228 277 (25.81%)

Poorer 195 332 (22.08%)

Middle 176 042 (19.90%)

Richer 153 770 (17.38%)

Richest 131 104 (14.82%)

Drinking- water source

Unimproved source 315 220 (35.64%)

Improved source 569 305 (64.36%)

Place of residence

Urban 314 394 (35.54%)

Rural 570 131 (64.46%)

Mean (SD) mother's education (years) 5.26 (0.53)

Mean (SD) mother's age at childbirth (years) 26.97 (0.17)

Mean (SD) mother's number of living children 3.29 (0.10)

Mother’s current work status

No 413 088 (46.70%)

Yes 471 437 (53.30%)

Child’s sex

Male 446 971 (50.53%)

Female 437 554 (49.47%)

Mean (SD) child’s age at interview (years) 1.97 (0.01)

Mean (SD) child’s birth order 3.35 (0.12)

Country- level covariates

Mean (SD) GDP per capita, PPP (constant 2011 international $) 3840.61 (573.61)

Mean (SD) health expenditure, total (% of GDP) 10.13 (1.23)

Mean (SD) health expenditure per capita, PPP (constant 2011 
international $)

40.95 (3.73)

Mean (SD) labour force participation rate, female (% of female 
population ages 15+ years)

57.43 (3.29)

Mean (SD) unemployment female (% of female labour force) 8.95 (1.25)

Mean values are weighted by Demographic and Health Survey weight.
Values are numbers (percentages) unless stated otherwise.
GDP, gross domestic product; PPP, purchasing power parity.

Figure 1 Legislated length of paid maternity leave in weeks in 
sampled countries that changed policies, 1995–2013.

Figure 2 Legislated length of paid maternity leave in full- time 
equivalent weeks in sampled countries that changed policies, 1995–
2013.

unobserved time- invariant confounders that vary across coun-
tries and temporal trends in the outcome shared across countries. 
In the second model, we additionally adjusted for individual- 
level and household- level characteristics, represented by the 
vector  Zijt  . In the third model, which is the preferred specifica-
tion shown previously, we further controlled for time- varying, 
country- level confounders measured 1 year before birth (t–1), 
represented by the vector  Cjt−1  . Average marginal effects were 
calculated from logistic regression models to obtain estimates on 
the additive scale.

All three models incorporated respondent- level sampling 
weights to account for individual survey sampling designs and 
cluster- robust SEs to account for clustering at the country level. 
Per DHS guidelines, we applied the denormalisation of the 
standard weight approach described in the DHS Sampling and 
Household Listing Manual using information on the number 
of women aged 15–49 years in each survey year from the 

Population Division of the United Nations.36 37 Statistical anal-
yses were performed using STATA software V.15.

Sensitivity and ancillary analyses
To examine the robustness of the main estimates, sensitivity anal-
yses testing for lead effects using exposures at different times 
were performed. Specifically, the length of paid maternity leave 
in weeks or in FTE weeks during the birth year (t), and one 
(t+1), two (t+2), and 3 years after birth (t+3), was used to test 
whether policy effects could be detected before the actual year of 
implementation, which would be inconsistent with the inference 
that paid maternity leave has a causal effect on the prevalence 
of diarrhoea.

In addition, we conducted stratified analysis to examine 
heterogeneity in effect estimates by household socioeconomic 
status, measured by the wealth index. We also stratified the 
sample based on whether mothers were working at the time of 
the interview, as a proxy for whether the mother was employed 
in the prenatal period. We used tests of homogeneity to provide 
statistical evidence of whether effects were similar across strata.

resuLTs
descriptive statistics
In the preintervention period prior to reforms occurring in any 
of the treated countries, the prevalence of bloody diarrhoea in 
the past 2 weeks at the time of interview was 168 (SD=40) per 
10 000 children under 5 years in countries that changed their 
policies compared with 136 (SD=15) in countries that had not 
(table 1).
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Table 4 Effect of a 1- month increase in the legislated length of paid maternity leave on the prevalence of bloody diarrhoea per 10 000 children 
under age 5 years, by household wealth index

household wealth index

Poorest
(n=227 442)

Poorer
(n=195 329)

Middle
(n=169 840)

richer
(n=147 423)

richest
(n=122 096)

1- month increase in 
legislated length of paid 
maternity leave

−76.95 (−127.12 to −26.78) −73.36 (−125.03 to −21.70) −52.60 (−94.26 to −10.94) −73.72 (−110.48 to −36.96) −27.19 (−55.03 to 0.66)

CIs are in parentheses.
Models includes country and year fixed effects and additionally controlled for individual-, household-, and country- level characteristics.
Reported estimates are average marginal effects, which were multiplied by 10 000.

Table 3 Effect of a 1- month increase in the length of paid maternity leave on the prevalence of bloody diarrhoea per 10 000 children under age 5 
years, N=884 517

Model 1 Model 2 Model 3

1- month increase in legislated length of paid maternity leave
(lagged 1 year, t−1)

−55.08 (−93.11 to −17.05) −50.24 (−89.38 to −11.11) −60.86 (−98.86 to −22.86)

Concurrent, t −79.74 (−127.65 to −31.82)

Lead 1 year, t+1 −49.53 (−118.20 to 19.14)

Lead 2 years, t+2 −31.20 (−105.25 to 42.84)

Lead 3 years, t+3 21.27 (−89.69 to 132.22)

1- month increase in FTE length of paid maternity leave
(lagged 1 year, t−1)

−58.14 (−98.30 to −17.98) −53.40 (−94.50 to −12.31) −64.21 (−102.64 to −25.77)

Concurrent, t −82.17 (−129.77 to −34.58)

Lead 1 year, t+1 −49.82 (−120.30 to 20.66)

Lead 2 years, t+2 −34.43 (−106.46 to 37.60)

Lead 3 years, t+3 13.23 (−90.34 to 116.80)

CIs are in parentheses.
Model 1 includes country and year fixed effects.
Model 2 additionally controlled for measured individual- level and household- level characteristics.
Model 3 additionally controlled for country- level characteristics.
Reported estimates are average marginal effects, which were multiplied by 10 000.
FTE, full- time equivalent.

On average, each household had seven listed members and 
two children under 5 years of age. Over 64% of households in 
the sampled countries had improved drinking water sources, and 
64% were located in rural areas. The mean age of mothers in 
the sample was 27 years, with three living children on average 
(table 2).

Between 1995 and 2013, the average weeks and FTE weeks 
of paid maternity leave among the 33 countries that did not 
change the duration of leave available were 12.8 and 12.2, 
respectively (see online supplementary appendix figure 1). 
Among the seven countries (ie, Bangladesh, Kenya, Lesotho, 
Malawi, Uganda, Zambia and Zimbabwe) that changed the 
duration of leave available, paid maternity leave increased 
on average from 7.1 weeks in 1995 to 13.1 weeks in 2013 
(figure 1). Eight countries (ie, Bangladesh, Ghana, Kenya, 
Lesotho, Malawi, Uganda, Zambia and Zimbabwe) were 
included in the treated group for the analysis of paid mater-
nity leave in FTE weeks (figure 2). Ghana did not increase the 
length of paid maternity leave but raised the wage replace-
ment rate from 50% to 100% in 2004, thereby doubling FTE 
weeks of paid maternity leave from 6 to 12 in 2004. Zimbabwe 
raised the wage replacement rate from 75% to 100% in 2003 
and increased the length of paid maternity leave from 12.9 to 
14 weeks in 2006, leading to increases in FTE weeks of paid 
maternity leave in 2003 and 2006.

examination of parallel trends assumption
One of the primary assumptions in the difference- in- 
differences approach is the parallel trends assumption38; that 
is, in the absence of treatment, trends in outcomes between 
treated and control groups remain the same over time. In our 
study, we examined the tenability of the assumption by fitting 
event study models,39 in which we replaced the main exposure 
variable with a set of binary variables representing leads of 
paid maternity leave policy change ranging from 5 or more 
years before to 1 year before the policy change (the ‘reference 
period’).

Online supplementary appendix figure 2 presents the estimates 
from the event study model. The regression model is identical to 
model 3 presented in the main text, except the exposure variable 
is replaced by a set of binary variables representing the birth year 
relative to the year of policy change. Observations from a country 
without policy change were coded as 0 for each of these binary vari-
ables. The estimates represent the difference in the prevalence of 
bloody diarrhoea for each lead, ranging from 5 or more years prior 
to the policy change to 2 years prior to the actual policy change, 
relative to the reference period, between observations from treated 
countries that experienced a policy change versus control coun-
tries that did not. The dotted blue lines represent 95% CIs, which 
account for clustering at the country level. The estimates shown in 
online supplementary appendix figure 2 do not provide evidence 
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Table 5 Effect of a 1- month increase in the legislated length of paid 
maternity leave on the prevalence of bloody diarrhoea per 10 000 
children under age 5 years, by mother’s current work status

Mother’s current work status

Currently working
(n=471 437)

Currently not working
(n=413 080)

1- month increase in 
legislated length of 
paid maternity leave

−82.01 (−125.42 to −38.60) −20.15 (−61.53 to 21.22)

CIs are in parentheses.
Models includes country and year fixed effects and additionally controlled for individual-, 
household-, and country- level characteristics.
Reported estimates are average marginal effects, which were multiplied by 10 000.

of non- parallel preintervention trends in the prevalence of bloody 
diarrhoea.

effect of weeks of paid maternity leave
Table 3 shows the effect of a 1- month increase in the length of 
paid maternity leave on the change in the prevalence of bloody 
diarrhoea per 10 000 children under 5 years of age. The fully 
adjusted model (model 3) indicated that a 1- month increase in 
the legislated duration of paid maternity leave was associated 
with 61 fewer cases of bloody diarrhoea (95% CI −98.86 to 
−22.86) per 10 000 children under five, reflecting a 36% rela-
tive reduction.

effect of FTe week of paid maternity leave
Paid maternity leave measured in FTE weeks showed similar 
effects on the prevalence of childhood diarrhoea (table 3). In 
the fully adjusted model (model 3), a 1- month increase in legis-
lated paid maternity leave in FTE units was associated with 64 
fewer cases of bloody diarrhoea (95% CI −102.64 to −25.77) 
per 10 000 children under 5 years, reflecting a 38% relative 
reduction.

sensitivity and ancillary analyses
Extending the duration of paid maternity leave was associ-
ated with a reduced prevalence of bloody diarrhoea when the 
policy was measured in the same year as the child’s birth year 
(table 3). As expected, the results of analyses using a policy that 
changed 1, 2 or 3 years after birth were compatible with the null 
(table 3). Additionally, online supplementary appendix figure 2 
shows similar aggregated trends in the proportion of children 
experiencing diarrhoea for treated and control countries in the 
preintervention period, suggesting the control countries were 
valid. Overall, the results of these analyses support a temporal 
association between changes in paid maternity leave policy and 
our outcome.

Overall, the effect of 1- month increase in the legislated dura-
tion of paid maternity leave was stronger among poorer house-
holds, based on the wealth index (table 4). We estimated 77 
fewer cases of bloody diarrhoea (95% CI −127.12 to −26.78) 
per 10 000 children under 5 years among the poorest house-
holds, compared with about 27 fewer cases of bloody diarrhoea 
(95% CI −55.03 to 0.66) per 10 000 children among the richest 
households. The estimates were statistically different across 
strata (p=0.022).

A stronger effect of a 1- month increase in the legislated dura-
tion of paid maternity leave was found among children whose 
mothers were currently working at the time of the interview 
(table 5). There were nearly 82 fewer cases of bloody diarrhoea 

(95% CI −125.42 to −38.60) per 10 000 children among chil-
dren whose mothers were currently working at the time of the 
interview, compared with 20 fewer cases among children whose 
mothers were not working at the time of the interview. The 
effects were statistically different across strata (p<0.001).

dIsCussIon
This quasi- experimental study offers new evidence on how public 
polices such as paid maternity leave could contribute to reducing 
childhood diarrhoea in LMICs. By merging longitudinal data on 
the legislated duration of paid maternity leave between 1995 
and 2013 to a multilevel panel of 884 517 children included in 
the DHS in 40 LMICs, we found that a 1- month increase in the 
legislated duration of paid maternity leave was associated with 
61 fewer cases of bloody diarrhoea (95% CI −98.86 to −22.86) 
per 10 000 children under 5 years, reflecting a 36% relative 
reduction. Given an estimated global burden of 34.6 million 
severe diarrhoea episodes primarily concentrated among chil-
dren under 5 years in Africa and Southeast Asia, this represents a 
substantial population- level impact.

Several limitations of this study should be noted. First, the 
parallel trends assumption is difficult to check visually in the 
generalised fixed- effects difference- in- differences design, with 
multiple countries with policy changes at multiple time points.38 
We lacked longitudinal measurements on our outcome for all 
sampled countries, as some countries had only one DHS avail-
able before policy reform. However, the observation of similar 
aggregated trends in the proportion of children experiencing 
diarrhoea for treated and control countries in the preinterven-
tion period provided some evidence that the assumption was not 
violated (see online supplementary appendix figure 2). None-
theless, we cannot conclude that the two groups are in fact 
exchangeable. Second, having specified a comprehensive set of 
covariates at the child, household and country levels does not 
rule out the possibility of residual confounding. Factors that 
influence childhood diarrhoea—for example, social attitudes 
toward breastfeeding practices or hygiene practices or inter-
ventions promoting preventive care—may represent unmea-
sured confounders if they change coincidentally with reforms 
to paid maternity leave policies. Third, we did not account for 
population- level changes to other public policies that may coin-
cide with changes in paid maternity leave. For instance, reforms 
to policies legislating breastfeeding breaks at work, which may 
have affected breastfeeding practices, or reforms to healthcare 
policy, which may have affected access to preventive interven-
tions, could also affect childhood diarrhoea incidence. Fourth, 
information related to our outcome variable (eg, whether there 
was blood in the stools of children who had diarrhoea in the 
past 2 weeks) was collected based on maternal recall. However, 
recall bias is less of a concern because mothers were recalling a 
significant event that had happened in the past 2 weeks. Fifth, 
while we did not account for other types of leave (eg, parental 
leave) that might be available to mothers or distinguish whether 
paid maternity leave can be taken before and after birth, misclas-
sification of exposure is unlikely because the majority of paid 
maternity leave is taken subsequent to birth in LMICs, and paid 
parental leave is relatively short (eg, less than 4 weeks) among 
the sampled countries. Sixth, the diarrhoea information was 
only collected on children who were alive at the time of the 
interview, and therefore there is the possibility of survivor bias 
if diarrhoea- related mortality is also prevented by extending 
the duration of paid maternity leave. Seventh, due to the lack 
of information on policy compliance and implementation, the 
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intent- to- treat estimate obtained in our study may be down-
wardly biassed. Furthermore, International Labour Organization 
reported that 92% of employed women in low- income countries 
and 85% of employed women in lower- middle countries were in 
informal employment by 2016.40 Women in informal economy, 
who are the most socioeconomically vulnerable and experience 
the poorest health outcomes, may not be protected by paid 
maternity leave, depending on the structure of the social policy. 
In addition, the high percentage of female employment in the 
informal sector, along with probable non- compliance in formal 
employment settings, makes it likely that only a fraction of the 
population received the benefit. As a result, the average popula-
tion effect may underestimate the true effect of paid maternity 
leave. Finally, the generalisation of our results may be limited 
to countries with similar sociodemographic profiles to the 40 
sampled countries.

Previous work has found that longer paid maternity leave 
policy lowers infant mortality in LMICs.21 Since diarrhoea is 
the fourth- leading cause of death and second- leading infectious 
cause of death in children under 5 years of age, our findings 
suggest a possible instrument through which paid maternity 
leave might improve child survival. From a policy planning 
perspective, further studies are needed to examine the impact of 
paid maternity leave on other aspects of family health to develop 
a comprehensive early life- policy framework that ensures the 
maximum health benefits for families in LMICs.

What is already known on this subject

 ► The global burden of severe diarrhoeal disease for children 
younger than the age of 5 years is concentrated in LMICs.

 ► Despite extensive research on preventive and therapeutic 
interventions, evidence for informing specific national social 
policy strategies to lower childhood diarrhoea prevalence 
remains limited.

 ► Recent studies have suggested that extending the duration of 
legislated paid maternity leave is associated with increased 
breastfeeding practices, increased vaccination uptake, and 
lower infant mortality in LMICs.

What this study adds

 ► In nationally representative samples from 40 LMICs, a 
1- month increase in the legislated duration of paid maternity 
leave was associated with 61 fewer cases of bloody 
diarrhoea (95% CI −98.86 to 22.86) per 10 000 children 
under 5 years, representing a 36% relative reduction.

Contributors AN and JH led the development of the policy databases on which 
this analysis is based. All authors contributed to the conception and design of the 
study. YC performed the statistical analysis and drafted the manuscript. All authors 
reviewed the results and edited and approved the final version of the manuscript.

Funding Authors acknowledge funding from the Canadian Institutes of Health 
Research Foundation grant ’Development epidemiology: identifying evidence- based 
interventions for improving population health and promoting health equity’ (FRN 
148467). YC is supported by the Conrad N Hilton Foundation. AN is supported by 
the Canada Research Chairs program.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement Data are available upon reasonable request. The 
statistical code and data are available upon request from the corresponding author.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

orCId id
Yan Chai http:// orcid. org/ 0000- 0003- 1174- 8615

RefeRences
 1 GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and 

national age- sex specific all- cause and cause- specific mortality for 240 causes of 
death, 1990-2013: a systematic analysis for the global burden of disease study 2013. 
Lancet 2015;385:117–71.

 2 Walker CLF, Rudan I, Liu L, et al. Global burden of childhood pneumonia and 
diarrhoea. Lancet 2013;381:1405–16.

 3 Fischer Walker CL, Perin J, Aryee MJ, et al. Diarrhea incidence in low- and middle- 
income countries in 1990 and 2010: a systematic review. BMC Public Health 
2012;12:220.

 4 Das JK, Salam RA, Bhutta ZA. Global burden of childhood diarrhea and interventions. 
Curr Opin Infect Dis 2014;27:451–8.

 5 Imdad A, Bhutta ZA. Nutritional management of the low birth weight/preterm 
infant in community settings: a perspective from the developing world. J Pediatr 
2013;162:S107–14.

 6 Victora CG, Barros AJD, Axelson H, et al. How changes in coverage affect equity 
in maternal and child health interventions in 35 countdown to 2015 countries: an 
analysis of national surveys. Lancet 2012;380:1149–56.

 7 Barros FC, Bhutta ZA, Batra M, et al. Global report on preterm birth and stillbirth (3 
of 7): evidence for effectiveness of interventions. BMC Pregnancy Childbirth 2010;10 
Suppl 1:S3.

 8 Unicef. Diarrhoea: why children are still dying and what can be done 2009.
 9 UNICEF W. Pneumonia and diarrhoea: Tackling the deadliest diseases for the world’s 

poorest children. New York: UNICEF, 2012: 2–8.
 10 Kramer MS, Kakuma R. The optimal duration of exclusive breastfeeding. Protecting 

infants through human milk: Springer, 2004: 63–77.
 11 Cairncross S, Hunt C, Boisson S, et al. Water, sanitation and hygiene for the prevention 

of diarrhoea. Int J Epidemiol 2010;39:i193–205.
 12 Lamberti LM, Fischer Walker CL, Noiman A, et al. Breastfeeding and the risk for 

diarrhea morbidity and mortality. BMC Public Health 2011;11:S15.
 13 Bhutta ZA, Das JK, Walker N, et al. Interventions to address deaths from childhood 

pneumonia and diarrhoea equitably: what works and at what cost? Lancet 
2013;381:1417–29.

 14 Munos MK, Walker CLF, Black RE. The effect of rotavirus vaccine on diarrhoea 
mortality. Int J Epidemiol 2010;39:i56–62.

 15 Das JK, Tripathi A, Ali A, et al. Vaccines for the prevention of diarrhea due to cholera, 
Shigella, ETEC and rotavirus. BMC Public Health 2013;13:S11.

 16 Gill CJ, Young M, Schroder K, et al. Bottlenecks, barriers, and solutions: results from 
multicountry consultations focused on reduction of childhood pneumonia and 
diarrhoea deaths. Lancet 2013;381:1487–98.

 17 Ruhm CJ. Parental leave and child health. J Health Econ 2000;19:931–60.
 18 Tanaka S. Parental leave and child health across OECD countries. Econ J 

2005;115:F7–28.
 19 Rossin M. The effects of maternity leave on children’s birth and infant health 

outcomes in the United States. J Health Econ 2011;30:221–39.
 20 Nandi A, Jahagirdar D, Dimitris MC, et al. The impact of parental and medical leave 

policies on socioeconomic and health outcomes in OECD countries: a systematic 
review of the empirical literature. Milbank Q 2018;96:434–71.

 21 Nandi A, Hajizadeh M, Harper S, et al. Increased duration of paid maternity leave 
lowers infant mortality in low- and middle- income countries: a quasi- experimental 
study. PLoS Med 2016;13:e1001985.

 22 Chai Y, Nandi A, Heymann J. Does extending the duration of legislated paid maternity 
leave improve breastfeeding practices? Evidence from 38 low- income and middle- 
income countries. BMJ Glob Health 2018;3:e001032.

 23 Huang R, Yang M. Paid maternity leave and breastfeeding practice before and after 
California’s implementation of the nation’s first paid family leave program. Econ Hum 
Biol 2015;16:45–59.

 24 Kottwitz A, Oppermann A, Spiess CK. Parental leave benefits and breastfeeding in 
Germany: effects of the 2007 reform. Rev Econ Househ 2016;14:859–90.

 25 Baker M, Milligan K. Maternal employment, breastfeeding, and health: evidence from 
maternity leave mandates. J Health Econ 2008;27:871–87.

 26 Cattaneo A, Yngve A, Koletzko B, et al. Protection, promotion and support of breast- 
feeding in Europe: current situation. Public Health Nutr 2005;8:39–46.

 27 Cattaneo A, Burmaz T, Arendt M, et al. Protection, promotion and support of 
breast- feeding in Europe: progress from 2002 to 2007. Public Health Nutr 
2010;13:751–9.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech-2019-212127 on 28 F
ebruary 2020. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1174-8615
http://dx.doi.org/10.1016/S0140-6736(14)61682-2
http://dx.doi.org/10.1016/S0140-6736(13)60222-6
http://dx.doi.org/10.1186/1471-2458-12-220
http://dx.doi.org/10.1097/QCO.0000000000000096
http://dx.doi.org/10.1016/j.jpeds.2012.11.060
http://dx.doi.org/10.1016/S0140-6736(12)61427-5
http://dx.doi.org/10.1186/1471-2393-10-S1-S3
http://dx.doi.org/10.1093/ije/dyq035
http://dx.doi.org/10.1186/1471-2458-11-S3-S15
http://dx.doi.org/10.1016/S0140-6736(13)60648-0
http://dx.doi.org/10.1093/ije/dyq022
http://dx.doi.org/10.1186/1471-2458-13-S3-S11
http://dx.doi.org/10.1016/S0140-6736(13)60314-1
http://dx.doi.org/10.1016/S0167-6296(00)00047-3
http://dx.doi.org/10.1111/j.0013-0133.2005.00970.x
http://dx.doi.org/10.1016/j.jhealeco.2011.01.005
http://dx.doi.org/10.1111/1468-0009.12340
http://dx.doi.org/10.1371/journal.pmed.1001985
http://dx.doi.org/10.1136/bmjgh-2018-001032
http://dx.doi.org/10.1016/j.ehb.2013.12.009
http://dx.doi.org/10.1016/j.ehb.2013.12.009
http://dx.doi.org/10.1007/s11150-015-9299-4
http://dx.doi.org/10.1016/j.jhealeco.2008.02.006
http://dx.doi.org/10.1079/PHN2004660
http://dx.doi.org/10.1017/S1368980009991844
http://jech.bmj.com/


8 Chai Y, et al. J Epidemiol Community Health 2020;0:1–8. doi:10.1136/jech-2019-212127

original research

 28 Hajizadeh M, Heymann J, Strumpf E, et al. Paid maternity leave and childhood 
vaccination uptake: longitudinal evidence from 20 low- and- middle- income countries. 
Soc Sci Med 2015;140:104–17.

 29 Daku M, Raub A, Heymann J. Maternal leave policies and vaccination coverage: a 
global analysis. Soc Sci Med 2012;74:120–4.

 30 Policy- relevant observational studies for population health equity and responsible 
development. Database introduction. Available: https://www. prosperedproject. com/ 
database- introduction/

 31 Heymann J, Raub A, Earle A. Creating and using new data sources to analyze the 
relationship between social policy and global health: the case of maternal leave. 
Public Health Rep 2011;126:127–34.

 32 Corsi DJ, Neuman M, Finlay JE, et al. Demographic and health surveys: a profile. Int J 
Epidemiol 2012;41:1602–13.

 33 Rutstein SO, Rojas G. Guide to DHS statistics. Calverton, MD: ORC Macro, 2006.

 34 World Health Organization. Safely managed drinking water- thematic report on 
drinking water 2017;2017.

 35 World Bank. World development indicators 2014.
 36 Department for Economic and Social Affairs. World population prospects: the 2012 

revision. Population division of the department of economic and social affairs of the 
United Nations Secretariat. New York, 2013.

 37 ICF International. Demographic and health survey sampling and household listing 
manual 2012.

 38 Wing C, Simon K, Bello- Gomez RA. Designing difference in difference studies: best 
practices for public health policy research. Annu Rev Public Health 2018;39:453–69.

 39 Goodman- Bacon A. Difference- in- differences with variation in treatment timing. 
National Bureau of Economic Research, 2018.

 40 International Labour Organization. Women and men in the informal economy: a 
statistical picture: international labour organization 2018.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech-2019-212127 on 28 F
ebruary 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.socscimed.2015.07.008
http://dx.doi.org/10.1016/j.socscimed.2011.10.013
https://www.prosperedproject.com/database-introduction/
https://www.prosperedproject.com/database-introduction/
http://dx.doi.org/10.1177/00333549111260S317
http://dx.doi.org/10.1093/ije/dys184
http://dx.doi.org/10.1093/ije/dys184
http://dx.doi.org/10.1146/annurev-publhealth-040617-013507
http://jech.bmj.com/

	Association of increased duration of legislated paid maternity leave with childhood diarrhoea prevalence in low-income and middle-income countries: difference-in-differences analysis
	Abstract
	Introduction
	Methods
	Data sources
	Sample
	Measures
	Outcome variable
	Exposure variables
	Control variables

	Statistical analysis
	Effect of paid maternity leave
	Sensitivity and ancillary analyses


	Results
	Descriptive statistics
	Examination of parallel trends assumption
	Effect of weeks of paid maternity leave
	Effect of FTE week of paid maternity leave
	Sensitivity and ancillary analyses

	Discussion
	References


