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Abstract

Background: Maternal employment has increased in low-and middle-income countries (LMIC) and is a hypothesized
risk factor for maternal overweight due to increased income and behavioral changes related to time allocation.
However, few studies have investigated this relationship in LMIC.

Methods: Using cross-sectional samples from Demographic and Health Surveys, we investigated the association
between maternal employment and overweight (body mass index [BMI] ≥ 25 kg/m2) among women in 38 LMIC
(N = 162,768). We categorized mothers as formally employed, informally employed, or non-employed based on 4
indicators: employment status in the last 12 months; aggregate occupation category (skilled, unskilled); type of earnings
(cash only, cash and in-kind, in-kind only, unpaid); and seasonality of employment (all year, seasonal/occasional
employment). Formally employed women were largely employed year-round in skilled occupations and earned a wage
(e.g. professional), whereas informally employed women were often irregularly employed in unskilled occupations and
in some cases, were paid in-kind (e.g. domestic work). For within-country analyses, we used adjusted logistic regression
models and included an interaction term to assess heterogeneity in the association by maternal education level. We
then used meta-analysis and meta-regression to explore differences in the associations pooled across countries.

Results: Compared to non-employed mothers, formally employed mothers had higher odds of overweight (pooled
odds ratio [POR] = 1.3; 95% Confidence Interval [CI] 1.2, 1.4) whereas informally employed mothers, compared to non-
employed mothers, had lower odds of overweight (POR = 0.72; 95% CI: 0.64, 0.81). In 14 LMIC, the association varied by
education. In these countries, the magnitude of the formal employment-overweight association was larger for women
with low education (POR = 1.5; 95% CI: 1.1, 1.9) compared to those with high education (POR = 1.2; 95% CI: 1.0, 1.3).

Conclusions: Formally employed mothers in LMIC have higher odds of overweight and the association varies by
educational attainment in 14 countries. This knowledge highlights the importance of workplace initiatives to reduce
the risk of overweight among working women in LMIC.
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Background
The launch of the Millennium Development Goals
(MDG) raised global interest, awareness, and attention
to women’s employment as several MDG targets identi-
fied promoting women’s employment as an intervention
strategy to improve health and alleviate poverty. Subse-
quently, over the past two decades, there have been vast
increases in employment and shifts from part-time to
full-time work among women in low- and middle-
income countries (LMIC) [1, 2]. These increases are par-
alleled by increases in the prevalence of overweight and
a changing nutritional landscape, characterized by shifts
in diet (e.g. increases in consumption of processed
foods) and physical activity (e.g. decreases in energy ex-
penditure) [3–9]. Higher rates of maternal employment
may provide greater exposure to these changes of mod-
ernity and adversely impact bodyweight. As environ-
ments change, a better understanding of the relationship
between maternal employment and overweight in LMIC
is critical given that overweight further threatens the
health and economic stability of LMIC and the possible
need for additional policies and programs designed to
support women in the workplace [10].
Only two prior studies have begun to examine the as-

sociation between maternal employment and overweight
in LMIC. Goryakin and Suhrcke found that that being
employed, compared to non-employed, was associated
with a higher probability of women being overweight in
middle-income countries, but a lower probability of be-
ing overweight in low-income countries [11]. A second
study found that mothers working in professional occu-
pations had higher odds of overweight compared to
those working in agriculture [2]. Key limitations of these
studies include using a dichotomous indicator of em-
ployment and only reporting regional-level trends.
The primary aim of this study is to address key gaps

in the literature about the maternal employment-
overweight relationship by using the most recent data
available from 38 LMIC to explore country-specific es-
timates, with mothers categorized as formally
employed, informally employed, or non-employed. This
unique feature of this investigation allowed for a thor-
ough characterization of employment in LMIC settings,
and for a novel investigation of the relationship be-
tween maternal employment and maternal overweight.
The secondary aims of this paper are to assess hetero-
geneity in the maternal employment-overweight rela-
tionship by maternal education level and countries’
stage in the nutrition transition, as indicated by gross
domestic product (GDP) and urbanization. We
hypothesize that maternal employment is associated
with higher odds of overweight through several mecha-
nisms, including increased income and behavioral
changes related to time allocation.

Methods
Data source and study population
Data were obtained from the Demographic and Health
Surveys (DHS), which are cross-sectional household sur-
veys administered in LMIC. DHS employ a multistage
cluster sample design and are nationally representative
[12]. The surveys are standardized allowing for cross-
country comparisons.
This study specifically focused on mothers, rather than

all women more broadly, based on several factors. First,
we aimed to keep our sample consistent to prior related
studies and earlier years of the DHS only collected an-
thropometrics among women with children under 5 years
old. Second, our a priori hypothesis was that mothers’
time would be more constrained than that of women
without children.
Our analyses utilized one survey per country. We

retained surveys from 38 LMIC that met the following cri-
teria for inclusion: 1) it was the most recent survey admin-
istered from 2010 to the time of analysis (May 2016), 2)
women were queried on their employment status and 3)
at least 85% of the women surveyed had anthropometric
data collected. Our final analytic sample (n = 162,768) in-
cluded non-pregnant women, aged 18 to 49 years, who
had children between ages 0–5 years since most DHS sur-
veys collected anthropometrics only among this subgroup.
Women whose children resided outside the household
surveyed were also excluded (n = 173). The Johns Hopkins
Institutional Review Board deemed that this analysis of
de-identified secondary data was not human subjects
research.

Primary dependent variable
Overweight or obese, defined as body mass index
(BMI) ≥ 25 kg/m2 (henceforth referred to as over-
weight), served as our primary dependent variable [13].
Height (in centimeters [cm] to the nearest 0.1 cm) and
weight (in kilograms [kg] to the nearest 0.1 kg) were
measured by trained technicians using standard tech-
niques [14, 15].

Independent variable
Maternal employment was modeled as a 3-category vari-
able: formally employed, informally employed, and non-
employed. Informal employment refers to activities (e.g.
domestic work, street vendors, homestead agriculture)
and income that are outside regulation and may help
woman capitalize on desirable non-wage features of the
informal sector, such as flexible hours [16–18]. We sep-
arately categorized formal and informal employment
based on research indicating that: 1) 60% of women
employed in LMIC are engaged in informal employment,
2) factors driving labor force participation differ across
labor market sectors, 3) wages are 60–77% lower in the
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informal sector and 4) the employment-overweight
relationship and dietary patterns may vary by the
number of hours women work and occupation type
[2, 11, 16, 19–24]. Notably, this investigation catego-
rized women as formally employed, informally
employed or non-employed, rather than focusing spe-
cifically on occupation type, based on qualitative
work which suggested that occupation type alone
may not capture both the changes in income and
time allocation that occur with employment [25].
Additionally, prior literature has focused on the rela-
tionship between occupation type (i.e. professional
versus agriculture-based occupations) and overweight
risk in LMIC [2].
Employment status was defined based on 4 indicators

guided by the International Labor Organization’s defini-
tions of formal and informal employment [16, 26]: 1)
employment status in the last 12 months (employed,
non-employed); 2) aggregate occupation category
(skilled, unskilled); 3) type of earnings (cash only, cash
and in-kind, in-kind only, unpaid); and 4) seasonality of
employment (all year, seasonal/occasional employment).
Formal employment included three combinations: 1)
employed, skilled occupation, cash only earnings,
employed all year; 2) employed, skilled occupation, cash
only earnings, seasonal/occasional employment; and 3)
employed, unskilled occupation, cash only earnings,
employed all year. All other employed women were cate-
gorized as informally employed (e.g. employed, unskilled
occupation, cash only earnings, seasonal/occasional em-
ployment) (see Additional file 1: Table S1).

Confounders and effect measure modifiers
We identified confounding factors a priori using a
directed acyclic graph, which is a causal diagram used to
characterize the relationship between the exposure and
outcome based on theorized relationships and relation-
ships documented in the literature [27–29]. Confounders
included maternal age (years), marital status (married or
living together versus single, widowed, divorced), parity,
number of household members, child age (months) and
childcare support. Living with ones’ mother, mother-in-
law, or sister served a proxy for childcare support (a bin-
ary variable).
We tested for heterogeneity in the employment-

overweight association by maternal education level
because prior literature suggests that the employment-
nutritional status relationship may vary by educational
attainment [30]. Research also shows that women with
higher educational attainment more often participate in
formal sector employment [16, 19]. We modeled educa-
tion as a binary variable (< primary school completed
versus ≥ primary school completed) based on the distri-
bution of educational attainment across countries.

We additionally explored differences in the country-
level associations by log-GDP per capita, adjusted for
purchasing power parity (or the financial ability to buy
products and services with a sum of money) and percent
urban, both theorized drivers of the nutrition transition
[8, 31, 32]. GDP-per capita was log transformed due to
convention and to reflect the expected influence of a
percent increase (e.g. 10%), rather than an absolute dol-
lar increase (e.g. $10 U.S. dollars). We utilized log-GDP
and percent urban from the World Development Indica-
tors database, corresponding to the year the survey was
administered [33, 34]. Percent urban was defined as the
number of people living in urban areas divided by the
total population.

Statistical analysis
We used separate multivariable logistic regression
models for each country to test the association between
maternal employment and overweight. We utilized sam-
pling weights provided by the DHS, which account for
differential probability of selection and response. Ana-
lyses additionally accounted for the clustered design
through the use of Taylor series linearized standard er-
rors. In our primary models, we tested for heterogeneity
in the association between maternal employment and
overweight by maternal education level using a post-hoc
Wald test and retained the interaction term only if sta-
tistically significant. If the association between employ-
ment and overweight was homogenous by maternal
education level, then education was included in the
model as a confounder. Because we retained interaction
terms in select countries (n = 14), we estimated pooled
odds ratios (POR), using random effects meta-analysis,
separately for the associations between formal and
informal employment and overweight for three sub-
groups: women in countries where the association did
not vary education, women with low educational attain-
ment (< primary) in countries where the association var-
ied by education, and women with high educational
attainment (≥ primary) in countries where the associ-
ation varied by education. Random effects meta-analysis,
used to generate pooled odds ratios is the statistical
combination of the estimates from separate countries
(i.e. it utilizes the country-specific beta coefficient) and
assumes that the magnitude of the association between
employment and overweight may differ by country. We
then assessed differences in the association between
countries by log-GDP and urbanization using random-
effects meta-regression, which utilized the country-
specific effect estimates to statistically test for differences
in the employment-overweight effect size by country-level
factors (e.g. log-GDP) [35–37]. Alpha was set to 0.05 for
main effects and to 0.10 for interaction terms. Analyses
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were performed using Stata 14.1 (StataCorp LP, College Sta-
tion, Texas).
As sensitivity analyses, we modeled underweight

(BMI < 18.5) and normal weight (BMI ≥ 18.5 to
BMI < 25) as outcomes to assess whether the results
were consistent with the outcome of overweight. We
assessed the robustness of our results when modeling
obesity (BMI ≥ 30) and BMI (measured continuously) as
outcomes and when controlling for within country resi-
dence (urban/rural status). We re-ran our primary
models across the full sample of women, which included
mothers with children older than 5 years and women
without children. Finally, we estimated the difference in
the probability of being overweight between formally
employed versus non-employed mothers and between
informally employed versus non-employed mothers.

Results
Data were analyzed for 162,768 women from 38 LMIC.
Selected sample characteristics by country are detailed
in Table 1 and by employment type in Additional file 1:
Table S2. The percent of mothers formally (3.7% to 54%)
and informally (2.1% to 80%) employed was wide-
ranging. Approximately 29% of women were overweight,
but prevalence rates across countries were wide-ranging
(4.3% to 80%).
Being formally employed, compared to non-

employed, was associated with 30% higher odds of
maternal overweight when pooling estimates across 38
LMIC (POR = 1.3; 95% Confidence Interval [CI] 1.2,
1.4) (Table 2). On the contrary, informal employment
was associated with lower odds of being overweight in
18 LMIC and when pooling estimates across all coun-
tries (POR = 0.72; 95% CI: 0.64, 0.81).

Heterogeneity in the employment-overweight association
by maternal education
Figure 1 details the country-specific relationships be-
tween formal and informal employment and overweight
in the 24 countries where the association did not vary by
maternal level of education. Formally employed mothers,
compared to non-employed mothers, had higher odds of
overweight in 10 of 24 LMIC (Fig. 1). Informally
employed mothers, compared to non-employed mothers,
had lower odds of overweight in 13 of 24 LMIC (Fig. 1).
When pooling estimates across countries where the as-
sociation did not vary by maternal education, formally
employed women had higher odds of overweight com-
pared to those who were non-employed (POR = 1.2;
95% CI: 1.1, 1.4) (Table 2). In countries where the associ-
ation did not vary by education, informally employed
women had lower odds of overweight compared to non-
employed women (POR = 0.71; 95% CI: 0.60, 0.83).

In 14 LMIC, the association between employment and
overweight varied by maternal education level (Fig. 2
and Table 2). In countries where the association varied
by education, the formal employment-overweight associ-
ation was larger for women with low education
(POR = 1.5; 95% CI: 1.1, 1.9) as compared to the associ-
ation among those with high education (POR = 1.2; 95%
CI: 1.0, 1.3) (POR for the difference [high vs. low] = 0.78;
95% CI: 0.62, 0.98) (Table 2). However, the association
was positive in both cases. Both informally employed
women with low education (POR = 0.74; 95% CI: 0.62,
0.88) and high education (POR = 0.63; 95% CI: 0.50,
0.79) had lower odds of overweight compared to non-
employed women. But the magnitude of the
employment-overweight association was not different for
informally employed women with high education as
compared to the analogous association among infor-
mally employed women with low education (POR for
the difference [high vs. low] = 0.81; 95% CI: 0.58, 1.1)
(Table 2).

Meta-regression
The meta-regression results indicated that neither the
formal employment-, nor informal employment-
overweight associations were statistically significantly
different by log-GDP or urbanization (Additional file 1:
Table S3, Figure. S1 and S2).

Sensitivity analyses
Consistent with our results for overweight, formal
employment was associated with lower odds of
underweight (POR = 0.75; 95% CI: 0.67, 0.83)
(Additional file 1: Table S4) and lower odds of normal
weight (POR = 0.89; 95% CI: 0.83, 0.95). Informal em-
ployment was not associated with underweight
(POR = 0.99; 95% CI: 0.89, 1.1), but results indicated
that informal employment was associated with higher
odds of normal weight (POR = 1.2; 95% CI: 1.1, 1.3).
The direction of the country-specific and pooled

associations between both formal and informal em-
ployment were robust to modeling obesity as the out-
come (Additional file 1: Table S5) and modeling
continuous BMI as the outcome (Additional file 1:
Table S6). The associations between employment and
overweight were also similar in direction and magni-
tude for the full sample of women (formal POR = 1.4;
95% CI: 1.3, 1.5; informal POR = 0.76; 95% CI: 0.68,
0.85) (Additional file 1: Table S7) and when controlling
for within country residence (urban versus rural)
(formal POR = 1.2; 95% CI: 1.1, 1.3; informal
POR = 0.80; 95% CI: 0.72, 0.88) (Additional file 1:
Table S8). Consistent with our primary results, for-
mally employed mothers, compared to non-employed
mothers, have a higher probability of being overweight
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Table 1 Descriptive characteristics of mothers participating in selected Demographic and Health Surveys

N (%)a

Country Year Nb Formally Employed
(n = 40,723)b,c

Informally Employed
(n = 46,970)b,c

≥ Primary Education
(n = 81,477)b

Overweight
(n = 48,421)b,d

Bangladesh 2011 6224 564 (9.0%) 130 (2.1%) 3929 (63%) 776 (12%)

Benin 2011–12 6372 2658 (42%) 1738 (28%) 999 (16%) 1672 (27%)

Burkina Faso 2010 4204 659 (16%) 2802 (66%) 348 (8.2%) 381 (9.0%)

Cambodia 2014 3477 1527 (43%) 1165 (33%) 1578 (44%) 610 (17%)

Cameroon 2011 2965 962 (32%) 1301 (44%) 1530 (51%) 928 (31%)

Colombiae 2010 11,809 4071 (38%) 2734 (25%) 9386 (87%) 4832 (45%)

Comoros 2012 1468 341 (23%) 286 (19%) 584 (39%) 703 (47%)

Cote d’Ivoire 2011–12 2017 544 (28%) 900 (47%) 355 (19%) 444 (23%)

DRC 2013–14 4293 697 (16%) 2753 (65%) 2014 (48%) 638 (15%)

Dominican Republic 2013 2385 1147 (48%) 227 (10%) 1846 (78%) 1202 (51%)

Egypt 2014 9765 1090 (11%) 238 (2.4%) 7517 (77%) 7762 (80%)

Ethiopia 2011 6095 874 (14%) 2659 (42%) 434 (6.8%) 276 (4.3%)

Ghana 2014 1760 807 (47%) 612 (36%) 998 (59%) 703 (41%)

Guinea 2012 1978 470 (24%) 1120 (57%) 239 (12%) 347 (18%)

Haiti 2012 2879 879 (32%) 845 (30%) 1259 (45%) 734 (26%)

Honduras 2011–12 7368 2262 (32%) 1219 (17%) 4786 (68%) 3684 (53%)

Kyrgyz Republicf 2012 2686 559 (22%) 86 (3.4%) 2261 (89%) 858 (34%)

Lesotho 2014 1034 248 (25%) 153 (15%) 814 (81%) 463 (46%)

Liberia 2013 2110 562 (30%) 610 (32%) 640 (34%) 464 (24%)

Malawi 2010 3026 508 (17%) 1750 (57%) 789 (26%) 502 (16%)

Mali 2012–13 2308 301 (13%) 658 (28%) 220 (9.4%) 382 (16%)

Mozambique 2011 5848 601 (10%) 2296 (38%) 1157 (19%) 812 (13%)

Namibia 2013 1376 440 (34%) 126 (10%) 1012 (79%) 416 (32%)

Nepal 2011 1681 182 (11%) 1073 (62%) 738 (43%) 173 (10%)

Niger 2012 2771 316 (11%) 413 (15%) 172 (6.1%) 504 (18%)

Nigeria 2013 15,052 8243 (54%) 2598 (17%) 7288 (48%) 3772 (25%)

Pakistan 2012–13 2106 292 (14%) 303 (14%) 815 (38%) 711 (33%)

Perug 2012 7202 3267 (49%) 1341 (20%) 5542 (82%) 4041 (60%)

Rwanda 2010 2721 277 (10%) 2210 (80%) 649 (24%) 439 (16%)

Sierra Leone 2013 3194 583 (18%) 2071 (64%) 706 (22%) 520 (16%)

Tajikistan 2012 2957 334 (11%) 496 (16%) 2902 (95%) 845 (28%)

Tanzania 2010 4269 750 (17%) 3103 (71%) 2772 (63%) 821 (19%)

Timor-Leste 2009–10 4724 317 (6.7%) 1478 (31%) 2431 (51%) 281 (5.9%)

Togo 2013–14 2073 1046 (53%) 633 (32%) 638 (32%) 559 (28%)

Uganda 2011 1187 372 (32%) 540 (47%) 419 (36%) 203 (18%)

Yemen 2013 8476 312 (3.7%) 512 (6.1%) 3961 (48%) 2217 (27%)
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(predicted probability: 0.043; 95% CI: 0.026, 0.060)
(Additional file 1: Table S9 and Figure. S3 and S4). On
the contrary, but also consistent with our primary
models, informally employed mothers have a lower
probability of being overweight compared to non-
employed mothers (predicted probability: -0.045; 95%
CI: -0.064, −0.026).

Discussion
This study utilizes nationally representative data from 38
LMIC to investigate the within- and between-country
associations between maternal employment and over-
weight. It is important to better understand the benefits,
as well as the potential unintended consequences, of ma-
ternal employment on weight status in order to inform
intervention approaches that both support women’s par-
ticipation in the labor force and address increasing

overweight prevalence in LMIC. Formally employed
mothers had higher odds of overweight, while informally
employed mothers had lower odds of overweight. The
employment-overweight association varied by maternal
education level in several countries. The magnitude of
the association between employment and overweight
was smaller among formally employed mothers with
higher education, compared to lower education. Our re-
sults also suggested that the employment-overweight re-
lationship did not vary by GDP or urbanization.
Our results for formal employment are largely consist-

ent with previous studies from middle-income countries
and high-income countries (where formal employment
is predominant), which find that maternal employment
is associated with higher odds of overweight [2, 22–24].
Formal employment could result in a positive energy
balance and subsequently, higher odds of overweight,

Table 1 Descriptive characteristics of mothers participating in selected Demographic and Health Surveys (Continued)

Zambia 2013–14 7520 1414 (19%) 2915 (39%) 4001 (53%) 1652 (22%)

Zimbabwe 2010–11 3388 522 (15%) 876 (26%) 2931 (87%) 1003 (30%)

Total 162,768 40,998 (25%) 46,970 (29%) 80,659 (50%) 47,330 (29%)

DRC Democratic Republic of Congo
aNumber of observations (percentage) were estimated using the country sample weight
bTotal sample size in each country and by subgroup (e.g. total formally employed) are unweighted
cType of employment was based on 4 following indicators: employment during the last 12 months (yes, no); aggregate occupation category (skilled, unskilled);
type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and seasonality of employment (all year, seasonally/occasionally)
dOverweight was defined as BMI ≥ 25 kg/m2

eEmployment type was based on employment status, occupation category and earnings only because seasonality of employment was not queried in this survey
fMaternal education level was dichotomized as < secondary level of education complete and ≥ secondary level of education complete
gEmployment type was based on employment status, type of earnings, and seasonality only because occupation type was not queried in this survey

Table 2 Pooled odds ratio for the relationship between formal and informal maternal employment and overweighta

N = 162,768b

Pooled Odds Ratio
(95% Confidence Interval)

Formal Employmentc

All low- and middle-income countries 1.3 (1.2, 1.4)

Countries where the association did not vary by education 1.2 (1.1, 1.4)

Countries where the association varied by education: low educationd 1.5 (1.1, 1.9)

Countries where the association varied by education: high educationd 1.2 (1.0, 1.3)

Informal Employmentc

All low- and middle-income countries 0.72 (0.64, 0.81)

Countries where the association did not vary by education 0.71 (0.60, 0.83)

Countries where the association varied by education: low educationd 0.74 (0.62, 0.88)

Countries where the association varied by education: high educationd 0.63 (0.50, 0.79)
aPooled odds ratios (POR) were generated using meta-analysis and pool estimates across country subgroups. Overweight was defined as BMI ≥ 25 kg/m2. All models were
adjusted for maternal age (years), parity, marital status (married, not married), number of household members, child age (months), and substitute childcare provider
(yes, no). Models which did not retain the employmentXeducation interaction term were also adjusted for maternal education (< primary education, ≥ primary
education completed)
bTotal sample size is unweighted
cType of employment was based on 4 indicators: 1) employment during the last 12 months (yes, no); 2) aggregate occupation category (skilled, unskilled);
3) type of earnings (cash only, cash and in-kind, in-kind only, unpaid); and 4) seasonality of employment (all year, seasonally/occasionally)
dThe employmentXeducation interaction term was retained in the following countries: Bangladesh, Benin, Burkina Faso, Democratic Republic of Congo, Ethiopia,
Honduras, Kyrgyz Republic, Mozambique, Nigeria, Peru, Rwanda, Tanzania, Uganda, Zimbabwe. The relative difference in the employment-overweight association,
comparing mothers with high to low education for formal employment was: POR = 0.78 (95% CI: 0.62, 0.98) and for informal employment was: POR = 0.81
(95% CI: 0.58, 1.1)
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through several mechanisms. Increased economic re-
sources, stemming from maternal employment, are asso-
ciated with changes in food procurement behaviors,
including increasing household food expenditures and
increasing the purchase of energy-dense foods as they
become more affordable, which could lead to an over-
consumption of energy [38, 39]. Evidence finds an asso-
ciation between labor force participation and
consumption of alcohol and meat in LMIC [4]. Behav-
ioral changes related to mother’s time allocation may
also play a role. Data from the United States indicate
that women working full-time spend less time cooking
[40]. This is consistent with evidence from LMIC which
suggests increases in work hours is associated with sig-
nificantly lower energy intakes from home and higher
intakes from commercially prepared foods [41]. Labor-
related physical activity may also decrease as jobs emer-
ging in the formal labor sector are more sedentary and
shifting patterns of employment from agriculture into
the service sector are associated with overweight among
women in LMIC [42]. Maternal mental health may also
play a role. Dual parental and employment responsibil-
ities may induce stress among mothers and modest evi-
dence suggests that adverse mental health (e.g.

depression) is associated with increased overweight
among women [43–46]. It is possible that the rapid
transformation of the food and built environment in
LMIC, such as the spread of supermarkets and availabil-
ity of ultra-processed foods, provides an enabling envir-
onment for the aforementioned hypothesized changes
among formally employed women [47–49].
Limited prior evidence, which pools formal and infor-

mal employment, suggests that women’s employment is
associated with a lower probability of being overweight
in low-income countries, where informal employment is
predominate [11]. This is consistent with our finding
which indicates that informal employment is associated
with lower odds of overweight. One explanation for this
finding could be that the smaller increases in income
and more active occupations associated with informal
work may act to prevent women from becoming over-
weight. Wages in the informal sector employment are
60–77% lower than wages in the formal sector and we
hypothesize that more nominal increases in income may
illicit different food purchasing behaviors as compared
to formally employed women [16]. For example nominal
increases in income may allow women to somewhat in-
crease their food expenditures, but not enable them to
‘trade up’ to energy-dense foods [50]. Substantive dietary
changes may not occur until income increases beyond
15% of household expenditures; in a predominantly in-
formally employed sample in Guatemala, for example,
employed women reported that some higher-fat, animal
source foods largely remained unaffordable [25, 51]. The
informal sector includes mothers who voluntarily engage
in employment due to part-time hours, which may af-
ford women more flexibility in balancing domestic and
employment responsibilities, rendering them less reliant
on prepared foods with fewer time constraints [16–18].
Informally employed women are also likely to be en-
gaged in occupational physical activity, particularly those
employed in agriculture-based occupations.
Our results suggested heterogeneity in the

employment-overweight associations by education in
some contexts. It is likely that the combination of
higher educational-attainment, increased income, and
exposure to more prosocial ideas stemming from in-
teractions with educated, skilled co-workers make
formally employed mothers (with relatively high-
education) more inclined to allocate resources in
ways that are less conducive to weight gain, com-
pared to their lower education, formally employed
counterparts. These women may have improved
decision-making power, increased efficiency of time
use, and be somewhat less inclined to purchase
energy-dense foods. Another explanation for the
employment-overweight association being larger in
magnitude among formally employed mothers with

Fig. 1 Adjusted logistic regression for the relationship between
maternal employment and overweight, in countries where the
association did not vary by education1, 2. 1Country-specific odds ratios
were estimated using logistic regression to test the relationship
between employment and overweight (BMI ≥ 25 kg/m2). Overall odds
ratios were generated using meta-analysis and pool estimates across
countries.2 Models were adjusted for maternal age (years), parity, marital
status (married, not married), number of household members, child age
(months), substitute childcare provider (yes, no) and maternal education
(< primary education, ≥ primary education)
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lower education derives from the mismatch of early life
with later life environment. Mothers with low educational
attainment may have had fewer resources early in life, but
now these women have ubiquitous access to calories, in-
creasing their propensity for being overweight [52]. Never-
theless, some aspects of formal employment seem to be
associated with a positive energy balance among all for-
mally employed mothers, irrespective of education-level.
Currently, there is a gap in knowledge on how to ef-

fectively develop and implement obesity-prevention
and control strategies in LMIC. However, there is a
consensus that multi-sectoral approaches should be
implemented and one such component includes be-
havioral settings such as the workplace. These results
suggest that employers in LMIC should consider
implementing workplace strategies that promote
healthy eating and physical activity and reduce over-
weight. For example, employers could consider
offering individual-level nutrition education, in com-
bination with environmental approaches to spur be-
havior change, such as increasing the availability of
healthier food and beverage choices in the workplace.

Our study is not without limitations. Due to our
study design, we cannot establish temporality or rule
out unmeasured or residual confounding. The
generalizability of our findings may be limited to
women who have children under 5 years of age;
however, the results were largely unchanged when we
examined women with older children. Moreover, our
results can only be generalized to countries that
DHS fielded from 2010 to 2016. Our proxy measure
of childcare support, which was included as a con-
founder, was limited in that we do not know if the
potential substitute childcare provider was also
employed. Finally, evidence suggested that there are
two segments of the informal employment sector
(voluntary and forced), but we were unable to distin-
guish between these sectors using the DHS [16].
Despite these limitations, this study has two key

strengths which improve upon the existing evidence: 1)
we estimate both within- and between-country associa-
tions among 38 countries and 2) we distinguish non-
employed women from formally and informally
employed women.

Fig. 2 Adjusted logistic regression for the relationship between maternal employment and overweight, in countries where the association varied by
education1, 2. DRC = Democratic Republic of Congo.1 Country-specific odds ratios were estimated using logistic regression to test the relationship
employment and overweight (BMI ≥ 25 kg/m2). Overall odds ratios were generated using meta-analysis and pool estimates across countries.2 All models
were adjusted for maternal age (years), parity, marital status (married, not married), number of household members, child age (months), and substitute
childcare provider (yes, no). Models included an employmentXeducation interaction term (< primary education, ≥ primary education completed)
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Conclusions
This study enhances our understanding of the associ-
ation between maternal employment and overweight in
LMIC. We provide evidence that mothers engaged in
the formal workforce in LMIC have higher odds of over-
weight and that the employment-overweight association
varies by educational attainment in several contexts. A
better understanding of this area is critical given the ex-
pected increases in women’s labor force participation in
LMIC in coming decades. This new knowledge may also
be helpful for the development of policies and programs
to reduce the risk of overweight among working women
in LMIC. Future research exploring the mechanisms of
the employment-overweight association and the work-
place will help inform potential environmental and con-
textual interventions (e.g. food offerings at work,
transportation to work, and programs to decrease seden-
tary activity at work) that may mitigate this association.
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