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Abstract

Gestational weight gain (GWG) estimates enable the identification of populations of women
at risk for adverse outcomes. We described GWG distribution in low- and middle-income
countries (LMICs). Demographic and Health Surveys and other national surveys were used
to calculate the average GWG by regressing the weight of pregnant women (15-49 years)
at the time of the interview on their gestational age, adjusting for sociodemographic factors.
A mixed-effects hierarchical model was built with survey-specific GWG as the dependent
variable and restricted cubic splines for survey year, super-region, and country-level covari-
ates (total fertility rate, gross domestic product, and average female body mass index) to
predict the national, regional, and income level average GWG in 2020. Uncertainty ranges
(UR) were obtained using bootstrap. Estimates were compared with the Institute of Medi-
cine’s GWG recommendations for women with normal weight (11.5kg) and underweight
(12.5kg). Survey data were available for 70 LMICs (234 data points, 1991-2022). Predicted
country-specific GWG for 2020 ranged from 2.6 to 13.5kg. Ten countries presented esti-
mates above the recommendation for women with underweight; nine of which were from
Central Europe, Eastern Europe, and Central Asia; apart from one, these were upper-middle
income. Regional GWG was estimated at 5.4kg (95%UR 3.1,7.7) in Sub-Saharan Africa;
6.2kg (95%UR 3.4,9.0) in North Africa and the Middle East; 8.6kg (95%UR 6.0,11.3) in
South Asia; 9.3kg (95%UR 6.2,12.3) in Southeast Asia, East Asia, and Oceania; 10.0kg
(95%UR 7.1,12.9) in Latin America and the Caribbean; and 13.0kg (95%UR 9.0,16.9) in
Central and Eastern Europe, and Central Asia. A gradient was observed across income:
5.3kg (95%UR 2.7,7.9) for low-income, 7.6kg (95%UR 5.2,10.1) for lower-middle-income,
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and 9.8kg (95%UR 7.1,12.5) for upper-middle-income countries. No income group achieved
the minimum recommended weight gain. GWG was estimated to be insufficient in almost all
LMICs. Improved data and monitoring are crucial for impactful interventions.

Introduction

The amount of weight a woman gains during pregnancy, known as gestational weight gain
(GWGQ), is important for the health of the pregnancy and the long-term well-being of the
woman and the offspring [1]. It is part of the essential process for a woman’s body to provide
adequate support for the optimal growth and development of the fetus and is a potentially
modifiable pregnancy factor as psychological, behavioral, family, social, cultural, and environ-
mental aspects can have an impact on the weight gained during pregnancy [2, 3]. Insufficient
maternal weight gain during pregnancy is associated with low birth weight, small- and short-
for-gestational-age babies, and failure to initiate breastfeeding [4, 5]. On the other hand, exces-
sive weight gain increases the risk of obstetric complications, cesarean deliveries, and post-par-
tum weight retention for the mother and prematurity, large for gestational age newborns,
macrosomia, and childhood overweight or obesity for the offspring [1, 4, 6].

To monitor trends of adequate weight gain during pregnancy over time and across coun-
tries, estimates of GWG at the national and regional levels, especially in low-resource settings,
are crucial. Nevertheless, most of the available evidence on GWG is from high-income coun-
tries while in low- and middle-income countries (LMICs), little information is available. In
these settings, due to the occurrence of both a high prevalence of undernutrition and an
increasing prevalence of overweight and obesity, women starting pregnancy are vulnerable to
a range of nutritional concerns [7].

Our previous study, by Wang et al. (2020), represented the first known effort to characterize
and compare the average GWG levels across all LMICs. These analyses were based on a model-
ing approach of Demographic and Health Surveys (DHS), and a major burden of inadequate
GWG in most LMICs and regions was reported [8]. In 2015, the mean GWG in Latin America
and the Caribbean (11.8 kg) and Central Europe and Eastern Europe (11.2 kg) were substan-
tially higher than the estimates for Sub-Saharan Africa (6.6 kg) and North Africa and the Mid-
dle East (6.8 kg); these latter, with estimates below 60% of the minimum recommendation
defined by the Institute of Medicine (IOM) [8]. Also, all super-regions were below the mini-
mum GWG for normal-weight women, as recommended by the IOM. Although the IOM
guidelines were developed for pregnant women in the United States and are not intended for
assessing other populations, they have been widely adopted by other countries [3, 9].

A different analytical approach using DHS data was developed for obtaining mean estimates
as well as temporal trends in GWG among women from Sub-Saharan African countries [10].
For that, the authors used information from non-pregnant women of reproductive age consid-
ered at “risk of conception” (not abstaining from sex and not using any contraceptive meth-
ods) to estimate pre-pregnancy weight and subtract this from the estimated total weight at the
end of the pregnancy. The total estimated GWG in the region was 6.6 kg, similar to the previ-
ously-mentioned work, and did not show meaningful changes over the previous 15 years [10].

In contrast, a study of 33 cohorts from Europe, North America, and Oceania participating
in the LifeCycle Consortium, most high-income countries, found a median total GWG of a
full-term pregnancy of 14.0 kg, with no differences in the patterns of weight gain between
cohorts or countries [11]. The difference in GWG between countries at different national
income levels suggests inequalities influenced by this characteristic.
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Many individual risk factors for weight gain below or above the recommended amount
have been described for LMICs, such as woman’s body mass index (BMI), mid-upper arm cir-
cumference, height, smoking habit, and HIV infection [12]. In addition to these, disparities in
social and economic factors may also play a role in determining whether pregnant individuals
can achieve the recommended levels of weight gain [13-15]. GWG has been described at the
population level by geographic regions, but to our knowledge, no work has also explored its
distribution by countries’ national income level.

Given limited longitudinal nationally representative data from LMICs, initiatives to use
widely available surveys, such as DHS, to estimate and monitor weight gain during pregnancy
have been developed as described above. With the present analysis, we aimed to use data from
DHS and other national surveys to expand and update the previous analyses by describing
GWG distribution in LMICs in the year 2020 and calculating these estimates by country
income groups in addition to geographic regions.

Methods

Our analyses included publicly available nationally representative household surveys con-
ducted in LMICs. We used DHS and other national surveys with similar sampling designs that
allow comparable indicators to be estimated. As of September 2023, a total of 234 household
surveys were identified and met the criteria to be included in the analysis, including 12
national surveys not conducted by the DHS Program: eight of Peru’s Demographic and Family
Health Surveys [Encuesta Demogrdfica y de Salud Familiar (ENDES) 2013 to 2020] [16]; the
2006 Brazil’s National Demographic and Health Survey (Pesquisa Nacional de Demografia e
Satide) [17]; the 2018 Ecuador’s National Health and Nutrition Survey [Encuesta Nacional de
Salud y Nutricion (ENSANUT)] [18]; the 2016 Bolivia’s Demographic and Health Survey
[Encuesta de Demografia y Salud (EDSA)] [19]; and the 2018 Mexico’s National Health and
Nutrition Survey [Encuesta Nacional de Salud y Nutricion (ENSANUT)] [20]. Non-DHS
microdata have been pre-processed by the International Center for Equity in Health (Federal
University of Pelotas, Brazil) in order to make them comparable to the standard surveys [21].
Ethical approval was the responsibility of the institutions in charge of each survey, and all of
them provided anonymized microdata publicly; therefore, no ethical approval was required
for the present work.

In all surveys, women of reproductive age (15-49 years) were selected by a two-stage strati-
fied sampling process to respond to the interview [22]. In the first stage, enumeration areas
(EA) were generally drawn from census files, while in the second stage, a sample of households
was randomly selected from each EA. In each household, a questionnaire was completed to
identify eligible members who were interviewed using an individual questionnaire. Each sur-
vey’s Individual Record dataset was used, restricting the analytical sample to women who were
pregnant at the time of the interview and for whom information on pregnancy duration and
body weight was available.

We obtained country-specific average GWG in a given year by adapting the methodology
developed by Coffey (2015), who originally employed it to DHS data from India and Sub-Saha-
ran African countries collected around 2005 and was used by Wang et al (2020) to calculate
global GWG levels for the year 2015 [8, 23]. For that, a hierarchical mixed-effects model was
developed to use the estimated total weight gain from the surveys as the dependent variable
and survey year and country-level covariates as the independent variables, enabling compari-
sons across geographies [8, 23].

To calculate weight gain in each survey, the individual cross-sectional body weight measure
in kilograms (kg) was regressed on the gestational age in months using an ordinary least
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squares model. As weight gain trajectories during the second and third trimesters are not
expected to fail linearity, linear models were used. Only women in the second or third trimes-
ters of pregnancy were included in the analysis, and the models accounted for the clustered
nature of the data in each survey. Gestational age in months was calculated from complete
days, weeks, or months based on the time since the last menstrual period (LMP); the informa-
tion was supplemented by the self-reported duration of pregnancy in complete months when-
ever the time since the LMP was unavailable, based on the answer to the question “How many
months pregnant are you?”. As covariates, we included women’s age and total years of educa-
tion, the number of children ever born by the time of the interview, area of residence (rural or
urban), and quintiles of household wealth. The survey-specific wealth index from which the
quintiles were derived was constructed via principal components analysis using household
asset data; the index is provided in most of the DHS databases, and the methodology was repli-
cated in the non-DHS ones [24]. The survey-specific coefficients from the regression models
(B) were interpreted as the average weight gain during the second and third trimesters of preg-
nancy in a given country and year.

Total GWG was used as the dependent variable in the hierarchical models and calculated
by the following equation: B * 6.5 * (1 + P), where B is the survey-specific coefficient indicating
weight gain as described above; 6.5 indicates the average duration of the two last trimesters of
a full-term pregnancy in months; and P is a relative percentage of weight gained in the third
trimester in comparison to the second trimester. The latter information was obtained from
GWG charts of the LifeCycle Consortium. More details on these steps are presented in supple-
mentary material (S1 Appendix).

The hierarchical mixed-effects modeling approach was used to obtain the predicted esti-
mates for 2020. The predictors included in the model were survey year and country-level
covariates, the selection of which was guided by the model fit based on the lowest Bayesian
Information Criteria (BIC) employed in the previous paper [8]. Models with only a linear term
for year and with additional restricted cubic splines terms for year using different numbers (3,
4 or 5) and locations of knots were compared and the final model included restricted cubic
splines for the survey year, geographical super-region, average adult female BMI (in kilograms
per square meter), log-transformed gross domestic product (GDP) per capita, and total fertility
rate (TFR, average number of births per woman).

The super-regions were defined according to the Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD) classification, based on epidemiological similarity and geographic
closeness as follows: South-East Asia, East Asia, and Oceania; Sub-Saharan Africa; South Asia;
Latin America and the Caribbean; North Africa and the Middle East; Central Europe, Eastern
Europe and Central Asia. The average adult female’s BMI was retrieved from NCD Risk Factor
Collaboration (NCD-RisC) (23), and GDP and TFR were obtained from the World Bank data
repository [25]. For this updated analysis, we used GDP and TER for 2020 and mean female
BMI for 2016, the latest estimates available.

In addition to the country-level estimates, average GWG was calculated for each of the six
GBD super-regions and the corresponding regions: South-East Asia, East Asia and Oceania
(South-East Asia, Oceania, East Asia); Sub-Saharan Africa (Western, Southern, Central, East-
ern); South Asia; Latin America and Caribbean (Tropical, Caribbean, Andean, Central); North
Africa and Middle East; Central Europe, Eastern Europe and Central Asia (Central Asia, Cen-
tral Europe, Eastern Europe); and by country income level according to the World Bank classi-
fication for the year 2020 (low income, lower-middle income and upper-middle income) [26].
The estimates at the super-regional and regional levels and income-group level were derived
from the weighted national estimates by the number of births in each country in 2020; the val-
ues were obtained from the United Nations World Population Prospects 2022 [27]. For all
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point estimates, 95% uncertainty ranges (95% UR) were generated using non-parametric boot-
strapping and a multiple imputation approach. This involves generating 10 pseudo data sets
based on original point estimates and corresponding standard error (SE) estimates. Bootstrap-
ping is applied to each pseudo data set to generate 10 pseudo point estimates and SE estimates.
More information on the methods is available elsewhere [8].

For descriptive purposes, we compared the estimates with the IOM recommendations of
weight gain during pregnancy: between 11.5 and 16 kg for women with normal weight (pre-
pregnancy BMI 18.5-24.9 kg/m”) and between 12.5 and 18 kg for women with underweight
(pre-pregnancy BMI less than 18.5 kg/mz) [9].

All analyses were conducted using Stata™ version 17.0 (StataCorp. 2021. Stata Statistical
Software: Release 17. College Station, TX: StataCorp LLC.) and SAS®™ OnDemand for Aca-
demics (SAS Institute Inc).

Results

The final database comprised 234 surveys with weight data for pregnant women from 70 coun-
tries. Survey years ranged from 1991 to 2022 (median year = 2007), and the number of surveys
available by country ranged from one to 16. The complete list of surveys and countries is avail-
able in the supplementary material (S1 Table). Countries with surveys included in this study
represent 77.4% of all low-income, 59.6% of all lower-middle income, and 30.5% of all upper-
middle-income countries in 2020. Regarding the super-regions, the percentage of included
countries was 16% from Southeast Asia, East Asia, and Oceania; 33% from North Africa and
the Middle East; 38% from Central Europe, Eastern Europe, and Central Asia; 48% from Latin
America and the Caribbean; 80% from South Asia; and 80% from Sub-Saharan Africa.

The results from the hierarchical model indicate that at the national level, weight gain esti-
mated for the year 2020 ranged from 2.6 kg in Central African Republic (95% UR -2.9, 8.2)
and Samoa (95% UR -5.2,10.4) to 13.5 kg in Bosnia and Herzegovina (95% UR -10.3, 16.7).
Country-specific estimates and the corresponding 95% uncertainty ranges are presented in the
supplementary material (S2 Table). Only ten countries presented point estimates above the
lower limit of IOM-recommended GWG for women with underweight (12.5 kg), and nine of
them were from Central Europe, Eastern Europe, and Central Asia super-region (Montenegro,
Belarus, Romania, Ukraine, North Macedonia, Russia, Serbia, Bulgaria, Bosnia and Herzego-
vina); the tenth country was from the Latin America and Caribbean super-region (Brazil).
Except for Ukraine, all these countries were categorized as upper-middle income geographies
in the year 2020. The country-specific estimates are presented in Figs 1 and 2 by super-region
and income group, respectively.

The country-specific analysis was extended to encompass six global super-regions and cor-
responding regions (Table 1). The estimated values were 5.4 kg (95% UR 3.1, 7.7) in Sub-Saha-
ran Africa; 6.2 kg (95% UR 3.4, 9.0) in North Africa and Middle East; 8.6 kg (95% UR 6.0,

11.3) in South Asia; 9.3 kg (95% UR 6.2, 12.3) in Southeast Asia, East Asia, and Oceania; 10.0
kg (95% UR 7.1, 12.9) in Latin America and Caribbean; and 13.0 kg (95% UR 9.0, 16.9) in Cen-
tral Europe, Eastern Europe, and Central Asia.

Only two out of the three Central Europe, Eastern Europe, and Central Asia regions
achieved the IOM recommendations for normal-weight women, with the third (Central Asia)
presenting a borderline estimate of 11.4 kg (95% UR 7.8, 15.0). On the other hand, the lowest
regional estimates were observed in Central Sub-Saharan Africa 4.4 kg (95% UR 2.0, 6.9), East-
ern Sub-Saharan Africa 5.7 kg (95% UR 3.4, 8.1), and Oceania 5.8 kg (95% UR 2.1, 9.5).

We also estimated the average GWG by income group and a gradient was observed, with
increasing weight gain as higher the per capita income: 5.3 kg (95% UR 2.7, 7.9) for low-
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Fig 1. Average country-specific gestational weight gain (GWG) estimated for the year 2020 using hierarchical modeling and the corresponding 95% uncertainty
range by geographic super-region. Note: dashed lines represent the super region estimate. The gray area represents the minimum total gestational weight gain
recommended by the Institute of Medicine for normal-weight (11.5 kg) and underweight (12.5 kg) women.

https://doi.org/10.1371/journal.pgph.0003484.9001

income, 7.6 kg (95% UR 5.2, 10.1) for lower-middle-income, and 9.8 kg (95% UR 7.1, 12.5) for
upper-middle-income countries (Table 1). None of the groups achieved the IOM recom-
mended weight gain for women with either underweight or normal weight.

Discussion

Using hierarchical modeling of cross-sectional data from 234 national surveys from 70 coun-
tries and nationally representative data from publicly available repositories, this study
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Fig 2. Average country-specific gestational weight gain (GWG) estimated for the year 2020 using hierarchical modeling and the corresponding 95% uncertainty

range by income group. Note: dashed lines represent the income group estimate. The gray area represents the minimum total gestational weight gain recommended by
the Institute of Medicine for normal-weight (11.5 kg) and underweight (12.5 kg) women.

https://doi.org/10.1371/journal.pgph.0003484.9002

estimated the weight gain during pregnancy in the year 2020 for the group of LMICs at the
national, regional, and income group levels. Our analysis showed that, in most countries, the
amount of gestational weight gained by women is, on average, below the IOM recommenda-
tions, with only those in Central Europe, Eastern Europe, and Central Asia region presenting
an average GWG within the expected range for both women with normal weight and under-
weight. In sub-Saharan Africa, North Africa and the Middle East, and South Asia, there were
observed the lowest estimates, with GWG below 9 kg, which represents about less than 80% of
the IOM minimum recommendations of 11.5 kg for normal weight and 12.5 kg for women
with underweight; in some countries and regions less than 50% of the IOM recommendation
has been achieved. Our results reinforce the evidence of stark disparities between LMICs and
high-income geographies, as an average GWG of 14.0 kg was observed for a group of countries
from Europe, North America, and Oceania [11].

We also observed a positive gradient in the average weight gain during pregnancy across
country income groups, wherein the low-income group presented the lowest GWG estimate,
and upper-middle-income countries presented the highest value. As described in other works,
this gradient was also observed for maternal undernutrition, as assessed by different outcomes,

with a higher prevalence among low-income countries and the poorest groups in middle-
income countries [7]. This finding underscores the complex interplay between socioeconomic
factors and maternal health outcomes, as socioeconomic inequalities are known as substantial
and persistent determinants of undernutrition worldwide [7]. Globally, 10% of women aged
20-49 years (around 154 million) suffer from underweight, with poorer regions and countries
presenting a disproportionate share of these [28]. In LMICs, in particular, where resources are
often constrained and access to healthcare services may be limited, maternal undernutrition is
more prevalent as a consequence of multiple contributing factors such as poverty, food
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Table 1. Gestational weight gain (GWG) estimates for the year 2020 by regions and national income level derived from hierarchical modeling.

Group Number of Countries GWG Estimate (kg) 95% Uncertainty Range
Region Lower Bound Upper Bound
Central Europe, Eastern Europe, and Central Asia 21 13.0 9.0 16.9
Central Asia 9 114 7.8 15.0
Central Europe 13.1 9.2 17.0
Eastern Europe 4 13.1 9.6 16.7
Latin America and the Caribbean 25 10.0 7.1 12.9
Caribbean 3 10.4 7.4 13.4
Central Latin America 11 10.1 7.2 13.1
Tropical Latin America 8 9.8 7.3 12.3
North Africa and the Middle East 3 6.2 3.4 9.0
South Asia 15 8.6 6.0 11.3
Southeast Asia, East Asia, and Oceania 5 9.3 6.2 12.3
East Asia 25 10.1 7.1 13.0
Oceania 2 5.8 2.1 9.5
Southeast Asia 11 8.4 5.6 11.2
Sub-Saharan Africa 12 5.4 3.1 7.7
Central Sub-Saharan Africa 46 5.7 3.4 8.1
Eastern Sub-Saharan Africa 6 4.4 2.0 6.9
Southern Sub-Saharan Africa 15 8.8 6.3 11.3
Western Sub-Saharan Africa 6 7.2 4.7 9.6
Country Income Level
Low-income 31 53 2.7 7.9
Lower-middle-income 47 7.6 5.2 10.1
Upper-middle-income 59 9.8 7.1 12.5

https://doi.org/10.1371/journal.pgph.0003484.t001

insecurity, and inadequate healthcare infrastructure. These lead women to enter pregnancy
with compromised nutritional status, and they consequently face heightened risks of insuffi-
cient GWG. These findings are of concern since it is well-documented that insufficient weight
gain is associated with several adverse pregnancy outcomes [4]. Furthermore, if a woman expe-
riences inadequate or excessive GWG, it may set the stage for a cycle where her offspring are at
an increased risk of facing similar nutritional challenges, potentially leading to a repeating pat-
tern of malnutrition across generations [7, 29]. Therefore, maintaining optimal GWG and pre-
venting insufficient and excessive weight gain during pregnancy is essential to promote
maternal well-being and ensure optimal fetal development.

To our knowledge, only a few other studies used nationally representative survey data to
estimate GWG in LMICs. In India and Sub-Saharan Africa, women were estimated to gain
around 7 kg during a full-term pregnancy [23]. Consistently, another study estimated GWG in
Sub-Saharan Africa was estimated at 6.6 kg and did not find changes over time [10].

Despite not presenting the average weight gain in kg, evidence from individual patient data
meta-analyses of longitudinal studies from LMICs indicated a burden of suboptimal GWG as
assessed using the IOM recommendations. Among 55 primary studies conducted in different
regions (mainly from sub-Saharan Africa, Latin America and the Caribbean, and South Asia),
the prevalence of inadequate GWG was 53.9%, and excessive GWG was observed among 22%
of the participants [4,12]. Among these, inadequate GWG ranged from 16% in a study from
China to 88% in a study from Nepal; regarding excessive GWG, the prevalence ranged from
2% in a study from Malawi to 58% in a study from Pakistan [12].
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Although there have been important reductions in the prevalence of underweight in
LMICs, progress has been uneven across and within regions and countries; at the same time,
the prevalence of overweight and obesity among women has increased over the decades in
these countries [7, 30, 31]. It has been described that more than a third of LMICs presented
such overlapping forms of malnutrition with shifts in its occurrence towards lower-income
countries from the 1990s to 2010s [31]. A study conducted in a city in southern Brazil—a mid-
dle-income country—compared maternal anthropometrics in four population-based birth
cohorts and found that the prevalence of overweight or obesity at the beginning of the preg-
nancy increased from 22.1% to 47.0% between 1982 and 2015 [32]. This observed change in
the epidemiological profile of LMICs may be accompanied by an increase in the occurrence of
excessive GWG, as observed in high-income countries. Continued research is needed to deter-
mine which risk factors for inadequate and excessive GWG are most relevant to the design of
effective public health interventions promoting healthy weight gain in these settings.

At the individual level, it has also been described that women in lower socioeconomic posi-
tions tend to gain less weight during pregnancy [10, 15]. Nevertheless, studies addressing
inequalities in GWG at the individual level are mostly from high-income countries where con-
cerns about overweight and obesity, as well as excessive weight gain during pregnancy, are
more common [33]. In some of them, higher socioeconomic position was found not to provide
a protective effect against excessive GWG among overweight and obese women [34].

The study findings underscore the importance of public health interventions for maternal
nutrition. Comprehensive measures are required to tackle the underlying factors contributing
to suboptimal GWG—including both inadequate and excessive weight gain during pregnancy
—in these settings, including proper nutrition at the beginning of the gestation and ensuring
healthy pregnancies that reduce the likelihood of adverse outcomes [30]. Global agencies have
established guidelines and policy priorities to address such global concerns. For instance, the
United Nations Children’s Fund (UNICEF) has developed a strategic framework encompass-
ing five priorities to achieve the objectives associated with the prevention of all forms of mal-
nutrition in women, including programming for women’s nutrition before and during
pregnancy and women’s nutrition during the breastfeeding period, nutrition of adolescent
mothers and other nutritionally at-risk women, and innovations for maternal nutrition [30].
Under this framework, several interventions targeted at meeting the specific needs of malnour-
ished women are highlighted, including social protection, screening and treatment for anemia,
micronutrient deficiencies, helminth infections, and undernutrition [30]. The 2016 “WHO
Recommendations on Antenatal Care for a Positive Pregnancy Experience” document also
reinforces the importance of nutrition interventions during pregnancy and guides the practice,
organization, and delivery of antenatal care services [35]. In light of the findings of this study,
maternal nutrition interventions and monitoring should always apply an equity lens as an inte-
gral component toward optimal outcomes at the population level [36]. Public health nutri-
tional interventions such as targeted balanced energy and protein supplementation for
pregnant women in low-income and food-insecure contexts, as well as provision of micronu-
trient supplementation and nutrition counseling, have been recognized as crucial for changing
the health trajectories of insufficient improvement on women’s health during pregnancy [7,
37]. Our results contribute to these initiatives by providing evidence to inform the designing
of interventions to address GWG in LMICs, reinforcing the need for tailored GWG monitor-
ing tools for the LMICs’ context and community-based programs to mitigate the burden of
suboptimal GWG and other associated morbidities.

This study, however, has some limitations. First, since we are using multiple cross-sectional
surveys, we were unable to estimate GWG longitudinally, and the results are based on aggre-
gated estimates rather than individual-level estimates. Small country-specific and regional
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differences in both directions were observed between estimates for the year 2015, as described
by Wang et al (2020), and those resulting from the present analysis for the year 2020, which
are likely to be a result of the increased number of surveys in the model, and no changes over
time can be implied [8]. As we observed, the proportion of countries with available surveys
ranged from 16% to 80% by super-region; therefore, their representativeness can be limited.
Also, information on pregnancy status and duration relies on maternal reporting and recall
and thus is more likely to be biased than objective measurements. No pre-pregnancy informa-
tion is available, preventing us from estimating weight gain for different pre-pregnancy BMI;
also, given data constraints we were not able to estimate GWG by individual characteristics or
the contribution of other determinants even at the population level. From the modeling per-
spective, current estimates for this set of countries are subject to change due to the addition of
new data. We are also aware that the estimates of GWG presented in this work might mask
diversity at the subnational level, particularly in highly populated and less homogeneous coun-
tries. Finally, the GWG recommendations for women with normal weight and underweight
are based on IOM guidelines and might not accurately reflect what would be expected for
pregnant women from diverse populations from LMICs as it was developed based on data pri-
marily from North America. Even though efforts have been made to develop international
standards and references for GWG monitoring, no global tool is yet available, and the IOM
guidelines are still the most widely used tool for this purpose; therefore, caution is important
when interpreting these findings, as the generalizability may be limited.

Despite the limitations, findings from this study add to the emerging body of literature in
low- and middle-income settings, suggesting the poorer situation of these countries regarding
GWG adequacy. In addition to efforts to properly monitor weight gain during pregnancy in
LMICs through nationally representative studies with a longitudinal design, using survey data
can be an effective tool to monitor trends of GWG distributions in order to develop and imple-
ment interventions. National household surveys constitute the main data source for nutrition
indicators in LMICs, and our work expands a previously published analysis by adding nation-
ally representative surveys conducted in LMICs beyond the DHS scope and updating the ana-
Iytical database by including new surveys that have become available in the past years. The
previous work included 206 DHS (1991-2018) from 67 countries [8]. This updated analysis
included two new countries (Ecuador and Mexico) and 28 new surveys not previously ana-
lyzed, 12 of which were not standard DHS. Finally, we incorporated income level analysis, and
the findings reinforce this evidence of a socioeconomic gradient in GWG. Analyses such as
those can motivate commitment toward focusing on the countries and regions where interven-
tion is most needed.

Ending malnutrition in all its forms (including undernutrition, micronutrient-related mal-
nutrition, overweight, obesity, and resulting related noncommunicable diseases) is among the
top priorities of the United Nations Decade of Action on Nutrition (2016-2025) and is part of
the 2030 Agenda for Sustainable Development [38, 39]. Suboptimal GWG is a strong predictor
of poor pregnancy outcomes and has been identified in most LMICs with marked inequalities
across regions and income groups; however, systematic monitoring of weight gain during
pregnancy or assessment of pre-pregnancy BMI at the population level is rarely done in these
settings. Our work strengthens the call for high-quality, timely, and reliable data on pregnancy
weight gain in LMICs to better identify the levels, trends, and determinants of GWG. Encour-
aging further research to understand and intervene in GWG trends in specific countries and
regions is also important. This research will aid in crafting interventions that suit specific fac-
tors influencing weight gain during pregnancy, leading to more impactful intervention
strategies.
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