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Abstract

Objective To examine trends and projections of underweight (Body Mass Index, BMI < 18.5 kg/m?) and overweight (BMI >
25.0 kg/m?) in women of reproductive age in 55 low- and middle-income countries (LMICs).

Methods We used data from 2,337,855 women aged 15-49 years from nationally representative Demographic and Health
Survey conducted between 1990 and 2018. Bayesian linear regression analyses were performed.

Results During 1990-2018, the prevalence of underweight decreased in 35 countries and overweight increased in 50
countries. The highest underweight increase was in Morocco (5.5%) and overweight in Nepal (12.4%). In 2030, >20% of
women in eight LMICs will be underweight, with Madagascar (36.8%), Senegal (32.2%), and Burundi (29.2%) projected to
experience the highest burden of underweight. Whereas >50% of women in 22 LMICs are projected to be overweight, with
Egypt (94.7%), Jordan (75.0%), and Pakistan (74.1%) projected to have the highest burden of overweight. 24 LMICs are
projected to experience the double burden of malnutrition (both underweight and overweight >20%) in 2030. Noticeable
variations in underweight and overweight were observed across wealth, residence, education, and age of women, with a
higher rate of overweight in high-income, high-education, and urban women. These inequalities have widened in many
countries and are projected to continue. The probability of eradicating overweight and underweight is nearly 0% for all
countries by 2030, except Egypt is on track to eradicate underweight.

Conclusions Although the prevalence of underweight declined, this decline has been superseded by the dramatic increase of
overweight. None of the 55 LMICs is likely to eradicate malnutrition in women by 2030.

Introduction

The double burden of malnutrition (DBM), characterized by
the coexistence of both undernutrition and overweight/
Supplementary information The online version contains obesity, among women of reproductive age continues as a
supplementary material available at https://doi.org/10.1038/s41430- major public health problem worldwide. At the population
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level, women’s DBM is defined as the concurrent high
prevalence of underweight and overweight/obesity at the
same time [1]. Women of reproductive age group are par-
ticularly important in facing the DBM paradox and are the
host of continuing this paradox during the life course by
generating malnourished birth outcome [2—4]. Also,
underweight women are at increased risk of experiencing
cardiovascular diseases (CVD) including stroke, heart
attack, and coronary artery disease [5]. Women who are
overweight/obese are at greater long-term risks of experi-
encing CVD, chronic kidney diseases, some cancers, and
musculoskeletal disorders [6—12], resulting in three million
global deaths annually [7, 10, 11, 13, 14].

High rates of underweight among women have been a
major public health concern in LMICs for several decades.
However, growing urbanization and globalization in LMICs
and associated lifestyle and behavioural changes led to a
significant shift in epidemiological trend from underweight
to overweight [15] and nutritional transitions [16] that fur-
ther affected health, including CVD and diabetes pandemic
[17, 18]. Concerning the burden of overweight, the global
non-communicable disease targets highlighted to halt the
rise of obesity prevalence at the level of 2010 [19, 20].
Concurrently, eradicating all forms of malnutrition is an
integral component of the global agenda for Sustainable
Development Goals 2 (SDG-2) [21].

Evidence showed growing rates of overweight and obe-
sity in women from South and Southeast Asian countries
[22], and geographical variations in these burdens in India
[23]. However, these inadequate shreds of evidence affect
the outlining and planning of future initiatives for reducing
the DBM. The recent Lancet series on the DBM highlighted
the dynamics of the DBM, its health consequences and
economic burden, and seizing opportunities to address
malnutrition [24-27]. However, identifying populations
who are at greater risk of suffering from the DBM is limited
in the literature to further guide policy makers in addressing
this burden.

In this study, we examined trends and projections of
underweight and overweight in women at the national level
and across subpopulations regarding the important deter-
minants, e.g., wealth, place of residence, education, and age
of women in LMICs.

Materials and methods

Data

We used large-scale, nationally representative repeated
cross-sectional data from the Demographic and Health
Surveys (DHS) [28] conducted between 1990 and 2018. A

total of 55 countries surveyed at least twice, with
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192 surveys, were included for trends and projections
analysis. A detailed description of the survey year, sample
size, and sample characteristics is presented in the supple-
mentary (Table S1). The DHS generally applies a uniform
procedure by using a multistage sampling technique to
conduct the survey. The DHS survey methodology and
questionnaire were reviewed and approved by the ICF
Institutional Review Board. Upon taking informed consent,
the DHS collected data from respondents, and we are using
these publicly available anonymous data.

Indicators, definitions, and measurement
approaches

We considered the global cut-off to classify Body Mass
Index (BMI), calculated as dividing the weight in kilogram
by square of height in meter, to define underweight (BMI <
18.5 kg/m?) and overweight (BMI 2 25.0 kg/m*) of women
[29]. Women who were pregnant or lactating during the
data collection were excluded from the analyses. According
to the World Health Organization (WHO), <10% pre-
valence of underweight nationally refers to the warning sign
of a country that requires monitoring while 10-19%
underweight prevalence refers the medium prevalence, but
>20% 1is considered as high or very high prevalence of
underweight that further refers to a serious or critical
situation of the country for public health significance [29].
However, the prevalence of underweight >20% and a
variety of overweight prevalence (>20% or >30% or >40%)
were used in defining the DBM among women at popula-
tion level [24]. We used >20% cut-off of the concurrent
presence of both underweight and overweight at the same
time among women in the population level to assess
the DBM.

For this study, we categorized education as below sec-
ondary (no education and primary) and secondary+ (sec-
ondary or higher) education and age as 15-19 years
(adolescents) and 2049 years (adults). Also, we used place
of residence (as rural and urban) and wealth quintiles (as
poorest (1st quintile), poorer, middle, richer, and richest
(5th quintile)) that the DHS provided with the survey data.

Statistical analyses

We estimated the weighted prevalence of underweight and
overweight as proportions from the original survey data. We
calculated these prevalences across subgroups in terms of
women’s residence, education, age, and wealth quintiles
that the DHS constructed based on household assets by
applying principal component analysis [30]. Notably, we
restricted our analysis at the country level but not at the
regional level for two reasons. First, there were very few
countries in some regions with heterogeneity between
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survey years, and second, we were interested in assessing
progress across individual countries so that country-level
programs and policies can be implemented.

To examine trends, a Bayesian linear regression model
that used the Markov Chain Monte Carlo algorithm of
multiple imputations for missing data was applied to esti-
mate both underweight and overweight and its trend from
1990 and 2030 (appendix). We reported credible intervals
(Crl) along with these estimates. Aligning with the SDG-2
of eradicating malnutrition [21], we calculated the prob-
ability of reducing malnutrition at <0.5% by 2030 to
understand which country and population within the coun-
try are on track to achieve the target.

We used Stata (version 15.1) and R (version 3.5) sta-
tistical software to analyze the data.

Results
Sample characteristics

Our study included 2,337,855 women 15-49 years of
age. According to the latest survey, the mean age of
women was lowest in Comoros (mean + standard devia-
tion: 27.7+9.4) and highest in Jordan (36.1 £8.2), and
mean BMI was lowest in Madagascar (20.3 £3.0) and
highest in Egypt (30.3 £5.5). The majority of the study
women were from rural areas, had below secondary
education, and roughly one-fifth belonged to households
with the lowest wealth quintile (Table S1). All the fitted
models for projection analysis achieved convergence.
The potential scale reduction factor values are summar-
ized in the supplementary (Table S2 for underweight and
Table S3 for overweight).

Trends and projections in malnutrition of women

Among 55 countries during 1990-2018, the prevalence of
underweight women declined in 35 countries (Fig. 1A)
while 50 countries experienced an upward trend in the
prevalence of overweight (Fig. 1B). The countries with the
greatest reduction in the prevalence of underweight were
Egypt (—11.4%), Turkey (—10.7%), and Pakistan (—6.9%),
and with the highest increase of overweight was noted in
Nepal (12.4%) followed by Bangladesh (12.0%) and Timor-
Leste (7.0%) (Fig. 2). However, the prevalence of under-
weight in women increased in 20 countries, with the highest
increase in Morocco (5.5%) followed by Maldives (2.7%)
and Peru (2.7%). On the other hand, overweight is
decreasing in Sierra Leone (—6.5%), Kazakhstan (—4.3%),
Burundi (—1.0%), Senegal (—0.5%), and the Republic of
the Congo (—0.1%) (Fig. 2). Nevertheless, if the current
trends continue, it is projected that in 2030, the prevalence of

underweight in women is expected to be 210% in 24 coun-
tries, with the highest burden estimated for Madagascar
(36.8%, 95% Crl: 6.2-77.8%), Senegal (32.2%, 13.6-57.7%),
Burundi (29.2%, 4.6-76.8%), and Morocco (29.0%,
3.8-75.9%). Whereas, it is projected that by 2030, >20% of
women will be overweight in 52 of 55 countries. Projection
analysis also showed that eight countries will be in critical
situations (underweight in women >10%) in 2030 (Fig. S1).
For overweight, Egypt will have the highest prevalence of
overweight (94.7%, 88.4-98.2%) in 2030, while Sierra Leone
(6.6%, 0.1-45.3%) will have the lowest (Fig. S1). The
probability of eradicating underweight (<0.5%) in women was
100% for Egypt and 55% for Nicaragua. All other countries
have nearly a 0% chance to attain this target. The predictive
probability of eradicating overweight (<0.5%) in women is
highest for Kazakhstan (23.0%). However, the probability of
attaining this target is close to 0% for all other LMICs (data
not shown).

Trends and projections of malnutrition in women
across subpopulations

The trends in the prevalence of underweight and overweight
in women varied across sociodemographic subpopulations.
The prevalence of underweight in women decreased in 35
countries among the poorest (Fig. 3A), with the largest
decrease observed in Tajikistan (—7.1%). Intriguingly, 20
countries saw an increasing rate of underweight, with
Burkina Faso topping the list (3.3%). The number of
countries which saw an increase or decrease in underweight
were similar among women in the richest quintile (Table
S4). Egypt had the largest decrease (—25.9%), and Morocco
had the highest increase (9.4%) in underweight in the
richest women. Based on these trends, Senegal (52.3%,
4.5-95.2%) is expected to have the highest prevalence of
underweight among the poorest women, and Morocco
(49.0%, 9.5-88.6%) among the richest women in 2030.
Only two countries, Egypt (96%) and Kazakhstan (65%),
have >50% probability of meeting the target of eradicating
underweight among the poorest women, and only one
country, Egypt, has a 100% probability of eradicating
underweight among the richest women (Table S4). The
trends in the prevalence of underweight in women also
varied when women were stratified by their place of resi-
dence (Fig. S2 and Table S5), education (Fig. S3 and Table
S6), and age (Fig. S4 and Table S7).

The trends in the prevalence of overweight also varied
across sociodemographic subpopulations (Fig. 3B and Fig.
S5-Fig. S7). Across subpopulations, the increase of over-
weight in women was highest in Bangladesh among the
poorest (14.7%), rural (13.4%), below secondary educated
(14.2%), and adult (11.6%) women; in Nepal among richest
(8.6%), urban (10.5%) and secondary+ educated women
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Fig. 1 Progress and projections of malnutrition among women 15-49 years of age in low- and middle-income countries. The results for

underweight is presented in panel A and for overweight in panel B.

(9.2%), and in Pakistan among adolescents (20.1%). In
2030, Egypt is projected to have the highest prevalence of
overweight among poorest (94.9%, 86.4-98.6%), richest
(92.7%, 80.0-98.4%), rural (95.0%, 89.5-98.0%), urban

SPRINGER NATURE

(95.0%, 88.6-98.2%), below secondary educated (95.7%,
90.4-98.5%), secondary+ educated (91.1%, 81.5-96.6%),
and adult (95.1%, 89.3-98.4%) women (Table S8-Table
S11).
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Fig. 2 Average annual rate of change in the prevalence of malnutrition among women 15-49 years of age in low- and middle-income
countries. Change rates of malnutrition is presented in two panels. One is for underweight and another is for overweight.

Projected gaps in malnutrition of women across
subpopulations

The projections also indicate that while underweight in
women decreases in most countries, some countries will
have large gaps in the prevalence of underweight in women
across wealth, residence, education, and age. In 2030, the
gaps in the prevalence of underweight between the poorest
and the richest will be most prominent in Burkina Faso (Q1:
47.0% vs Q5: 6.0%) and least noticeable in Lesotho (Q1:
7.8% vs QS5: 7.8%). Conversely, some countries, e.g.,
Kazakhstan, will have a higher prevalence of underweight
women in the highest quintile of wealth than their coun-
terparts in 2030 (Q1: 4.3% vs Q5: 44.0%) (Fig. 4A). The
gaps in the prevalence of underweight are also projected to
be visible across the place of residence, education, and age
of women. The highest rural-urban gaps in underweight will
be in Burkina Faso where underweight will be higher in
rural than urban areas and in the Maldives where under-
weight will be greater in urban than rural areas (Fig. S8).
Morocco will have greater underweight prevalence among
women with secondary+ education (Fig. S9) and Armenia
will have the highest underweight prevalence among the
adolescents (Fig. S10).

Although the gaps in the prevalence of overweight are
decreasing across the levels of sociodemographic factors in
some countries, most of the LMICs are projected to witness
further widening of the difference in overweight prevalence,

specifically across the levels of wealth distribution. The
projected gaps in the prevalence of overweight in women
are starkly different than underweight. In 2030, the richest
women will have a higher prevalence of overweight than
the poorest, with the highest gaps projected for Nepal (QS5:
80.3%, Q1: 23.8%) and lowest for Cambodia (Q5: 37.6%,
Ql: 35.8%) (Fig. 4B). Overweight will be widely prevalent
among urban women than rural, with the highest gaps in
Mozambique (Fig. S8), and among adult women than
adolescents, with the highest gaps in Nepal (Fig. S9). On
the other hand, women with below secondary education will
suffer from overweight than women with secondary+
education, with the highest gaps in Turkey (Fig. S10).

The double burden of malnutrition in women

The DBM varied across LMICs during the latest DHS rounds
between 1999 and 2018, with the prevalence of underweight
ranged from 0.2% in Egypt in 2014 to 26.7% in Madagascar
in 2009 and overweight ranged from 6.3% in Madagascar in
2009 to 84.6% in Egypt in 2014 (Table 1). The DBM further
varied across subpopulations (Table S12-Table S15). The
trend analysis revealed that while the prevalence of under-
weight in LMICs is declining, overweight is sharply increas-
ing. In the earliest DHS rounds, the prevalence of overweight
was greater than underweight in 37 of 55 countries. Over-
weight crossed over underweight in 47 countries during their
latest DHS round. However, based on the projected estimates,
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Fig. 3 Trends in the prevalence of malnutrition among women 15-49 years of age in low- and middle-income countries by wealth quintiles.

The results for underweight is presented in panel A and for overweight in panel B.

45 countries will suffer from a higher prevalence of over-
weight (>20%) in 2030. Also, two countries are currently
facing the DBM but seven countries are likely to experience

SPRINGER NATURE

the DBM in 2030 (Table 1). Similar to underweight and
overweight, the status of DBM also varied across subpopula-

tions (see Table S12-Table S15 for more details).
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Fig. 4 Predicted gaps in the prevalence of malnutrition among women 15-49 years of age by wealth quintiles in low- and middle-income
countries in 2030. The results for underweight is presented in panel A and for overweight in panel B.

Discussion

a rapid increase in the prevalence of overweight in many
countries. Our results project that by 2030, no LMICs will

This comprehensive study to assess the projected burden of
underweight and overweight in women in LMICs highlights

be able to eradicate malnutrition in women for any sub-
group of people. It is projected that most of the LMICs will
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Table 1 (continued)

Predicted status at 2030

Latest status

Earliest survey Latest survey Earliest status

Country

Mode of burden

% Overweight

Mode of burden % Underweight

% Overweight

Mode of burden % Underweight

% Overweight

% Underweight

Overweight

343

4.2
8.6
4.7

Not burden

17.8

55

11.4
8.5
1.9
6.6

2

Not burden

19.4 7.8
1

2012

1992
2003

Niger

Overweight

33.8

Overweight

24.7

Overweight

20.6

2013

Nigeria

Overweight

74.1

Overweight

522

Overweight

40.2

13.9

1.3
9.0

1

2018

2013

Pakistan

Overweight

62.6

33
53

Overweight

54.5

Overweight
Not burden

39.7

2012

1992
2000
1993
2008

Peru

Overweight
DBM

335

Overweight
DBM

20.8

12.5

2015

Rwanda

32.0
6.6

322
8.6

21.3
5.1

2.0

Not burden

16.0

2011

Senegal

Not burden

18.3 Not burden

9.1

Overweight

11.2 29.7

1

2013

Sierra Leone

Overweight

56.5

Overweight

37.1

7.4
9.4

Overweight
Not burden

29.7

2017

2012

Tajikistan

Overweight
DBM

11.1 414

Overweight

284
9.8

11.4

5.1

2016 9.7

1992
2010

Tanzania

39.9

28.5
5.0

49

Underweight

26.6
6.9
3.7
8.7

1

Underweight
Not burden

27.2

1

2016

Timor-Leste

Overweight

59.3

Overweight

30.5

11.5

2014

1998
1993
1995

Togo

Overweight

58.8

Overweight

54.3

Overweight
Not burden

50.3

8.4

2.6

1

2013

Turkey

Overweight

40.7

10.2

Overweight

23.8

2016

Uganda

31.4 Overweight

11.3

0.3 22.8 Overweight
9.7

Not burden

14.1

2014 11.1
5.1

1992
1994

Zambia

Overweight

42.1

349 Overweight

Overweight 6.1

23.0

2015

Zimbabwe

DBM Double burden of malnutrition, DRC Democratic Republic of the Congo, Not burden Prevalence of both underweight and overweight <20%.

have prevalence gaps in women’s underweight and over-
weight across the spectrum of socioeconomic dis-
advantages. The analyses of trends and projections at
sociodemographic levels can help policy makers better
identify and locate the population groups at risk for better
allocation of resources and services considering the vul-
nerability of the disadvantaged population.

Our findings on the increasing trends of overweight and
declining of underweight are consistent with previous stu-
dies in LMICs [22, 31-33]. Trends on reducing under-
weight and increasing overweight among women
correspond with the similar trends identified in a recent
study [34]. Similar to the previously reported epidemiolo-
gical studies [15, 32], we also found a rapid shift in both
these conditions. However, we found noticeable variations
in the changes of underweight and overweight across sub-
populations, with a sharp increase of overweight among the
disadvantaged populations that may be attributed to grow-
ing urbanization and industrialization rates.

The data-driven analysis depicts that overweight among
Egyptian women is sharply increasing nationally and in all
subgroups studied, and projected nearly all women to be
overweight at 2030. The ever-increasing prevalence of
overweight among these women is likely due to their
common practice of consuming fast-fried foods, sugary
beverages, low intake of fruits and vegetables, unemploy-
ment, lack of physical activity, and sedentary behaviour
[35, 36]. On the other hand, Sierra Leone is projected to
control malnutrition among women in 2030. This might be
driven by the dietary pattern of adults of Sierra Leone. The
Global Nutrition Report 2018 showed that the consumption
of food groups by Sierra Leonean adults is below the
minimum theoretical risk of calcium, fruits, milk, nuts and
seeds, omega 3, meat, trans fat, vegetables, and whole grain
[37].

We found wealth, residence, education and age are
strong determinants for both underweight and overweight,
which are already well-known with findings from studies in
both LMICs [22] and high-income countries [38]. Our
analysis indicates important wealth-related gaps in both the
prevalence of underweight and overweight in women.
Similar to our study, a recent study also highlighted the
increasing gaps in underweight and overweight across
wealth and projected the highest underweight among
poorest and overweight among richest in South and
Southeast Asian countries [22]. It is anticipated that while
no subgroup of women is likely to eradicate malnutrition in
2030, many countries are likely to have even wider gaps
than that they are currently facing in the prevalence of
underweight and overweight across sociodemographic
equity dimensions.

Combating malnutrition is not a one-way task to apply.
A multidisciplinary approach, including changing dietary
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patterns and lifestyle behaviours, is essential to strength-
ening national policies. In many high-income countries, the
general features of overweight and obesity policies targeting
children and adolescents are a reluctance to use taxes and
industry regulations to change eating and drinking beha-
viours [39, 40]. To combat overweight/obesity, many
middle-income countries are currently adopting policies to
impose taxes on high energy-dense foods and strengthening
industry regulations to reduce consumption of such foods
and drinks [41]. Also, attempts must be made to make
healthy foods such as grains, fruits, and vegetables available
and affordable for many people by fixing prices, providing
subsidies, cash transfers to vulnerable populations (con-
ditionally on a need basis), and allocating food vouchers for
the marginalized populations. The affordability of healthy
foods may work in two ways. First, it may allow econom-
ically underserved groups to increase the consumption of
healthy foods that reduce underweight. Second, it will
reduce overweight among the richest if consumed by.
Failure to provide affordable healthy foods may create
wider inequality in malnutrition [42, 43] and might limit
unhealthy food consumption policies. Introducing or
scaling-up of maternal nutrition education can reduce mal-
nutrition in women by improving their engagement in
physical activity, eating fruits and vegetables [44].

The unique survey methodology and measurement allow
this study for cross-country comparison of estimates.
However, fewer data points with heterogeneity in survey
years create wider Crl for the projected estimates for some
countries (e.g., Kazakhstan). However, wider Crl can be
narrowed down for countries (e.g., Bangladesh) having data
from multiple time points. Also, realistic probability esti-
mates are possible to calculate with wider Crl. Another
limitation of this study is the use of BMI measurement to
assess the nutritional status of reproductive women irre-
spective of adolescents 15-19 years of age. Also given the
different population in diverse settings has different body
compositions, the traditional BMI and its cut-off may not
represent undernutrition and overnutrition [45]. Finally, the
projected estimates may suffer from the lower provision and
utilization of health services due to the current COVID-19
pandemic [46].

Overall, underweight is declining but the dramatic
increase of overweight will supersede this decline. None of
the 55 LMICs is likely to eradicate malnutrition in women
by 2030. Effective strategies and nutrition interventions
need to be instituted to minimize the nutritional disparities
across subpopulations. The global goal of eradicating all
forms of malnutrition should be grounded in a close colla-
borative approach through integrating policies and agencies
to offer context and population-specific interventions.
Without these, the paradox of DBM will continue
in LMICs.
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