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A B S T R A C T

Globally, the prevalence of overweight and obesity, including among pregnant women, has substantially
increased in the past three decades. This has been fueled by, among other factors, an increase in the con-
sumption of high energy-dense foods and a decrease in physical activity. Additionally, global prevalence of
anemia among pregnant women remains a public health concern. Overweight/obesity as well as anemia in
pregnancy are independently associated with adverse health outcomes for the mother and offspring. In
some pregnant women, the two conditions coexist. Yet current knowledge in this field, including prevalence
rates, risk factors, and health consequences for mother and offspring being exposed to these conditions, is
staggeringly sparse. In this review we describe the current evidence on prevalence rates, risk factors, and
effects for mother and offspring regarding coexistence of overweight/obesity and anaemia in pregnant
women based on a systematic literature search. We also highlight research gaps and suggest avenues for
future research.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Globally, the number of pregnant women living with either
overweight or obesity were estimated to be 38.9 million in 2014
[1]. With increasing overweight/obesity rates, the risk for develop-
ing non-communicable diseases, such as type 2 diabetes (T2D) and
cardiovascular diseases, also increases [2]. Pregnant women with
overweight/obesity face elevated risk for adverse outcomes during
pregnancy and childbirth, including gestational diabetes, hyper-
tension, congenital malformations, premature birth, stillbirth, and
giving birth to a macrosomic baby [3]. Overweight/obesity in preg-
nancy is also associated with long-term risk of obesity, T2D, and
coronary heart disease among the offspring [4].

Globally, »33% of women of reproductive age (15�49 y) were
affected by anemia in 2016 [5]. Iron deficiency is the leading cause
of anemia and during pregnancy this is associated with adverse
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health risks for both mother and offspring. Adverse outcomes
include increased risk for preeclampsia/eclampsia, preterm birth,
low birth weight, intrauterine growth restriction, and increased
risk for anemia as well as adverse effects on neurodevelopment
and cardiometabolic outcomes in the offspring [6,7].

Double burden of malnutrition

Many transition countries face what is referred to as the double
burden of malnutrition. Public health concerns in these countries
pertain to both the problems of undernutrition and infectious dis-
eases, but also to an increase in non-communicable diseases and
overweight/obesity [8]. The populations, particularly in urban
areas, are increasingly exposed to foods that are high in saturated
fat and sugar, energy dense, and poor in micronutrients [8]. Addi-
tionally, low levels of physical activity increase the risk for over-
weight/obesity [8]. Transition countries undergo fast changes in
diet or dietary patterns and lifestyle, and this contrasts with their
earlier living conditions and lifestyle, which was dominated by
scarcity of food and hard physical work [9,10]. Thus, the foundation
for coexistence of overweight/obesity and anemia in pregnancy is
laid, and solutions to reverse this development are essential, espe-
cially if the negative effects of each condition potentiate the other.

Current evidence reports that the adverse health outcomes
from overweight/obesity or anemia in pregnancy may appear con-
tradictory to one another. Thus, although these conditions may
seem disentangled and their presence almost “antagonistic,” they
do coexist [9]. Maternal overweight/obesity and anemia are nega-
tively associated with neurodevelopment in the offspring at 18
mo, independently of each other [11]. However, the short- and
long-term health consequences of coexistent overweight/obesity
and anemia in pregnant women for mother and child are still
unknown (Fig. 1), and there is no available systematic examination
of the current evidence.

It has been suggested that coexistence of overweight/obesity
and anemia are related to dilutional hypoferremia, poor dietary
iron intake, increased iron requirements, or impaired iron absorp-
tion in individuals with overweight/obesity [9]. Thus, overweight/
obesity is potentially associated with lower quality diets or diets
restricted in micronutrients such as iron, and larger iron require-
ments in individuals with overweight/obesity due to larger blood
volume along with increased iron losses [9]. In obesity, the level of
low-grade inflammation increases, which contributes to the secre-
tion of the iron-regulatory hormone hepcidin by the liver and pos-
sibly the adipose tissue itself [9]. The increased serum hepcidin
disrupts iron homeostasis and this reduces iron absorption and
blunt the effects of iron fortification, resulting in lower iron stores
and potentially iron deficiency anemia (IDA) [9]. Indeed, pregnant
Fig. 1. Health consequences of overweight/obesity or anemia in pregnancy (left and righ
sity and anemia have not yet been established (middle). Created with BioRender.com.
women with obesity have higher hepcidin levels than a control
group of lean, pregnant women [12]. Thus, the increased preva-
lence of overweight and obesity pose a great concern for future
efforts to control IDA.

Searching for literature on coexistence of overweight/obesity
and anemia

We conducted a systematic literature search to examine the
prevalence of coexistence of overweight/obesity and anemia
among pregnant women and to determine the associated risk fac-
tors and adverse outcomes for mother and offspring. Furthermore,
we examined which interventions have been implemented to pre-
vent or treat this condition. Observational and experimental stud-
ies, clinicaltrials.gov registrations, conference abstracts, and gray
literature were searched for in the databases Medline, Scopus,
CINAHL, Embase, Web of Science, Cochrane Library, clinicaltials.
gov, Open Grey, and Greylit. Studies written in English, Spanish,
Portuguese, and the Scandinavian languages were included, and
there was no limitation on publication year. The search strategy
included keywords relating to overweight, obesity, gestational
weight gain, maternal overweight, adiposity, and anaemia/anemia,
iron deficiency, hemoglobin/haemoglobin, fetal/foetal nutrition disor-
ders, double burden of malnutrition, and antenatal/prenatal care,
maternal health, fetal/foetal health, birth weight, offspring, iron/folic
acid supplementation. Medical Subject Headings (MeSH) or similar
(e.g., Emtree) were used for both exposure and outcome variables
and were adapted to the individual databases. Inclusion criteria
were pregnant women (15�49 y of age) with coexistence of over-
weight/obesity and anemia and/or their offspring. The literature
search was conducted in April 2021. We imported 1974 studies for
screening. After screening by title and abstract level, 1708 studies
were excluded for not meeting the inclusion criteria, which
resulted in 266 studies screened in full text. Finally, 36 studies
[12�47] and two clinicaltrials.gov [48,49] registrations met the
inclusion criteria.

What is the prevalence of coexisting overweight/obesity and
anemia in pregnancy?

The prevalence of overweight/obesity and anemia in pregnancy
was reported in 22 observational studies with estimates ranging
from 0% to 40.3% (Table 1). Most studies showed prevalence rates
between 0% and 5% (n = 13) or 5% and 10% (n = 4). The remaining
studies showed prevalence rates of >10% (n = 5), with one study
conducted in Nigeria, including 349 pregnant women recruited at
�25 wk of gestation, as high as 40.3% [42]. Women with over-
weight, obesity, and morbid obesity comprised 35.5%, 17.2%, and
t), respectively. Possible adverse outcomes from the coexistence of overweight/obe-



Table 1
Prevalence of overweight/obesity and anemia in pregnant women in studies obtained from the literature search, arranged after publication year (n = 22)

Authors Publication year Year/s of data collection Income level Sample size (n) BMI (kg/m2) When was Hb measured When was BMI measured Prevalence (n) Prevalence (%)

Padilha et al. [13] 2007 UMIC 433 �25 During pregnancy Prepregnancy 22 5.1
Sahu et al. [14] 2007 2005�2006 LMIC 380 �25 Early in 2nd trimester Early in 2nd trimester 8 2.1
Aly et al. [15] 2010 1992� 2003 HIC 14 183 �30 On admission Prepregnancy 728 5.1
Ugwuja et al. [16] 2010 LMIC 349 �25 �25 wk �25 wk 141 40.3
Murillo et al. [17] 2011 2007�2008 UMIC 513 �26.1 1st and 3rd trimester 1st and 3rd trimester 1st trimester: 15

3rd trimester: 13
1st trimester: 2.9
3rd trimester: 2.5

O'farrill-Santoscoy et al. [18] 2013 2010�2011 UMIC 98 �25 First weeks of gestation First weeks of gestation 3 3.1
Phillips et al. [19] 2014 2008�2010 HIC 316 �30 Initiation of prenatal care Delivery 60 18.9
Cao et al. [20] 2016 2005�2012 HIC 230 �25 Mid-gestation and delivery Mid-gestation and delivery Mid-gestation: 4

Delivery: 14
Mid-gestation: 1.7
Delivery: 6

Deshmukh et al. [21] 2016 LMIC 500 �25 <20 to >41 wk <20 to >41 wk 9 1.8
Flores-Quijano et al. [22] 2016 UMIC 48 >30 End of pregnancy Prepregnancy 10 20.8
Jones et al. [23] 2016 2009�2011 UMIC 1613 �25 �20 wk Prepregnancy 16 1
Laddad et al. [24] 2018 2014�2015 LMIC 1500 >30 �14 wk Early pregnancy 56 3.7
Patel et al. [25] 2018 2009�2016 LMIC 72 750 >25 As early in pregnancy as possible As early in pregnancy as possible 2009: 2206

2010: 2335
2011: 2332
2012: 2329
2013: 2341
2014: 2461
2015: 2320
2016: 2134

2009: 3
2010: 3.2
2011: 3.2
2012: 3.2
2013: 3.2
2014: 3.4
2015: 3.2
2016: 2.9

Riaz et al. [26] 2018 2012�2014 LMIC 301 �23 1st trimester 1st trimester 46 15.3
Tan et al. [27] 2018 2016 UMIC 11 757 �25 1st, 2nd, and 3rd trimester Prepregnancy Test: 112

Composite: 345
Test: 1
Composite: 2.9

Bhowmik et al. [28] 2019 2011�2012 LDC 498 �23 <14 wk <14 wk 18 3.6
Hashmi et al. [29] 2019 1986�2016 UMIC 14 496 >23 <14 wk <14 wk 66 0.5
Monteiro et al. [30] 2019 LMIC 300 �25 2nd trimester 2nd trimester 0 0
Chu et al. [31] 2020 2001�2016 HIC 13 026 >24.2 Delivery Delivery Hb <10.8 g/dL: 171

Hb <9.9 g/dL: 60
Hb <10.8 g/dL: 1.3
Hb <9.9 g/dL: 0.5

Madlala et al. [32] 2020 2015�2018 UMIC 2921 �25 1st trimester 1st trimester 646 22.1
Santos et al. [33] 2020 2014�2015 UMIC 416 �25 Delivery Delivery 38 9.1
Yin et al. [34] 2020 2006�2009 UMIC 17 193 �23 2nd/3rd trimester 2nd/3rd trimester 293 1.7

BMI, body mass index; Hb, hemoglobin; HIC, high-income country; LDC, least developed country; LMIC, lower-middle income country; UMIC, upper-middle income country.
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5.4% of the study participants [42]. Additionally, a study consisting
solely of pregnant women with obesity (n = 1037) [41] found a
prevalence of combined obesity and anemia at 59.4%. It is worth
noting that the time of anemia diagnosis and measurement of
body mass index (BMI) varied considerably across studies.

According to the Development Assistance Committee list of
Official Development Assistance recipients [50], we stratified stud-
ies by income level. Of the 22 studies, 1 originated from a least
developed country (LDC), 7 from lower-middle income countries
(LMIC), 10 from upper-middle income countries (UMIC), and 4
from high-income countries (HIC). We found no relation between
the prevalence of overweight/obesity and anemia in pregnant
women and country income level (Fig. 2). Most studies conducted
in LDCs and LMICs provided evidence of a positive association
between underweight and anemia in pregnant women, rather
than between overweight/obesity and anemia [16,17,24,34,38].
Studies conducted in UMICs and HICs showed contrasting results
regarding the association between overweight/obesity and anemia
[15,28,30,31,33].

As shown in Figure 2, there was a tendency toward a higher
prevalence of overweight/obesity and anemia the more recent the
data collection. This is possibly because more relevant studies have
been published in recent times, or because of an increase in the
prevalence rates of overweight/obesity as well as anemia over
time. An important limitation to the interpretation of these data is
that many studies had low sample sizes. Thus, we need large
cohort studies to be able to draw firm conclusions from these at
population level.

Almost all the included studies from the literature search based
the diagnosis of anemia on hemoglobin concentrations alone. Only
a few studies based the indication of iron status on serum ferritin,
transferrin receptor (sTrF), leptin, and hepcidin levels
[12,14,18,19]. In normal weight populations, serum ferritin and
transferrin provide the best approach to diagnose IDA [51]. How-
ever, in populations with overweight/obesity, these markers may
be confounded by adipose-related low-grade inflammation [9,51],
where for instance, ferritin is an indicator of inflammation as well
as iron status [52]. A possible solution is to measure sTrF, which
does not increase in response to inflammation [51], or measure
levels of acute phase proteins C-reactive protein, or a1-acid glyco-
protein to correct serum ferritin levels when inflammation is pres-
ent [53].
Fig. 2. Prevalence of overweight/obesity and anemia in pregnancy arranged after the ear
period was not reported, publication year was used instead. HIC, high-income country; LD
dle income country.
What are the risk factors for developing coexisting overweight/
obesity and anemia in pregnancy?

The risk factors associated with the development of coexistent
overweight/obesity and anemia in pregnancy have only very
sparsely been investigated. A study by Sarker et al. investigated
the effects of delayed initiation of perinatal care (early versus ges-
tational age >20 wk) on the risk for anemia in pregnant women
with obesity and found no significant effect from delayed perina-
tal care [40]. Thus, major risk factors for developing overweight/
obesity or anemia individually are known, but we know little
about the risk factors for developing coexisting overweight/obe-
sity and anemia.

Which adverse outcomes are associated with coexisting
overweight/obesity and anemia in pregnancy?

Indications of the potential adverse outcomes for mother and
offspring associated with overweight/obesity and anemia were
scarce in the literature. Altman et al. found that the risk for preterm
birth was increased in pregnant women with obesity and anemia
(relative risk, 1.3; 95%CI [CI, 1�1.8; P < 0.05), who identified them-
selves as Hawaiian or Pacific Islander (N = 10 470) [32]. Yin et al.
found that maternal obesity was associated with an increased risk
for infant anemia at 6 mo, but not at 12 mo [27]. However, mater-
nal anemia in mid-gestation did not mediate the association
between maternal obesity and infant anemia at 6 mo. Yet, among
women with coexistence of obesity and anemia in mid-gestation,
the risk for infant anemia at 6 mo was increased (adjusted odds
ratio, 2.91; 95%CI, 1.1�7.5; P < 0.05) compared with women with
normal weight and anemia [27]. Phillips et al. showed that iron sta-
tus in newborns of mothers with obesity and anemia did not differ
from that of newborns of mothers with normal weight and anemia
[45]. Finally, Hickey et al. found that in women with BMI >26 kg/
m2, low hemoglobin values were not associated with the incidence
of low maternal weight gain during pregnancy [36]. This study
focuses on underweight and anemia and might therefore not
reflect the current paradox on overweight/obesity and anemia that
is present today. Overall, knowledge of how coexisting over-
weight/obesity and anemia in pregnancy effect short- and long-
term health outcomes is very limited.
liest year of data collection and displayed by income level. If date on data collection
C, least developed country; LMIC, lower-middle income country; UMIC, upper-mid-
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Intervention strategies

No intervention studies were identified that have addressed
coexistence of overweight/obesity and anemia in pregnancy.
However, we identified two clinicaltrials.gov registrations of tri-
als that seek to prevent IDA in pregnant women with obesity
[48,49]. One trial aims to investigate the effects of iron supple-
ments in pregnant women with obesity on the prevalence of
anemia at time of delivery [48]. The other aims to test the feasi-
bility and acceptability of oral lactoferrin from second trimester
to optimize maternal iron status in women with obesity at risk
for IDA [49]. The lack of intervention studies limits the knowl-
edge and thereby discussions of possible solutions to the poten-
tial problem of coexisting overweight/obesity and anemia in
pregnancy.

Perspectives and future research

Pregnant women worldwide, and especially those in transition
countries, are affected by overweight/obesity and anemia, as such
researchers should identify what the risk factors for developing a
coexistence of these conditions are and what potential adverse
health outcomes could affect these women and their offspring.
Only with this knowledge will we be able to develop effective
interventions to address coexisting overweight/obesity and ane-
mia in pregnancy.
Fig. 3. Framework illustrating a hypothetical but potential Theory of Change for coexis
BMI, body mass index; CRP, C-reactive protein; IL interleukin; TNF, tumor necrosis factor.
Framework of potential interventions

To clarify and explore potential interventions to handle coexis-
tent overweight/obesity and anemia in pregnancy, we developed a
framework illustrating a hypothetical but potential Theory of
Change. The intention is not to provide an exhaustive list of inter-
vention activities, determinants, and outcomes, but to inspire and
highlight possible pathways for future research to explore. The
framework is based on possible interventions to prevent over-
weight/obesity and anemia in pregnancy. The Behavior Change
Wheel was used to map out possible interventions [54]. For the
policy category, the UN Sustainable Development Goals was used
as background. The determinants of behavior describe facilitators
and barriers to behavior change in terms of opportunity, ability,
and motivation, referenced from the PSI Behavior Change Frame-
work [55]. Behavioral outcomes refer to the desirable outcomes in
terms of behavior changes in the women. Clinical outcomes are
related to measurable physiologic or psychological outcomes. The
impact columns refer to the predicted short-, medium-, and long-
term impact from the interventions. Context describes which exter-
nal factors may influence the interventions (Fig. 3).

Knowledge gaps

In this viewpoint, we discussed the prevalence, risk factors, and
effects for mother and offspring of coexistent overweight/obesity
ting overweight/obesity and anemia in pregnancy. AGP, alpha-1-acid glycoprotein;
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and anemia in pregnancy. We highlighted research gaps, in partic-
ular the lack of large cohort studies to determine the prevalence of
coexistence of these conditions with greater accuracy on popula-
tion level. Furthermore, we called attention to the scarce literature
indicating which risk factors may lead to coexistent overweight/
obesity and anemia, and which adverse outcomes may be associ-
ated with this double condition. Overall, future research is war-
ranted to address these important knowledge gaps.

Despite the incomplete research, health care professionals
should be aware of the link between obesity and low-grade inflam-
mation with the risk for developing anemia. In countries with
increased incidence of obesity, it is important to be particularly
aware of this coexistence. Even in countries with high levels of
undernutrition and underweight, coexistence of overweight/obe-
sity and anemia needs increased attention as potential nutritional
and epidemiologic transitions likely give rise to the double burden
of malnutrition [10].

New guidelines are required to prevent and treat overweight/
obesity and anemia in pregnant women. Screening initiatives to
detect the occurrence of these conditions in women of reproductive
age or at least preconception may be needed. We need to find ways
to optimize the conditions preconceptionally and during pregnancy,
as actions taken in these crucial periods have the potential to affect
mother and offspring long-term. Evidence-based interventions that
aim to prevent or treat this condition need to be carried out to show
the way forward. According to our framework in Figure 3, these
interventions could be government-level changes, such as using the
Sustainable Development Goals as avenues to improve economy,
health care systems, food security, and gender equality. They could
also be intervention functions such as providing information to pro-
mote healthy eating, physical activity, and taking iron supplementa-
tion. Furthermore, anemia caused by malaria needs to be taken into
consideration in malaria-endemic countries.
Conclusion

The coexistence of overweight/obesity and anemia in pregnant
women is a potential public health concern. Yet, in this review, we
have established that the current knowledge in this field is very
sparse. Researchers need to ensure the health and well-being of
pregnant women around the world. This could possibly be
achieved considering the Sustainable Development Goals in the
design of interventions and actions. Reducing poverty, ensuring
equity health care systems, improving food security and nutrition,
and increasing gender equality could be avenues for meaningful
change. Thus, we must ensure that the combined presentation of
overweight/obesity and anemia in pregnancy is addressed so that
we can direct initiatives to ensuring the health of mothers and
their offspring.
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