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Might high body mass index contribute to anemia in pregnancy
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ABSTRACT
Background: Anemia in pregnancy has remained a public health challenge in the developing countries. The emerging
epidemiological and nutritional transitions as well as the decrease in malaria burden make investigating other causes of anemia
imperative. We hypothesized that high body mass index (BMI) might contribute to anemia in pregnancy in malaria‑endemic
regions.
Materials and Methods: Using a two‑stage sampling technique, we interviewed 338 pregnant women and antenatal care
attendees at primary health‑care centers in Ibadan, Oyo State. Blood and stool samples were collected from all the study
participants. Thick and thin blood films were prepared for the identification of malaria parasite while Kato–Katz technique
was used for quantification soil‑transmitted helminthes in the stool samples. Multivariate logistic regression analysis was
performed to assess the association between malaria and high BMI with anemia while controlling for the established causes
of anemia in pregnancy.
Results: The prevalence of anemia was 47.9%. About half, 50.8% of the study population had normal weight while 43.8%
were overweight/obese. Malaria (AOR 2.54 and 95% CI: 1.40 - 4.61), gestational age (AOR: 1.96 and 95% CI: 1.18–3.25),
and being overweight/obese (AOR: 1.96 and 95% CI: 1.18–3.25) were associated with anemia in pregnancy.
Conclusion: Malaria remains a significant cause of anemia in pregnancy, but the association between BMI and anemia will
require further investigation among the Nigerian pregnant population.
Key words: Anemia in pregnancy; malaria; obese; overweight.

Introduction
Anemia in pregnancy has remained a public health
challenge in sub‑Saharan Africa because of its contribution
to maternal and perinatal morbidity and mortality.[1,2] In
Nigeria, anemia in pregnancy affects more than 40% of the
pregnant population in spite of the various interventions
targeting its major causes[3,4] which are mostly nutritional
deficiencies (iron and folate) and parasitic infections
such as malaria and soil‑transmitted helminthes (STHs),
particularly hookworm infestation.[5] Pregnancy‑related
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immune suppression increases risk to these parasitic
infestations in high‑risk regions such as Africa[6] while HIV/
AIDS and sickle cell hemoglobinopathy are also important
contributors causes. Anemia in pregnancy results in adverse
fetomaternal outcomes such as cardiac decompensation,
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intrauterine growth retardation, and low birth weight and
birth asphyxia.
Every year, approximately 25 million pregnant women
are at risk of malaria infection.[7] It has been estimated
that malaria during pregnancy causes up to 10,000
maternal deaths each year, mainly as a result of severe
anemia, it also accounts for approximately 8%–14% of low
birth weights and 3%–8% of infant mortality.[8] Malaria
causes anemia largely by destroying red blood cells, an
association well documented in scientific literature.[9,10]
The thrust of interventions for all pregnant women living
in malaria‑endemic areas in Africa includes intermittent
preventive treatment with sulfadoxine‑pyrimethamine in
pregnancy (IPTp), insecticide‑treated bed nets (ITNs), and
effective case management all of which have been shown
to reduce the occurrence of anemia in pregnant women by
reducing placenta parasitemia.[11,12] However, McClure et al.,
while studying the association between parasitic infections
and maternal and fetal anemia in Kenya, had suggested a
need to examine other causes of anemia in malaria‑endemic
regions in view of the apparent reductions in the burden of
malaria in pregnancy which is attributable to the use of IPTp
and ITNs.[13]
Nigeria just as other, low, and middle‑income countries (LMICs)
is undergoing an epidemiological and nutritional transition
which involves dietary changes from food rich in fruits and
vegetables to refined, energy‑dense, and fatty foods as well
as low levels of physical activity. This has led to an increase
in the occurrence of obesity among women of reproductive
age. While the association between poor nutrition and
anemia has been well established, its association with
high body mass index (BMI) has been scarcely explored in
Nigeria. Therefore, we conducted this explorative research
to investigate the potential contributory role of a high BMI
to anemia in pregnancy among antenatal care attendees in
Ibadan, Oyo State, Southwest Nigeria.

Materials and Methods
Study area and design
We conducted a cross‑sectional study using a two‑stage
sampling technique to select 338 pregnant women that
were receiving antenatal care at six primary health‑care
centers (PHCs) within two purposively selected semi‑urban
local government areas (LGAs) in Ibadan, Oyo State and Ido
and Akinyele LGAs, Ibadan, Oyo State. Then, the three most
functional PHCs with the highest antenatal care attendances
were selected from each LGA. Study participants were
proportionately allocated, and all consenting women were
serially recruited into the study until the sample size was

reached. Pretested, interviewer‑administered questionnaires
were used to obtain information on the sociodemographic,
maternal characteristics as well as the use of malaria
preventive measures and hematinics. Participants’ packed
cell volume (PCV), genotype, weight in kilogram, height in
meters, and HIV status were obtained from clinic records.
Data were collected first from October to December of 2015
and from August to October 2016.
Sterile lancet blades were used for finger prick and capillary
tubes were used to collect blood for PCV. Two additional
drops of blood were collected on a grease‑free microscope
slides for thick and thin films for malaria parasite test. The
PCV levels were determined after centrifuge spinning and
estimated using a hematocrit reader with cutoff for anemia
being set at values <33%. The thick and thin blood films were
prepared to determine the presence of malaria parasites using
Giemsa staining technique. Freshly passed stool samples
were also collected using wide mouth bottles and examined
for any helminthes ova or protozoan trophozoite or cyst.
Direct wet preparation stained with iodine and Kato–Katz
techniques was employed for quantification of egg per gram
of stool sample.
Approval to implement of the study was obtained from the
Oyo State Ethics Review Committee. Participation in the study
was voluntary, and confidentiality was ensured by identifying
the study instruments with codes. The results of the
tests – malaria parasites, STH, and hemoglobin levels – were
made available to the participants with the provision of
proper treatment where necessary and subsequent follow‑up
by their health‑care providers.
The data were analyzed using Stata version 13. The primary
dependent variable was anemia in pregnancy (PCV <33%).
The independent variables were sociodemographic factors,
malaria parasitemia, presence of STH, and maternal BMI.
Others include gravidity, gestational age, use of folic
acid/iron tablets, genotype, HIV status, IPTp, and bed net use.
Multivariate logistic regression analyses (crude and adjusted
odds ratios and 95% confidence interval [CI]) were performed
to establish determinants of anemia in pregnancy among the
study population.

Results
Overall, 338 consenting pregnant women effectively
participated in the study. The prevalence of anemia in this
study was 47.9% while the prevalence of HIV was 3.3%. Charts
and box plots were used to illustrate frequencies, whereas
Table 1 reports the association between sociodemographic
and other‑related factors. Multivariate logistic regression was
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Table 1: Sociodemographic and clinical characteristics of the
pregnant women by anemia status
Characteristics
Overall, n
Age group
≤20
21‑35
>35
Marital status
Married
Not married
Education
Primary or less
Secondary
Tertiary
Monthly income
<10,000
10,000‑20,000
>20,000
Gravidity
Primigravida
Multigravida
Gestational age
First trimester
Second trimester
Third trimester
IPT use
Yes
No
Iron/folate use
Yes
No
Bed net in 3 months
Yes
No
Genotype
AA
AS/AC
SS/SC
HIV status
Positive
Negative

Total

Maternal anemia
Present
Absent

Table 2: Predictors of anemia in pregnancy using the
multivariate logistic model
P

338

162 (47.9)

176 (52.1)

32 (9.5)
266 (78.7)
40 (11.8)

11 (34.4)
132 (49.6)
19 (47.5)

21 (65.6)
134 (50.4)
21 (52.4)

0.264

307 (90.8)
31 (9.2)

146 (47.6)
16 (51.6)

161 (52.4)
15 (48.4)

0.667

68 (20.1)
172 (50.9)
98 (29.0)

39 (57.4)
77 (44.8)
46 (46.9)

29 (42.7)
95 (55.2)
52 (53.1)

0.207

204 (60.4)
78 (23.1)
56 (16.5)

92 (45.1)
39 (50.0)
31 (55.4)

112 (54.9)
39 (50.0)
25 (44.6)

0.363

116 (34.3)
222 (65.7)

62 (53.5)
100 (45.1)

54 (46.5)
122 (54.9)

0.142

47 (12.9)
124 (33.7)
167 (53.4)

15 (31.9)
63 (50.8)
84 (50.3)

38 (80.9)
82 (66.1)
83 (49.7)

0.06

319 (94.4)
19 (5.6)

153 (48.0)
9 (47.4)

166 (52.0)
10 (52.6)

0.960

332 (98.2)
6 (1.8)

159 (47.9)
3 (50.0)

173 (52.1)
3 (50.0)

0.918

184 (54.4)
154 (45.6)

91 (49.5)
71 (46.1)

93 (50.5)
83 (53.9)

0.539

162 (47.9)
167 (49.4)
9 (2.6)

79 (48.8)
81 (48.5)
2 (22.2)

83 (51.2)
86 (51.5)
7 (77.8)

0.294

11 (3.3)
327 (96.7)

6 (54.5)
156 (47.7)

5 (45.5)
171 (52.3)

0.655

IPT, Intermittent preventive treatment

used to identify variables that were independently associated
with anemia and to adjust for possible confounders [Table 2].
Table 1 shows the sociodemographic and clinical
characteristics of the pregnant women by anemia status. The
mean age and mean gestational age were 27.5 ± 5.6 years
and 25.7 ± 9.2 weeks, respectively. Majority of the
women were above 20 years (90.5%), married (90.8%), had
at least secondary school education (79.9%), and about
one‑third were primigravidae (34.3%). Almost all women
reported the use of IPT (94.4%) as well as folate and iron
318

COR (95% CI)
Age group (years)
≤20
21‑35
>35
Gravidity
Primigravida
Multigravida
Gestational age
First trimester
Secondary trimester
Third trimester
Iron and folate
supplementation
Yes
No
Genotype
AA
AS/AC
SS/SC
Malaria
Positive
Negative
HIV
Positive
Negative
STH
Positive
Negative
Nutritional status
Overweight and obese
Not overweight and obese

P

AOR (95% CI)

P

1.00
1.88 (0.87‑4.05) 0.11
1.73 (0.66‑4.50) 0.26
1.00
0.71 (0.45‑1.12) 0.14
1.00
2.20 (1.08‑4.46) 0.029 2.59 (1.23‑5.42)
2.15 (1.08‑4.27) 0.027 2.35 (1.15‑4.82)

0.01
0.02

0.91 (0.18‑4.62) 0.918
1.00
1.00
0.99 (0.64‑1.52)
0.30 (0.06‑1.49)
2.78 (1.55‑5.06) 0.001 3.10 (1.68‑5.73) <0.001
1.00
1.31 (0.39‑4.39) 0.66
1.00
1.69 (0.84‑3.37) 0.14
1.00
1.55 (1.01‑2.38) 0.047 1.54 (0.98‑2.42)
1.00

0.061

COR, Crude odds ratio; AOR, Adjusted odds ratio; STH, Soil‑transmitted helminthes;
CI, Confidence interval

supplementation (98.2%). Anemia was more prevalent
among unmarried women (51.6%), those with low‑level
education (57.4%), primigravidae (53.5%), nonuse folic
acid or iron tablets (50.0%), and HIV positive (54.5%). The
proportion of anemia varied with gestational age being
commoner among women in the second (50.8%) and third
trimesters (50.3%) compared with the first trimester (31.9%).
Figure 1 shows the nutritional status of pregnant women.
While about half, 172 (50.9%) had normal weight, 114 (33.7%)
were overweight, and 34 (10.1%) were obese. The box plots in
Figure 2 show the distribution of the participants’ PCV by their
nutritional status with median values of 33% for underweight,
33% for normal weight, and 32% for both overweight and
obese. Table 2 shows the results of the logistic regression
model with crude and adjusted odds ratios of the predictors
of anemia in pregnancy among the study participants.
Gestational age significantly increased the odds of anemia
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Figure 1: Nutritional status of the pregnant women

in pregnancy; women both in the second Crude Odds Ratio
(COR) 2.20 (1.08–4.44, P = 0.028) and third trimesters COR
2.15 (1.08–4.27, P = 0.027) were two times more likely to
have anemia compared with those in the first trimester.
Malaria parasitemia COR 2.78 (1.55–5.06, P = 0.001) and
being overweight/obese COR 2.78 (1.01–2.38, P = 0.001) also
increased the likelihood for anemia in pregnancy.
After adjusting for gestational age, malaria remained a
strong predictor for anemia adjusted odds ratio (AOR)
3.10 (1.68–5.73, P < 0.001) and being overweight/obese
AOR 1.54 (0.98–2.42, P = 0.061) became less statistically
significant.

Discussion
Nigeria is a country in transition – epidemiological,
nutritional, and economic transitions, and hence, there is
a double burden of communicable and noncommunicable
diseases just like many other LMICs. This also affects
women of reproductive age, particularly during pregnancy.
Although anemia in pregnancy secondary to malaria and
nutritional deficiencies has been extensively documented in
Nigeria, the decline in malaria burden and the persistence of
anemia among the pregnant population made it imperative
to investigate the other possible causes of anemia among
pregnant women in Nigeria.[14‑16]
Anemia in pregnancy has remained a problem of public
health importance in Nigeria. The prevalence rate of 48%
for anemia in this study is higher than earlier reports by
Dairo and Lawoyin in a similar study conducted among
similar population over a decade ago[17] although lower than
rates reported in recent studies within the country.[18‑22] In
our study, almost all the women reported the use of IPTp
and iron/folate supplementation. It is believed that the

Underweight

Normal weight

Overweight & Obese

Figure 2: Box plots of packed cell volume by nutritional status

persistence of maternal anemia in spite of the uptake of
necessary interventions will hinder the efforts being made
nationally to reduce the burden of perinatal and maternal
mortality in Nigeria.
Malaria in pregnancy is still a public health concern in spite
of the reduction in the burden of infection in the past few
years.[22,23] In our study, the prevalence of malaria was 18% and
was also the strongest predictor for anemia. This implies that
malaria preventive strategies, namely, IPT and ITN remain a
relevant public health intervention among pregnant women
in malaria‑endemic countries. The World malaria report
of 2017 confirmed an appreciable scale up with the use of
malaria control strategies as evidenced by a five‑fold increase
in the use of IPTp in 36 African countries and an increase in
usage of ITNs in sub‑Saharan Africa from 30% to 54% between
2010 and 2016.[23]
Importantly, women who were overweight or obese were
noted to have 50% significantly higher risk of anemia on
univariate analysis which became less significant after
adjusting for gestational age. Gestational age may be a
mediator of the association between overweight/obese
and anemia through gestational weight gain. The loss of
statistical significance can hardly annul the clinical and
public health relevance of this finding which suggests that
being overweight/obese might be an independent risk factor
for anemia in pregnancy among our study population. This
is partly because because our study may be inadequately
powered to fully explore the association. Furthermore, this
finding is a departure from what was previously known
and documented in scientific literature, particularly in
the developing countries where undernutrition has often
been associated with anemia in pregnancy.[24,25] The global
obesity epidemic is associated with a double burden of
malnutrition in which undernutrition coexists with obesity
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in many LMICs. In this study, the prevalence of overweight
and obesity was 34%–10%, respectively, compared with 5.3%
who were underweight. This nutritional shift has resulted
from urbanization, dietary and lifestyle changes.

of an association between obesity and anemia will require
further elucidation.

Obesity during pregnancy has become an issue of public
health significance because of its role as a major risk factor
for adverse maternal outcomes such as gestational diabetes,
hypertension, and preeclampsia. Although the relationship
between maternal obesity and anemia is yet to be well
established, it may be related to the inadequate dietary intake
that is common among overweight/obese persons as a means
of weight control as well as intake of foods with low nutrient
density. In support of this postulation, scientific evidence that
links obesity‑related anemia to iron deficiency has begun to
emerge outside Nigeria. The inverse relationship between
increased BMI and iron deficiency was first established
among obese children in the developed countries. Nead
et al., in 2004, examined the association with weight status
and the risk of iron deficiency among 9698 children and
adolescents and found that the prevalence of iron deficiency
increased in a stepwise fashion as BMI increased.[26] In
addition, Zimmermann et al., in 2008, investigated the
association between BMI and iron absorption in three
countries in transition – Thai, Morocco, and India – and
found out that independent of iron status and high BMI
z‑score was associated with decreased iron absorption. They,
therefore, conjectured that the current surge of overweight
and obesity in transition countries might impair efforts to
control iron deficiency in LMICs.[27] Nonetheless, there is a
paucity of evidence for this relationship between obesity
and iron deficiency among pregnant women, particularly
in the developing countries. Abbas et al. in a recent study
that assessed the association between high BMI and iron
deficiency in 432 pregnant Sudanese women reported that
a significantly higher number of obese women had iron
deficiency.[28]

Inspite of these limitations, our findings suggest that being
overweight/obese might be additional risk factor for anemia
in the light of the epidemiologic and nutritional transitions
taking place in Nigeria. More importantly, it draws the
attention of African researchers to the possible emergence of
a plausible association between anemia and high BMI. Hence,
this calls for further research on the association between iron
status, maternal BMI, and anemia among Nigeria pregnant
population using a more robust methodology. In addition,
we found that malaria in pregnancy remains a significant
predictor of anemia among pregnant women thus giving
credence to the need to sustain and continue to scale up the
use of malaria preventive commodities in endemic countries
like Nigeria.

Even though our study has drawn attention to the possibility
of an evolving association between anemia and maternal
nutritional status particularly being overweight or obese,
the findings have to be interpreted with caution because of
certain limitations. First, was our inability to determine the
prepregnancy BMI which would have provided an insight
into the nutritional status of the women before pregnancy.
However, it is pertinent to note the difficulty in capturing
prepregnancy BMI as most pregnancies were unplanned, and
the prepregnancy weight is often unknown, especially in the
developing countries. In this study, BMI at contact was used as
a proxy measure of nutritional status, which also would have
captured gestation weight gain. In addition, the iron status
of the women was not assessed, and hence, our suggestion
320
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