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Abstract
Background The existing evidence regarding the link between blood groups and obesity remains inconclusive, and 
there is a noticeable lack of data on the potential association between blood groups and obesity during pregnancy. 
Consequently, this study aimed to investigate the association between blood groups, body mass index (BMI), and 
obesity among pregnant women receiving care at Gadarif Maternity Hospital in eastern Sudan.

Methods This cross-sectional study was conducted in eastern Sudan during the period from April to September 
2022. A questionnaire was employed to gather sociodemographic information from pregnant women. BMI was 
computed based on weight and height. Blood groups determinations were made using the agglutination method 
which is commonly used in the study’s region. Multinominal and multiple linear regression analyses were performed, 
and adjusted for covariates in the regression models.

Results Eight hundred and thirty-three pregnant women were enrolled with a median (interquartile range, 
IQR) gestational age of 10.0 (9.3‒11.0) weeks. The median (IQR) BMI of the women was 26.3(24.2‒29.4) kg/m2. Of 
these women, 11(1.3%) were underweight, 268(32.2%) were of normal weight, 371(44.5%) were overweight, and 
183(22.0%) were obese. One hundred eighty-three (22.0%) women had blood group A, 107 (12.8%) had blood 
group B, 56 (6.7%) had blood group AB, and 487(58.5%) had blood group O. While 798 (95.8%) of the women were 
Rhesus factor positive, only 35 (4.2%) were Rhesus factor negative. Multinominal regression showed that only urban 
residency (adjusted odds ratio, AOR = 2.46, 95% confidence interval, CI = 1.47‒4.13) was associated with overweight. 
Blood groups and Rhesus factors were not associated with overweight. Age (AOR = 1.06, 95% CI = 1.01‒1.11), urban 
residence (AOR = 2.46, 95%, CI = 1.47‒4.13), and blood group O (AOR = 1.60, 95%, CI = 1.06‒2.40), were associated with 
obesity. Rhesus factors were not associated with obesity. In the multiple linear regression, age (coefficient = 0.07, 
P = 0.028), gravidity (coefficient = 0.25, P = 0.014), urban residence (coefficient = 1.33, P = 0.001), and blood group O 
(coefficient = 0.68, P = 0.035) were associated with BMI.
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Introduction
According to the World Health Organization (WHO), 
obesity is a major global health problem, and its preva-
lence nearly tripled between 1975 and 2016 to 11% of 
men and 15% of women [1]. Pregnant women are espe-
cially prone to obesity in many countries, including 
Africa [2–4]. Previous studies from different countries 
including Africa have shown that maternal obesity is 
associated with several adverse effects, such labor induc-
tion [5], caesarean delivery [6, 7], macrosomia [6], ges-
tational hypertension [8], gestational diabetes [9], and 
anemia [3]. Moreover, the offspring of obese mothers 
have an increased risk of developing childhood obesity, 
cardiovascular diseases, diabetes mellitus, and stroke 
[10].

Several factors, including age [4], education [4], and 
parity [11], are associated with obesity among pregnant 
women. Blood groups have also been linked to obesity. It 
has been reported that blood groups are associated with 
adult hypertension (blood group B) [12], preeclamp-
sia (blood group O) [13], Helicobacter pylori (H. pylori) 
infection in pregnant women (blood group O) [14], pla-
cental malaria infection (group O) [15], and coronavirus 
disease (COVID-19) (blood group O) [16]. However, pre-
vious studies have reported inconsistent findings regard-
ing the association between blood groups and obesity. 
For example, studies have demonstrated links between 
obesity in young females and blood group O [17], obe-
sity in adult women and blood groups O, B [18], and A 
[19], and obesity in adults and blood group B [12]. How-
ever, other studies have reported that blood groups were 
not associated with obesity in healthy adolescents [20], 
medical students [21], and young adults [22]. To the best 
of our knowledge, no previous studies have specifically 
examined the association between blood groups and 
obesity during pregnancy. Such knowledge could aid in 
early recognition of women risk of obesity based on their 
blood groups.

In Sudan, there is a high prevalence of maternal obe-
sity in different regions, which has a negative impact on 
maternal and perinatal health [3, 4]. In fact, about one-
third of Sudanese pregnant women have been diagnosed 
as obese [3]. Importantly, women who are overweight 
or obese before or during pregnancy are more likely to 
exhibit micronutrient deficiencies, including iron defi-
ciency during pregnancy, which can lead to poor mater-
nal and perinatal outcomes [23–25]. A recent study 
showed that obese pregnant Sudanese women had lower 
levels of serum iron, folate, and vitamin B12 [24, 25]. 

Thus, the current study aimed to investigate the asso-
ciation between blood groups, Rhesus factors, BMI, and 
obesity among pregnant women at Gadarif Maternity 
Hospital in eastern Sudan.

Methods
Study area and design
A cross-sectional study was conducted involving preg-
nant women who received antenatal care at Gadarif 
Maternity Hospital in eastern Sudan from April to Sep-
tember 2022. It is a referral hospital providing maternity 
care to the entire state of Gadarif. The capital city, also 
named Gadarif, is located in eastern Sudan about 400 km 
from the capital, Khartoum, on the Ethiopian border. 
Gadarif is one of the 18 states in Sudan and has a total 
population of 2.5  million inhabitants, which includes 
members of all tribes from all regions of Sudan [26].

Study participants
During the study period, every pregnant woman who 
received antenatal care was approached by trained medi-
cal officers. The purpose of the study and the ethical 
issues were explained to eligible women with confirmed 
pregnancies by the officers.

Inclusion criteria
Women who attended Gadarif Maternity Hospital for 
antenatal care in early pregnancy (< 14 weeks of gesta-
tion), had a singleton pregnancy, gave informed written 
consent, were apparently healthy, and who had no known 
illness were eligible to participate in the study.

Exclusion criteria
Women who refused to give consent to participate in the 
study, those who were in their 2nd or 3rd trimesters (≥ 14 
weeks of gestation), those with diabetes mellitus, hyper-
tension, thyroid disease, renal disease, liver disease, or 
any other chronic disease, those with intrauterine fetal 
demise, and those who were severely ill were excluded 
from the study.

Data collection
A questionnaire was used during face-to-face inter-
views to gather the data. The questionnaire was based 
on similar previous studies [13–16].Questions focused 
on sociodemographic information, including maternal 
age in years, place of residence (rural or urban), mater-
nal education (< secondary or ≥ secondary), and occu-
pation (housewives or employed), as well as clinical and 

Conclusions Blood group O was associated with obesity and high BMI among pregnant women in eastern Sudan. 
Rhesus factors were not associated with obesity.
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obstetrical information, such as gravidity and gestational 
age in weeks (based on the last menstrual cycle and con-
firmed by ultrasound). Two female medical officers were 
trained by the investigators to gather the data through 
face-to-face interviews. Before data collection began, 
the questionnaire was tested among 15 mothers (not 
included in the final analysis), and all necessary correc-
tions were made.

Anthropometric measurements
Each woman’s weight was measured in kilograms (kg) 
using well-calibrated scales, which were adjusted to 
zero before each measurement. The women stood with 
minimal movement, hands by their sides, and shoes and 
excess clothing removed. Then, their height was mea-
sured in centimeters (cm) in a standing position with 
their backs against a wall and feet together. Body mass 
index (BMI) was computed as the weight in kg divided 
by the square of the height in meter (m) (kg/m2) [27]. 
Further, BMI was grouped according to the WHO clas-
sification, which encompasses obesity during preg-
nancy as well as in the general population: underweight 
(< 18.5  kg/m2), normal weight (18.5–24.9  kg/m2), over-
weight (25.0–29.9 kg/m2), or obese (≥ 30.0 kg/m2) [27].

Blood analysis
Blood samples (2 ml) were collected under aseptic con-
ditions from each participant for blood group analy-
sis. Maternal blood groups were determined using the 
manual agglutination method (blood groups and Rhesus 
factors). After implementing all necessary safety precau-
tions, a single drop from each 2-ml blood sample was 
placed into four round-bottom tubes. Subsequently, a 
drop of monoclonal anti-A, anti-B, and monoclonal/
polyclonal anti-D reagents was added to each tube, fol-
lowed by thorough mixing over a 2.5-cm area with gen-
tle rocking motions. Agglutination reactions for ABO 
blood groups were immediately observed and recorded, 
while agglutination reactions for the Rhesus factor were 
recorded after a two-minute interval. The presence of 
agglutination indicated a positive result, signifying the 
presence of the corresponding antigen. Conversely, the 
absence of agglutination indicated a negative result, that 
is, absence of the corresponding antigen, as described 
in previous studies [15, 28]. Although the agglutination 
method is commonly used in limited resource settings 
such as eastern Sudan (simple, rapid, and low cost), how-
ever, the sensitivity of this method is low and can be eas-
ily affected by several factors; therefore cautions should 
be taken, especially in blood transfusion [29].

Sample size calculation
OpenEpi Menu was used to compute the desired sam-
ple size [30]. A sample size of 833 pregnant women was 

deemed appropriate for the total study, and based on 
previous reports from Sudan, we assumed that 25.0% 
of these women would be obese (obese-to-non-obese 
ratio = 1:4) [31].Moreover, 43.7% of pregnant women in 
eastern Sudan have blood group O [15]. Therefore, we 
assumed that 45.0% and 58.0% of the normal weight and 
obese women would have blood group O, respectively. 
This sample size was calculated to detect a difference of 
5% at α = 0.05, with a power of 80%.

Statistical analysis
Data were entered in the computer using the IBM Sta-
tistical Package for the Social Sciences® (SPSS®) for Win-
dows version 22.0 (SPSS Inc., New York, United States). 
The proportions were expressed as frequencies (%). The 
continuous data were evaluated for normality using the 
Shapiro–Wilk test and were non-normally distributed 
(age, gravidity, and BMI). The non-normally distributed 
data were expressed as medians (interquartile range: 
IQR). An adjusted regression analysis (multinominal and 
linear) was performed with overweight and obesity (for 
multinominal regression) and BMI (for linear regression) 
as the dependent variables. Sociodemographic (age, resi-
dence, educational level, and occupation) and clinical and 
obstetrical variables (gravidity, blood groups, and Rhesus 
factors) were independent variables.

Adjusted odds ratios (AORs), 95% confidence intervals 
(CIs), coefficients, and standard errors were calculated as 
they were applied. A two-sided P-value of < 0.05 was con-
sidered statistically significant.

Results
General characteristics
Eight hundred and thirty-three pregnant women with 
a median (IQR) gestational age of 10.0(9.3‒11.0) weeks 
were enrolled in the study. The median (IQR) age of the 
833 enrolled women was 24(20.0‒29.0) years, and the 
median gravidity was 2(1‒4). Of the women, 205(24.6%) 
had an education level ≥ secondary level, and 789 
(94.7%) were housewives. The median (IQR) BMI was 
26.3(24.2‒29.4) kg/m2. From the total 833, 11(1.3%) 
were underweight, 268(32.2%) were of normal weight, 
371(44.5%) were overweight, and 183(22.0%) were obese, 
(Fig. 1).

Of the 833 participants, 183 (22.0%) had blood group 
A, 107(12.8%) had blook group B, 56(6.7%) had blood 
group AB, and 487(58.5%) had blood group O. While 
798 (95.8%) women were Rhesus factor positive, only 
35(4.2%) women were Rhesus negative (Fig. 1; Table 1).

Factors associated with body mass index
Obese women had significantly higher age and gravidity. 
Moreover, a significantly higher number of obese women 
had an urban residence, were employed, and had blood 
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group O. There was no significant difference in education 
level or Rhesus factors between women in the different 
BMI groups (Table 2). Compared with women with other 
blood groups, women with blood groups B and O had a 
significantly BMI. Women with blood group O had a sig-
nificantly higher BMI compared with women with blood 
groups other than O (P = 0.006, Fig. 2).

Multinominal regression showed that only urban resi-
dency (AOR = 2.46, 95% CI = 1.47‒4.13) was associated 
with overweight. No association was found between 
blood groups and Rhesus factors and overweight. Age 
(AOR = 1.06, 95% CI = 1.01‒1.11), urban residence 
(AOR = 2.46, 95%, CI = 1.47‒4.13), and blood group O 
(AOR = 1.60, 95%, CI = 1.06‒2.40) were associated with 
obesity. Rhesus factors were not associated with obesity 
(Table 3).

In the multiple linear regression, age (coefficient = 0.07, 
P = 0.028), gravidity (coefficient = 0.25, P = 0.014), urban 
residence (coefficient = 1.33, P = 0.001), and blood group 
O (coefficient = 0.68, P = 0.035) were associated with BMI. 
Rhesus factors were not associated with BMI (Table 4).

Discussion
To the best of the authors’ knowledge, this is the first 
study to explore the association between maternal obe-
sity and blood groups. In this study, 22.0% of pregnant 
women were obese, and blood group O was associated 
with obesity and BMI among pregnant Sudanese women 
during early pregnancy. The results indicated a high 

Table 1 Sociodemographic and clinical characteristics of 
pregnant women in eastern Sudan, 2022
Variables Median Interquar-

tile range
Age, years 24.0 20.0‒29.0

Gravidity 2 1‒4

Body mass index, 
kg/m2

26.3 24.2‒29.4

Frequency (proportions)
Residence Urban 234 28.1

Rural 599 91.9

Education level ≥ secondary 205 24.6

< secondary 628 75.4

Occupation Housewives 789 94.7

Employed 44 5.3

Body mass index
Groups

Underweight 11 1.3

Normal weight 268 32.2

Overweight 371 44.5

Obese 183 22.0

Blood groups A 183 22.0

B 107 12.8

AB 56 6.7

O 487 58.5

Rhesus factor Positive 798 95.8

Negative 35 4.2

Fig. 1 Kernel density plot of height and body mass index among pregnant women in eastern Sudan, 2022
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prevalence (22.0%) of maternal obesity in eastern Sudan, 
comparable with previous findings from central Sudan 
(20.0–29.9) [3, 4]. This prevalence of maternal obe-
sity (22.0%) was considerably higher than that reported 
in other countries, including Nigeria (10.7%) [32] and 
United Arab Emirates (6.1%) [11]. Marked variations in 
the prevalence of maternal obesity have been reported 
among African countries (6.5–50.7%) [2]. For example, 
a recent cross-sectional study involving317 pregnant 

women showed a high prevalence of maternal obesity 
(42.3%) in Cameroon [33].

The high prevalence of maternal obesity in Africa can 
be attributed to several factors, including low mater-
nal education, poor understanding of the complications 
of maternal obesity, late initiation of antenatal care, 
and unhealthy lifestyles, including alcohol consump-
tion [4, 33]. This high prevalence of maternal obesity 

Table 2 Comparison of sociodemographic and clinical factors in pregnant women in eastern Sudan, 2022
Variables Underweight (11) Normal weight (268) Overweight (371) Obese (183) P
Median (interquartile range)
Age, years 25.0(18.0‒28.0) 22.0(18.0‒26.7) 24.0(20.0‒29.0) 26.0(22.0‒32.0) < 0.001

Gravidity 1(1‒3) 2(1‒3) 2(1‒4) 3(1‒5) < 0.001

Frequency (proportions)
Residence Urban 2(18.2) 44(16.4) 120(32.3) 68(37.2) < 0.001

Rural 9(81.2) 224(83.6) 251(67.7) 115(62.8)

Education level ≥ secondary 2(18.2) 50(18.7) 102(27.5) 51(27.9) 0.045

< secondary 9(81.8) 218(81.3) 269(72.5) 132(72.1)

Employment Housewives 11(100) 259(96.6) 354(95.4) 165(90.2) 0.014

Employed 0(0) 9(3.4) 17(4.6) 18(9.8)

Blood groups A 0(0) 62(23.1) 90(24.3) 31(16.9) < 0.001

B 0(0) 29(10.8) 49(13.2) 29(15.8)

AB 7(63.6) 33(12.3) 13(3.5) 3(1.6)

O 4(36.4) 144(53.7) 219(59.0) 120(65.6)

Rhesus factor Positive 10(90.9) 258(96.3) 354(95.4) 176(96.2) 0.832

Negative 1(9.1) 10(3.7) 17(4.6) 7(3.8)

Fig. 2 Comparison of body mass index by blood group among pregnant women in eastern Sudan, 2022
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could explain the poor maternal and perinatal outcomes 
reported in many countries, including Sudan [6, 10, 34].

In the present study, group O (58.5%) was the most 
common blood group, followed by group A (22.0%). This 
is similar to the results of our previous studies on preg-
nant women in central Sudan [14] and eastern Sudan 
[15].

Our previous cross-sectional study, which included 186 
pregnant women in Khartoum, central Sudan, showed 
that women with blood group O were at higher risk of H. 
pylori IgG seropositivity [14]. Additionally, our previous 
study of 293 women delivering in eastern Sudan revealed 
that women with blood group O were at higher risk of 
placental malaria infection [15].

Compared with studies from different countries, a 
cross-sectional study on200 female university students 
in Faisalabad, Pakistan, reported a significant associa-
tion between blood group O, obesity and BMI [17]. In a 
Turkish study involving 306 females (aged 18–65 years), 
females with blood groups A and AB were more likely to 
develop obesity than their counterparts with blood group 
O [19].

In contrast, a cross-sectional study that included114 
students (47 females and 67 males) in Lahore, Pakistan, 
revealed no association between blood groups and BMI 
[21]. Similarly, across-sectional study on1,171 Saudi 
participants (575 men and 596 women age ≥ 15 years) 
reported no association between the prevalence of obe-
sity or high BMI and blood groups [22]. The divergent 
findings of the present study could be due to the differ-
ences in the participants’ ages and genders, the distri-
bution of blood groups in different populations, and 
the categorization of blood groups as Rhesus negative 
and positive. For example, a cross-sectional study that 
included 549,690 blood donors (34.6% women) attributed 
the influence of blood groups on BMI to gender (blood 
group B and blood group O), with a greater prevalence 
of obesity in women and a decreased prevalence of obe-
sity in men [18]. In the present study, women with blood 
groups B and O had a significantly higher BMI. Such dif-
ferences should encourage researchers to conduct more 
research on different population groups, especially preg-
nant women, as no studies have examined the association 
between maternal obesity and blood groups.

The findings of the present study showed no associa-
tion between Rhesus factors and overweight, obesity, or 
BMI. Similarly, a case-control study involving 200 partici-
pants (100 patients and 100 controls) showed no associa-
tion between Rhesus factors and COVID-19 in Sudanese 
patients suffering from different chronic diseases [16]. 
Moreover, a study in Turkey showed no association 
between Rhesus factors and obesity among adult females 
[19].

The mechanism(s) by which blood groups influence 
BMI remains unclear. However, the possibility that blood 
groups induce obesity through inflammatory mecha-
nisms and genetic back grounds cannot be ruled out. 
Currently, there is a debate regarding managing obesity 
by inhibiting inflammatory mechanisms [35]. Such inhi-
bition might contribute to preventing obesity and its 
complications, including cardiovascular diseases [35]. 
Although adiponectin (an adipokine secreted by adipo-
cytes) has been reported to have a negative association 
with cancer, cardiovascular disease, and diabetes mel-
litus and is significantly increased by good nutrition 
[36], research is needed to evaluate adiponectin levels 
in different blood groups. Moreover, there is still debate 
regarding blood type-specific diets(i.e. each blood group 

Table 3 Multinominal analysis of the factors associated with 
overweight and obesity among pregnant women in eastern 
Sudan, 2022
Variables Overweight Obese

OR (95% CI) P OR (95% CI) P

Age, years 1.03(0.99‒1.07) 0.075 1.06 
(1.01‒1.11)

0.014

Gravidity 1.01(0.92‒1.12) 0.718 1.11(0.99‒1.25) 0.058

Residence Urban 2.11(1.35‒3.29) 0.001 2.46(1.47‒4.13) 0.001

Rural Reference

Education 
level

≥ 
secondary

Reference 0.799

< 
secondary

1.27(0.80‒2.01) 0.296 1.07(0.61‒1.90)

Occupation House-
wives

References 0.437

Employed 0.63(0.25‒1.58) 0.329 1.46(0.55‒3.84)

Blood 
groups

Other 
than O

Reference 0.022

O 1.32 
(0.90‒1.92)

0.143 1.60 
(1.06‒2.40)

Rhesus 
factor

Positive Reference 0.765

Negative 0.69(0.27‒1.75) 0.436 0.85(0.29‒2.43)
OR, odds ratio, CI, confidence interval

Table 4 Multiple linear regression of the factors associated with 
body mass index in pregnant women in eastern Sudan, 2022
Variables Coefficient (stan-

dard error)
P-value

Age, years 0.07 (0.033) 0.028

Gravidity 0.25 (0.102 0.014

Residence Urban 1.33 (0.412) 0.001

Rural Reference

Education level ≥ secondary Reference 0.612

< secondary 0.23 (0.446)

Occupation Housewives Reference 0.105

Employed 1.28 (0.791)

Blood groups O 0.68(0.325) 0.035

Other than O Reference

Rhesus factor Positive Reference 0.732

Negative –0.275 (0.802)
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is associated with certain food types) [37]. For example, 
a randomized crossover trial investigated the impact of 
daily consumption of myo-inositol hexaphosphate (phy-
tate; InsP6) on serum levels of various inflammatory bio-
markers, including adiponectin, in patients (n = 30) with 
type 2 diabetes mellitus. The results showed that patients 
who consumed InsP6 supplements for three months had 
higher levels of adiponectin and lower glycated hemoglo-
bin (HbA1c) than patients who did not consume InsP6 
[38]. Tirthani et al. examined the role of genetics and 
epigenetics in obesity, specifically family history and eth-
nicity [39]. Notably, variations of blood groups have been 
reported among different African ethnicities [40].

The current study was primarily conducted to assess 
the association between blood groups and maternal obe-
sity. Besides blood group O, old age and urban residence 
were associated with maternal obesity and high BMI. 
This result is similar to those of previous studies in differ-
ent countries, including Sudan [3, 4, 11, 32, 41]. We have 
discussed this in our previous works [3, 4, 11]. Further 
discussion of these factors is beyond the scope of the cur-
rent paper.

Although the current study is the first to examine the 
association between blood groups and maternal obesity, 
there are some limitations that need to be acknowledged, 
and overcome in future studies. This was a cross-sectional 
study, this limits the ability to establish causality or deter-
mine the temporal relationship between blood groups, 
BMI, and obesity. Longitudinal studies or experimental 
designs would provide stronger evidence for causal rela-
tionships. Although our study had a large sample size, it 
focused on a single geographical region (eastern Sudan); 
therefore, it might not be large enough to represent the 
entire population of pregnant women in Sudan or other 
regions. In such kind of studies’ design, recall biases, can-
not be rule out, however, in this study, several measure-
ments were taken to minimize such biases, of them, the 
medical assistants were well trained to collect appropri-
ate information, and all used devices were calibrated. 
The present study did not include a control group, which 
makes it difficult to compare the present results with 
other groups such as a non-pregnant population or preg-
nant women with different characteristics. Including of 
control group will explore more the relationship between 
blood groups, BMI, and obesity. However, in the present 
study, logistic regression analyses were performed to con-
trol for confounding factors. Moreover, the present study 
did not collect information socioeconomic status, dietary 
habits, or physical activity levels, which are known to 
influence obesity. These factors might act as potential 
confounding factors; therefore, collecting and controlling 
of such factors are essential to be taken into account in 
future studies to increase the validity of the results and 
the ability to attribute the observed associations solely to 

blood groups. Future studies are recommended to over-
come such limitations.

Conclusions
The results indicate that pregnant women in eastern 
Sudan are at risk of obesity. In this study, women with 
blood group O were at higher risk of maternal obesity 
and high BMI. Further research is needed to explore the 
mechanisms by which blood groups influence obesity.
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