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Objective: The objective of this study was to determine the association

between haemoglobin level and PB.

Methods: A cross-sectional study was conducted in Khartoum, Sudan.

Questionnaires on demographics and medical and obstetric factors were

completed. A logistic regression analysis was performed.

Results: Of the 1,716 pregnant women, approximately two-thirds (65.7%)

had anaemia (haemoglobin < 11 g/dl) and six (0.3%) had severe anaemia

(haemoglobin < 8 g/dl). Of the 1,716 women, 283 (16.5%) had a PB. In

multivariable logistic regression, parity (AOR = 1.15, 95% CI = 1.09–1.21,

P < 0.001) was positively associated with PB. Compared to those with

haemoglobin levels of 10–10.9 g/dl, pregnant women with haemoglobin

levels of 8–8.9 (AOR = 0.41, 95% CI = 0.22–0.77), 9–9.9 (AOR = 0.59, 95%

CI = 0.38–0.91), and 11–11.9 g/dl (AOR = 0.53, 95% CI = 0.36–0.77) were

at a lower risk of PB. Women with haemoglobin levels of 12–13 g/dl were

at a higher risk of PB (AOR = 1.62, 95% CI = 1.06–2.45). There was no

significant association between women with haemoglobin levels < 8 g/dl

and > 13 g/dl and PB.

Conclusion: This study showed different levels of association between

haemoglobin levels and PB.
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Introduction

Preterm birth (PB) refers to the birth of a baby before 37 completed weeks of
gestation or 259 days from the final day of the last menstrual period (1). PB is a
worldwide health problem that affected 14.84 million births in 2014 (2). More than
three-quarters (81.1%) of all PBs occur in Africa and South Asia (2). PB is a major
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cause of perinatal death and a significant cause of long-
term consequences among the survivors (3). PB is the main
direct cause of neonatal death and is associated with 50–75%
of all neonatal mortality and half of all neonatal morbidity
worldwide (4). PB also presents an economic burden, due to the
requirement of neonatal intensive care units, and is associated
with socioeconomic disadvantages and disruptive life events
during pregnancy (5). Recent studies showed a high prevalence
of PB in sub-Saharan African countries (6, 7). Several factors
such as age, short interpregnancy interval (6, 8), being a rural
resident, inadequate antenatal care (9), previous PB, multiple
pregnancies, and malaria (6) are significantly associated with
PB. It is of paramount importance that the factors associated
with PB (especially haemoglobin) in different settings are well
documented, if the goal of the WHO and United Nations
2010 of reducing mortality due to PB by 50% before 2025
is to be achieved. Risk factors for PB should be correctly
identified and properly managed to reduce the incidence of
PB. Maternal nutrition may impact both haemoglobin synthesis
and foetal growth, development, survival, and PB (10, 11).
Previous studies on the association between the haemoglobin
level and PB showed inconsistent results. While some found
that anaemia was associated with PB (8, 12), others showed that
a high haemoglobin level carries an increased risk of PB (13,
14). Although the prevalence of PB is high in many African
countries (6, 7), pertinent information on the association
between haemoglobin level and PB and spontaneous PB is not
adequately documented in sub-Saharan Africa, including Sudan.
This study was conducted to investigate the association between
the haemoglobin level and spontaneous PB in Khartoum, Sudan.

Materials and methods

A cross-sectional study was conducted at Saad Abuelela
Maternity Hospital in Khartoum, Sudan, from February
to November 2020. The inclusion criteria were pregnant
women with a single live baby. The exclusion criteria
were post-term birth (≥ 42 weeks of gestation), unknown
gestational age, women with unknown body mass index
(BMI) in early pregnancy, seriously ill women, multiple
births, stillbirths, and congenital malformed deliveries. After
signing an informed consent form, trained medical residents
conducted face-to-face interviews with the pregnant women
included in the study. Questionnaires on demographics and
medical and obstetric factors were filled out in the local
language (Arabic). The questionnaires recorded information
concerning the age, parity, education, residence, occupation,
antenatal care status, history of previous miscarriages/PBs,
gestational age, interpregnancy interval, haemoglobin level,
and infant’s sex. Gestational age was calculated using a
combination of the dates of the last menstrual period and
early pregnancy ultrasound. PB refers to the birth of the

baby before 37 completed weeks of gestation. Additional
information was extracted from the clinical notes on pregnancy
complications, such as data on hypertension, preeclampsia, or
diabetes (defined as gestational or chronic). Early pregnancy
(< 14 weeks) weight and height were used to calculate
BMI as weight in kilograms divided by the squared height
in metres. The WHO classification was used to group
the women, according to their BMIs, like normal weight
(18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), or obese
(30–34.9 kg/m2) (15). Following this, 2 mL of blood was
withdrawn from every participant (before delivery) in an
ethylenediaminetetraacetic acid and analysed for a complete
blood count including haemoglobin, using an automated
haematology analyser and following the manufacturer’s
instructions (Sysmex KX-21, Japan).

Sample size

The sample size was calculated considering the assumed
prevalence of spontaneous PB of 13% (the ratio was 6.6:1)
among all the deliveries, guided by the recent reports from
Ethiopia (16). Assuming a type I error of 5% and adequate power
of 80% (β = 0.2), based on the results of our previous meta-
analysis (17), we assumed that 40% of the women who had a PB
and 30% of women who had no PB would have anaemia, which
resulted in a sample size of 1,716, considering that 10% of the
women might not respond or might have incomplete data. The
sample size was calculated using the OpenEpi Menu (18).

Statistics

Data were entered into a computer, and SPSS for
Windows was used for data analysis. Continuous data were
checked for normality using the Shapiro–Wilk test. Descriptive
statistical [mean (standard deviation), median (interquartile
range), frequency, and percentage] were used to present
the characteristics of the participants. The Mann-Whitney
test was used to compare the median (interquartile range)
between the two groups. A logistic regression analysis was
performed with spontaneous PB as the dependent factor. The
covariates (independent factors) were the sociodemographic,
medical, and obstetric factors, age of women, parity, education,
residence, occupation, antenatal care status, history of previous
miscarriages/PB, gestational age, interpregnancy interval, BMI,
haemoglobin level (before delivery), and sex of the infant as
independent factors. Variables with a p-value of <0.2 were
entered into the multivariable logistic regression model using
the backward stepwise method (likelihood ratio). The crude
odds ratio (COR), adjusted odds ratio (AOR), and 95% CI were
computed to show the strength of the association. A two-sided
p-value of < 0.05 was considered statistically significant.
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Results

A total of 1,716 parturient women were enrolled in the
study. The median (interquartile range) of their age, parity, IPI,
BMI, and haemoglobin was 27 (23–32) years, 2 (1–4), 23 (15–
23) months, 26.1 (23.3–27.5) kg/m2, and 10.5 (9.8–11.4) g/dl,
respectively. Of the 1,716 women, 939 (54.7%) were educated
up to at least secondary level (8 years), 1,584 (92.3%) attended
at least two antenatal visits, and 255 (14.9%) were obese. The
details of the sociodemographic characteristics are shown in
Table 1.

Of the 1,716 parturient women, 21 (1.2%) were
underweight, 759 (44.2%) were of normal weight, 681 (39.7%)
were overweight, and 255 (14.9%) were obese.

Approximately two-thirds (65.7%) of the women had
anaemia and six (0.3%) had severe anaemia. Parturient women
were classified into seven groups according to haemoglobin
levels, as follows: < 8, 8–8.9, 9–9.9, 10–10.9, 11–11.9, 12–13,
and > 13 g/dl. Their numbers and proportions are shown in
Table 2.

Of the 1,716 parturient women, 283 (16.5%, 95% CI = 14.7–
18.2) had a PB. Compared to women who had a term birth,

TABLE 1 Frequency and proportion of pregnant women in Khartoum,
Sudan, 2020.

Variables Frequency
(n = 1,716)

Proportion
(100)

Education level

≥ Secondary 939 54.7

< Secondary 777 45.3

Antenatal care

≥ Two visits 1,584 92.3

<Two visits 132 7.7

Occupation

Housewife 1,509 87.9

Employed 207 12.1

History of
miscarriage/preterm
birth

Yes 389 22.7

No 1,327 77.3

Body mass index

Underweight 21 1.2

Normal weight 759 44.2

Overweight 681 39.7

Obese 255 14.9

Anaemia

Yes 1,128 65.7

No 5,888 34.3

Gender

Men 860 50.1

Women 856 49.9

women who had a PB had significantly higher age, higher parity,
more history of miscarriage/PB, and were more likely to be obese
(see Table 2). The median (IQR) of the haemoglobin level was
significantly (Mann-Whitney test) higher in women with PTB

TABLE 2 Comparing sociodemographic and clinical variables
between mothers with preterm birth and mothers with term birth in
Khartoum, Sudan, 2020.

Variables Preterm birth
(283)

Term birth
(1,433)

OR
(95%CI)

P

Age, years 29.0 (24.0–34.0) 27.0 (22.0–32.0) 1.04
(1.02–1.06)

< 0.001

Parity 3.0 (1.0–5.0) 2.0 (1.0–4.0) 1.13
(1.08–1.19)

< 0.001

Interpregnancy
interval, months

21.0 (15.0–37.0) 23.0 (15.0–36.0) 1.0
(0.99–1.01)

0.459

Miscarriage/preterm
birth

Yes 82 (29.0) 307 (21.4) 1.49
(1.12–1.99)

0.007

No 201 (71.0) 1,126 (78.6) Reference

Occupation

Housewife 249 (88.0) 1,260 (87.9) Reference

Employee 34 (12.0) 173 (12.1) 1.01
(0.67–1.48)

1.000

Antenatal care

≥Two visits 295 (91.5) 1,325 (92.5) Reference

<Two visits 24 (8.5) 108 (7.5) 1.13
(0.71–1.80)

0.625

Body mass index

Underweight 3 (1.3) 18 (1.3) 0.61
(0.43–0.88)

0.008

Normal weight 117 (41.3) 642 (44.8) Reference

Overweight 105 (37.1) 576 (40.2) 0.65
(0.16–1.98)

0.375

Obese 58 (20.5) 197 (13.7) 0.61
(0.43–0.88)

0.009

Maternal diseases

Yes 36 (12.7) 111 (7.7) 1.73
(1.16–2.58)

0.010

No 247 (87.3) 1,322 (92.3) Reference

Gender

Women 717 (50.0) 139 (49.1) Reference

Men 716 (50.0) 144 (50.9) 0.96
(0.74–1.24)

0.778

Hemoglobin level,
g/dl

< 8.0 1 (0.4) 24 (2.7) 0.16
(0.22–1.23)

0.079

8.0–8.99 14 (4.9) 123 (8.6) 0.44
(0.24–0.83)

0.011

9.0–9.99 44 (15.5) 278 (19.4) 0.62
(0.40–0.95)

0.029

10.0–10.99 81 (28.6) 563 (39.3) Reference

11.0–11.99 61 (21.6) 240 (16.7) 0.56
(0.39–0.82)

0.002

12.0–13.0 60 (21.2) 147 (10.3) 1.60
(1.1–2.42)

0.024

> 13.0 22 (7.8) 58 (4.0) 1.49
(0.84–2.62)

0.165

Frontiers in Nutrition 03 frontiersin.org

https://doi.org/10.3389/fnut.2022.933557
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-933557 July 20, 2022 Time: 7:13 # 4

Elmugabil et al. 10.3389/fnut.2022.933557

[11.3 (10–12) g/dl vs. 10.3 (9.7–11.2), P < 0.001]. Moreover,
compared to women who had a term birth, women who had a
PB are less likely to be anaemic [140/283 (49.5%) vs. 988/1,433
(68.9%), P < 0.001]. In multivariable logistic regression, parity
(AOR = 1.15, 95% CI = 1.09–1.21, P < 0.001) was positively
associated with PB. Anaemia was associated with reduced OR
of PB (AOR = 0.4, 95% CI = 0.32–0.54, as seen in Table 3).

Compared to those with haemoglobin levels of 10–
10.9 g/dl, parturient women with haemoglobin levels of 8–8.9
(AOR = 0.41, 95% CI = 0.22–0.77, P = 0.006), 9–9.9 (AOR = 0.59,
95% CI = 0.38–0.91, P = 0.019), and 11–11.9 g/dl (AOR = 0.53,
95% CI = 0.36–0.77, P = 0.002) were at lower risk of PB.
Parturient women with haemoglobin levels of 12–13 g/dl were at
a higher risk of PB (AOR = 1.62, 95% CI = 1.06–2.45, P = 0.23).
There was no significant association between women with low
haemoglobin levels < 8 g/dl and women with haemoglobin
levels > 13.g/dl and PB (see Table 3 and Figure 1).

Discussion

The prevalence (16.5%) of spontaneous PB in our study
was found to be comparable to the prevalence of PB in other
African countries, e.g., 16.9% in Ethiopia (16), 18.3% in Kenya
(7), and 16.8% in Nigeria (19). However, a prevalence of 16.5%
was outside the range (9.5–15.8%) reported by WHO for sub-
Saharan Africa (20). The differences in the prevalence of PB
could be explained by the differences in the methods (definition,
inclusion criteria, and exclusion criteria) and risk factors as well
as differences in social and other factors. Moreover, it was a
hospital-based study that might not reflect the nature of the
overall community. This might offer a plausible explanation for
the high prevalence of PB in this study, especially since there is
a high rate of home deliveries in Sudan (21).

In the current study, age, history of miscarriage/PB,
education, ANC, BMI, duration, and IPI were not associated
with PB. Similar findings were reported in other studies, which
showed that IPI was not associated with PB (7). Our findings
contrast with several studies showing that rural residence,
short interpregnancy interval, presence of chronic illness (6),
maternal age (8, 19), education, failure to attend antenatal care
clinic, previous abortion (22), and previous PB were associated
with PB (7).

Our results showed that, compared to those with
haemoglobin levels (at the time of the delivery) of 10–10.99 g/dl,
women with haemoglobin levels of 8–8.99 (AOR = 0.414),
9–9.99 (AOR = 0.59), and 11–11.99 (AOR = 0.53) g/dl were
at lower risk of PB. Women with haemoglobin levels of 12–
13 g/dl were at a higher risk of PB (AOR = 1.62). Previous
studies refuted any association between high haemoglobin
levels and PB (23, 24). In China, a high haemoglobin level in
the second trimester has been shown to carry an increased

TABLE 3 Logistic regressions of sociodemographic and clinical
variables associated with preterm birth in Khartoum, Sudan, 2020.

Variables Adjusted

AOR (95% CI) P

Age, years 0.99 (0.971.03) 0.958

Parity 1.15 (1.09–1.21) <0.001

Hemoglobin level, g/dl* 1.39 (1.26–1.53) <0.001

Miscarriage/preterm birth

Yes 1.33 (0.99–1.80) 0.056

No Reference

Maternal disease

Yes 0.66 (0.44–1.01) 0.056

No

Body mass index

Underweight 0.85 (0.239–3.073) 0.813

Normal weight Reference

Overweight 0.880 (0.649–1.193) 0.409

Obese 1.133 (0.753–1.706) 0.548

Hemoglobin level, g/dl*

< 8.0 0.13 (0.01–1.03) 0.053

8.0–8.99 0.41 (0.22–0.77) 0.006

9.0–9.99 0.59 (0.38–0.91 0.019

10.0–10.99 Reference

11.0–11.99 0.53 (0.36–0.77) 0.001

12.0–13.0 1.62 (1.06–2.45) 0.023

>13.0 1.48 (0.83–2.63) 0.175

Anaemia*

Yes 0.41 (0.32–0.54) <0.001

No Reference

*Were entered one by one in the model, AOR, adjusted odds ratio; CI, confidence
interval.

risk of PB (13). Zhou et al. reported a slightly increased
risk of PB associated with high haemoglobin levels (14).
In Turkey, incidences of PB were significantly higher for
both high and low haemoglobin levels (25). Moreover,
it has been found that both low and high haemoglobin
concentrations tend to be associated with an increased
risk of PB, in a U-shaped pattern (26). Similarly, previous
studies reported that women with high haemoglobin levels
had higher risks of PB (27, 28). Interestingly, previous
studies reported a U-shaped curve for the risk of PB against
maternal haemoglobin concentrations (29, 30). During
pregnancy, haemoglobin levels decrease due to an increase
(expansion) in plasma volume. This results in a reduction
in blood viscosity, which can interfere with the proper
placental perfusion (31). Thus, a high haemoglobin level
during pregnancy could lead to placental infarcts, poor
functionality, and PB.
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FIGURE 1

The adjusted odds ratio of haemoglobin level and preterm birth in Khartoum, Sudan 2020.

In Kenya (7), anaemia was not found to be associated
with PB. We previously showed that the risk of PB increases
significantly with anaemia (especially the severe form) (32).
In a recent (2020) meta-analysis of 58 studies including a
total of 134,801 women, anaemic women were found to be
at higher risk of PB (8). A previous (2019) meta-analysis
(of 117 studies including a total of 4,127,430 pregnancies),
revealed that maternal anaemia was significantly associated
with PB (12). Several mechanisms may explain the increased
risk of PB in anaemia. Hypoxia and an increase in the
level of norepinephrine concentrations can lead to maternal
and foetal stress. This may stimulate the secretion of the
corticotrophin-releasing hormone. Moreover, anaemia may
also increase the risk of maternal infection, which is a known
predisposing factor for PB (33). Amino acids, which can
be influenced by maternal protein and quality of protein
intake, play a significant role in the placenta’s function,
foetus growth, and development. Low maternal protein
intake can be important in reducing haemoglobin synthesis
and in causing placental insufficiency. High protein intake
may cause an excess of haemoglobin synthesis, leading to
a relative excess of haemoglobin concentration. Moreover,
plasma ammonia toxicity is potentially responsible for
intrauterine growth restriction and excessive production of
the metabolites of amino acids, hindering the development
of the foetus (34). Also, there is accumulating evidence for
changes in the maternal microbiota that might be associated
with PB (35).

The study had some limitations: While there may be
differential recall bias in women, haemoglobin in the first

and second trimesters was not checked, serum ferritin and
inflammatory biomarkers were not investigated, and several
other factors and haemoglobinopathies/thalassaemia were not
assessed in our cohort. These factors [e.g., malaria (6), HIV
(19, 22)] and alcohol consumption (16) have been reported
to be associated with PB. The prevalence of HIV and malaria
is low in Khartoum. Smoking and alcohol consumption are
not common in women in Sudan. Due to the sensitivity
of such topics, cooperation from women may have been
reduced or lost if they were asked about smoking or
consuming alcohol.

Conclusion

Haemoglobin levels have different effects on the risk of
PB; while some haemoglobin levels were associated with a
lower risk of PB; other haemoglobin levels were associated
with an increased risk or were not associated with PB.
A large longitudinal study assessing other factors (especially
inflammatory factors) is required.
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