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Background: This study aims to assess the prevalence and associated factors of low
birth weight (LBW) in central Sudan during the ongoing instability.

Methods: A hospital-based cross-sectional survey was conducted at Wad Madani,
Central Sudan, from September to November 2023. Paired mothers and single live
newborns were enrolled in this study. A questionnaire was used to collect medical and
obstetric data. Multivariate binary regression was performed.

Results: Of the 384 neonates included, 148 (38.5%) were identified as LBW neonates.
After adjusting for confounders, maternal age (adjusted odds ratio [AOR] = 0.95, 95%
confidence interval [Cl]: 0.91-0.98, P = 0.011) and gestational age (AOR = 0.62, 95% ClI:
0.53-0.72, P < 0.001) were inversely associated with LBW. Lower maternal antenatal
care (ANC) level (<4 visits) was borderline associated with LBW (AOR = 1.69, 95% ClI.
0.99-2.87, P = 0.051). Parity, maternal education level, maternal residence, maternal
employment, history of miscarriage, maternal hemoglobin level, and the sex of the
newborn were not associated with LBW.

Conclusion: LBW is a significant health issue in this region of Sudan, especially among
younger mothers and those with fewer ANC visits. Increased efforts are necessary to
reduce LBW deliveries, potentially by enhancing ANC services in conflict areas.
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1. Introduction

The World Health Organization (WHO) defines low
birth weight (LBW) as newborns weighing less than
2500 g at birth, regardless of gestational age [1].
LBW is one of the major global health issues, and
research indicates there are 20.5 million newborns
with LBW worldwide; the majority of these cases
are in African countries, and the number of
newborns with LBW is anticipated to rise [2, 3]. LBW
can lead to several morbidities, including neonatal
sepsis [4], birth asphyxia [5], admission to the
neonatal intensive care unit [6], childhood stunting
[7], childhood asthma [8], hypertension and chronic
kidney disease in childhood and adulthood [9],
impaired motor and cognitive functions [10], type 2
diabetes and insulin resistance [11], and increased
perinatal [12] and neonatal mortality [13].

Despite ongoing efforts and various preventive
measures, a high prevalence of LBW has recently
been reported in several African countries [14—
22]. Several factors, such as maternal education,
maternal nutrition [23, 24], low levels of antenatal
care (ANC) [25], maternal anthropometric measure-
ments [26], and maternal anemia, [27] have been
reported to be associated with LBW in newborns.
Moreover, recent reports indicate that both post-
traumatic stress disorder [28, 29] and exposure to
armed conflict are linked to a reduction in birth
weight [30] and LBW neonates [30, 31].

A high prevalence of LBW has been observed in
various regions of Sudan [19, 32-37]; for example,
12.6% in central Sudan [35], 15.3% in Eastern
Sudan [37], 14.9% in Darfur, Western Sudan [36],
and 12.1% in Khartoum, Sudan [19, 32—-37]. Several
factors, including maternal anemia [38], maternal
undernutrition [32], and inadequate antenatal care
[39], have been reported to be associated with LBW
in various hospitals in Sudan. LBW is the leading

cause of neonatal mortality in Sudan [40]; however,
there is a need to investigate the prevalence and
associated factors of LBW during the ongoing
armed conflict in Sudan. Moreover, reducing the
incidence of LBW
health priority, particularly in resource-constrained

is a critical global public
nations like Sudan. Reducing neonatal mortality to
below 12 per 1000 live births by 2030 is one of the
ongoing Sustainable Development Goals (SDG) 3.2
[41]. Therefore, we aim to evaluate the prevalence
and associated maternal and neonatal factors of

LBW in central Sudan.

2. Methods

A facility-based cross-sectional study was con-
ducted at Wad Madani in Central Sudan from
September to November 2023 to investigate the
prevalence of LBW and its associated factors. Wad
Madani is a tertiary hospital in Sudan’s second-
largest city, 184 km from the capital, Khartoum.

2. Inclusion and exclusion criteria

Paired mothers and single live newborns were
included in the study. Newborns with a gesta-
tional age of <28 weeks; multiples/twins; those
with congenital anomalies; newborns delivered
to mothers aged <18 years or >40 vyears;
mothers with antepartum hemorrhages, diabetes
mellitus, hematological disorders, thyroid disease,
and hypertensive diseases of pregnancy; and
newborns with incomplete data were removed and

deleted accordingly.

2.2. Sampling

A systematic random sampling technique was uti-
lized to enroll the targeted sample size of mothers
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and newborns. During the three months leading
up to the study, there were 1900 live newborns.
Therefore, we divided the expected deliveries
(1900) by the target sample size (1900/384 =5). One
in every five eligible mothers and their newborns
were included in the study until we reached the
required number of newborns (384).

2.3. Sample size

A sample size (n) of 384 mothers and newborns
was estimated using the formula:

(n) = Z(sq) x P(1—-P)/d(sq).

Z(sq) is a standard normal variate (at 5% type 1
error; P < 0.05) =1.96. P represents the prevalence
of the condition being studied and is obtained
from a previous study, while d indicates the level
of precision. This sample had 80% power and a
difference of 5% at a = 0.05.

2.4. Data collection

After obtaining informed consent, two female
medical officers conducted face-to-face interviews
with the mothers using a questionnaire. The col-
lected information included maternal age, parity,
maternal education level, maternal occupation,
maternal residence, history of miscarriage(s), the
number of ANC visits, and the interpregnancy
interval. The last menstrual period and the
ultrasound examinations were used to estimate
the gestational age in weeks. The mother’s BMI
was calculated using her weight and height,
measured by standard procedures. Under aseptic
conditions, venipuncture (from the antecubital vein)
was performed to withdraw 2 mL of venous blood
from each mother, collected in a tube containing
an anticoagulant (ethylenediaminetetraacetic acid).

The sample was analyzed using an automated

hematology analyzer (Sysmex KX-21, Japan) to
determine hemoglobin levels. Maternal anemia
was diagnosed when the hemoglobin level was <11
g/dl [42]. Blood smears for malaria, stained with
Giemsa stain, were collected from the mothers,
cords, and newborns, and analyzed by an expert
microscopist.

Each newborn was weighed using the hospital’s
standard equipment (Seca, Hamburg, Germany),
and the birth weight was promptly recorded. The

newborn’s sex was also noted as male or female.

2.5. Statistics

All data were entered and analyzed using the
Statistical Package for the Social Sciences (SPSS)
version 22.0 for Windows (IBM, Armonk, NY, USA).
The median (interquartile range [IQR]) was used
to express continuous data that were found to be
not normally distributed based on the Shapiro-
Wilk test. The frequency and percentage were
used to represent the categorical variables. The
proportions of continuous, maternal, and newborn
data were compared between neonates with and
without LBW using the Mann—-Whitney U test and
the Chi-square test, respectively. The univariate
analyses were conducted with LBW (yes/no) as
the dependent variable, while maternal factors—
including maternal age (as both continuous and
categorical), parity, education level (below and >
secondary level), history of miscarriage (yes/no),
ANC level, BMI (continuous variable), and ane-
mia/hemoglobin level—and newborn characteris-
tics (sex of the infant [male/female]) served as
independent variables. The independent variables
with a P-value of <0.2 were adjusted to create a
multivariable logistic regression model, accounting
for covariates. This step has a better selection
of covariates within the groups and can retain
the essential confounding variables [43]. The
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adjusted odds ratios (AORs) and 95% CIl were also
calculated; a P-value of <0.05 was considered
statistically significant.

3. Results
34. General characteristics

Initially, 554 mothers and their newborns were
screened for this study. One hundred and seventy
neonates were excluded from the study and
its analysis because they did not meet the
aforementioned inclusion criteria. Consequently,
384 newborns with complete data were enrolled.
The median maternal age was 28.0 years (IQR:
23.0-34.0), and the median parity was 2 (IQR:
1-3), respectively. In total, 153 (39.8%) women
had an education equivalent to or higher than a
secondary level of education. Three hundred and
thirty (85.9%) women were housewives. Fifty-four
(21.3%) women had a history of miscarriage, and
85 (22.1%) women had received four or fewer ANC
visits (Table 1).

Of the 384 women, 235 (61.2%) reported a
history of malaria during the index pregnancy.
Seven placental samples and two pairs of maternal-
umbilical cord blood samples tested positive for
Plasmodium falciparum. The median maternal
hemoglobin level was 10.9, with an IQR of 10.0-
1.8 g/dL. Additionally, 149 (38.8%) women had
hemoglobin <11 g/dL, which is the cutoff for anemia
in this group.

The median (IQR) gestational age of the included
neonates was 39.0 (38.0—-39.0) weeks. Half of the
384 neonates were males, while the other half
(192) were females. The mean + standard deviation
(SD) of birth weight was 2580 + 521 g; the 10t
percentile was 2.000 g, and 36 (9.4%) neonates
had weights below the 10" percentile.

3.2. Factors associated with LBW

One hundred forty-eight neonates (38.5%) were
low birth weight (LBW).
fore, the prevalence of LBW stood at 38.5%.

identified as There-
Compared to women who delivered normal-
weight neonates, the median (IQR) maternal age
was significantly lower in women who delivered
LBW (28.0 [22.0-32.7] years vs 29.0 [24.0-
35.0] years, P < 0.001), as was the gestational
age (38.0 [34.0-39.0] weeks vs 38.5 [38.0-
39.0] weeks, P < 0.001). A significantly higher
number of women who delivered LBW had lower
ANC levels (41148 [27.7%)] vs 44/236 [18.6%)],
P = 0.038). The maternal, placental, and cord
samples that tested positive for malaria were
part of the LBW newborn group. However,
the model was distorted when these malaria-
positive samples were included in the univariate

model.

In the univariate analysis, maternal and
gestational age were associated with LBW.
Conversely, parity, maternal education level,
maternal residence, maternal employment, his-
tory of miscarriage, maternal BMI, maternal
hemoglobin, maternal anemia, and newborn

sex showed no association with LBW (Table
2).

The multivariate analysis showed that age (AOR
=0.95, 95% CI: 0.91-0.98, P = 0.011), maternal age
<29.0 years (AOR = 186, 95% CI: 1.11-313, P =
0.019), and gestational age (AOR = 0.62, 95.0% CI:
0.53-0.72, P < 0.001) were inversely associated
with LBW. Age group <29.0 years (AOR = 1.86,
95% CI: 1.11-3.13, P = 0.019) was associated with
increased odds of LBW. A lower maternal ANC
level (<4 visits) was borderline associated with LBW
(AOR =169, 95% CI: 0.99-2.87, P = 0.051; Table
3).
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Table 1: General characteristics of mothers of neonates enrolled in the study in central Sudan, 2023 (n = 384).

Variables

Age, yrs

Parity

Body mass index, kg/m?
Gestation age, wks

Maternal hemoglobin, g/dl

Parity

Maternal residence

Education level

Maternal occupation

History of miscarriage

Antenatal care

Maternal anemia

History of maternal malaria

Sex of the newborn

Primipara
Parous
Urban

Rural
>Secondary
<Secondary
Housewives
Employed
No

Yes

>4 visits

<4 visits

No

Yes

No

Yes

Male

Female

Median
28.0
2
315
39.0
1.5
Frequency
67
317
168
216
153
231
330
54
330
54
299
85
247
137
149
235
192
192

Interquartile range
23.0 -34.0

1-3

26.4-34.7
38.0-39.0
10.5-12.3

Proportion

14.4
82.6
43.7
56.3
39.8
60.2
85.9
141
78.8
213
779
221
64.3
357
38.8
612
50.0
50.0

Table 2: Results from the univariate analysis of factors associated with low birth weight in neonates born in Central Sudan in

2023.

Variables

Median (interquartile range)
Maternal age, yrs

Parity

Gestational age, wks

Maternal body mass index,

kg/m?

Maternal hemoglobin level,

g/dL

Frequency (proportion)

Age groups >29.0 year
<29.0 year

Parity Primipara
Parous

Low birth weight No low birth OR (95% CI)

(n = 148)

28.0 (22.0-32.7)
2 (1-3)

38.0 (34.0-39.0)
311 (26.0-33.8)

1.3 (10.2-12.1)

63 (42.6)
85 (57.4)
30 (20.3)
18 (79.7)

weight (n = 236)

29.0 (24.0-35.0)
2 (1-3)

38.5 (38.0-39.0)
31.8 (26.6-33.5)

11.5 (10.6-12.3)

126 (53.4)
110 (46.6)
37 (15.7)

199 (84.3)

0.95 (0.92-0.98)
0.94 (0.84-1.06)
0.65 (0.57-0.74)
0.96 (0.92-1.01)

0.85 (0.74-1.01)

Reference

1.54 (1.02-2.33)
1.36 (0.80-2.32)

Reference

P-value

0.003
0.371
<0.001
0.090

0.064

0.033

0.250
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Table 2: Continued.

Variables Low birth weight No low birth OR (95% ClI) P-value
(n =148) weight (n = 236)

Maternal residence Urban 61 (41.2) 107 (45.3) Reference 0.428
Rural 87 (58.2) 129 (54.7) 118 (0.78-1.79)

Education level >Secondary 56 (37.8) 97 (41.1) Reference 0.525
<Secondary 92 (62.2) 139 (58.9) 114 (0.75-1.74)

History of miscarriage No 127 (85.8) 193 (81.8) Reference 0.303
Yes 21(14.2) 43 (18.2) 0.74 (0.42-1.30)

Antenatal care >4 visits 107 (72.3) 192 (81.4) Reference 0.038
<4 visits 41(27.7) 44 (18.6) 1.67 (1.02-2.72)

Maternal anemia No 92 (62.2) 155 (65.7) Reference 0.484
Yes 56 (37.8) 81(34.3) 116 (0.76-1.78)

Maternal malaria No 55 (37.2) 94 (39.8) Reference 0.602
Yes 93 (62.8) 142 (60.2) 1.11(0.73-1.70)

Newborn sex Male 78 (52.7) 114 (48.3) Reference 0.402
Female 70 (47.3) 122 (51.7) 0.83 (0.55-1.26)

Table 3: Multivariate analysis of the factors associated with low birth weight in central Sudan, 2023.

Variables

Median (interquartile range)
Maternal age, yrs*

Gestational age, wks

Maternal body mass index, kg/m?
Maternal hemoglobin level, g/dL

Frequency (proportion)

Antenatal care >4 visits
<4 visits
>29.0

Age group, yrs
<29.0

*Entered one by one. OR, odds ratio; Cl, confidence interval.

4. Discussion

The main findings of the current study indicate
that the prevalence of LBW was 38.5%, and there
was an inverse association between maternal age,
gestational age, and LBW. Our findings suggest
that the prevalence of LBW in this hospital in central
Sudan is significantly higher than the previously
reported prevalence of LBW in the same hospital
(12.6%) [35] and in studies conducted in Eastern

AOR (95% CI) P-value
0.95 (0.91-0.98) 0.01
0.62 (0.53-0.72) <0.001
1.01(0.96-1.07) 0.516
0.91 (0.77-1.06) 0.246
Reference 0.051
1.69 (0.99-2.87)

Reference 0.019
1.86 (1.11-3.13)

Sudan (15.3%) [37]; Darfur, Western Sudan (14.9%)
[36]; Khartoum, Sudan (12.1%) [32]; South Sudan
(11.4%) [22]; Addis Ababa, Ethiopia (13.06%) [16];
Ghana (13.5%) [20]; and Tanzania (21.0%) [21].
Moreover, the prevalence of LBW in our survey
is significantly higher than the reported pooled
prevalence of 5.7% for LBW, identified among
33,585 newborns during the Demographic and
Health Survey (DHS) conducted in Saharan African
countries [25]. The differences in the prevalence
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of LBW across various studies can be attributed to
the distinct characteristics of different regions and
the factors associated with LBW itself. It is reported
that the prevalence of LBW is not evenly distributed
within a country [47], and the risk factors for LBW
vary across different countries and regions within
the same country [44]. Perhaps different factors
associated with LBW, such as HIV [46] and malaria
[15], may have varying prevalences in other regions,
and the prevalence of LBW differs among different
populations. In the current study, the 10t percentile
of birth weight was 2000 g, and only 9.4% would be
considered to have LBW if the 10" percentile was
used as a reference. We have previously shown
that the 10" percentile of birth weight in Khartoum
was 2320 [45]. Therefore, the variation in birth
weight among regions and populations must be
considered.

Notably, the current study was conducted during
the ongoing armed conflict in Sudan, and the
city hosted approximately five times the number
of displaced persons compared to its former
population [46]. Sadly, two weeks after the study
was completed, the town was attacked by armed
forces and subsequently evacuated. It is estimated
that nearly 16 million women were displaced in
2017. Armed conflict can lead to several adverse
effects, such as malnutrition, physical injuries,
infectious diseases, and poor reproductive health
[47]. Previous reports have indicated that exposure
to armed conflict is associated with an increased
likelihood of LBW neonates, and this factor needs
to be considered in ANC [31]. A previous study
has shown that 7.3% of LBW and 5.0% of preterm
infants were born in the post-conflict community
of northern Uganda [15]. The war and internal
displacement may lead to an increase in post-
traumatic stress disorder, which has been reported
to be associated with LBW [28]. Additionally,

the war could severely damage Sudan’s already
fragile healthcare system [48]. Armed conflict can
affect mothers’ education, which in turn influences
maternal and perinatal health[49, 50]. It may lead to
acute maternal physical and psychological distress,
resulting in poor birth and perinatal outcomes, such
as LBW [51].

The current study showed that gestational age
was inversely related to LBW (AOR = 0.62), which
suggests that each additional week of gestation
can reduce the likelihood of LBW by 38.0% (AOR
= 0.62). This corresponds with the results of the
studies conducted in the capital, Khartoum, Sudan
[19, 35] and other African countries, including
South Sudan [22], Zambia [49], and Ghana [20].
It appears challenging and complex to analyze the
effect of gestational age per se on LBW without
evaluating and taking into account the confounding
influences of other detrimental maternal and
perinatal factors, such as maternal anemia and
preterm birth. Preterm birth is a significant health
issue in sub-Saharan countries that requires the
use of preventive measures to extend gestation
and decrease the rate of preterm births and their
related LBW deliveries [52].

Our findings indicate that maternal age was
inversely associated with LBW (AOR = 0.95); this
suggests that each year increase in age would
result in a 5.0% decrease in LBW. A recent study in
South Sudan has shown that maternal age <20
years and >35 years was associated with LBW
[22]. Specifically, maternal age >35 years was
associated with LBW in a post-conflict area of
Northern Uganda [15].

In this study, a lower level of ANC showed a
borderline association with LBW. This aligns with a
previous meta-analysis that indicated women with
<4 ANC visits were at higher risk of delivering LBW
neonates [25].
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Furthermore, this study did not associate mater-
nal hemoglobin or anemia with LBW. This finding
contradicts previous studies conducted in various
regions of Sudan, which indicated that anemia was
associated with LBW [35, 38].

One limitation of this study is that the sample
came exclusively from a single tertiary hospital in
Wad Madani, a city in central Sudan. Therefore, the
findings may not generalize to a larger or different
population. Another limitation is that the brief study
duration (September—November 2023) is unlikely
to reveal the true LBW prevalence and associated
risk factors. Many potential confounders, such as
maternal demographic factors, nutritional factors,
anxiety, and depression, were not included. More-
over, we did not consider displacement as a single
factor because we believed that including it might
have risked the women’s cooperation. LBW could
be predicted in early pregnhancy by measuring
uterine artery blood flow [53], which may not be
accessible in many settings in countries with low

resources.

5. Conclusion

During the ongoing armed conflict, LBW is a
significant health issue in this region of Sudan,
particularly among younger mothers, regardless of
their maternal parity, education level, or residence.
Urgent action is required to reduce the high
prevalence of LBW and enhance antenatal care in
the conflict area. Antenatal care services in conflict
zones must be improved.
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