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Abstract: Background: Low birth weight (LBW) is a major public health problem in low-income
countries. Infants born with LBW are at increased risk of neonatal mortality, have poorer school
performance, and are more likely to develop respiratory and cardiovascular diseases in adulthood.
Methods: An unmatched case-control study was conducted in five maternity wards in the Kenge
Health Zone, involving 159 mother-newborn pairs. Data analysis was performed using STATA 18.0
software. Bivariate and multivariate analyses were used to determine the associations between
independent variables and LBW. Results: Determinants of low birth weight were maternal short
stature (height < 155 cm) (adjusted odds ratio (AOR): 3.90; 95% confidence interval (CI): 1.66-9.13),
maternal non-indigenous Yaka ethnic group (AOR: 2.39; 95% CI: 1.01-5.66), having attended fewer
antenatal care (ANC) sessions (AOR: 0.73; 95% CI: 0.53-0.99), and inadequate maternal dietary
diversity (AOR: 3.97; 95% CI: 1.25-12.62). Conclusions: Increased education and awareness of
dietary diversity as an indicator of dietary quality in women of childbearing age, especially during
pregnancy, along with regular follow-up of antenatal care visits and behavior change
communication targeting pregnant women, can help health professionals address dietary taboos
and reduce the incidence of LBW.

Keywords: determinants; low birth weight; Kenge

1. Background and Rationale

Reproduction creates specific nutritional requirements for mothers to ensure the proper growth,
development, health, and care of their offspring [1]. Maternal nutrition during the reproductive
period, especially during pregnancy and lactation, is of paramount importance. Inadequate nutrition
during pregnancy exposes the child to complications such as intrauterine growth retardation (IUGR),
low birth weight (LBW), and subsequent infant malnutrition. These children may experience poor
physical growth in their early years and fail to achieve their genetic potential. In adolescence, their
pubertal growth may be delayed and stunted. The accumulation of these developmental challenges
led the World Health Organization (WHO) to commit to several areas of action in its Food and
Nutrition Policy Action Plan. The primary focus is to promote a healthy start in life for newborns by
ensuring adequate nutrition and food security for pregnant women, thereby improving maternal
health and reducing maternal mortality by three-quarters between 1990 and 2015. A key action is to
promote optimal fetal nutrition by ensuring good maternal nutrition before conception [2].

Low birth weight (LBW) alone accounts for 17% of all live births, according to the WHO [3].
Children born with LBW are 30 times more likely to die than their normal-weight counterparts [4].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In the Democratic Republic of the Congo (DRC), despite the establishment of the National
Nutrition Program (PRONANUT) and the implementation of standards and guidelines for newborn
and young child feeding practices (AN]JE), the prevalence of LBW remains a significant concern [5,6].
The latest Demographic and Health Survey (EDS-RDC II 2013-2014) reports a national LBW rate of
7%, with a higher rate of 9.2% in Kwango Province [7]. According to the MICS 2018 report, the LBW
rate is 17% in Kwango Province [8]. Between 2014 and 2018, the number of children born with LBW
increased by 90% —a worrying trend that does not meet the WHO's target of reducing the incidence
of LBW by 30% by 2025.

In late June 2022, Yaka organized armed groups, collectively named "Mobondo" after protective
amulets. The new militia was mainly armed with machetes, bows, spears, and a smaller number of
guns, including a few military assault rifles. The Mobondo began to attack Teke communities, killing
civilians and looting property. This conflict between the Téké and Yaka communities in Kwango
Province has led to a series of violent incidents, resulting in the displacement of residents from
Kwamouth territory in Kwango Province. The adverse effects of conflicts on health, including Food
security, have been thoroughly documented, encompassing social, economic, and political
ramifications [9]. In conflict or post-conflict settings, poverty, community breakdown, social and
health system disruption, are commonly observed [10]. The interplay of these factors has a dynamic
impact on both the overall food sufficiency and the nutritional value of the diet, particularly during
the prenatal phase. Patients residing in conflict-ridden areas may have distinct difficulties, which can
intensify their requirement for social assistance. Our study aims to fill the gaps in existing literature
by examining the determinants of low birth weight (LBW) in a conflict situation. Specifically, we will
explore the association between LBW and Women's dietary diversity in Kenge health zone (HZ), one
of the areas affected by the Mobondo Militia, in Kwango province.

2. Methods

An unmatched case—control study was conducted in five healthcare facilities (HCFs) in the
Kenge urban-rural HZ in Kwango Province, DRC. This HZ has a total population of 329,802, with an
area of 18,126 km?, and has received several displaced persons not well-documented from the conflict
in the Kwamouth area.

2.1. Sampling

Non-probabilistic sampling was carried out using Stata 17 (StataCorp, College Station, TX, USA),
with a 95% confidence interval (CI), 80% power, and a case—control ratio of 1:2 (1 case for 2 controls).
The sampling assumed a correlation of 0.20 between cases and unmatched controls, with 40% of
hypothetical controls born at 2500 g or greater, and an odds ratio (OR) of 62.9% [11].

After considering the above assumptions, we entered these values into the OpenEpi model to
calculate the sample size. Among the three possibilities, we chose the Fleiss continuity correction
results, which were rounded to the nearest whole number. This resulted in 53 cases and 106 controls,
for a total of 159 children to be studied. The study used non-probabilistic sampling. The sampling
sites (Health facilities (HF)) were selected by convenience due to the insecurity in the area following
the «Mobondo phenomenon». One HF offering maternity services was selected from each health area
(HA), namely, HA Barriére, Saint-Esprit, Pont-Wamba, communauté baptiste du Congo (CBCO),
and General Referral Hospital of Kenge. For health areas with more than one maternity facility, the
facility with the highest delivery frequency was selected.

2.2. Data Collection

Trained investigators collected data using a data entry form designed with ODK software and
then centralized the data on a server. Mothers were interviewed about their antenatal care, lifestyle
factors such as tobacco and alcohol use, medical examinations during pregnancy, malaria treatment,
and the use of iron folate and other supplements.
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Data collection was conducted by 3 master’s students from the Kinshasa School of Public Health
(KSPH), using tablets equipped with the ODK program. These students underwent training on
research tools, ethics, and linguistic issues. Acting as interviewers, they received guidance on
questionnaire administration through two training sessions conducted by the research team as part
of their educational curriculum.

Interviews were conducted in Lingala or Kiyaka (the local languages in Kenge) or in French. To
ensure linguistic and conceptual equivalency during translation from French to Lingala or Kiyaka,
reverse translation was employed, with the assistance of bilingual academics. Information was
gathered and analyzed in an anonymous manner, with the survey deliberately excluding personal
identifiers of the participants.

2.3. Data Analysis

All statistical analyses were conducted using STATA 17 (StataCorp, College Station, TX, USA).
Descriptive statistics were used to examine the variables. Initially, we determined an overview of the
participants” sociodemographic characteristics, both in their entirety and categorized by LBW status.
We calculated the Women's Dietary Diversity Score (WDDS), an indicator of micronutrient adequacy,
from a qualitative recall of the previous 24 h diet. This score reflects the number of food groups
consumed by women from the following ten groups: starchy staples, dark green leafy vegetables,
vitamin A-rich vegetables and fruits, other vegetables and fruits, organ meats, meat/fish, eggs,
legumes/nuts, and dairy.

In bivariate analyses, covariates showing associations were entered into a logistic regression
model for multivariate analysis, with 95% confidence intervals; after checking for multicollinearity
among the covariates, a multivariable logistic regression model was developed. Factors associated
with LBW in bivariate analysis were entered into a logistic regression model to obtain adjusted odds
ratios (AORs) and their 95% confidence intervals (95%ClIs). ORs and 95% ClIs were estimated from
regression parameters. Variance inflation factors were calculated to test for multicollinearity, with
the highest found to be 2.65. The significance level was set at p < 0.05.

2.4. Ethical Considerations

This study was carried out in accordance with the principles outlined in the Helsinki
Declaration. The protocol used in this study received ethical approval from the School of Health
Ethics Committee (reference number: ESP/CE/073B/2023). Participants were informed that their
participation was voluntary and that they could withdraw from the study without any consequences.
The master’s students were trained to obtain informed consent. Respondents who could not express
themselves in French were offered consent forms in their preferred language. Each participant had
the informed consent form read aloud to them and provided verbal consent. To standardize the
informed consent process for illiterate participants, we opted for verbal consent witnessed by a third
party. The third party ensured that the consent was read to the subject, who then freely agreed to
participate in the study. The participant was provided with a signed copy of the consent form to
retain. This study did not involve any individuals under the age of 18. Information was gathered and
examined in an anonymous manner. The survey form did not include any personal identification of
the participants. The participants were notified that their involvement was optional. They had the
liberty to accept, decline participation, or withdraw at any time without facing any consequences.

3. Results

A total of 159 mother—infant pairs were included in this study, including 53 cases (infants with
a birth weight of <2500 g) and 106 controls (infants with a birth weight of >2500 g). Mothers in the
case group were younger than those in the control group (mean age: 24 vs. 27 years; p = 0.003). The
proportion of mothers aged 18-25 years was significantly higher in the case group than in the control
group (43% vs. 21%; p = 0.003). In addition, the proportion of mothers with a low level of education
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was higher in the case group than in the control group (38% vs. 23%; p = 0.045). The distribution of
other characteristics was similar between cases and controls (Table 1).

Table 1. Sociodemographic characteristics of mothers (cases and controls) in the Kenge Health Zone

from January to May 2023.
Sociodemographic Characteristics Cases Controls OR [CI 95%] p
N 0/0 N 0/0

Mothers’ age (means * SD *) 23.49 +5.89 26.79 + 6.74 0.92 [0.866-0.973] 0.003

Age group (years)
<25 23 43.4 22 20.8 2.93[1.339-6.379] 0.003
>25 28 52.8 71 67.0 1
Missing* 2 3.8 13 12.3

Education level
Low 20 37.7 24 22.6 2.07 [1.010-4.245] 0.045
Acceptable/good 33 62.3 82 77.4 1

Marital status
Living alone 11 20.8 21 19.8 1.06 [0.420-2.556] 0.889
In union 42 79.2 85 80.2

Socioeconomic status 1
Low** 9 17.0 11 10.4 1.77 [0.598-5.062] 0.237
High 44 83.0 95 89.6 1

Tobacco use
Yes 3 5.7 5 4.7 1.83 [0.154-5.531] 0.798
No 50 943 101 953 1

Alcohol use during last pregnancy
Yes 25 47.2 44 41.5 0.79 [0.389-1.631] 0.497
No 28 52.8 62 58.5 1

Household size
More than 5 persons 19 35.8 49 46.2 0.65 [0.309-1.348] 0.212
Up to 5 persons 34 64.2 57 53.8 1

Tribe
Indigenous Yaka 8 15.1 21 19.8 2.38 [1.110-5.087] 0.026
Non-indigenous Yaka 31 58.5 41 38.7 1.20 [0.435-3.295] 0.727
Other 14 26.4 44 41.5 1

SD: standard deviation. *:15 respondents were not able to provide their exact age * Low: those who have not
completed secondary school, i.e., no state diploma. Acceptable: those with at least one state diploma.

3.1. Maternal Clinical and Biological Characteristics

The proportion of mothers who attended at least one antenatal care visit was significantly lower
in the case group than in the control group (89% vs. 99%; p = 0.006). Furthermore, the prevalence of
mothers with a height of less than 155 cm was significantly higher in the case group than in the control
group (77% vs. 46%; p < 0.001) (Table 2).

Table 2. Clinical characteristics of mothers (cases and controls).

Clinical Characteristics Cases Controls OR [CI 95%] p
N % n %
Follow-up antenatal care visits 0.006
No 6 11.3 1 0.9  13.4[1.534-622.146]
Yes 47 887 105 99.1 1

Gestational age at first ANC 0.178

d0i:10.20944/preprints202406.0139.v1
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After 16 weeks 32 604 52 491 1.6 [0.810-3.090]
Before 16 weeks 21 386 54 50.9 1

Iron folate supplementation
Not received 7 13.2 9 8.5 1.6 [0.575-4.755] 0.351
Received 46 868 97 91.5 1

Intermittent preventive treatment (IPT) 0.237
Not received 9 170 11 10.4 1.8 [0.683-4.571]
Received 44 830 9 89.6 1

Maternal height (cm) <0.001
<155 41 774 49 462 3.9 [1.881-8.397]
2155 12 226 57 5338 1

History of hypertension 0.791
Yes 2 3.8 7 6.6 0.6 [0.111-2.767]
No 51 962 99 93.4 1

Preeclampsia 0.339
Yes 2 3.8 9 8.5 0.4 [0.088-2.030]
No 51 962 97 915 1

Mothers in the case group had a lower mean number of children than did mothers in the control
group (1.89 vs. 2.76; p = 0.002). In addition, mothers in the case group had fewer antenatal care visits
during pregnancy than did mothers in the control group (1.96 vs. 2.31; p = 0.047). The mean
gestational age at delivery was comparable between the two groups (39.18 vs. 39.32 weeks; p =0.617).
The interbirth interval was slightly shorter for mothers in the case group compared to those in the
control group (1.08 vs. 1.45 years; p = 0.051) (Figure 1).
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Figure 1. Blood pressure, gestational age (weeks) and MUAC by mother status.

The mean mid-upper arm circumference (MUAC) of mothers in the case group was significantly
smaller than that of mothers in the control group (225 mm vs. 234 mm; p = 0.001). The mean systolic
and diastolic blood pressures were similar in both groups (Figure 2). The number of sulfadoxine-
pyrimethamine (SP) doses received was lower in the case group than in the control group, although
this difference approached but did not reach statistical significance (1.58 vs. 1.92; p = 0.050). The mean
hemoglobin levels were also similar between the two groups (11.34 vs. 11.03 g/dL; p = 0.140) (Figure
3).
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Figure 2. Number of ANC sessions, living children and birth interval by mother status.
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Figure 3. Hemoglobin level by mother status.

3.2. Maternal Dietary Diversity

The Women's Dietary Diversity Score (WDDS) of mothers in the case group was lower than that
of mothers in the control group, although this difference did not reach statistical significance (mean
WDDS: 6.51 vs. 6.93; p = 0.128). Similarly, the proportion of mothers with inadequate minimum
dietary diversity was higher in the case group than in the control group, but this difference was also

not statistically significant (17% vs. 11%; p = 0.237) (Table 3).

Table 3. Distribution of maternal and household dietary diversity.

Dietary Diversity Cases Controls p
n % n %
Food groups consumed
Starchy staples 51 96.2 104 98.1 0.474
Dark green leafy vegetables 49 92.5 103 97.2 0.172
Vitamin A-rich vegetables 40 75.5 84 79.2 0.588
Other vegetables and fruits 49 92.5 101 953 0.467
Offal 16 30.2 44 415 0.165
Meat/fish 51 96.2 103 97.2 0.748
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Eggs 23 43.4 51 481 0.574

Legumes/nuts 38 71.7 84 79.2 0.288

Dairy products 28 52.8 61 575 0.572
Women’s Dietary Diversity Score (WDDS) (means+ SD) 651+1.75  6.93+1.59 0.128
Minimum dietary diversity for women (MDD-W) 0.237

Inadequate 9 17.0 11 104

Adequate 44 83.0 95 89.6

3.3. Determinants of Low Birth Weight

In the multivariate analyses, the following variables were identified as determinants of low birth
weight (LBW) after adjustment for multicollinearity: number of antenatal care visits, maternal height,
ethnic group, and level of dietary diversity.

Mothers who delivered low-birth-weight infants were almost four times more likely to have
inadequate dietary diversity compared with those who delivered normal-weight infants (adjusted
odds ratio [AOR]: 3.97; 95% confidence interval [CI]: 1.25-12.62). Non-indigenous Yaka mothers who
delivered low-birth-weight infants were twice as likely to deliver low-birth-weight infants compared
to their counterparts who delivered normal-weight infants (AOR: 2.39; 95% CI: 1.01-5.66). Mothers
of short stature (less than 155 cm) were nearly four times more likely to deliver low-birth-weight
infants compared to mothers of normal stature (AOR: 3.90; 95% CI: 1.66-9.13). In addition, mothers
who had fewer antenatal care visits were more likely to give birth to low-birth-weight infants
compared with those who had more antenatal care visits (AOR: 0.73; 95% CI: 0.53-0.99) (Figure 4).

MDD-W(Inadequate vs Adequate) - @
Mther age (years) - [
Mother height (<155 cm vs 2155cm) L
Education (Low vs Acceptable/good) | —@——
Tribe(Non-indigenous Yaka vs indigenous ) - ——

Tribe(Others vs Indigenous) | —@&——

Number of ANC+ @&

Hemoglobin (<12 g/dl vs 212g/dl) | @+

5 10
Adjust OR with 95%Cl

Figure 4. Predictive diagram showing determinants of low birth weight and their adjusted odds ratios
(AORs). * MDD-W: Minimum dietary diversity for women.

4. Discussion

This case—control study conducted in the Kenge Health Zone aimed to identify the determinants
of low birth weight (LBW) among term newborns. The study identified several key determinants
associated with LBW: small maternal stature (height <155 cm), non-indigenous Yaka ethnicity, fewer
antenatal care visits, and inadequate minimum dietary diversity.

Mothers who delivered LBW infants were significantly more likely to be of short stature
compared with taller mothers who delivered normal-weight infants (adjusted odds ratio [AOR]:
3.90). This finding is consistent with the findings of Berhanu et al. (2020), who reported that mothers
with a height of 155 cm or less were more likely to deliver LBW infants (AOR = 3.58; 95% CI: 1.92—
6.67) in a study conducted in public health facilities in the North Shewa Zone [12]. Similarly, Ravi
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Kumar et al. found that more than half of LBW infants in eastern Nepal were born to mothers with a
height of 145 cm or less [13]. In Kwango Province in general, and in the Kenge Health Zone in
particular, short maternal stature results from chronic malnutrition experienced by most women
during early childhood due to the poverty that affects the province and the infertile nature of
Kwango’s soil, which does not produce high-quality food and limits dietary diversity in households.
These factors perpetuate the cycle of malnutrition from early adolescence to the newborn in Kwango.
In addition, this study found that inadequate minimum maternal dietary diversity was associated
with LBW (AOR: 3.97). This finding is consistent with that of Abubakari et al. in Ghana in 2016, who
reported that good dietary diversity and eating habits of women have a protective effect against the
delivery of LBW infants [14]. This can be explained by the fact that in Kenge and Kwango Province,
farmers do not diversify their crops, leading to monotonous diets, and cultural practices prohibit
certain foods for pregnant women, such as eggs. In addition, farmers often prefer to sell their
livestock or agricultural produce rather than consume it themselves.

Mothers who attended fewer antenatal care visits were more likely to have low-birth-weight
(LBW) infants than those who attended more visits (adjusted odds ratio [AOR]: 1.37). This finding is
consistent with that of Ravi Kumar et al., who reported that mothers who attended only 1-2 antenatal
care visits were 16 times more likely to deliver LBW infants than those who attended more than two
visits [13]. Antenatal care is critical in providing pregnant women with essential guidance and
support for a healthy pregnancy and its outcomes.

Despite policies to promote safer motherhood, certain traditions discourage pregnant women
from attending early antenatal care services because of fears of malevolent spirits threatening the
pregnancy. Geographical barriers, such as the long distance between health facilities and the homes
of pregnant women, also discourage attendance at prenatal consultations. Many women prefer to
wait until the day of delivery to seek medical attention. Financial difficulties, even for the minimal
fees required for antenatal care, further discourage women from seeking these services, despite the
low cost in rural Congo. This observation is consistent with the findings of Ignace Bwana in a 2014
study conducted in Kamina, DRC, which showed that pregnant women who did not attend antenatal
consultations were more likely to give birth to LBW infants [15].

This study also found that non-indigenous Yaka mothers have twice the risk of delivering low-
birth-weight (LBW) infants compared with indigenous mothers (adjusted odds ratio [AOR]: 2.39; 95%
confidence interval [CI]: 1.01-5.66). This increased risk can be attributed to the displacement of many
women from their home villages to Kenge due to insecurity caused by the Mobondo militia. These
displaced women, who are new to Kenge, often lack the financial resources to purchase food, limiting
their ability to diversify their diets or grow crops. Similarly, in a 2015 study conducted in eastern
Nepal, Ravi Kumar reported an association between LBW and maternal natality, highlighting the
broader impact of displacement and resource scarcity on maternal and newborn health [13]. To
combat economic restrictions that lead to inadequate dietary diversity during crises, policymakers
and implementing partners should enhance food assistance programs, such as cash transfers and
food supply initiatives, focusing on particularly to displaced population

Strengths and Limitations

This study’s findings should be interpreted in light of some limitations. In particular, the non-
representativeness of the sample due to non-probabilistic sampling might have introduced selection
bias, and the relatively small sample size may limit the power of our analyses. The small sample size
was mainly due to the insecurity caused by the Mobondo militia in Kwango Province, particularly in
the Kenge Health Zone during our study period, which prevented a random selection of health areas.
As a result, health facilities in insecure areas were excluded from our sample.

In addition, we observed variability in the types of scales used to measure newborn weights in
the different maternity wards studied, indicating a lack of standardization of measurement tools.
Because neonatal weighing was performed in our absence, any inaccuracies in the instruments could
have biased the results by introducing information bias (instrument effect). Although 24 h recall
methods have established validity and reliability, they often present challenges related to recall bias.
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Despite these limitations, a notable strength of this study is the interest that it generates for a
more detailed exploration of the determinants of LBW in a region facing both political-administrative
and food security challenges. The study highlights the impact of displacement, due to conflict on
inadequate dietary diversity and LBW. Prior to this study, there were not any published studies
measuring the relationship between dietary diversity and LBW in a (post-) conflict setting.

5. Conclusions

The results of this study are instrumental in identifying modifiable risk factors for low birth
weight (LBW) and informing preventive interventions. Emphasizing proper nutrition for young girls
of reproductive age and pregnant women and promoting antenatal care during pregnancy are the
key interventions highlighted by this research. These findings will help policymakers develop
targeted strategies to address LBW, ultimately contributing to reduced fetal and neonatal morbidity
and mortality.
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(LBW); HGR: General Referral Hospital; CI: Confidence Interval; MICS: Multiple Indicator Cluster Survey;
MDD-W: Minimum Dietary Diversity for Women; ODK: Open Data Kit; OR: Odds Ratio; AOR: Adjusted Odds
Ratio; WHO: World Health Organization; DRC: Democratic Republic of Congo; PTI: Traitement préventif
intermittent (Intermittent Preventive Treatment); PRONANUT: Programme national de nutrition (National
Nutrition Program); WDDs: Women’s Dietary Diversity Score; ZS: Health Zone (HZ)
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