www.nature.com/scientificreports

scientific reports

W) Check for updates

Magnitude of low birthweight
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of Nanoro, rural Burkina Faso:
a secondary data analysis

Moussa Lingani®3*, Serge H. Zango?3, Innocent Valéa3, Daniel Valia®, Maimouna Sanou?,
Sékou O. Samandoulougou*, Annie Robert?, Halidou Tinto3?, Michéle Dramaix* &
Philippe Donnen?

Low birthweight (LBW) is a worldwide problem that particularly affects developing countries.
However, limited information is available on its magnitude in rural area of Burkina Faso. This study
aimed to estimate the prevalence of low birthweight and to identify its associated factors in Nanoro
health district. A secondary analysis of data collected during a cross-sectional survey was conducted
to assess the prevalence of low birthweight in Nanoro health and demographic surveillance system
area (HDSS). Maternal characteristics extracted from antenatal care books or by interview, completed
by malaria diagnosis were examined through a multi-level logistic regression to estimate odd-ratios
of association with low birthweight. Significance level was set at 5%. Of the 291 neonates examined,
the prevalence of low birthweight was 12%. After adjustment for socio-demographic, obstetric and
malaria prevention variables, being primigravid (OR =8.84, [95% Cl: 3.72-21.01]), or multigravid with
history of stillbirth (OR=5.03, [95% Cl: 1.54-16.40]), as well as the lack of long-lasting insecticide
treated bed net use by the mother the night preceding the admission for delivery (OR=2.5, [95% Cl:
1.1-5.9]) were significantly associated with neonate low birthweight. The number of antenatal visits
however did not confer any direct benefit on birthweight status within this study area. The prevalence
of low birthweight was high in the study area and represents an important public health problem in
Burkina Faso. In light of these results, a redefinition of the content of the antenatal care package is
needed.
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Despite halving the global neonatal mortality rate from 36.6 to 18.0 per 1000 live births between 1990 and 2017",
an estimated 2.5 million neonates died in the world in 2018, mainly among low birthweight neonates (LBW)2.
Indeed, low birthweight—a birthweight below 2500 g—is an important risk factor for neonatal deaths?, which
particularly affects developing countries where malaria transmission is endemic*. Sub-Saharan Africa is par-
ticularly affected due to the high risk of maternal infections during pregnancy>°. Malaria, an example of these
infections, causes up to 20% of all low birthweights in this region and 6% of neonatal deaths’. Thus, potentially,
100,000 infant lives could be saved each year if adequate malaria prevention measures were implemented. In
Burkina Faso, malaria is the primary reason for seeking health care, and pregnant women are particularly affected.

To reduce malaria-related low birthweights in Sub-Saharan Africa, the World health organization (WHO)
recommends a set of measures for pregnant women during antenatal care visits, which include the intermittent
preventive treatment of malaria using sulfadoxine-pyrimethamine (IPTp-SP)®. IPTp-SP consists of monthly
administration of sulfadoxine-pyrimethamine (SP) in pregnant women from the second trimester until delivery?®.
The strategy is effective in reducing malaria incidence and its consequences’. Burkina Faso adopted the strategy
in 2005, with a minimum of three doses of sulfadoxine-pyrimethamine administered under the supervision of
a healthcare worker'.

Although low birthweight adverse effects on neonatal survival have been well established?, little information
is available on its prevalence in developing countries such as Burkina Faso. Indeed, at the start of the IPTp-SP
policy in Burkina Faso, the prevalence of low birthweight was 15.8%'!. Five years later, an evaluation reported
a prevalence of 13.4%"2. Since then, no other evaluation was conducted despite the numerous concerns raised
by the low coverage of IPTp-SP strategy'® and the spread of Plasmodium falciparum resistance to sulfadoxine-
pyrimethamine throughout the African continent'*. Thus, a re-evaluation of the prevalence of adverse birth
outcomes is necessary to timely seek alternative approaches. Therefore, this study aimed to assess the prevalence
of low birthweight in rural Burkina Faso ten years after the IPTp-SP policy was adopted.

Methods

Study settings. The study was conducted in all eight peripheral health centers of the Nanoro health and
demographic surveillance system (HDSS) area'®. Nanoro is situated in the centre-west region of Burkina Faso at
about 90 km from Ouagadougou, the capital city, and has a population of 63,000 inhabitants'®. Malaria transmis-
sion is holo-endemic, with peak transmission overlapping with the rainy season (June-November). The com-
monest malaria vectors are Anopheles gambiae, A. funestus, A. arabiensis and P. falciparum is the predominant
malaria parasite. Malaria is the main reason for visiting health centres with a case-fatality rate between 5 and
30%!°.

Study design. We conducted a secondary analysis of data collected among pregnant women attending
health centers for delivery in the Nanoro HDSS area from September 2013 to April 2014. The primary study of
this analysis was an ancillary topic annexed to a main project (NCT01703884) entitled ANC & Malaria Diag-
nostic in Pregnancy” and aimed to improve the quality of antenatal care and diagnostic services for malaria in
pregnancy'’. All eight peripheral health centers of the HDSS were included. The study site’s map is described
elsewhere'. For each enrolled pregnant woman, their babies were assessed within 24 h of delivery. Demographic,
gyneco-obstetric, and relevant medical history data were collected from antenatal care books or face-to-face
interviews with the mother during both high and low malaria transmission seasons.

Study participants. Pregnant women aged 15-45 years, attending the health center for delivery with a
gestational age of at least 37 weeks, living in the Nanoro HDSS area, and that provided written informed consent
were eligible for inclusion. Those who delivered non-singleton babies, not willing to participate, or whose neo-
nate was transferred before documentation of birthweight were not included. Of the 323 women included in the
primary study, 9.9% (32/323) were excluded (4 non-singleton pregnancies, 6 stillbirths, 3 neonate deaths, 2 very
ill newborns that were referred before clinical examination, 5 missing birthweights, 3 concurrent participations
to other study and 9 preterm deliveries) and 291 (90.1%) were included.

Sample size. At the time of policy change, term LBW proportion was 15.8% of all live births'!. We hypoth-
esized that the new policy would reduce the low birthweight proportion to 10% after ten-year of widespread
implementation. The Cochran formula n=Z7* *p*(1-p)/i* was used to calculate the sample size where p=10%
is the expected proportion, i=3.5%, represents the margin of error, Z the z-score that corresponds to the 95%
confidence interval (1.96), n is the minimal sample size. The minimum required sample size was 282. This was a
secondary analysis of database collected on 291 participants.

Data collection procedures and variables collected. Data were extracted from antenatal care books
and by face-to-face interviews. Maternal age, educational level, occupation, and sulfadoxine-pyrimethamine
uptake were collected from the antenatal care books. The use of insecticide-treated net (ITN) the night before
visiting the health facility for delivery or any other variables not available in the antenatal care book were
obtained by interview of the mother. Gestational age was estimated using the knowledge of the last menstrual
period (LMP), or the Ballard score whenever LMP was unknown. Neonate examination was conducted within
24 h of delivery either in the health facility or at home by trained midwives. Birthweight was measured using a
calibrated electronic scale with 10 g resolution and a precision less than 10 g (seca gmbh & co. kg, Germany). In
addition, a malaria test using peripheral blood was performed by rapid diagnostic tests SD-Bioline Malaria Anti-
gen Pf® test strips (sensitivity 99.7% and specificity of 99.5%). Table 1 presents the list, definitions, and grouping
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No | Variable Definition Categories

1 Age Mother age (years) 15-19;20-34 ; and 35-42

2 Education Highest level of education None, primary or more

3 Occupation | Mother’s occupation during the last 12 months | Unemployed, employed/self employed
4 Gravidity Number of pregnancies Primigravidae (1); paucigravidae (2-4); multigravidae (= 5)
5 Stillbirth Maternal history of stillbirth Yes/no

6 Miscarriage | Maternal history of miscarriage Yes/no

7 Kids Number of living kids at the time of the survey | 1;2,3,4,>5

8 ITN use Use of long lasting ITN the previous night Yes/no

9 IPTp-SP Number of IPTp—SP doses received 1;2;>3

10 ANC Number of ANC visits performed <4;>4

11 Malaria Positive malaria rapid diagnostic test results Nol/yes

13 Birthweight | Weight of neonate at birth in grams Low (<2500); normal (=2500)

Table 1. List of exploratory variables. ANC antenatal care, ITN insecticide treated bed net, IPTp-SP
intermittent preventive treatment of malaria with sulfadoxine-pyrimethamine.

of variables. The outcome variable was birthweight at term categorized as normal birthweight (>2500 g) and low
birthweight (<2500 g)'®*°.

Data processing and analysis. Data were collected on a paper-based questionnaire by trained midwives
and double-entered onto Redcap (Research—Electronic Data Capture) data collection tool, then imported into
Stata version 15 (StataCorp. 2017, TX, USA) for cleaning and analysis. Categorical variables were summarized
on frequency tables. Mean or median with respective measures of spread, including standard deviations and
quartiles, were used to summarize numerical variables. Odds ratios (OR) and 95% confidence intervals (95%
CI) were calculated according to each maternal factor using univariate logistic regression. Adjusted odds ratios
(aOR) and 95% CI were derived by a backward multivariate logistic regression analysis of variables with statisti-
cally significant p-values at the univariate analysis, except for malaria. The final model retained variables which
p-values were statistically significant. Variable age was not included due to its strong correlation with gravidity.
A p-value <0.05 was considered statistically significant.

Consent to publication. All data were anonymized before publication, thus consent for publication was
not applicable.

Ethical considerations. Ethical clearance for this study was obtained from the National Ethics Committee
of Burkina Faso. All data were anonymized before analysis. All participants or their authorized legally repre-
sentatives provided a written informed consent prior to their participation. All methods were performed in
accordance with the relevant guidelines and regulations.

Results

Study participants’ characteristics. Table 2 summarizes study participants’ background characteristics.
Of the 291 mothers included, the mean age + standard deviation was 26 £ 6 years, and most of them were unem-
ployed (85.2%). Fourteen percent (14%) of women received at least three doses of sulfadoxine-pyrimethamine.
Malaria infection was detected in one-third of the participants.

Low birthweight prevalence and associated factors. Of the 291 neonates, the mean birth weight
(+standard deviation) was 2933 +390 g and 12.0% (35/291) live births were low birthweight. Table 3 presents
the proportions of low birthweight and the maternal sociodemographic characteristics, obstetrical history as
well as the univariate and adjusted odds ratios. Being primigravid or multigravid with an obstetrical history
of stillbirth, and the lack of long-lasting insecticide-treated bed net use were significantly associated with low
birthweight. However, the number of antenatal care visits performed did not show any link with the prevalence
of low birthweight.

Multi-level logistic regression analysis included variable gravidity, the use of insecticide-treated bed nets
the night before hospital admission for delivery, and malaria test results. Being primigravid (OR=8.83, [95%
CI: 3.71-21.01]), multigravid with an obstetrical history of stillbirth (OR=5.03, [95% CI: 1.54-16.40]) and the
lack of bed net use (OR=2.5, [95% CI: 1.1-5.9]) were significantly associated with higher proportion of low
birthweight among neonates.

Discussion

Low birthweight prevalence was high in Nanoro given that those from preterm births were not included in this
analysis. However, the report showed a substantial decrease (3.8 percentage points) from its level at the start of the
IPTp-SP strategy'’. Several factors, including the mother’s socioeconomic status, obstetrical characteristics, and
malaria prevention methods, influence low birthweight prevalence, and those factors differed from each setting.
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Characteristics Items n Percentage
<20 59 20.3
Age group (years) 20-34 197 | 67.7
>35 35 12.0
. - No 260 |89.3
History of stillbirth Yes 31 107
History of miscarriage No 246 ) 845
¥ 8¢ | Yes 45 |155
1 66 22.7
Gravidity 2-4 145 |49.8
5 or more 80 27.5
. Negative 186 | 63.9
Malaria test Positive 105 |36.1
Yes 227 | 81.6
ITN use No 51 | 184

<1 15 52

ANC 2 51 17.5
=23 225 | 77.3
<1 91 31.3
IPTp-SP (doses) 2 159 | 54.6
=3 41 14.1
Education None 244 | 83.8
Primary or more 47 16.2
Occupation Unemployed 248 | 852
P Employed/self employed | 43 14.8

Table 2. Background characteristics of women included in the study (n=291). ANC antenatal care, SP
sulfadoxine-pyrimethamine, # the absolute number of observations for variables.

Characteristics \ Total \ LBW (%) \ OR \ 95%Cl \ p. value \ aOR \ 95%CI \ p. value
Age group (years)

<20 59 28.8 4.0 1.9-8.5

20-34 197 9.2 1.0 Ref <0.001* | - - -

>35 35 0.0 - -

Education

None 244|115 07 |03-18 0509 | ~ ~
Primary or more 47 14.9 1.0 | Ref -

Occupation

Housewives 248 12.5 1.0 | Ref 0539 |- _ B
Others 43 9.3 0.7 0.3-2.1 :

Gravidity

Primigravid 61 29.5 8.8 |3.7-21.0 8.83 "
Multigravid with history of stillbirth | 26 | 19.2 50 |15-164 | <0001 |50 |3729 <0000
Multipara 199 4.5 1.0 | Ref Ref § . :
History of miscarriage

No 246 114 1.0 Ref

Yes 45 15.6 14 |0.6-3.5 0443 ) - - -
Malaria

No 186 10.8 1.0 | Ref

Yes 105 14.3 14 [0.7-2.8 0.378 |- - B

ITN use

Yes 227 9.7 1.0 | Ref « | Ref "
No 510|216 26 |1.2-57 00187 55 L1159 004
IPTp-SP (doses)

<1 91 14.3 1.5 0.5-5.1

2 159 11.3 1.2 0.4-3.7 0.703 | - - -

>3 41 9.8 1.0 | Ref

Table 3. Low birthweight prevalence and maternal factors by univariate and multivariate analysis, Burkina
Faso (n=286). SP sulfadoxine-pyrimethamine, CI confidence interval, ANC antenatal care, LBW low
birthweight, Ref reference group, ITN insecticide treated bed nets, OR odd ratios, aOR adjusted odd ratios.
*Statistically significant.
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Indeed, lower low birthweight rates were observed in Ethiopia (10%)?° and in Nigeria (7%)?'. However, these
estimates were understated as the Nigerian’s study used data collected retrospectively from the routine surveil-
lance system, which is not adapted to SSA as half of neonate birthweights are not recorded due to weaknesses of
the reporting system®*. Also, the study in Ethiopia was conducted in urban areas where women’s economic level
tends to be higher than those from the rural areas, and the impact of socioeconomic status on the prevalence of
low birthweight is well established*>*.

In contrast, rates in excess were reported in South Africa (38.5%)** and in a study conducted in Zimba-
bwe (16.7%)*. These could be related to the higher prevalence of human immuno-deficiency virus (HIV)
infection®. Indeed, HIV is considered an important risk factor of LBW, although the mechanism is not yet fully
elucidated®?.

It is reported that maternal obstetrical history and events occurring during pregnancy impact the outcome
of pregnancies, although those factors are not always identified*.

We found that the order of pregnancy was significantly associated with low birthweight and first pregnancy
infants were at higher risk than others. The biological ground for first pregnancy neonates to be at higher risk of
low birthweight may be related to the susceptibility of first pregnancy placentas to parasite-infected red blood
cells sequestration, disrupting fetus nutrients supply? and increasing risk of low birthweight, or because some
physiologic changes are less efficient during first pregnancies thus increasing the risk of low birthweight®. Indeed,
uteroplacental blood flow, responsible for delivering oxygen and nutrients to the fetus, is greater during subse-
quent pregnancies than in the first pregnancy’*2. Also, we have noted that mothers with multiple pregnancies
were also at higher risk if there was an obstetrical history of stillbirth. Chen et al. in 2018 and Rozi et al. in 2016
made such observations in their respective studies®*, while Ahrens et al. went further to notice that the risk
was highest after a history of three stillbirths*. Particular attention should be paid to pregnant women with such
background characteristics during their antenatal care visits.

As expected, the lack of long-lasting insecticide-treated bed net usage was associated with an increased risk
of low birthweight*. Bed net usage has long been recommended in areas with sustained malaria transmission as
an effective tool to prevent malaria-related adverse birth outcomes, including low birthweight®’. Although bed
net is freely provided to pregnant women during the first antenatal care visit in Burkina Faso, a high proportion
of women (up to 20%) were not covered, and actions toward improving bed net usage are required.

The number of antenatal care visits performed and the intermittent preventive treatment of malaria in preg-
nancy did not directly influence the prevalence of low birthweight in this study. Although the limited sample
size did not allow an accurate evaluation of all low birthweight factors, Plasmodium falciparum resistance to
sulfadoxine pyrimethamine reported in many parts of sub-Saharan Africa and Burkina Faso could be a limiting
factor of the efficacy of IPTp-SP strategy**-*!. Indeed, the high number of triple mutants, and the presence of
quintuple mutants (triple dhfr and double dhps mutations) reported in Burkina Faso may have decreased the
efficacy of sulfadoxine-pyrimethamine on P. falciparum in the study settings, and thus the effects of the IPTp-SP
strategy on low birthweight*.

Contrary to what is reported in the literature, malaria was not associated with low birthweight in the current
study. The use of malaria rapid diagnosis test could have understated the actual extent of malaria infection in the
study population and thus, underestimated the extent of malaria negative effects on the fetus*’. Studies building
on the most accurate diagnosis methods are needed in this study setting.

A number of limitations in this study are worth noting and taken into consideration. The study was conducted
on term pregnancies excluding low birthweight from preterm deliveries, which could understate the problem’s
actual extent. It remains to bear in mind that gestational age was dated from parental knowledge of the last
menstrual period (LMP) or the Ballard score, which could be prone to some errors. The use of malaria RDT for
the diagnosis in peripheral blood sample could have understated the extent of malaria infection in the study
population and thus undermine the strength of association with low birthweight. Although the analysis had
limitations, it depicted the overall picture of the magnitude of low birthweight in rural Burkina Faso.

)24

Conclusion

Low birthweight prevalence was high in Nanoro and required more effective policies. Exploring novel approaches
or improving current approaches is needed. But first, quality data building on larger sample size are necessary
to update maternal risk factors of low birthweight.

Data availability

The dataset used and analyzed during the current study is available from the corresponding author.
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