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Abstract

Background: Low birthweight is a major contributor to infant mortality. We evaluated the association between ante-
natal care (ANC) attendance and low birthweight among newborns in 5 regions of Burkina Faso.

Methods: We utilized data from the baseline assessment of a randomized controlled trial evaluating azithromycin
distribution during the neonatal period for prevention of infant mortality. Neonates were eligible for the trial if the
weighed at least 25009 at enrollment and were 8-27 days of age. Data on ANC attendance and birthweight was
extracted from each child's carnet de santé, a government-issued health card on which pregnancy and birth-related
data are recorded. We used linear and logistic regression models adjusting for potentially confounding variables to
evaluate the relationship between ANC attendance (as total number of visits and > 4 antenatal care visits) and birth-
weight (continuously and categorized into < 25009 versus >25009).

Results: Data from 21,223 births were included in the analysis. The median number of ANC visits was 4 (interquartile
range 3 to 5) and 69% of mothers attended at least 4 visits. Mean birthweight was 2998 g (standard deviation 423) and
8.1% of infants were low birthweight (< 2500 g). Birthweight was 63 g (95% Cl 46 to 81 g, P <0.001) higher in new-
borns born to mothers who had attended >4 ANC visits versus <4 visits. The odds of low birthweight among infants
born to mothers with >4 ANC visits was 0.71 (95% Cl 0.63 to 0.79, P <0.001) times the odds of low birthweight among
infants born to mothers who attended <4 ANC visits.

Conclusions: We observed a statistically significant association between ANC attendance and birthweight, although
absolute differences were small. Improving access to ANC for all women may help improve birth outcomes.

Trial registration: The parent trial is registered at clinicaltrials.gov: NCT03682653; first registered 24 September 2018.
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Background

Reducing the number of infants born with weight <2500¢g
by 30% is a key goal of the 2025 Global Nutrition Tar-
gets [1]. Low birthweight babies are at increased risk
of mortality, morbidity, and poor developmental out-
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Maternal socioeconomic status, including literacy and
education, has been previously shown to be associated
with low birthweight in low- and middle-income coun-
tries [5]. Women with more education may have greater
health literacy, access to more resources, and better
nutritional status than women without access to edu-
cation, all of which may influence health care seeking
behavior and birth outcomes.

Access to adequate antenatal care services is an impor-
tant determinant of birth outcomes, and interventions
designed to increase antenatal care usage have improved
birth outcomes. Until 2016, the World Health Organiza-
tion recommended receiving antenatal care at least four
times during pregnancy, which was revised to 8 visits in
2016 [6]. Essential components of antenatal care, such
as folic acid supplementation, nutritional advice, and
screening for infectious disease and conditions such as
pre-eclampsia, may improve intrauterine growth and
neonatal survival. Maternal malaria infection and under-
nutrition have been shown to increase risk of low birth-
weight [7]. Intermittent preventive treatment (IPT) for
malaria is delivered as part of antenatal care during the
second and third trimesters in malaria-endemic areas [8,
9]. Inadequate antenatal care attendance can limit the
number of doses of IPT delivered and result on worse
birth outcomes due to malaria [9].

We evaluated the relationship between antenatal care
attendance and birthweight in a large study of neona-
tal azithromycin administration for prevention of infant
mortality in 5 regions of Burkina Faso. Burkina Faso is a
landlocked country in the West African Sahel that expe-
riences highly seasonal rainfall that corresponds with a
high malaria transmission season and high malnutrition
season [10]. We hypothesized that birthweight would be
higher in women with a great number of antenatal care
visits.

Methods

We utilized data from the baseline assessment of a rand-
omized controlled trial evaluating whether a single oral
dose of azithromycin administered during the neona-
tal period was effective for reducing infant mortality in
Burkina Faso (clinicaltrials.gov NCT03682653) [11]. The
trial was conducted in 44 primary healthcare facilities in
5 regions of Burkina Faso, including Centre, Boucle du
Mouhoun, Cascade, Centre Ouest, and Hauts-Bassins.
Enrollment lasted from April 2019 through December
2020. Facilities were in a mix of urban and rural settings.
Because the parent trial was comparing oral azithromy-
cin administered in the neonatal period to placebo, facili-
ties were chosen to be within 4 h of a pediatric hospital
that had pediatric surgical facilities in the case of infantile
hypertrophic pyloric stenosis, a rare but serious condition
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that has been linked to azithromycin administration in
observational studies [12]. Neonates were eligible for the
trial if they were between 8 and 27 days of age, weighed
at least 2500g at enrollment, were able to feed orally,
and did not have clinical signs of neonatal jaundice. Low
birthweight babies were not excluded from the trial, but
the child had to have gained enough weight to meet the
trial’s weight-based enrollment criterion (2500g) by the
time they were 27 days of age to be able to participate
in the parent trial and be included in this analysis. Only
infants with birthweights recorded in the carnet de santé
(government-issued health card) with complete data on
antenatal care attendance were included in the present
analysis. Neonates were recruited via contacting moth-
ers who gave birth in the facilities and outreach during
BCG vaccination days. The Institutional Review Boards
at the University of California, San Francisco and the
Comité National d’Ethique pour la Recherche (National
Research Ethics Committee) in Ouagadougou, Burkina
Faso reviewed and approved the study. Written informed
consent was provided by the caregiver of each neonate
enrolled in the trial. All study procedures were carried
out in accordance with the Declaration of Helsinki and
relevant guidelines and regulations.

At enrollment, a baseline questionnaire was completed
by the caregiver of each enrolled neonate. The ques-
tionnaire included the child’s age at enrollment and sex,
maternal age and education (coded as none, primary,
secondary, or higher than secondary school), and the
number of times the mother had been pregnant. Ques-
tions related to the pregnancy included whether the child
was a singleton or multiple birth and if the mother had
given birth in a healthcare facility. We extracted data
from the child’s health and vaccination card (carnet de
santé) on the number of antenatal clinic visits attended
by the mother and the neonate’s birthweight. We col-
lected data on each healthcare facility included in the
study, including whether it was in an urban or rural set-
ting, if the facility has a physician on-site, and the num-
ber of non-physician clinicians, including nurses and
midwives, employed by the facility. Because infants were
not enrolled during pregnancy and gestational age testing
is not widely available in the study area, information on
gestational age was not collected.

We evaluated the relationship between the number
of antenatal care visits and 1) birthweight as a continu-
ous variable using linear regression models and 2) low
birthweight (defined as <2500g) using logistic regres-
sion models. All multivariable models were adjusted
for maternal age, education, number of previous preg-
nancies, type of pregnancy (singleton vs multiple), the
infant’s sex, region of the facility, if the facility was in an
urban or rural setting, and if it had a physician onsite (as
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a proxy for level of care available at the facility). These
variables were chosen because they were hypothesized
to be confounders of the relationship between antenatal
care attendance and birthweight. We chose this strat-
egy as other strategies that rely on statistical criteria or
comparison of adjusted and unadjusted effects may lead
to omission of important but non-statistically signifi-
cant confounders from the analysis and inappropriate
adjustment for variables that are on the causal pathway
between exposure and outcome [13]. We then evalu-
ated the same outcomes using whether the mother had
attended at least four antenatal care visits, adjusting for
the same potentially confounding variables. We first ran
a series of univariate models for antenatal care use and
each confounding variable, and then a multivariable
model for each exposure and outcome pair including all
covariates. We did not base confounding decisions on
statistical significance in the univariate model, due to
known biases arising from relying on statistical criteria
for confounder selection [14]. For all exposure-outcome
pairs, we conducted a subgroup analysis among rural
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versus urban facilities to evaluate any differences the
association between antenatal care use and birthweight
by urbanicity. Due to the multilevel nature of the data, all
models adjusted for clustering at the facility level using a
Huber-White sandwich estimator. All analyses were con-
ducted in Stata version 15.1 (StataCorp, College Station,
TX).

Results

Of 21,832 neonates enrolled in the parent study, 21,319
(97.7%) had valid birthweight measurements recorded
in the carnet de santé and 21,223 (97.3%) had com-
plete data on antenatal care and the healthcare facility
and were included in the analysis. The mothers of most
(N =21,166, 99.7%) infants had attended at least one
antenatal care visit during pregnancy, and 14,601 (68.8%)
attended at least four. Only 3 women (0.01%) had 8 ante-
natal care visits, and no women attended more than 8
visits. Mean birthweight was 2998 g (standard deviation,
SD, 423g) and 8.1% of the enrolled population was low
birthweight (Table 1). Female infants had lower mean

Table 1 Descriptive characteristics for study sample, overall and by birthweight status (low birthweight/normal birthweight)

Overall Low birthweight Normal birthweight Mean
(<250049) (>25009) Birthweight,
g (SD)
N 21,223 1715 (8.1%) 19,508 (91.9%) 2998 (423)
Child's sex
Male 10,685 (50.3%) 701 (40.9%) 9984 (51.2%) 3053 (432)
Female 10,538 (49.7%) 1014 (59.1%) 9524 (48.8%) 2942 (407)
Antenatal care visits, median (IQR) 4(3t05) 4(3t04) 4(3t05) N/A
>4 antenatal care visits 14,601 (68.8%) 1056 (61.6%) 13,545 (69.4%) 3018 (424)
Type of pregnancy
Singleton 20,863 (98.3%) 1574 (91.8%) 19,289 (98.9%) 3006 (421)
Multiple 360 (1.7%) 141 (8.2%) 219 (1.1%) 2554 (335)
Region
Centre 1803 (8.5%) 191 (11.1%) 1612 (8.3%) 2937 (409)
Boucle du Mouhoun 2536 (12.0%) 242 (14.1%) 2294 (11.8%) 2973 (426)
Cascade 3936 (18.5%) 261 (15.2%) 3675 (18.8%) 3030 (432)
Centre Ouest 2425 (11.4%) 195 (11.4%) 2230 (11.4%) 2975 (419)
Hauts-Bassins 10,523 (49.6%) 826 (48.2%) 9697 (49.7%) 3008 (422)
Setting
Urban 17,736 (83.6%) 1401 (81.7%) 16,335 (83.7%) 2986 (420)
Rural 3487 (16.4%) 314 (18.3%) 3173 (16.3%) 3001 (424)
Physician onsite at birth facility 2657 (12.5%) 206 (12.1%) 2451 (12.6%) 3009 (428)
Maternal age, years, mean (SD) 26.1(6.2) 24.7 (6.2) 26.2 (6.2) N/A
Maternal education
None 11,542 (54.4%) 956 (55.7%) 10,586 (54.3%) 2999 (422)
Primary 3867 (18.2%) 286 (16.7%) 3581 (18.3%) 3000 (420)
Secondary 5208 (24.5%) 430 (25.0%) 4779 (24.5%) 2991 (426)
Higher than secondary 606 (2.9%) 44 (2.6%) 562 (2.9%) 3027 (442)
Previous gravidity, median (IQR) 2(0to3) 10to2) 2(0to3) N/A
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birthweights and were more often low birthweight than
male infants (females: mean birthweight 2942 g, SD 407,
9.6% low birthweight; males: mean birthweight 3053 g,
SD 432, 6.6% low birthweight; P <0.001 for both com-
parisons). Although twins made up only a small per-
centage of enrolled, participants, they had much lower
birthweights (twins: mean birthweight 2554 g, SD 335;
singletons: mean birthweight 3006g, SD 421; P <0.001)
and were much more likely to be low birthweight (39.2%
of twins were low birthweight versus 7.5% of singletons;
P <0.001).

Among infants whose mothers attended at least 4 ante-
natal care visits, mean birthweight was 3018g (SD 424)
versus 2954 g (SD 419) among those who attended <4
antenatal care visits, and 7.2% of infants born to moth-
ers who attended at least 4 antenatal care visits were low
birthweight compared to 9.9% of those who attended <4
(Table 1). In models adjusted for pregnancy, maternal,
and facility characteristics, each additional antenatal care
visit was associated with a 31g increase in birthweight
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(95% confidence interval, CI, 23 to 39g, P <0.001;
Table 2). Each additional antenatal care visit was associ-
ated with 0.85 times the odds of low birthweight (95%
CI 0.81 to 0.89, P <0.001; Table 3). In models stratified
by urban versus rural setting, the relationship between
antenatal care attendance and birthweight was strongest
in babies enrolled in urban facilities, with no evidence of
a difference in birthweight by number of antenatal care
visits among rural-dwelling neonates (Supplemental
Tables 1 and 2).

Results were similar in models categorizing the number
of antenatal care visits (>4 versus <4, Table 4).

Discussion

In this analysis of more than 21,000 neonates enrolled
in 44 primary healthcare facilities across Burkina Faso,
we found evidence of a small difference in birthweight
among neonates born to mothers who had attended a
higher number of antenatal clinic visits. These results
are in line with previous evidence from other settings

Table 2 Associations between birthweight and number of antenatal care visits (N =21,223)

Univariate Multivariable
Mean Difference, g (95% Cl) P-value Adjusted Mean Difference, g P-value
(95% Cl)

No. of ANC visits 31 (23 to 40) <0.001 31 (23t039) <0.001
Maternal age, per year 11(10t0 12) <0.001 5Bto7) <0.001
Maternal education

None Ref Ref

Primary 1(=211t023) 094 23 (4t042) 0.02

Secondary —8(—271t0 10) 037 36 (23 t0 49) <0.001

Higher than secondary 28 (=27 10 82) 031 62 (18t0 107) 0.008
Gravidity, per pregnancy 37 (32t043) <0.001 31 (2310 39) <0.001
Pregnancy type

Singleton Ref Ref

Multiple —452 (=506 to — 398) <0.001 —473 (—525to —421) <0.001
Infant’s sex

Male Ref Ref

Female —111(=122to —100) <0.001 —112(=123to0 —101) <0.001
Facility setting

Urban Ref Ref

Rural —15(—83t052) 0.65 —23 (—96to 50) 0.52
Physician onsite

No Ref Ref

Yes 12 (=21 to 46) 047 16 (— 34 10 66) 0.53
Region

Centre Ref Ref

Boucle du Mouhoun 37 (=251t098) 0.23 43 (—26t0112) 0.21

Cascade 93 (50 to 137) <0.001 83 (32t0 135) 0.002

Centre Ouest 8(—18t093) 0.18 3(—38t085) 045

Hauts-Bassins 71 (27 to 115) 0.002 81 (34to 127) 0.001
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Table 3 Associations between low birthweight (< 2500g) and number of antenatal care visits (N =21,223)
Univariate Multivariable
0Odds Ratio (95% Cl) P-value Adjusted Odds Ratio (95% Cl) P-value

No. of ANC visits 0.85 (0.81 t0 0.90) <0.001 0.85 (0.81 t0 0.89) <0.001
Maternal age, per year 0.96 (0.95 t0 0.97) <0.001 0.98 (0.97 to 1.00) 0.02
Maternal education

None Ref Ref

Primary 0.88 (0.74 t0 1.05) 0.16 0.82 (0.69 t0 0.98) 0.03

Secondary 0.99 (0.87 to0 1.14) 0.93 0.87 (0.76 to 1.00) 0.06

Higher than secondary 0.87 (0.67t0 1.12) 027 0.79 (0.59to 1.05) 0.11
Gravidity, per pregnancy 0.86 (0.82 to 0.90) <0.001 0.86 (0.80 t0 0.92) <0.001
Pregnancy type

Singleton Ref Ref

Multiple 7.89(5.70t0 10.92) <0.001 9.20 (6.69 to 12.65) <0.001
Infant’s sex

Male Ref Ref

Female 1.52 (136 to 1.69) <0.001 1.56 (141 t0 1.73) <0.001
Facility setting

Urban Ref Ref

Rural 1.15(0.87 t0 1.53) 0.32 1.16 (0.83 to 1.64) 038
Physician onsite

No Ref Ref

Yes 0.95(0.78to 1.16) 0.61 0.96 (0.78t0 1.18) 0.70
Region

Centre Ref Ref

Boucle du Mouhoun 0.89(0.681t01.17) 041 0.87 (0.65t0 1.15) 032

Cascade 0.60 (0.46 t0 0.78) <0.001 0.62 (04910 0.77) <0.001

Centre Quest 0.74 (0.57 t0 0.95) 0.02 0.80 (0.63 to 1.03) 0.08

Hauts-Bassins 0.72 (0.56 t0 0.93) 0.01 0.68 (0.57 t0 0.84) <0.001

that have documented that major risk factors for low
birthweight include poor antenatal care attendance [15,
16]. However, absolute differences observed in the pre-
sent analysis were fairly small. For example, the risk of
low birthweight was higher in the Democratic Republic
of Congo, Zambia, Kenya, and Uganda among women
with fewer antenatal care visits than in the present analy-
sis [15, 16]. We found similar results treating the number
of antenatal care visits continuously or as a dichoto-
mous variable (>4 visits). Attending at least four ante-
natal care visits was recommended by the WHO until
2016, and thus we used this cutoff to assess whether
“adequate” receipt of antenatal care was associated with
birthweight outcomes. Most participants in the present
study were urban, and determinants of low birthweight
may be different in urban compared to rural settings.
Barriers to accessing antenatal care may also be differ-
ent in urban settings where factors such as travel times
are less of an issue, but long wait times or other struc-
tural barriers reduce access to services [17]. In stratified
models, we found that the relationship between antenatal

care attendance and low birthweight was predominantly
driven by babies enrolled in urban settings, and we found
no evidence of a difference in birthweight outcomes by
antenatal care attendance among those born in rural set-
tings, despite an overall higher proportion of rural-dwell-
ing babies born at low birthweight and a lower antenatal
care attendance among rural-dwelling mothers. This may
indicate that the relationship between antenatal care use
and birthweight is confounded by another factor, such as
socioeconomic status, in urban but not rural populations,
or that there are systematic differences in the impact of
antenatal care on birth outcomes in urban compared to
rural women.

The vast majority of participants in this analysis
reported at least one antenatal care visit. This may have
been due to sampling at primary healthcare facilities
where infants were born, which primary reached infants
who had been born in the facility and may have been
more likely to have had antenatal care services compared
to sampling in communities. Home births are relatively
uncommon in Burkina Faso, and there are no fees for
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Table 4 Multivariable associations between birthweight and low birthweight (< 2500g) and > 4 antenatal care visits (N =21,223)

Birthweight (g) Low birthweight (<25009g)

Mean Difference, g (95% Cl) P-value Mean Difference, g (95% Cl) P-value
>4 ANC visits, univariate® 63 (46 to 81) <0.001 0.71(0.63t00.79) <0.001
>4 ANC visits 61 (4510 76) <0.001 31 (23t0 39) <0.001
Maternal age, per year 5@4to7) <0.001 5Bto7) <0.001
Maternal education

None Ref Ref

Primary 3(5t041) 0.02 3(4to42) 0.02

Secondary 37 (24 to 50) <0.001 6 (23 t0 49) <0.001

Higher than secondary 7(22t0111) 0.004 62 (18to 107) 0.008
Gravidity, per pregnancy 0(23to 38) <0.001 1(23t0 39) <0.001
Pregnancy type

Singleton Ref Ref

Multiple —470 (—522t0419) <0.001 —473 (=525 to —421) <0.001
Infant’s sex

Male Ref Ref

Female —111(=122to —=101) <0.001 —112(=123to —101) <0.001
Facility setting

Urban Ref Ref

Rural —23(—951t049) 0.53 —23(—96 10 50) 0.52
Physician onsite

No Ref Ref

Yes 17 (—32to 66) 049 16 (—34 to 66) 053
Region

Centre Ref Ref

Boucle du Mouhoun 43 (—=261t0112) 0.22 43 (—=261t0 112) 0.21

Cascade 6 (0.35t0 137) 0.002 83 (3210 135) 0.002

Centre Ouest ( 35 to 84) 041 3(—381t0 85) 0.45

Hauts-Bassins 0 (34 to 126) 0.001 81 (3410 127) 0.001

@ Univariate analysis evaluating >4 ANC visits predicting birthweight and low birthweight, unadjusted for covariates, with standard errors adjusted for clustering

within enrollment facility

antenatal care or facility delivery, which may improve
access to both [18, 19]. Previous analyses have dem-
onstrated high use of antenatal care in Burkina Faso [6,
20]. However, in the present analysis only two-thirds of
participants attended four or more antenatal care vis-
its, in line with previous estimates from West Africa [6].
Almost none of the mothers in our analysis attended 8
or more antenatal care visits, suggesting that there are
major gaps between antenatal care use and current WHO
recommendations.

This analysis must be considered in the context of sev-
eral limitations. Infants included in the parent trial had
to be at least 2500 g at enrollment and were at least 8 days
of age, meaning that the analysis was restricted to those
who survived long enough and who weighed enough
to be able to participate in the parent trial. If antenatal
care attendance is associated with survival, this may have
induced selection bias for several reasons: 1) babies were

less likely to be low birthweight due to the weight crite-
rion than those in the general populations; 2) babies who
did not survive their first week of life were not included;
and 3) low birthweight babies would have had to gain
weight quickly to be eligible to be included in the par-
ent trial. We were not able to estimate gestational age, so
we cannot comment on differences between babies who
were preterm or if low birthweight was due to restricted
intrauterine growth. Previous studies have suggested
that quality of antenatal care is as important as quan-
tity of antenatal care. We did not collect data on quality
of antenatal care and relied on routinely recorded data
in the mother’s health care, so are unable to comment
on the quality of care. However, we collected healthcare
facility-level data that may serve as a proxy for quality,
although none of these were associated with differences
in birthweight or probability of low birthweight. There
may have been unmeasured confounding, particularly by
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socioeconomic status, as our socioeconomic status meas-
urements were limited to mother’s educational attain-
ment and indicators for whether the facility was in a rural
or urban setting. Women with higher socioeconomic sta-
tus may have improved access to antenatal care and inde-
pendently higher birthweight babies due to improved
access to nutrition and other resources. Although we
enrolled a large population across diverse geographic set-
tings in Burkina Faso, these results may not be generaliz-
able to very rural populations or to very low birthweight
babies.

Conclusions

In this large sample of neonates enrolled across diverse
settings in Burkina Faso, we found a significant asso-
ciation between increased antenatal care attendance and
birthweight. Babies born to mothers who had attended at
least 4 antenatal care visits had higher mean birthweights
and were less likely to be born low birthweight. Increas-
ing access to adequate antenatal care may be a useful
component of improving birth outcomes in Burkina Faso.

Abbreviations

ANC: Antenatal care; BCG: Bacillus Calmette-Guérin; Cl: Confidence interval;
IPT: Intermittent preventive treatment; IQR: Interquartile range; SD: Standard
deviation.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512884-021-04310-6.

Additional file 1: Supplemental Table 1. Association between number
of antenatal care visits and birthweight among urban- (N =17,736) and
rural-dwelling (N =3487) newborns in 5 regions of Burkina Faso. Supple-
mental Table 2. Association between number of antenatal care visits and
low birthweight (< 2500g) among urban- (N = 17,736) and rural-dwelling
(N =3487) newborns in 5 regions of Burkina Faso.

Acknowledgements
We thank the families of the participants and the nurses at each health facility
who were responsible for data collection.

Authors’ contributions

MB designed the study, collected and supervised data collection, interpreted
data, and contributed to writing the manuscript. AS designed the study,
supervised data collection, interpreted data, and contributed to writing the
manuscript. AZ supervised data collection and management, contributed

to data analysis, interpreted data, and critically revised the manuscript. GC
designed the study, supervised data collection, interpreted data, and critically
revised the manuscript. TO supervised data collection, managed study supply
chains, interpreted data, and critically revised the manuscript. EL designed
the study, supervised data collection, interpreted data, and critically revised
the manuscript. JB designed the study, supervised data collection, interpreted
data, and critically revised the manuscript. FN supervised data collection and
management, interpreted data, contributed to data analysis, and critically
revised the manuscript. BFA supervised data management, contributed to
data analysis, interpreted data, and critically revised the manuscript. TML
designed the study, supervised data collection, interpreted data, and critically

Page 7 of 8

revised the manuscript. CEO designed the study, supervised data collection
and management, implemented data analysis, and wrote the first draft of the
manuscript. The author(s) read and approved the final manuscript.

Funding

This study was funded by the Bill and Melinda Gates Foundation
(OPP1187628). The funders played no role in the design, writing, interpretation
of data, or decision to publish.

Availability of data and materials
The datasets analyzed in this study are available from the corresponding
author upon reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Review Boards at the University of California, San Francisco
and the Comité d'Ethique National du Burkina Faso reviewed and approved
the study. Written informed consent was provided by the caregiver of each
neonate enrolled in the trial.

Consent for publication
Not applicable.

Competing interests
None to report.

Author details

!Centre de Recherche en Santé de Nouna, Nouna, Burkina Faso. “Francis |
Proctor Foundation, University of California, 490 lllinois St, Floor 2, San Fran-
cisco, CA 94143, USA. *Department of Ophthalmology, University of California,
San Francisco, USA. “Department of Epidemiology and Biostatistics, University
of California, San Francisco, USA.

Received: 22 June 2021 Accepted: 1 December 2021
Published online: 13 December 2021

References

1. World Health Organization. Global nutrition targets 2025: low birth
weight policy brief (WHO/NMH/NHD/14.5). Geneva: WHO; 2014.

2. Zoleko-Manego R, Mischlinger J, Dejon-Agobe JC, et al. Birth weight,
growth, nutritional status and mortality of infants from Lam-
berene and Fougamou in Gabon in their first year of life. PLoS One.
2021;16(2):20246694. https://doi.org/10.1371/journal.pone.0246694.

3. Hilaire M, Andrianou XD, Lenglet A, et al. Growth and neurodevelopment
in low birth weight versus normal birth weight infants from birth to 24
months, born in an obstetric emergency hospital in Haiti , a prospective
cohort study. BMC Pediatr. 2021;21:143.

4. Leary MO, Edmond K, Floyd S, Newton S, Thomas SL. A cohort study of
low birth weight and health outcomes in the first year of life, Ghana. Bull
World Health Organ. 2017,95:574-83.

5. Godah MW, Beydoun Z, Abdul RA, Safieddine B, Khamis AM. Maternal
education and low birth weight in low- and middle- income countries:
systematic review and Meta-analysis. Matern Child Health J. 2021. https.//
doi.org/10.1007/510995-021-03133-3.

6. Owolabi OO, Wong KLM, Dennis ML, et al. Comparing the use and
content of antenatal care in adolescent and older first-time mothers in 13
countries of West Africa : a cross-sectional analysis of demographic and
health surveys. Lancet Child Adolesc Heal. 2017;1(3):203-12. https://doi.
0rg/10.1016/52352-4642(17)30025-1.

7. Cates JE, Unger HW, Briand V, et al. Malaria, malnutrition, and birth-
weight: a meta-analysis using individual participant data. PLoS Med.
2017;14(8):21002373.

8. Schallig HDFH, Scott S, Traore-coulibaly M, et al. Evaluation of malaria
screening during pregnancy with rapid diagnostic tests performed
by community health Workers in Burkina Faso. Am J Trop Med Hyg.
2017;97(4):1190-7. https://doi.org/10.4269/ajtmh.17-0138.


https://doi.org/10.1186/s12884-021-04310-6
https://doi.org/10.1186/s12884-021-04310-6
https://doi.org/10.1371/journal.pone.0246694
https://doi.org/10.1007/s10995-021-03133-3
https://doi.org/10.1007/s10995-021-03133-3
https://doi.org/10.1016/S2352-4642(17)30025-1
https://doi.org/10.1016/S2352-4642(17)30025-1
https://doi.org/10.4269/ajtmh.17-0138

Bountogo et al. BMC Pregnancy and Childbirth (2021) 21:825 Page 8 of 8

9. Grietens KP, Gies S, Coulibaly SO, et al. Bottlenecks for high coverage of
intermittent preventive treatment in Pregnancy : the case of adolescent
pregnancies in rural Burkina Faso. PLoS One. 2010;5(8):e12013. https://doi.
org/10.1371/journal.pone.0012013.

10. im Kampe EO, Muller O, Sie A, Becher H. Seasonal and temporal trends in
all-cause and malaria mortality in rural Burkina Faso, 1998-2007. Malar J.
2015;14:300.

11. Sie A, Bountogo M, Nebie E, et al. Neonatal azithromycin administration
to prevent infant mortality: study protocol for a randomised controlled
trial. BMJ Open. 2019,9(9):e031162. https://doi.org/10.1136/bmjop
en-2019-031162.

12. Eberly MD, Eide MB, Thompson JL, Nylund CM. Azithromycin in early
infancy and pyloric stenosis. Pediatrics. 2015;135(3):483-8 http://pedia
trics.aappublications.org/cgi/doi/10.1542/peds.2014-2026.

13. Herndn MA, Herndndez-Diaz S, Werler MM, Mitchell AA. Causal know!-
edge as a prerequisite for confounding evaluation: an application to birth
defects epidemiology. Am J Epidemiol. 2002;155(2):176-84. https://doi.
org/10.1093/aje/155.2.176.

14. VanderWeele TJ. Principles of confounder selection. Eur J Epidemiol.
2019;34(3):211-9. https://doi.org/10.1007/510654-019-00494-6.

15. Pusdekar YV, Patel AB, Kurhe KG, et al. Rates and risk factors for preterm
birth and low birthweight in the global network sites in six low - and low
middle - income countries. Reprod Health. 2020;17(3):1-17. https://doi.
0rg/10.1186/512978-020-01029-z.

16. Bater J, Lauer JM, Ghosh S, et al. Predictors of low birth weight and pre-
term birth in rural Uganda : findings from a birth cohort study. PLoS One.
2020;42:1-16. https://doi.org/10.1371/journal.pone.0235626.

17. Oldenburg CE, Sié A, Ouattara M, et al. Distance to primary care facilities
and healthcare utilization for preschool children in rural northwestern
Burkina Faso : results from a surveillance cohort. BMC Health Serv Res.
2021;21:212.

18. Kouanda S, Bado A, Bertrand |, Yameogo GS, Coulibaly A, Haddad S.
Home births in the context of free health care: the case of Kaya health
district in Burkina Faso. Int J Gynecol Obstet. 2016;135:539-44.

19. LeoneT, CetorelliV, Neal S, Matthews Z. Financial accessibility and user
fee reforms for maternal healthcare in fi ve sub-Saharan countries: a
quasi-experimental analysis. BMJ Open. 2016;6:e009692. https://doi.org/
10.1136/bmjopen-2015-009692.

20. Coulibaly A, Baguiya A, Millogo T, Bertrand |, Koueta F, Kouanda S. Predic-
tors of mortality of low birth weight newborns during the neonatal
period: a cohort study in two health districts of Burkina Faso. Obstet
Gynecol. 2016;135:589-92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1371/journal.pone.0012013
https://doi.org/10.1371/journal.pone.0012013
https://doi.org/10.1136/bmjopen-2019-031162
https://doi.org/10.1136/bmjopen-2019-031162
http://dx.doi.org/10.1542/peds.2014-2026
http://dx.doi.org/10.1542/peds.2014-2026
https://doi.org/10.1093/aje/155.2.176
https://doi.org/10.1093/aje/155.2.176
https://doi.org/10.1007/s10654-019-00494-6
https://doi.org/10.1186/s12978-020-01029-z
https://doi.org/10.1186/s12978-020-01029-z
https://doi.org/10.1371/journal.pone.0235626
https://doi.org/10.1136/bmjopen-2015-009692
https://doi.org/10.1136/bmjopen-2015-009692

	Antenatal care attendance and risk of low birthweight in Burkina Faso: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


