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Conclusion: Malaria in pregnancy significantly elevates the risk of LBW, preterm birth, and SGA, underscoring the
need for effective malaria prevention and treatment strategies in endemic regions. Future research should aim to
refine and implement these strategies to enhance maternal and neonatal health outcomes.

1. Introduction

Malaria during pregnancy is widely recognized as a significant global
health challenge [1,2], presenting substantial risks to the health of both
the mother and the fetus, as well as to newborns and the broader com-
munity [2,3]. The disease is attributed to infection by Plasmodium
parasites, among which Plasmodium falciparum and Plasmodium vivax are
the most hazardous to humans [4]. Infection is transmitted via the bite
of infected female Anopheles mosquitoes, leading to a spectrum of
clinical outcomes that range from mild symptoms to severe illness and
even death [5,6].

Pregnant women are particularly vulnerable to malaria due to a
combination of factors [7-9]. These include a decreased immunity to
malaria, which permits higher levels of parasitemia, and the seques-
tration of parasites in the placenta [10]. Specific socio-economic and
cultural factors may also exacerbate exposure or hinder access to pre-
ventive strategies [11-13]. The negative consequences of malaria in
pregnancy are extensive and varied. A common pathological feature in
malaria-affected pregnancies is placental malaria, which is character-
ized by the sequestration of Plasmodium-infected erythrocytes within
the intervillous spaces of the placenta [14]. This can cause placental
inflammation and impair the exchange of nutrients and gases, leading to
adverse outcomes such as low birth weight (LBW), preterm birth, low
birth weight, stillbirth, and neonatal death [15,16]. Malaria in preg-
nancy can also lead to maternal anemia, significantly elevating the risk
of maternal mortality and complicating the already challenging expe-
rience of pregnancy and childbirth in areas where malaria is endemic
[17-19].

Despite continuous efforts to control and eradicate malaria, it re-
mains a significant burden on pregnant women and their infants,
particularly in sub-Saharan Africa, the region that bears the brunt of
worldwide malaria-related sickness and deaths, this condition is prev-
alent [20,21]. This challenge is intensified by factors like resistance to
antimalarial drugs and obstacles in accessing and implementing pre-
ventive measures, such as intermittent preventive treatment in preg-
nancy (IPTp) and insecticide-treated nets (ITNs) [22-24]. The
complexity of providing effective antenatal care in settings with limited
resources further aggravates the situation.

Considering the profound impact of malaria on birth outcomes and
the inconsistency of findings across various studies, there is a pressing
need for a thorough and systematic literature review to consolidate the
existing evidence on this subject. The objective of this research is to fill
the existing void by undertaking a systematic review and meta-analysis
that evaluates the association between malaria during pregnancy and
the likelihood of negative outcomes in pregnancy. The intention is to
measure the impact of malaria on various pregnancy results, such as
preterm delivery, still birth, low birth weight (LBW) among other
complications. The findings of this review are expected to have signifi-
cant implications for public health policy and practice, especially in the
development and implementation of targeted interventions to prevent
and manage malaria in pregnancy.

2. Method

This study was conducted in alignment with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
and outlined in Table S1 [25]. For the screening and data extraction
processes, we employed the Nested Knowledge web-based software
(Nested-Knowledge, MN, USA). The protocol was registered in PROS-
PERO: CRD42024513881.

2.1. Eligibility criteria

Original researches were eligible for the analysis if they were
observational, including cohort, case-control, or cross-sectional studies
that reported on pregnant women infected with malaria of any species.
Eligible studies either compared outcomes between infected and non-
infected pregnant women or reported the number of pregnancy-
related or neonatal outcomes associated with malaria. Additionally, to
be considered for inclusion, studies needed to report on at least one of
the predefined adverse pregnancy outcomes. Conversely, studies were
excluded from the analysis if they failed to provide specific data on
pregnancy outcomes, were in the form of reviews, letters, comments, or
conference abstracts that lacked comprehensive data, or were based on
animal studies. The inclusion criteria are given in Table S2.

2.2. Data sources and search strategy

A search of electronic databases, including Embase, PubMed, and
Web of Science, was conducted from inception to January 30, 2024. The
search strategy combined terms related to "malaria," "pregnancy," and
specific outcomes of interest (e.g., "preterm birth," "low birth weight").
No language restrictions were applied. After retrieving the search files,
the articles were uploaded to the Nested Knowledge web application for
de-duplication and screening. The complete search strategy is given in
Table S3.

2.3. Screening

The screening process was conducted utilizing the Nested Knowledge
web software. Two independent reviewers carried out the process. In the
initial screening process, the reviewers separately examined the titles
and abstracts of all retrieved articles. This preliminary assessment aimed
to quickly identify studies that potentially met the eligibility criteria
based on their relevance to malaria infection in pregnant women and
associated adverse pregnancy outcomes. Following the title and abstract
screening, studies deemed potentially relevant by either reviewer or
where there was uncertainty regarding their eligibility were advanced to
the second step of the screening process. During this phase, the full texts
of these selected articles were reviewed. When the reviewers had
differing opinions on the eligibility of a particular study, a third reviewer
was consulted to mediate and provide an objective assessment.

2.4. Data extraction and quality assessment

Data were independently extracted by two reviewers using a pre-
defined form, ensuring consistency in capturing key study details such
as author name, publication year, country of origin, study design, and
sample size. They also recorded participant demographics, specifics of
malaria infection including the species and diagnostic methods used, as
well as the pregnancy outcomes of interest. The Nested Knowledge web
software’s tagging feature aided the screening and extraction processes.
Any differences between reviewers were reconciled by discussion, or if
necessary, by consulting a third reviewer. Study quality was evaluated
using the Newcastle-Ottawa Scale for observational studies, examining
the adequacy of the population sampled, the comparability of the
groups, and the assessment of outcomes.

2.5. Statistical analysis

The meta-analysis applied a random-effects model to determine the
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aggregated prevalence rates of adverse outcomes in pregnant women
diagnosed with malaria. Events and the number of pregnant women
with malaria were pooled to find the overall prevalence for each
outcome [26]. Studies with a population sample size of less than one
hundred (n < 100) were excluded from the meta-analysis for prevalence
to minimize overestimation due to low sample size. For quantifying the
association between malaria during pregnancy and each identified
adverse outcome, risk ratios (RRs) accompanied by 95 % confidence
intervals (CIs) were computed. The Mantel-Haenszel method estimated
the pooled risk ratio by taking the number of events for each outcome
and the total number of pregnant women in the malarial and
non-malarial groups. Heterogeneity among studies was evaluated using
the 12 statistic, categorized into levels and criteria for heterogeneity.
Additionally, a 95 % prediction interval was computed. Sensitivity an-
alyses were carried out to investigate the impact of individual studies on
the overarching findings. Evaluation of publication bias was conducted
through the utilization of funnel plots and Egger’s test. Statistical ana-
lyses were executed using R software version 4.3 [27].

3. Results
3.1. Search results
A total of 585 records were retrieved in the search from the data-

bases. Before the screening process, duplicates were removed, resulting
in the exclusion of 153 records. The screening phase then began with the
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established for this review, 331 records were excluded. Subsequently,
101 reports were identified as potentially relevant and were sought for
detailed retrieval. All 101 retrieved full-text reports underwent a
rigorous eligibility assessment. Seventy articles were excluded for the
following reasons: the outcome was not of interest in 42 studies, the
population was not of interest in 6 studies, and the number of events for
the outcomes was not reported in 22 studies. A total of 31 studies were
included in the final meta-analysis that informed the outcomes of this
systematic review.

3.2. Characteristics of included studies

Table 1 summarizes the key characteristics of the included studies. A
diverse range of study designs was represented, with observational,
cross-sectional, cohort, transversal, and case-control studies. The
geographical distribution of the studies spanned several continents,
reflecting the global nature of malaria’s impact on pregnant women.
Studies were conducted in a variety of locations, including Uganda
[28-30], Ethiopia [31,32], Brazil [33-35], Cameroon [19,36-38],
Ghana [39,40], Gabon [41,42], India [43-46], Thailand [47,48], the
Democratic Republic of the Congo [49], Zimbabwe [50,51], Malawi
[52], Tanzania [53], Colombia [54], Burkina Faso [55], and Nigeria [56,
571. This broad geographic coverage provides a comprehensive insight
into the issue across different malaria-endemic regions. The sample sizes
across the studies varied significantly, ranging from as few as 34 par-
ticipants to as many as 14,487, demonstrating a broad spectrum of study

evaluation of 432 records. Based on the inclusion and exclusion criteria scales. Such variation in sample size allows for a wide-ranging
Table 1
Characteristics of included studies.
Study Study location Study Design Sample Type of Plasmodium Malaria detection Method
Size Species
Alemayehu 2020 [31] Ethiopia Cross-sectional study 897 P. falciparum RT-PCR
Aribodor 2009 [56] Nigeria Cross-sectional study 500 P. falciparum Thick smear
Bassey 2015 [57] Nigeria Cross-sectional study 210 P. falciparum Thick and thin smears
Bater 2020 [29] Uganda Prospective cohort study 3841 NA RDT
Biteghe-Bi-Essone 2022 Gabon Transversal study 323 P. falciparum RDT, thick blood smear
[41]
Chawla 2007 [46] India Observational study 416 P. falciparum, P. vivax Peripheral blood smear
Datta 2017 [44] India Prospective study 64 P. falciparum, P. vivax Peripheral blood smear or ELISA test
Dombrowski 2018 [34] Brazil Observational study 14,487 P. falciparum, P. vivax Thin and thick blood smear
Dombrowski 2019 [33] Brazil Cohort study 4291 P. falciparum, P. vivax Peripheral blood thin and thick blood
smear
Dombrowski 2021 [35] Brazil Observational cohort study 329 P. vivax Thick and thin peripheral blood smears &
and PCR
Feresu 2015 [50] Zimbabwe Secondary data analysis 3110 NA NA
Gavina 2018 [54] Colombia Longitudinal study 180 P. falciparum, P. vivax RT-qPCR, and placental histopathology
Gaw 2019 [49] Democratic Republic of the Cross-sectional study 34 P. falciparum Malaria symptoms and Peripheral blood
Congo smear
Honkpéhedji 2021 [42] Gabon Cohort study 678 P. falciparum Thick blood smear
Hussein 2022 [39] Ghana Prospective cohort study 1323 P. falciparum RDT
Kamga 2024 [36] Cameroon Cross-sectional study 380 P. falciparum PCR
Kumlachew 2018 [32] Ethiopia A cross-sectional study 381 NA NA
Lingani 2022 [55] Burkina Faso Cross-sectional study 600 P. falciparum Peripheral blood sample
Lloyd 2018 [38] Cameroon Observational study 1377 P. falciparum Thick and thin blood smears
Luxemburger 2001 [48] Thailand Cohort study 1495 P. falciparum, P. vivax Blood Smear
Megnekou 2023 [37] Cameroon Retrospective case-control 134 P. falciparum Thick and thin blood smears
study
Mikomangwa 2019 [53] Tanzania Cross-sectional study 631 NA RDT
Nekaka 2020 [30] Uganda Cross-sectional study 210 P. falciparum Thick and thin peripheral blood smears &
and PCR
Nkwabong 2020 [19] Cameroon Cohort study 3063 NA RDT, thick blood smear
Quanquin 2020 [28] Uganda Observational study 40 P. falciparum Placenta biopsies for histological diagnosis
with PCR
Quinn 2021 [40] Ghana Cohort study 1288 NA Placental histopathology
Rijken 2014 [47] Thailand Population Cohort Study 10,264 P. falciparum, P. vivax Giemsa stained thick and thin blood films
Singh 2014 [45] India Observational study 203 P. falciparum, P. vivax Thick and thin smear
Singh 2020 [43] India Prospective cohort study 286 P. falciparum Thin and thick blood smear
Ticconi 2003 [51] Zimbabwe Case-control study 986 NA Blood smear
Weckman 2021 [52] Malawi Observational cohort study 421 P. falciparum PCR

Abbreviations: ELISA: Enzyme-Linked Immunosorbent Assay, NA: Not Available, PCR: Polymerase Chain Reaction, RDT: Rapid Diagnostic Test, RT PCR: Reverse
Transcription Polymerase Chain Reaction, RT-qPCR: Reverse Transcription Quantitative Polymerase Chain Reaction.
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understanding of malaria’s impact in different settings and populations.
The type of Plasmodium species investigated also differed among the
studies, with some focusing on P. falciparum, others on P. vivax, and
some on both. A few studies did not specify the Plasmodium species or
needed to have information available on the type of species. This
distinction is crucial, as different species may affect pregnancy outcomes
differently. Malaria detection methods employed in these studies were
diverse. They included placenta biopsies for histological diagnosis with
PCR, RT PCR, peripheral blood thin and thick blood smears, rapid
diagnostic tests (RDT), and placental histopathology. Using multiple
diagnostic methods enriches the robustness of the findings by incorpo-
rating a range of detection sensitivities and specificities. These outcomes
included mainly low birth weight (LBW), preterm birth, stillbirth, and
small for gestational age (SGA), which are critical indicators of the
impact of malaria on neonatal and maternal health. The quality
assessment is presented in Table S4.

3.3. Qualitative summary

Many of the studies reported an association of adverse birth out-
comes. Nkawabong et al. [19] in Uganda highlighted a significant cor-
relation with a RR of 2.88 (95 % CI: 1.34-6.19) for LBW and 4.50 (95 %
CI: 2.37-8.51) for preterm birth. This pattern is echoed in studies from
diverse settings, showing elevated odds ratios (ORs) for LBW and pre-
term births; for example, Bater et al. [29] reported an OR of 2.02 (95 %
CI: 1.09, 3.74) for LBW and 1.40 (95 % CI: 0.98, 2.02) for preterm births,
while Husain et al. [39] from Ghana found an OR of 2.04 (95 % CI: 1.16

New Microbes and New Infections 62 (2024) 101474

to 3.61) for LBW and 2.02 (95 % CI: 1.39 to 2.93) for preterm births.
Biteghe-Bi-Essone et al. [57] presented notably high ORs for LBW at 9.07
(95 % CI: 2.06-45.49), indicating a severe impact of malaria on birth
weight. Further contributions come from Dombrowski et al. [35] in
Brazil and Kumlachew et al. [32] from Ethiopia, with findings of ORs
suggesting increased risks for LBW, SGA, and prematurity. Riken et al.
[47] from England provided risk differences (RDs) highlighting the risk
malaria poses to neonatal health with RDs for LBW at 5.5 (95 % CI: 3.2,
7.7), preterm birth at 1.7 (95 % CI: 0.03, 3.5), and SGA at 4.8 (95 % CI:
2.7, 6.7). Additional studies from Cameroon, the Democratic Republic of
the Congo, Zimbabwe, Gabon, Burkina Faso, and Thailand further
reinforce the consistent trend of increased risk of LBW, SGA, and pre-
term births associated with malaria infection, with ORs and RRs across
these studies presenting a compelling argument for the significant
impact of malaria on adverse birth outcomes (see Fig. 1).

4. Prevalence of adverse birth outcomes with malarial infection
4.1. LBW

The forest plot illustrates the pooled prevalence of LBW from 15
studies, encompassing 5857 pregnancies affected by malaria. (Fig. 2).
The pooled prevalence was 17.4 % (95 % CI: 12.1 to 24.4). This trans-
lates to an average of approximately 17.4 % of infants born to malaria-
infected pregnant women estimated to have LBW across the included
studies. The prediction interval, where the actual effect size is expected
to lie in 95 % of similar future studies, spans from 0.039 to 0.525,

Identification of new studies via databases and registers

Records (n = 585) identified
from

PubMed(n = 234),

Embase (n = 25),

Web of Science (n = 326)

|

Records screened (n = 432)

}

Reports sought for retrieval
(n =101)

v

Full-text reports assessed for
eligibility (n=101)

v

Studies included in qualitative analysis

(n=31)

}

Total studies included in meta-analysis

(n=31)

Records removed before
screening:

Duplicates records removed
(n=153)

— Records excluded (n = 331)

—> Reports not retrieved (n = 0)

Full-text articles excluded, with
reasons (n =70)

(Outcome not of interest= 42,
Population not of interest= 6,
Number of events for outcomes
not reported =22)

Fig. 1. PRISMA flow diagram depicting article selection and screening process.
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Study Events Total Proportion [95% CI] Pooled Prevalence
Alemayehu 2020 176 339 0.519[0.465; 0.573] i
Aribodor 2009 145 322 0.450 [0.395; 0.506] ; -
Bassey 2015 10 137 0.073[0.036;0.130] -

Bater 2020 12 159 0.075[0.040;0.128] &

Dombrowski 2018 120 1283 0.094 [0.078; 0.111]

Dombrowski 2021 24 159 0.151[0.099; 0.216] =

Honkpéhédiji 2021 75 457 0.164[0.131;0.201] . &

Hussein 2022 13 125 0.104[0.057;0.171] —HB—

Lingani 2022 19 105 0.181[0.113; 0.268] ——

Lloyd 2018 73 341 0.214[0.172; 0.261] —I—
Luxemburger 2001 109 496 0.220 [0.184; 0.259] S N

Nkwabong 2020 22 101 0.218[0.142; 0.311] —l—

Quinn 2021 67 280 0.239[0.191; 0.294] -

Rijken 2014 225 1292 0.174[0.154; 0.196] B

Weckman 2021 20 261 0.077[0.047;0.116] &

Pooled prevalence (REM) 1110 5857 0.174 [0.121; 0.244] -

Prediction interval

[0.039; 0.525]

Heterogeneity: Tau® = 0.5486; Chi® = 448.14, df = 14 (P < 0.01); 1> = 97% |

I I I I

Low birth weight

Fig. 2. Prevalence of LBW among malarial-infected pregnancies.

0 010203040506 07

indicating substantial heterogeneity. Sensitivity analysis was conducted
to identify studies significantly affecting the overall results (Fig. S1). It
was found that the studies by Alemayehu et al. [31] and Aribodor et al.
[56] had a considerable impact on the overall prevalence of LBW. Thus,
a re-analysis was performed excluding these studies (Fig. S2). The
recalculated pooled prevalence is 14 % (95 % CI: 11 to 19). This revised
prevalence suggests that around 14 % of infants born to malaria-infected
mothers are at risk of LBW, which is marginally lower than the initial
pooled prevalence before the influential studies were omitted. However,
the heterogeneity remains high, with an I? of 89 %. After adjusting for
significant outliers, the prediction interval has also narrowed to (0.06,
0.32), reflecting a more homogeneous effect size.

4.2. Preterm birth

The forest plot illustrates the pooled prevalence of preterm birth
from 10 studies encompassing 4158 pregnant women infected with
malaria (Fig. 3). The meta-analysis yielded a pooled prevalence 17.9 (95
% CI of 10.8-28.2) with significant heterogeneity (97 %). This indicates
that the estimated average prevalence of preterm births among the
malaria-infected pregnant population across these studies is approxi-
mately 17.9 %. The studies exhibit considerable variability, reflected by
the wide prediction interval of 0.030-0.603.

4.3. SGA births

The meta-analysis on the prevalence of SGA births from 6 studies
with 3380 malaria-infected pregnant women revealed a pooled preva-
lence rate of 16.1 %, with a 95 % CI (9.0-26.9) with high heterogeneity
(12 = 94 %). This suggests that in the studied populations, approximately
1 in 6 infants born to women who had malaria during pregnancy were
SGA. The individual study proportions range significantly, from as low
as 7.3 % to as high as 30.0 %, and the prediction interval extends from
3.0 % to 53.9 %, indicating a wide range of outcomes across different
study settings (Fig. 4).

5. Risk of adverse birth outcomes with malaria
5.1. LBW

The meta-analysis assesses the risk of LBW associated with malaria
infection during pregnancy (Fig. 5) from 21 studies, encompassing a
cohort of 50,447 pregnant women, of whom 7770 were infected with
malaria and 42,677 were not. The results demonstrate a significant in-
crease in the risk of LBW when the mother is infected with malaria, with
a pooled RR of 1.755 (95 % CI: 1.316 to 2.340, p = 0006. This increased
risk is substantiated by a high degree of heterogeneity (I> = 84 %),

Study Events Total Proportion [95% CI] Pooled Prevalence
Bater 2020 41 171 0.240[0.178; 0.311] —.—
Dombrowski 2018 112 1283 0.087 [0.072; 0.104]

Dombrowski 2021 17 159 0.107[0.064;0.166] !

Hussein 2022 65 125 0.520 [0.429; 0.610] —i—
Lloyd 2018 83 341 0.243[0.199; 0.293] -l

Nkwabong 2020 21 101 0.208 [0.134; 0.300] —I—

Quinn 2021 17 280 0.061[0.036;0.095] &

Rijken 2014 119 1292 0.092 [0.077; 0.109]

Ticconi 2003 49 145 0.338[0.262; 0.421] P —l—
Weckman 2021 49 261 0.188[0.142; 0.240] ~.—

Pooled prevalence (REM) 573 4158 0.179 [0.108; 0.282] —cap———

Prediction interval

Heterogeneity: Tau® = 0.6431; Chi® = 266.99, df = 9 (P < 0.01); 1> = 97%
0 0.1 020304050607

[0.030; 0.603]

I

I T

Preterm birth

Fig. 3. Prevalence of preterm birth among malarial infected pregnancies.

T
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indicating that women with malaria have an estimated 75.5 % higher

Study

Events Total Proportion [95% CI]

New Microbes and New Infections 62 (2024) 101474

Pooled Prevalence

Dombrowski 2018
Dombrowski 2021
Quinn 2021
Rijken 2014
Ticconi 2003
Weckman 2021

Pooled prevalence (REM)

Prediction interval

195 1171 0.167 [0.146; 0.189] =

15 159 0.094 [0.054;0.151] -

84 280 0.300[0.247; 0.357] -
179 1292 0.139 [0.120; 0.159] 5

42 145 0.290 [0.217; 0.371] P
19 261 0.073[0.044;0.111] &

534 3308 0.161 [0.090; 0.269] —mm—

[0.030;

0.539]

Heterogeneity: Tau® = 0.3593; Chi’ = 77.70, df = 5 (P < 0.01); = 94% |
0 010203040506 07

I I I T T 1

SGA

Fig. 4. Prevalence of SGA birth among malarial infected pregnancies.

Malaria Non-malaria

Study Events Total Events Total Weight RR [95% CI] Risk for Low birth weight

Bassey 2015 10 137 4 73 3.2% 1.332[0.433; 4.100] — -

Bater 2020 12 159 112 3178 5.3% 2.142[1.207; 3.801] ——

Biteghe-Bi-Essone 2022 6 10 44 313 5.3% 4.268 [2.401; 7.588] ——

Dombrowski 2018 120 1283 896 13204 6.7% 1.378[1.149; 1.653] | |

Dombrowski 2021 24 159 13 170 5.0% 1.974[1.041; 3.741] ——

Feresu 2015 13 43 464 2940 5.8% 1.916([1.207; 3.039] —.—

Gavina 2018 5 45 6 135 3.1% 2.500[0.801; 7.800] T

Gaw 2019 6 17 1 17 1.4% 6.000 [0.806; 44.665] .

Honkpéhedji 2021 75 457 67 221 6.4% 0.541[0.406; 0.722] E 3 i

Hussein 2022 183 125 61 1198 5.3% 2.042[1.155; 3.611] —I——

Kamga 2024 15 96 36 284 5.4% 1.233[0.707; 2.150] —--

Kumlachew 2018 35 68 21 313 57% 7.672[4.779; 12.314] : ——

Lingani 2022 19 105 47 495 57% 1.906[1.168; 3.109] ——

Lloyd 2018 73 341 145 1036 6.5% 1.530[1.187; 1.970] -

Megnekou 2023 3 77 4 57 2.3% 0.555[0.129; 2.384] <«

Mikomangwa 2019 1 4 40 627 1.8% 3.919[0.699; 21.965] L

Quanquin 2020 3 18 1 22 1.3% 3.667 [0.416; 32.299]

Quinn 2021 67 280 125 878 6.5% 1.681[1.290; 2.190] k3

Rijken 2014 225 1292 1072 8972 6.8% 1.458[1.278; 1.662] -

Singh 2020 25 70 86 216 6.2% 0.897 [0.629; 1.279] E

Weckman 2021 20 261 8 160 4.3% 1.533[0.691; 3.397] ——

Pooled prevalence (REM) 770 5047 3253 34509 100.0% 1.755 [1.316; 2.340] <=

Prediction interval [0.565; 5.447] ——

Heterogeneity: Tau® = 0.2739; Chi’ = 128.25, df = 20 (P < 0.01); I = 84% P . :
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Fig. 5. Risk of LBW with malarial infection.

likelihood of delivering LBW infants compared to uninfected women.
The prediction interval ranges from 0.565 to 5.447, reflecting the po-

tential variation in the effect size in similar future studies and con-
firming the substantial heterogeneity observed in the current analysis.

5.2. Preterm birth

The meta-analysis aggregates data from 15 studies, comprising 8296

malaria events in pregnant women and 32,204 events in non-malaria-
affected pregnancies (Fig. 6). The pooled RR for preterm birth in

Malaria Non-malaria
Study Events Total Events Total Weight RR [95% ClI] Risk for Preterm birth
Bater 2020 41 171 611 3670 8.3% 1.440([1.092; 1.899] -
Biteghe-Bi-Essone 2022 9 10 37 313 8.0% 7.614[5.278; 10.982) i —
Dombrowski 2018 112 1283 968 13204 8.5% 1.191[0.988; 1.436] -
Dombrowski 2021 17 159 6 170 5.4% 3.029[1.225; 7.490] ——
Gavina 2018 8 45 16 135 6.0% 1.500[0.688; 3.268] ——-—
Gaw 2019 3 17 6 17  4.1% 0.500[0.149; 1.680] «———F—
Hussein 2022 65 125 418 1198 8.6% 1.490([1.238; 1.794] E 3
Lloyd 2018 83 341 184 1036 8.4% 1.370[1.091; 1.722] E 3
Megnekou 2023 6 77 10 57 52% 0.444[0.171; 1.151] «———1
Quanquin 2020 2 18 0 22 1.1% 6.081[0.311; 118.936] :
Quinn 2021 17 280 28 878 7.0% 1.904[1.058; 3.426] ——
Rijken 2014 119 1292 670 8972 8.6% 1.233[1.024; 1.486] i 3
Singh 2014 5§ 72 11 131 49% 0.827[0.299; 2.287] ———
Ticconi 2003 49 145 234 841 84% 1.215[0.944; 1.563] i
Weckman 2021 49 261 22 160 7.5% 1.365[0.859; 2.169] ——._—
Pooled prevalence (REM) 585 4296 3221 30804 100.0% 1.484 [1.023; 2.151] =
Prediction interval [0.397; 5.542] | '—T |

Heterogeneity: Tau® = 0.3421; Chi® = 102.38, df = 14 (P < 0.01); I* = 86%

0.2

05 1 2 5
Preterm birth

Fig. 6. Risk of preterm birth with malarial infection.
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women with malaria is 1.484 (95 % CI: 1.023 to 2.151, p = 0.039), with
high heterogeneity (86 %). This indicates that malaria infection during
pregnancy is associated with a 48.4 % increased risk of preterm birth
compared to non-infected pregnancies. The total sample size of these
studies amounts to 40,500 pregnancies, providing a substantial basis for
the estimated association. The prediction interval of 0.397-5.542
further acknowledges this variability and implies that the actual effect
size could vary significantly in similar studies conducted in the future.

5.3. SGA births

The forest plot presents the risk of SGA births associated with malaria
infection during pregnancy (Fig. 7). The meta-analysis synthesizes data
from eight studies, totaling 11,338 pregnant women, 3527 with malaria
and 7811 without. The pooled RR for SGA in women with malaria is
1.554 (95 % CI: 1.084 to 2.227, p = 0.021). This suggests that pregnant
women with malaria are 55.4 % more likely to have SGA infants than
those without malaria. The studies included in the analysis reflect
moderate heterogeneity (I2 = 66 %), indicating some variability in the
association between malaria and SGA across the different populations
studied. The prediction interval ranges from 0.661 to 3.651, which is
pretty broad, reflecting the uncertainty in the effect size that could be
expected in similar future studies.

5.4. Stillbirth

The forest plot represents the risk of stillbirth in the context of ma-
laria infection during pregnancy (Fig. 8). The meta-analysis combines
data from four studies involving 2004 pregnancies, 446 with malaria
and 1558 without malaria. The analysis yields a pooled RR of 1.238 (95
% CI: 0.690 to 2.221, p = 0.329) for stillbirth when the mother is
infected with malaria. This shows no significant association. The studies
demonstrate low heterogeneity (I> = 0 %). The prediction interval
ranges from 0.491 to 3.122, accommodating potential variability in the
effect size in future studies with similar settings.

6. Publication bias

The evaluation of publication bias within this analysis was carried
out through the use of funnel plots and Egger’s test, as depicted in
Figs. S3-S7. The presence of publication bias was not suspected in the
analysis across all outcomes (Egger, p > 0.1).

7. Discussion

Our systematic review and meta-analysis have synthesized data from
multiple studies to elucidate the relationship between malarial infection
in pregnancy and the risk of adverse pregnancy outcomes. Malaria in
pregnancy emerged as an apparent risk factor for negative conse-
quences, including LBW, preterm birth, and SGA infants. The pooled
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prevalence of LBW and preterm births among women with malaria un-
derscores the critical need for targeted malaria prevention strategies
during pregnancy.

Incorporating data from 31 studies with a broad geographical dis-
tribution, our analysis highlights the substantial burden of malaria
during pregnancy. This reflects the diversity of malaria’s impact across
different regions and its consistent association with adverse outcomes.
The analysis reveals notably high pooled prevalence rates of LBW, pre-
term birth, and SGA among malaria-infected pregnant women. Specif-
ically, approximately 17.4 % of infants born to mothers infected with
malaria are at risk of LBW, with further analysis suggesting a slightly
lower, yet significant, prevalence of 14 %. Alarmingly high estimated
prevalences of preterm birth and SGA births, at approximately 17.9 %
and 16.1 %, respectively, were also observed. These outcomes are
particularly concerning due to their significant implications for neonatal
survival and long-term health. LBW and preterm birth are leading risk
factors for neonatal mortality, and they can have lasting effects on
health and development. SGA infants face increased risks of immediate
health issues and long-term developmental challenges. The analysis
revealed a significant association between malaria infection during
pregnancy and an increased risk of LBW, preterm birth, and SGA births
was also observed. Pregnant women infected with malaria are estimated
to have a 75.5 % higher likelihood of delivering LBW infants, a 48.4 %
increased risk of preterm birth, and a 55.4 % higher likelihood of having
SGA infants compared to uninfected women. These findings highlight
the urgent need for effective malaria prevention and treatment strate-
gies during pregnancy to mitigate these risks. Our analysis did not find a
significant relationship between malaria infection and stillbirth. This
may be due to limitations in the available data or true variability in
malaria’s impact on stillbirth across different settings. Further research
is necessary to clarify this relationship and identify factors that may
influence the risk of stillbirth in malaria-infected pregnancies.

A previous systematic review showed similar findings [58]. Their
meta-analysis revealed that women with Plasmodium-associated ma-
laria had a 63 % higher risk of LBW and a 23 % higher risk of preterm
birth compared to women without malaria. However, they included a
smaller number of studies [58]. Our study strengthens these findings
with a more significant number of studies. Another systematic review
also showed similar results [59]. But they indicated significant associ-
ation for stillbirths as well. Additionally, we calculated the prevalence
rate as well. Another systematic review analyzing 35 studies estimated
the prevalence of asymptomatic Plasmodium infection to be 26.1 %
[60]. When breaking down the prevalence by specific Plasmodium
species, Plasmodium falciparum was identified as the most prevalent at
22.1 %, followed by Plasmodium vivax, Plasmodium malaria, and Plas-
modium ovale, with respective prevalences of 3 %, 0.8 %, and 0.2 %. It
was found that pregnant women with asymptomatic malaria infections
were 2.28 times more likely to be anemic compared to those without
infections. Furthermore, the risk of asymptomatic malaria infection was
1.54 times higher in women experiencing their first pregnancy than in

Malaria Non-malaria

Study Events Total Events Total Weight RR [95% CI] Risk for SGA

Dombrowski 2021 15 159 16 170 10.7% 1.002 [0.513; 1.960] i

Gavina 2018 5 45 14 135 6.8% 1.071[0.409; 2.809]

Gaw 2019 8 17 3 17  5.3% 2.667 [0.849; 8.371] 4

Quanquin 2020 5 18 4 22 5.2% 1.528 [0.480; 4.863] —

Quinn 2021 84 280 168 878 20.7% 1.568 [1.252; 1.963] R 3

Rijken 2014 179 1292 820 8972 22.1% 1.516 [1.304; 1.763] [

Ticconi 2003 42 145 83 841 18.3% 2.935[2.117; 4.069] -

Weckman 2021 19 261 14 160 10.9% 0.832[0.429; 1.612] ——

Pooled prevalence (REM) 357 2217 1122 11195 100.0% 1.554 [1.084; 2.227] o

Prediction interval [0.661; 3.651] —

Heterogeneity: Tau® = 0.0987; Chi’ = 20.83, df = 7 (P < 0.01); I* = 66% T T T !
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Fig. 7. Risk of SGA birth with malarial infection.
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Malaria Non-malaria
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Study Events Total Events Total Weight RR [95% CI] Risk for Still birth
Dombrowski 2021 1 159 2 170 3.1% 0.535[0.049; 5.838]

Singh 2014 3 72 4 131 8.2% 1.365[0.314; 5.929] B
Singh 2020 17 70 47 216 75.6% 1.116[0.687; 1.812] ——

Ticconi 2003 4 145 9 841 13.1% 2.578 [0.804; 8.260] -
Pooled prevalence (REM) 25 446 62 1358 100.0% 1.238 [0.690; 2.221] e

Prediction interval [0.491; 3.122] ‘ |__| | !

Heterogeneity: Tau® = 0; Chi® = 2.19, df = 3 (P = 0.53); I = 0%

0.2 05 1 2 5 10
Still birth

Fig. 8. Risk of stillbirth with malarial infection.

those with subsequent pregnancies. These findings, along with our own,
highlight the significant consequences of malaria infection during
pregnancy.

While our analysis shows the need for enhanced strategies in this
area, it is essential to recognize that this is an extension of ongoing ef-
forts documented in seminal studies [61,62]. These prior studies have
laid the foundation for the progress observed in recent decades through
targeted anti-gestational malaria programs [61,62]. Insufficient man-
agement of malaria in endemic areas can impact the incidence of im-
ported malaria, necessitating robust measures to prevent
re-establishment of transmission in areas that are malaria-free.
Improved surveillance and examination of genetic variations in Plas-
modium species will aid in the effective diagnosis and treatment of
malaria going forward [63]. Additionally, innovative approaches to
integrate a One Health strategy for malaria control should be reinforced
[63]. Economically benefiting strategies should be implemented in
endemic regions [63]. Research should focus more on the identifying
and mitigating barriers of malaria elimination [64]. Efforts to eliminate
malaria face significant challenges, including the growing resistance of
insects to insecticides, the prevalence of malaria infections that are too
low to be detected by routine tests, and the difficulty of reaching and
treating communities living in remote regions [64].

Clinically, there is an imperative need for healthcare systems to
adopt enhanced screening and monitoring protocols for malaria in
pregnant women, particularly in areas with high prevalence. Early
identification and management of malaria can markedly diminish the
risk of unfavorable pregnancy outcomes. This necessitates the avail-
ability of safe and effective antimalarial treatments for pregnant women,
requiring clinicians to be well-informed about the safety profiles of
antimalarial medications during pregnancy to safeguard maternal and
fetal well-being. Moreover, integrating malaria prevention and treat-
ment strategies into standard prenatal care practices, such as offering
insecticide-treated nets (ITNs), providing intermittent preventive treat-
ment in pregnancy (IPTp), and educating about malaria prevention, is
crucial. From a public health perspective, the evidence calls for the
creation and execution of malaria prevention programs explicitly tar-
geting pregnant women. These initiatives should minimize malaria
exposure through comprehensive community efforts, including vector
control measures and the widespread distribution of ITNs. Furthermore,
policy decisions and the allocation of resources need to prioritize ma-
laria prevention and treatment among pregnant women as an essential
aspect of maternal and child health initiatives. This includes investing in
developing new, more effective prevention and treatment modalities
and enhancing educational and awareness campaigns about the dangers
of malaria during pregnancy. Such campaigns should inform commu-
nities, especially in endemic regions, about preventive measures and the
importance of early testing and treatment. Ongoing research and sur-
veillance are vital to assess the effectiveness of existing malaria pre-
vention and treatment interventions for pregnant women and to explore
new antimalarial drugs that are safe during pregnancy. Surveillance
activities should complement this effort to continually monitor malaria
prevalence and its impact on pregnancy outcomes. Addressing malaria
in pregnancy effectively requires a collaborative approach beyond

national borders, necessitating global and regional cooperation. Sharing
knowledge, strategies, and resources through international partnerships
is essential for efficiently combating this public health challenge,
ensuring the well-being of mothers and their infants worldwide.

Our study has several strengths, including a multidisciplinary expert
team of reviewers, the large sample size, the comprehensive nature of
the search strategy, and the systematic approach to data synthesis.
However, there are limitations to consider. The inherent heterogeneity
among included studies in terms of study design, geographical locations,
and methodologies for diagnosing malaria and assessing pregnancy
outcomes may influence the pooled estimates and their interpretation.
The potential for publication bias cannot be entirely ruled out despite no
significant evidence of such bias in our analysis. Although our analysis
did not reveal significant evidence of publication bias, the nature of
published research, favoring significant or positive results, can skew the
understanding of the true effects of malaria on pregnancy outcomes.
This study synthesizes data that reflect specific times, geographical
settings, and healthcare contexts, each of which can vary widely in terms
of malaria prevalence and the medical care available to pregnant
women. Therefore, caution should be exercised when generalizing these
results to regions or populations that differ from those included in our
review. The variability in malaria transmission intensity and healthcare
infrastructure across the study locations might result in different health
outcomes that are not fully captured in this meta-analysis. This un-
derlines the need for localized studies and suggests that our findings
should be viewed as indicative rather than definitive across different
global contexts. The variability in the definitions and measurement of
outcomes across studies, such as the criteria for LBW, preterm birth, and
SGA, might contribute to the observed heterogeneity and affect the
comparability of results. These limitations underscore the need for
further research with standardized methodologies to better understand
malaria’s impact on pregnancy outcomes.

8. Conclusion

Our study revealed a considerable prevalence and risk of adverse
birth outcomes associated with malaria infection in pregnancy. This
underscores the need for continued efforts to prevent and treat malaria
in pregnant women. Addressing this challenge is crucial for improving
maternal and neonatal health and achieving broader public health goals
in malaria-endemic regions. Further researches are required to assess the
effectiveness and implementation of strategies to prevent malaria
infection in this population.
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