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Abstract

Background

Few studies have assessed the impact of first-trimester malaria infection during pregnancy.

We estimated this impact on adverse maternal and pregnancy outcomes.

Methods

In a convenience sample of women from the ASPIRIN (Aspirin Supplementation for Preg-

nancy Indicated risk Reduction In Nulliparas) trial in Kenya, Zambia, and the Democratic

Republic of the Congo, we tested for first-trimester Plasmodium falciparum infection using

quantitative polymerase chain reaction. We estimated site-specific effects on pregnancy

outcomes using parametric g-computation.

Results

Compared to uninfected women, we observed the adjusted site-specific prevalence differ-

ences (PDs) among women with first-trimester malaria of the following pregnancy
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outcomes: preterm birth among Congolese (aPD = 0.06 [99% CI: -0.04, 0.16]), Kenyan

(0.03 [-0.04, 0.09]), and Zambian (0.00 [-0.10, 0.20]) women; low birth weight among Con-

golese (0.07 [-0.03, 0.16]), Kenyan (0.01 [-0.04, 0.06]) and Zambian (-0.04 [-0.13, 0.16])

women; spontaneous abortion among Congolese (0.00 [-0.05, 0.04]), Kenyan (0.00 [-0.04,

0.04]), and Zambian (0.02 [-0.07, 0.24]) women, and anemia later in pregnancy among Con-

golese (0.04 [-0.09, 0.16]), Kenyan (0.05 [-0.06, 0.17]), and Zambian (0.07 [-0.12, 0.36])

women. The pooled PD for anemia later in pregnancy (26–30 weeks) was 0.08 [99% CI:

0.00, 0.16].

Conclusions

First-trimester malaria was associated with increased prevalence of anemia later in preg-

nancy. We identified areas for further investigation including effects of first-trimester malaria

on preterm birth and low birth weight.

Introduction

Malaria in pregnancy is a serious global maternal health problem, with 29% of all pregnancies

in sub-Saharan Africa exposed to malaria [1]. Malaria in pregnancy has been associated with

preterm birth, low birth weight, and maternal anemia [1, 2]. Because of these adverse effects of

malaria in pregnancy, the World Health Organization recommends that all pregnant women

in malaria-endemic areas receive effective case management and prevention with the use of

insecticide-treated nets (ITNs) [1]. Additionally, in much of sub-Saharan Africa, intermittent

preventive therapy (IPTp) with monthly sulfadoxine-pyrimethamine is recommended starting

in the second trimester [1]. This strategy of IPTp, though effective in improving birth weight,

leaves women and their offspring vulnerable to first-trimester malaria infection.

Most studies assessing the impact of malaria in pregnancy are limited to observations when

women begin receiving antenatal care in the second trimester [3]. There are fewer reports of

the impact of infections in the first trimester, when placentation may be adversely affected by

the known tropism of Plasmodium falciparum for placental tissue [3]. In addition to early

infection impacting the placentation process, pregnant women have increased susceptibility to

malaria, in part due to the parasite’s ability to avoid splenic clearance and sequester in the pla-

centa [2, 4]. Our understanding of the biological impact of malaria in early pregnancy is

incomplete, and observations in early pregnancy have reported conflicting results on the

impact of malaria in early pregnancy on preterm birth, low birth weight, and maternal anemia

[5–16]. Most previous studies were single-site, and used wider gestational age intervals to

define early pregnancy instead of restricting to the first trimester.

We addressed this gap in knowledge by leveraging a multi-country clinical trial which

recruited nulliparous women within the first trimester and followed them throughout preg-

nancy to obtain maternal and pregnancy outcomes [17, 18]. In the same population, we previ-

ously reported the efficacy of low-dose aspirin and the first-trimester malaria prevalence in

three sites in sub-Saharan Africa [19, 20]. This report describes an estimate of the effects of

first-trimester malaria on maternal and pregnancy outcomes in a sample of women from

research sites within three sub-Saharan African countries with varying malaria prevalence.

This exploratory analysis uses an efficient trial design (nested within a clinical trial) to examine

relationships between malaria in early pregnancy and pregnancy outcomes.

PLOS ONE Effects of first-trimester malaria on maternal and pregnancy outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0310339 December 20, 2024 2 / 16

at the NICHD Data and Specimen Hub (https://

dash.nichd.nih.gov/study/416283).

Funding: This work was supported by the Eunice

Kennedy Shriver National Institute of Child Health

and Human Development grants: UG1 HD076465

(CLB, AT, AL, MB), UG1 HD078437 (WAC, EC,

MM), UG1HD078438 (SJ, SS, RLG),

UG1HD076461 (EAL, SLB, OAE, FE, PN), and

UG1HD076457 (RJD, MH), and U24HD092094

(TN, JH-F, EMM). Dr. Marion Koso-Thomas is a

project officer within the National Institute of Child

Health and Human Development (NICHD) Global

Network and provided oversight of protocol

implementation and monitoring safety and

performance. The funders had no role in study

design, data collection and analysis, decision to

publish, or preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

Abbreviations: ASPIRIN, Aspirin Supplementation

for Pregnancy Indicated risk Reduction In

Nulliparas; ITNs, insecticide-treated nets; IPTp,

intermittent preventive therapy in pregnancy; GN,

Global Network for Womens’ and Children’s Health

Research; DRC, Democratic Republic of the Congo;

qPCR, quantitative polymerase chain reaction; BMI,

maternal body-mass index; SES, socioeconomic

status; PR, prevalence ratio; PD, prevalence

difference; DAG, directed acyclic graph; IQR,

interquartile range; aPD, adjusted prevalence

difference; aPR, adjusted prevalence ratio.

https://doi.org/10.1371/journal.pone.0310339
https://dash.nichd.nih.gov/study/416283
https://dash.nichd.nih.gov/study/416283


Materials and methods

Study design and sample

This sub-study was nested within the Eunice Kennedy Shriver NICHD Global Network for

Womens’ and Children’s Health Research (GN)’s trial of low-dose aspirin for the prevention

of preterm delivery in nulliparous women with a singleton pregnancy (the ASPIRIN Trial

[Clinical Trials Number NCT02409680, first posted April 7, 2015]) [17, 18]. The ASPIRIN trial

was a randomized, prospective, multi-national clinical trial that tested the hypothesis that low-

dose acetylsalicylic acid, initiated in the first trimester, reduces the risk of preterm birth [18].

The trial recruited 11,976 nulliparous women at seven research sites in six countries (Demo-

cratic Republic of the Congo [DRC], Kenya, Zambia, Guatemala, Pakistan, and India) between

March 23, 2016 and April 11, 2019 [18]. Women were randomly assigned 1:1 to receive either

daily low-dose acetylsalicylic acid (81 mg dose) or a visually identical placebo, beginning in the

first trimester (gestational age between 6 weeks, 0 days and 13 weeks, 6 days) and continuing

until 36 weeks and 0 days of gestation or delivery [18]. Gestational age was confirmed by study

ultrasound. Women were recruited in the first trimester through a plan developed by each site

to screen pregnant women who lived within the communities [17].

We recruited the participants of the malaria sub-study from the participants enrolled in the

ASPIRIN trial. Women were recruited from both arms of the parent study. Sub-study recruit-

ment occurred as a convenience sample of women from the sub-Saharan African sites (Nord-

Ubangi and Sud-Ubangi provinces in the DRC, Bungoma, Busia, and Kakamega counties in

Kenya, and Kafue and Chongwe districts in Zambia). Each site had multiple recruitment loca-

tions, which include urban and rural settings. Women were enrolled in the malaria sub-study

between January 2016 and April 2018. Selection into this convenience sample was based on

availability of sample collection supplies, timing of sample transport, and other practical labo-

ratory considerations.

Measurement of first-trimester malaria

Sample processing procedures have been previously published [20]. Briefly, samples collected

at enrollment were tested in duplicate for P. falciparum lactate dehydrogenase DNA using

quantitative polymerase chain reaction (qPCR) [21]. Samples with discordant results on dupli-

cate testing were excluded from the analysis. The main exposure of interest was first-trimester

malaria infection, defined as a positive qPCR result (defined as when florescence for both repli-

cates amplified prior to the 39th cycle or when one replicate did not amplify and the other did

prior to the 39th cycle) for P. falciparum in a sample obtained during the first trimester. As we

recorded first-trimester malaria infection at one time point, we used prevalence of first-trimes-

ter malaria infection as our exposure. We are thus including both acute and chronic malaria

infection in our exposure variable, and thus our exposure is the total impact of PCR prevalence

of first-trimester malaria.

Covariates and outcome assessments

At enrollment, we collected demographics, medical history, and current medical information

(including height, weight, blood pressure, heart rate, and history of diabetes) [18]. As a proxy

for malnutrition, we used maternal body-mass index (BMI) [22]. Maternal education was cate-

gorized as no formal schooling, primary education (1–6 years of schooling), secondary educa-

tion (7–12 years of schooling), or university and beyond education (�13 years of schooling).

To calculate socioeconomic status (SES), we used the Global Network Socioeconomic Status

Index which determines the sum score of 10 specific items owned by the household and
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converts this score to a country-specific SES score [23]. We defined the season that coincided

with the first trimester of pregnancy as rainy or not rainy, and the rainy season varied across

countries: April to October in DRC, April to June and October to November in Kenya, and

November to April in Zambia [20].

Maternal and pregnancy outcomes were obtained at delivery and up to 42 days following

delivery using the Global Network Maternal and Newborn Health Registry [18]. Preterm birth

was defined as a stillbirth or live birth at or after 20 0/7 weeks gestation and before 37 0/7

weeks gestation [18]. Birthweights were measured within 4 days of delivery. Small for gesta-

tional age was defined as any live birth whose birth weight was below the INTERGROWTH

10th percentile for a given gestational age and sex of the newborn [18]. Low birth weight was

defined as a measured birthweight of< 2500 g [18]. Perinatal mortality was defined as mortal-

ity after 20 completed weeks gestation (154 days of gestation) through 7 completed days after

birth [18]. Pregnancy losses occurring at 20 weeks gestation or greater were classified as still-

births and thus included in the perinatal mortality definition [18]. Maternal hemoglobin con-

centration was measured between 26–30 weeks gestation, and anemia later in pregnancy

defined as hemoglobin level< 11 g/dL, based on World Health Organization guidelines for

maternal anemia [24].

The primary analysis population included a convenience sample of participants random-

ized in the ASPIRIN trial who (i) provided any post-baseline outcome data and (ii) delivered

at 20 weeks of gestational age or greater [18]. This primary analytic population was consistent

with the analytic population used in the ASPIRIN trial. We determined prevalence of preterm

birth, small for gestational age, low birth weight, perinatal mortality, and anemia later in preg-

nancy (26–30 weeks).

We additionally examined the early pregnancy outcome of spontaneous abortion which

required a separate analytic population that included women who had pregnancy outcomes

before 20 weeks. In this group, we examined spontaneous abortion, defined as premature

expulsion of a non-viable fetus from the uterus at less than 20 weeks gestation. For this out-

come, we used an analytic population of malaria sub-study participants who had a pregnancy

outcome at any time after enrollment [18].

Statistical analyses

Crude associations. To present associations of first-trimester malaria infection and each

maternal and pregnancy outcome, we calculated site-specific crude prevalence ratios (PRs)

and prevalence differences (PDs) for each maternal and pregnancy outcome by first-trimester

malaria infection, using 2x2 tables stratified by exposure and outcome. We present 99% confi-

dence intervals to account for multiple comparisons in order to limit the false positive rate.

We did not calculate the crude prevalence ratio for variables in which there were no cases of

the outcome in a particular cell. A null value for prevalence difference (i.e., no difference in

women with or without first-trimester malaria) is 0 and a null value for prevalence ratio is 1.

Because we anticipated that malaria endemicity impacts maternal and pregnancy outcomes

at each site [2], and since first-trimester malaria infection prevalence ranged from 63% in

DRC to 6% in Zambia [20], we then determined if we could combine site-specific data to

develop summary estimates. Thus, we assessed between-country heterogeneity using the I2

value, and If I2 exceeded a pre-specified threshold of 40% [25], we did not pool results across

countries to calculate a summary estimate. If the I2 value was�40%, we used the DerSimonian

and Laird inverse variance method to calculate a summary estimate [25]. We did not pool

results of any outcome that had zero participants in at least one of the cells when stratified by

first-trimester malaria infection exposure and country.
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Confounder identification and specification. We identified possible confounders of first-

trimester malaria infection on each maternal and pregnancy outcome by using outcome-spe-

cific causal directed acyclic graphs (DAGs) to guide our analyses [26]. We identified the mini-

mally sufficient adjustment set of confounders to estimate the total effect of first-trimester

malaria infection on any of the assessed maternal and pregnancy outcomes: this set was mater-

nal age, maternal education, SES, malnutrition, season that coincided with the first trimester,

and ITNs (Fig 1). ITN use was not collected by the ASPIRIN trial, and as we were restricted to

data collected in the parent trial, we were unable to adjust for ITN use in our model. ASPIRIN

trial arm was randomly allocated without respect to malaria in the first trimester status and thus

we did not need to control for the effects of the ASPIRIN study protocol. In addition, anemia in

the first trimester was included in our DAG and was not identified in the minimally sufficient

set of confounders, thus we did not adjust for anemia in the first trimester in our analyses.

Adjusted effects. To estimate effects adjusted for confounders, we used parametric g-

computation [27] conducted separately for each outcome under study to estimate marginal (or

population average) effects. The mean outcome of malaria in the first trimester on the assessed

maternal and birth outcome is the weighted average of the mean outcomes for the combina-

tion of values for the confounders included (i.e., the standardized outcome). In order to inter-

pret our results as an estimate of the average causal effect, we assumed counterfactual

consistency, exchangeability, and positivity [28]. We first modeled the association of the expo-

sure of first-trimester malaria infection and outcome under study, controlling for confound-

ers, using logistic regression. The logistic regression model produced estimated parameters–

the beta coefficients from a regression model. We used those estimated beta coefficients to pre-

dict the probability of the outcome for each individual under two scenarios: first, that all

Fig 1. Directed acyclic graph of the relationship between first-trimester malaria and preterm birth. The exposure

is first-trimester malaria and the outcome is preterm birth. The minimally sufficient adjustment set to determine the

total effect of first-trimester malaria on preterm birth is season coincident with the first trimester, maternal age,

maternal education, maternal socioeconomic status (SES), malnutrition (used maternal BMI as a proxy), and

insecticide-treated nets (ITN) use. Abbreviations: ITN–insecticide treated nets, IPT-SP–intermittent preventative

therapy with sulfadoxine-pyrimethamine, SES–socioeconomic status, ASPIRIN–treatment of the ASPIRIN trial (low-

dose acetylsalicylic acid or placebo).

https://doi.org/10.1371/journal.pone.0310339.g001
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participants were exposed to first-trimester malaria infection, and second, that no participants

were exposed to first-trimester malaria infection. By doing this, we were able to estimate a

mean prevalence of the outcome in two counterfactual exposure situations; we then took a

contrast between the mean prevalence if everyone were exposed, and the mean prevalence if

everyone were unexposed, to estimate the prevalence difference and prevalence ratio adjusted

for confounding (aPD and aPR, respectively). We then used bootstrapping with 10,000 repeti-

tions to determine the corresponding 99 percentile confidence intervals, using the 99% confi-

dence interval to account for multiple comparisons, by selecting the 50th ordered value as the

lower limit and 9950th ordered value as the upper limit.

Comparisons were limited to observations without missing data for each variable, and

models were limited to observations without missing data for all covariates and the outcome.

All analyses were conducted using the R statistical platform (version 4.0.5) [29].

Ethics approval and consent to participate

The ASPIRIN trial protocol and malaria sub-study protocol were approved by all the sites’ and

partner institutions’ ethics review committees [18]. These committees included the following:

Kinshasa School of Public Health, Kinshasa, Democratic Republic of the Congo; University of

North Carolina-Chapel Hill, Chapel Hill, North Carolina, United States; University Teaching

Hospital, Lusaka, Zambia; University of Alabama at Birmingham, Birmingham, Alabama,

United States; Moi University in Eldoret, Kenya; Indiana University School of Medicine, Indi-

anapolis, Indiana, United States; Aga Khan University, Karachi, Pakistan; Columbia Univer-

sity, New York, New York, United States; and RTI International, Durham, North Carolina,

United States. Research personnel obtained informed, written consent from all participants

[18]. When allowed by the individual ethics review committees of the DRC, Kenya, and Zam-

bia, minors 14 years or younger were enrolled in the ASPIRIN trial [18]. The ASPIRIN trial

was first posted April 7, 2015 through Clinical Trials Number NCT02409680.

Inclusivity in global research

Additional information regarding the ethical, cultural, and scientific considerations specific to

inclusivity in global research is included in the Supporting Information (S1 Checklist).

Results

Population characteristics

The ASPIRIN trial enrolled 3,800 nulliparous pregnant women from sub-Saharan African

sites: 1,362 from DRC, 1,400 from Kenya, and 1,038 from Zambia. From this population, we

included a convenience sample of 1,446 women who delivered at 20 weeks gestation or later

(469 from DRC, 642 from Kenya, and 335 from Zambia) as our primary analytic population

(Fig 2). For the outcome of spontaneous abortions, this secondary analytic population was

1,503 women who had a recorded pregnancy outcome since enrollment into the trial.

In the primary analytic population, most participants were under 20 years of age (62%) and

were recruited before 12 weeks of gestation (69%) (Table 1). The median projected gestational

age at enrollment ranged from 10.1 (interquartile range (IQR): 8.3, 12.0) weeks among Kenyan

women to 11.4 (IQR: 9.1, 12.7) weeks among Zambian women. Congolese women were youn-

ger, shorter, had lower BMI, and had lower educational attainment (fewer with secondary or

university education) compared to Kenyan or Zambian women. Most women had a nurse or

midwife as a delivery attendant (87%), delivered at a clinic or health center (65%), and had a

vaginal delivery (96%).
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Prevalence of adverse maternal and pregnancy outcomes

In the primary analytic population, Congolese women had the highest prevalence of preterm

birth (19.6%), small for gestational age (15.8%), low birth weight (17.2%), and maternal ane-

mia later in pregnancy (56.8%) (Table 2). All three sites had similar prevalence of perinatal

mortality.

Crude associations of first-trimester malaria infection with maternal and

pregnancy outcomes

Among the primary analytic population, the first-trimester malaria infection prevalence (as

assessed at enrollment) was 63.3% (297/469) among Congolese women, 38.0% (244/642)

among Kenyan women, and 6.3% (21/335) among Zambian women (Table 1).

Fig 2. Study population of malaria analysis sub-study. The ASPIRIN trial population included 3800 women from Democratic Republic of the Congo (DRC), Kenya, and

Zambia. From these women, we took a convenience sample of 1513 deliveries included in the malaria sub-study, and among those, 1446 delivered at 20 weeks gestation or

later: 469 from DRC, 642 from Kenya, and 335 from Zambia.

https://doi.org/10.1371/journal.pone.0310339.g002
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In the DRC site and at the Kenyan site, the prevalence of preterm birth, small for gestational

age, low birth weight, or of perinatal mortality was similar between women with and without

first-trimester malaria infection (Table 3 and Fig 3). In the Zambia site, prevalence of preterm

Table 1. Characteristics of study participant population who delivered at 20 weeks gestation or later, by country.

Variable DRC KENYA ZAMBIA

Randomized, N 469 642 335

Malaria positive, N (%) 297 (63.3) 244 (38.0) 21 (6.3)

Maternal age (years), N (%)

< 20 396 (84.4) 298 (46.4) 196 (58.5)

20–29 66 (14.1) 340 (53.0) 136 (40.6)

> 29 7 (1.5) 4 (0.6) 3 (0.9)

Median (P25, P75) 18.0 (17.0, 18.0) 20.0 (18.0, 22.0) 19.0 (18.0. 21.0)

Projected gestation age at enrollment (weeks, days), N (%) a

6, 0–7, 6 44 (9.4) 110 (17.1) 37 (11.0)

8, 0–9, 6 127 (27.1) 198 (30.8) 74 (22.1)

10, 0–10, 6 68 (14.5) 86 (13.4) 33 (9.9)

11, 0–11, 6 81 (17.3) 85 (13.2) 49 (14.6)

12, 0–13, 6 149 (31.8) 163 (25.4) 142 (42.4)

Median (P25, P75) 10.9 (9.1, 12.3) 10.1 (8.3, 12.0) 11.4 (9.1, 12.7)

Maternal education, N (%)

No formal 76 (16.2) 1 (0.2) 11 (3.3)

Primary 226 (48.2) 42 (6.5) 31 (9.3)

Secondary 166 (35.4) 520 (81.0) 289 (86.3)

University + 1 (0.2) 79 (12.3) 4 (1.2)

Maternal height (cm), mean (SD)

155.8 (6.6) 156.2 (8.8) 157.5 (6.4)

Maternal weight (kg), mean (SD)

50.5 (6.7) 56.4 (7.4) 54.6 (8.8)

Maternal BMI (kg/m2), mean (SD)

20.8 (2.2) 23.3 (3.5) 22.0 (3.3)

Antenatal care visits, mean (SD)

3.7 (1.1) 4.4 (1.3) 4.0 (0.8)

Delivery attendant, N (%)

Physician 11 (2.3) 25 (3.9) 24 (7.2)

Nurse/nurse midwife 409 (87.2) 550 (85.7) 295 (88.1)

Traditional birth attendant 42 (9.0) 47 (7.3) 5 (1.5)

Family/Self/Other 7 (1.5) 20 (3.1) 11 (3.3)

Delivery location, N (%)

Hospital 62 (13.2) 141 (22.0) 136 (40.6)

Clinic/health center 350 (74.6) 406 (63.2) 184 (54.9)

Home/Other 57 (12.2) 95 (14.8) 15 (4.5)

Delivery mode, N (%)

Vaginal 460 (98.1) 618 (96.3) 317 (94.6)

C-section 9 (1.9) 24 (3.7) 18 (5.4)

Abbreviations: DRC, Democratic Republic of the Congo; N, number; P25, 25th percentile; P75, 75th percentile; SD,

standard deviation; BMI, body-mass index.
a Projected gestational age at enrollment developed from algorithm described in Hoffman et al., 2020.

https://doi.org/10.1371/journal.pone.0310339.t001
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birth, small for gestational age, or low birth weight were similar between women with and

without first-trimester malaria infection, and perinatal mortality could not be assessed in the

Zambia site due to low numbers.

The prevalence of anemia later in pregnancy was non-significantly higher among women

with first-trimester malaria infection compared to women without first-trimester malaria

infection in all three site-specific analyses.

The results of the heterogeneity assessment supported pooling across countries for the

crude PR and crude PD for preterm birth, small for gestational age, anemia later in pregnancy,

and spontaneous abortion, and for the crude PR for low birth weight (Fig 3).

Comparing women from DRC, Kenya, and Zambia with first-trimester malaria infection to

those without first-trimester malaria infection, the summary PR for preterm birth was 1.38

Table 2. Crude prevalence for maternal and pregnancy outcomes stratified by first-trimester malaria infection status, by country.

DRC KENYA ZAMBIA

Prevalence (%, n/N) Prevalence (%, n/N) Prevalence (%, n/N)

Overall Malaria + Malaria - Overall Malaria + Malaria - Overall Malaria + Malaria -

Analysis population (pregnancies delivered at 20 weeks of gestation or greater) N = 1446

Preterm birth

19.6 (92/469) 21.9 (65/297) 15.7 (27/172) 9.0 (58/642) 11.1 (27/244) 7.8 (31/398) 6.9 (23/335) 4.8 (1/21) 7.0 (22/314)

Small for gestational age

15.8 (70/442) 14.8 (42/283) 17.6 (28/159) 8.7 (52/597) 7.9 (18/227) 9.2 (34/370) 14.3 (45/315) 15.0 (3/20) 14.2 (42/295)

Low birth weight

17.2 (79/458) 19.9 (58/292) 12.7 (21/166) 5.9 (36/609) 7.4 (17/231) 5.0 (19/378) 9.1 (30/330) 4.8 (1/21) 9.4 (29/309)

Perinatal mortality

6.8 (32/469) 7.4 (22/297) 5.8 (10/172) 5.3 (34/642) 7.4 (18/244) 4.0 (16/398) 5.4 (18/335) 0.0 (0/21) 5.7 (18/314)

Anemia later in pregnancy

56.8 (256/451) 58.7 (168/286) 53.3 (88/165) 35.5 (185/521) 41.5 (83/200) 31.8 (102/321) 11.8 (33/279) 23.5 (4/17) 11.1 (29/262)

Spontaneous abortion (any recorded pregnancy outcome from enrollment to delivery) N = 1503

2.7 (13/484) 2.0 (6/304) 3.9 (7/180) 3.7 (25/668) 3.9 (10/254) 3.6 (15/414) 4.6 (16/351) 4.6 (1/22) 4.6 (15/329)

https://doi.org/10.1371/journal.pone.0310339.t002

Table 3. Crude associations between first-trimester malaria and maternal and pregnancy outcomes among nulliparous women, by country.

DRC KENYA ZAMBIA

PR (99% CI) PD (99% CI) PR (99% CI) PD (99% CI) PR (99% CI) PD (99% CI)

Analysis population (pregnancies delivered at 20 weeks of gestation or greater) N = 1446

Preterm birth

1.39 (0.82, 2.38) 0.06 (-0.03, 0.16) 1.42 (0.75, 2.71) 0.03 (-0.03, 0.10) 0.68 (0.05, 8.87) -0.02 (-0.15, 0.10)

Small for gestational age

0.84 (0.47, 1.50) -0.03 (-0.12, 0.07) 0.86 (0.42, 1.77) -0.01 (-0.07, 0.05) 1.05 (0.25, 4.36) 0.01 (-0.20, 0.22)

Low birth weight

1.57 (0.86, 2.88) 0.07 (-0.02, 0.16) 1.46 (0.64, 3.37) 0.02 (-0.03, 0.08) 0.51 (0.04, 6.53) -0.05 (-0.17, 0.08)

Perinatal mortality

1.27 (0.49, 3.30) 0.02 (-0.04, 0.08) 1.84 (0.78, 4.34) 0.03 (-0.02, 0.08) NA -0.06 (-0.09, -0.02)

Anemia later in pregnancy

1.10 (0.88, 1.38) 0.05 (-0.07, 0.18) 1.31 (0.97, 1.77) 0.10 (-0.01, 0.21) 2.13 (0.63, 7.15) 0.12 (-0.15, 0.39)

Spontaneous Abortion (any recorded pregnancy outcome from enrollment to delivery) N = 1503

0.51 (0.12, 2.08) -0.02 (-0.06, 0.02) 1.09 (0.39, 3.05) 0.00 (-0.04, 0.04) 1.00 (0.07, 13.41) 0.00 (-0.12, 0.12)

Abbreviations: PD–crude prevalence difference, PR–crude prevalence ratio, CI–confidence interval, DRC–Democratic Republic of the Congo, NA–not available.

https://doi.org/10.1371/journal.pone.0310339.t003
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[99% CI: 0.92, 2.07], for small for gestational age was 0.87 [0.57, 1.33], for low birth weight was

1.47 [0.91, 2.38], and for spontaneous abortion was 0.85 [0.38, 1.87]. Among Congolese,

Fig 3. The impact of first-trimester malaria on adverse maternal and pregnancy outcomes among nulliparous women.

Comparisons are made using crude prevalence differences (A) or crude prevalence ratios (B), and are stratified by country: DRC

(circles), Kenya (squares), and Zambia (diamonds). The error bars are 99% CI. Summary crude estimates were only presented if the

I2 value was less than 40% and are presented with 99% CI. The vertical grey line is the null value: 0 for prevalence difference in (A), 1

for prevalence ratio in (B). Abbreviations: CI, confidence interval, DRC, Democratic Republic of the Congo, NA, not available, PD,

prevalence difference, PR, prevalence ratio.

https://doi.org/10.1371/journal.pone.0310339.g003
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Kenyan, and Zambian women, the summary PD of anemia later in pregnancy was significantly

higher among those with first-trimester malaria infection compared to those without: 0.08

[0.00, 0.16] (Fig 3).

Adjusted effect of first-trimester malaria infection on maternal and

pregnancy outcomes

Comparing women with first-trimester malaria infection to those without, the adjusted preva-

lence difference (aPD) of preterm birth ranged from 0.06 [99% CI: -0.04, 0.16] among Congo-

lese women to 0.00 [-0.10, 0.20] among Zambian women. The aPD of low birth weight ranged

from 0.07 [-0.03, 0.16] among Congolese women to -0.04 [-0.13, 0.16] among Zambian

women comparing those with first-trimester malaria infection to those without. The aPD for

perinatal mortality was similar between Congolese and Kenyan women (0.02 [-0.04, 0.08] and

0.03 [-0.02, 0.08], respectively) comparing those with and without first-trimester malaria infec-

tion, but our ability to determine differences among Zambian women was limited by low peri-

natal mortality rates among those with first-trimester malaria infection in Zambia. The aPD of

anemia later in pregnancy ranged from 0.04 [-0.09, 0.16] among Congolese women to 0.07

[-0.12, 0.36] among Zambian women comparing those with first-trimester malaria infection to

those without (Table 4).

Analyses for spontaneous abortion

Participant characteristics were very similar between our primary analytic and secondary ana-

lytic populations (S1 Table). Among all recorded pregnancy outcomes, the prevalence of spon-

taneous abortion was highest in the Zambian site (4.6%, 16/351), lower in the Kenyan site

(3.7%, 25/668), and lowest in the DRC site (2.7%, 13/484) (Table 2). The prevalence of sponta-

neous abortion was similar among women with and without first-trimester malaria infection

in crude stratified site-specific analyses (Table 3). In site-specific adjusted analyses, there was

Table 4. Adjusted associations between first-trimester malaria and maternal and pregnancy outcomes among nulliparous women, by country.

DRC KENYA ZAMBIA

aPR (99% CI) aPD (99% CI) aPR (99% CI) aPD (99% CI) aPR (99% CI) aPD (99% CI)

Preterm birth

Malaria + vs. Malaria - 1.49 (0.80, 2.98) 0.06 (-0.04, 0.16) 1.36 (0.64, 2.65) 0.03 (-0.04, 0.09) 0.99 (0.00, 4.82) 0.00 (-0.10, 0.20)

Small for gestational age

Malaria + vs. Malaria - 0.78 (0.41, 1.46) -0.05 (-0.16, 0.05) 0.84 (0.36, 1.62) -0.02 (-0.08, 0.04) 1.18 (0.00, 3.44) 0.02 (-0.17, 0.29)

Low birth weight

Malaria + vs. Malaria - 1.69 (0.86, 3.63) 0.07 (-0.03, 0.16) 1.21 (0.48, 2.79) 0.01 (-0.04, 0.06) 0.63 (0.00, 3.07) -0.04 (-0.13, 0.16)

Perinatal mortality

Malaria + vs. Malaria - 1.63 (0.52, 5.81) 0.02 (-0.04, 0.08) 1.80 (0.64, 4.61) 0.03 (-0.02, 0.08) NA -0.06 (-0.09, -0.03)

Anemia later in pregnancy

Malaria + vs. Malaria - 1.07 (0.86, 1.35) 0.04 (-0.09, 0.16) 1.17 (0.83, 1.60) 0.05 (-0.06, 0.17) 1.70 (0.00, 5.03) 0.07 (-0.12, 0.36)

Spontaneous abortion

Malaria + vs. Malaria - NA 0.00 (-0.05, 0.04) 1.13 (0.26, 3.26) 0.00 (-0.04, 0.04) 1.64 (0.00, 9.72) 0.02 (-0.07, 0.24)

Note: All models were adjusted for age, education, socioeconomic status, season that coincided with the first trimester of pregnancy, and body-mass index.

99% CIs were developed using bootstrapping with 10,000 resamples and selecting the 50th and 9950th value. Many lower limits for the 99% CIs for aPR were 0.00

because at least 50 of the lowest values were 0.00. The CIs for Zambia are not symmetrical because of very few numbers with the exposure assessed.

Abbreviations: aPD–adjusted causal prevalence difference, aPR–adjusted causal prevalence ratio, CI–confidence interval, DRC–Democratic Republic of the Congo, NA–

not available.

https://doi.org/10.1371/journal.pone.0310339.t004
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no statistically significant difference in the prevalence of spontaneous abortion between

women who had first-trimester malaria infection and those who did not (Table 4).

Discussion

This is the first study to estimate the effect of first-trimester malaria infection on maternal

and pregnancy outcomes among a large number of women from multiple sub-Saharan Afri-

can sites and transmission settings. Our data suggest an adverse relationship between first-

trimester malaria infection and outcomes of preterm birth and low birth weight among

Congolese pregnancies. Our data also suggest an adverse relationship between first-trimes-

ter malaria infection and the prevalence of anemia later in pregnancy among Congolese,

Kenyan, and Zambian women. While these associations were not statistically significant,

collectively, the consistent associations we observed suggest that first-trimester malaria

infection may result in adverse pregnancy outcomes. Because this study was not designed to

be powered to detect significant impact on outcomes, these relationships should be explored

in larger populations.

Our study adds to the literature describing malaria and adverse pregnancy outcomes. Previ-

ous studies have shown inconsistent associations between malaria infection in early pregnancy

and preterm birth, low birth weight, or maternal anemia [5–16]. For example, Moeller et al.

found an effect of malaria infection before 15 weeks of gestation on birth weight among 138

Tanzanian women [11], but Accrombessi et al. found no effect of first-trimester malaria infec-

tion on birth weight among 273 Beninese women [14].

The possibility that malaria infection in early pregnancy is associated with adverse preg-

nancy outcomes is of high public health importance. Even if malaria infection in early preg-

nancy exerts a small effect on adverse pregnancy outcomes, these adverse outcomes are

meaningful when evaluated at a population-level given the large number of affected women in

the vulnerable population. In 2010, among an estimated 5.6 million first pregnancies that

occurred in malaria-endemic areas in Africa, 2.7 million (48.2%) were estimated to have pla-

cental infection [30]. Thus, even if the impact of placental infection led to 0.01 increase in

prevalence of an outcome, it would lead to about 27,000 additional outcomes among primigra-

vidae, and each prevalence increase of 0.05 would lead to an additional 135,000 outcomes.

Because our study was nested in the ASPIRIN trial, we enrolled only nulliparous women

[94% of our study were primigravidae), who have the highest risk of malaria and consequent

negative health outcomes. However, as a result, our findings might not be generalizable to preg-

nant women of all parities. Due to our median enrollment window of 10–11 weeks of gestation,

we might have underestimated the effects of malaria in very early pregnancy, a period of gesta-

tion during which placentation and organogenesis occur and pregnancy loss is common [2]. In

addition, this single sampling point at enrollment may lead to misclassification as potential

exposures later in the first trimester would not be classified as malaria infection positive.

Through study participation, women enrolled in this study are likely to have attended more

antenatal care visits than the general population, and thus have more opportunities to access

IPTp, suggesting our results are in the context of standard IPTp coverage. We did not assess set-

ting (rural/urban) in our DAG. In addition, while we assessed malnutrition (using maternal

BMI as a proxy), we did not assess the impact of overnutrition leading to maternal overweight

which is associated with adverse pregnancy outcomes [31]. We also did not assess collinearity

including for SES and maternal education. Finally, parasite detection may have been incom-

plete, owing to the use of an assay targeting a single copy gene that performs poorly at low den-

sities compared to assays targeting multiple gene copies [32]. Thus, we may not have identified

low-density infections that are common in lower transmission sites such as Zambia [33].
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Conclusions

In this multi-site study of first-trimester malaria, we used an efficient study design nested

within a clinical trial to estimate the effect of first-trimester malaria on adverse maternal and

pregnancy outcomes among nulliparous women across three transmission settings. These

first-trimester infections are very common in high transmission settings and might contribute

to higher risk of preterm delivery, low birth weight, and anemia later in pregnancy. Future

studies on malaria in pregnancy should focus on incident and chronic malaria in the first tri-

mester, associations with symptomatic malaria, and initiation and compliance with IPTp pro-

grams. An ongoing intervention trial (ClinicalTrials.gov ID: NCT05757167) will assess how

screening and treating malaria infection in the first-trimester impacts adverse pregnancy out-

comes. Considering how many pregnancies are exposed to malaria, even small increases in

adverse outcomes could lead to many pregnant women and births impacted and thus strategies

aimed to reduce the impact of first-trimester malaria might be needed to reduce adverse preg-

nancy and pregnancy outcomes.
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9. Huynh BT, Fievet N, Gbaguidi G, Borgella S, Mévo BG, Massougbodji A, et al. Malaria associated

symptoms in pregnant women followed-up in Benin. Malar J. 2011 Mar 31; 10(72). https://doi.org/10.

1186/1475-2875-10-72 PMID: 21453493

10. Cottrell G, Moussiliou A, Luty AJF, Cot M, Fievet N, Massougbodji A, et al. Submicroscopic plasmodium

falciparum infections are associated with maternal anemia, premature births, and low birth weight. Clinical

Infectious Diseases. 2015 May 15; 60(10):1481–8. https://doi.org/10.1093/cid/civ122 PMID: 25694651

11. Moeller SL, Nyengaard JR, Larsen LG, Nielsen K, Bygbjerg IC, Msemo OA, et al. Malaria in Early Preg-

nancy and the Development of the Placental Vasculature. J Infect Dis. 2019 Sep 26; 220(9):1425–34.

https://doi.org/10.1093/infdis/jiy735 PMID: 30590576

12. De Beaudrap P, Turyakira E, White LJ, Nabasumba C, Tumwebaze B, Muehlenbachs A, et al. Impact

of malaria during pregnancy on pregnancy outcomes in a Ugandan prospective cohort with intensive

malaria screening and prompt treatment. Malar J. 2013 Apr 24; 12:139. https://doi.org/10.1186/1475-

2875-12-139 PMID: 23617626

PLOS ONE Effects of first-trimester malaria on maternal and pregnancy outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0310339 December 20, 2024 14 / 16

https://doi.org/10.1016/S1473-3099(18)30066-5
http://www.ncbi.nlm.nih.gov/pubmed/29396010
https://doi.org/10.1093/cid/ciu848
http://www.ncbi.nlm.nih.gov/pubmed/25362205
https://doi.org/10.4269/ajtmh.2011.11-0103
https://doi.org/10.4269/ajtmh.2011.11-0103
http://www.ncbi.nlm.nih.gov/pubmed/21813837
https://doi.org/10.1093/oxfordjournals.aje.a116861
http://www.ncbi.nlm.nih.gov/pubmed/8356970
http://www.ncbi.nlm.nih.gov/pubmed/17488903
https://doi.org/10.1093/infdis/jix530
http://www.ncbi.nlm.nih.gov/pubmed/29029247
https://doi.org/10.1186/1475-2875-10-72
https://doi.org/10.1186/1475-2875-10-72
http://www.ncbi.nlm.nih.gov/pubmed/21453493
https://doi.org/10.1093/cid/civ122
http://www.ncbi.nlm.nih.gov/pubmed/25694651
https://doi.org/10.1093/infdis/jiy735
http://www.ncbi.nlm.nih.gov/pubmed/30590576
https://doi.org/10.1186/1475-2875-12-139
https://doi.org/10.1186/1475-2875-12-139
http://www.ncbi.nlm.nih.gov/pubmed/23617626
https://doi.org/10.1371/journal.pone.0310339


13. McGready R, Lee SJ, Wiladphaingern J, Ashley EA, Rijken MJ, Boel M, et al. Adverse effects of falcipa-

rum and vivax malaria and the safety of antimalarial treatment in early pregnancy: A population-based

study. Lancet Infect Dis. 2012 May; 12(5):388–96. https://doi.org/10.1016/S1473-3099(11)70339-5

PMID: 22169409

14. Accrombessi M, Yovo E, Fievet N, Cottrell G, Agbota G, Gartner A, et al. Effects of Malaria in the First

Trimester of Pregnancy on Poor Maternal and Birth Outcomes in Benin. Clinical Infectious Diseases.

2019 Sep 27; 69(8):1385–93. https://doi.org/10.1093/cid/ciy1073 PMID: 30561538

15. Elphinstone RE, Weckman AM, McDonald CR, Tran V, Zhong K, Madanitsa M, et al. Early malaria

infection, dysregulation of angiogenesis, metabolism and inflammation across pregnancy, and risk of

preterm birth in Malawi: A cohort study. PLoS Med. 2019; 16(10):e1002914. https://doi.org/10.1371/

journal.pmed.1002914 PMID: 31574087

16. Moore KA, Simpson JA, Wiladphaingern J, Min AM, Pimanpanarak M, Paw MK, et al. Influence of the

number and timing of malaria episodes during pregnancy on prematurity and small-for-gestational-age

in an area of low transmission. BMC Med. 2017 Jun 21; 15(1):117. https://doi.org/10.1186/s12916-017-

0877-6 PMID: 28633672

17. Hoffman MK, Goudar SS, Kodkany BS, Goco N, Koso-Thomas M, Miodovnik M, et al. A description of

the methods of the aspirin supplementation for pregnancy indicated risk reduction in nulliparas (ASPI-

RIN) study. BMC Pregnancy Childbirth. 2017; 17(1):135. https://doi.org/10.1186/s12884-017-1312-x

PMID: 28468653

18. Hoffman MK, Goudar SS, Kodkany BS, Metgud M, Somannavar M, Okitawutshu J, et al. Low-dose aspi-

rin for the prevention of preterm delivery in nulliparous women with a singleton pregnancy (ASPIRIN): a

randomised, double-blind, placebo-controlled trial. The Lancet. 2020 Jan 25; 395(10220):285–93.

19. Bauserman M, Leuba SI, Hemingway-Foday J, Nolen TL, Moore J, McClure EM, et al. The efficacy of

low-dose aspirin in pregnancy among women in malaria-endemic countries. BMC Pregnancy Childbirth.

2022 Apr 10; 22(1):303. https://doi.org/10.1186/s12884-022-04652-9 PMID: 35399060

20. Leuba SI, Westreich D, Bose CL, Powers KA, Olshan A, Taylor S, et al. Predictors of Plasmodium fal-

ciparum infection in the first trimester among nulliparous women from Kenya, Zambia, and the Demo-

cratic Republic of the Congo. J Infect Dis. 2022 Jun 1; 225(11):2002–10. https://doi.org/10.1093/infdis/

jiab588 PMID: 34888658

21. Doctor SM, Liu Y, Whitesell A, Thwai KL, Taylor SM, Janko M, et al. Malaria surveillance in the Demo-

cratic Republic of the Congo: Comparison of microscopy, PCR, and rapid diagnostic test. Diagn Micro-

biol Infect Dis. 2016 May; 85(1):16–8. https://doi.org/10.1016/j.diagmicrobio.2016.01.004 PMID:

26915637

22. Cates JE, Westreich D, Unger HW, Bauserman M, Adair L, Cole SR, et al. Intermittent preventive ther-

apy in pregnancy and incidence of low birth weight in malaria-endemic countries. Am J Public Health.

2018 Mar; 108(3):399–406. https://doi.org/10.2105/AJPH.2017.304251 PMID: 29346002

23. Patel AB, Bann CM, Garces AL, Krebs NF, Lokangaka A, Tshefu A, et al. Development of the Global

Network for Women’s and Children’s Health Research’s socioeconomic status index for use in the net-

work’s sites in low and lower middle-income countries. Reprod Health. 2020 Dec 17; 17(Suppl 3):193.

24. WHO. Haemoglobin concentration for the diagnosis of anemia and assessment of severity. Geneva;

2011.

25. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Chapter 10: Analysing data and

undertaking meta-analyses. 2019th ed. Deeks J, Higgins J, Altman D, editors. Cochrane Handbook for

Systematic Reviews of Interventions version 6.0. 2019.

26. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 1999

Jan; 10(1):37–48. PMID: 9888278

27. Robins J. A new approach to causal inference in mortality studies with a sustained exposure period-

application to control of the healthy worker survivor effect. Mathematical Modelling. 1986;

28. Naimi AI, Cole SR, Kennedy EH. An introduction to g methods. Int J Epidemiol. 2017; https://doi.org/10.

1093/ije/dyw323 PMID: 28039382

29. R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation

for Statistical Computing; 2023.

30. Walker PGT, ter Kuile FO, Garske T, Menendez C, Ghani AC, P.G.T. W, et al. Estimated risk of placen-

tal infection and low birthweight attributable to Plasmodium falciparum malaria in Africa in 2010: A

modelling study. Lancet Glob Health [Internet]. 2014; 2(8):e460–7. Available from: http://www.embase.

com/search/results?subaction=viewrecord&from=export&id=L373611556 https://doi.org/10.1016/

S2214-109X(14)70256-6 PMID: 25103519

31. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child undernu-

trition and overweight in low-income and middle-income countries. Lancet. 2013 Aug; 382(9890):427–

51. https://doi.org/10.1016/S0140-6736(13)60937-X PMID: 23746772

PLOS ONE Effects of first-trimester malaria on maternal and pregnancy outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0310339 December 20, 2024 15 / 16

https://doi.org/10.1016/S1473-3099(11)70339-5
http://www.ncbi.nlm.nih.gov/pubmed/22169409
https://doi.org/10.1093/cid/ciy1073
http://www.ncbi.nlm.nih.gov/pubmed/30561538
https://doi.org/10.1371/journal.pmed.1002914
https://doi.org/10.1371/journal.pmed.1002914
http://www.ncbi.nlm.nih.gov/pubmed/31574087
https://doi.org/10.1186/s12916-017-0877-6
https://doi.org/10.1186/s12916-017-0877-6
http://www.ncbi.nlm.nih.gov/pubmed/28633672
https://doi.org/10.1186/s12884-017-1312-x
http://www.ncbi.nlm.nih.gov/pubmed/28468653
https://doi.org/10.1186/s12884-022-04652-9
http://www.ncbi.nlm.nih.gov/pubmed/35399060
https://doi.org/10.1093/infdis/jiab588
https://doi.org/10.1093/infdis/jiab588
http://www.ncbi.nlm.nih.gov/pubmed/34888658
https://doi.org/10.1016/j.diagmicrobio.2016.01.004
http://www.ncbi.nlm.nih.gov/pubmed/26915637
https://doi.org/10.2105/AJPH.2017.304251
http://www.ncbi.nlm.nih.gov/pubmed/29346002
http://www.ncbi.nlm.nih.gov/pubmed/9888278
https://doi.org/10.1093/ije/dyw323
https://doi.org/10.1093/ije/dyw323
http://www.ncbi.nlm.nih.gov/pubmed/28039382
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L373611556
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L373611556
https://doi.org/10.1016/S2214-109X(14)70256-6
https://doi.org/10.1016/S2214-109X(14)70256-6
http://www.ncbi.nlm.nih.gov/pubmed/25103519
https://doi.org/10.1016/S0140-6736(13)60937-X
http://www.ncbi.nlm.nih.gov/pubmed/23746772
https://doi.org/10.1371/journal.pone.0310339


32. Taylor SM, Sumner KM, Freedman B, Mangeni JN, Obala AA, O’Meara WP. Direct estimation of sensi-

tivity of Plasmodium falciparum rapid diagnostic test for active case detection in a high-transmission

community setting. American Journal of Tropical Medicine and Hygiene. 2019; 101(6):1416–23. https://

doi.org/10.4269/ajtmh.19-0558 PMID: 31674301
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