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Abstract

Objective—To use ultrasound to explore the impact of malaria in pregnancy on fetal growth and 

newborn outcomes among a cohort of women enrolled in an intermittent presumptive treatment in 

pregnancy (IPTp) with sulfadoxine/pyrimethamine (SP) program in coastal Kenya.

Methods—Enrolled women were tested for malaria at first prenatal care visit, and physical and 

ultrasound examinations were performed. In total, 477 women who had term, live births had 

malaria tested at delivery and their birth outcomes assessed, and were included in the study.

Results—Peripheral malaria was detected via polymerase chain reaction among 10.9% (n=87) at 

first prenatal care visit and 8.8% (n=36) at delivery. Insecticide-treated bed nets (ITNs) were used 

by 73.6% (n=583) and were associated with decreased malaria risk. There was a trend for 

impaired fetal growth and placental blood flow in malaria-infected women in the second trimester, 

© 2014 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
*Corresponding author: Elizabeth M. McClure, Social, Statistical and Environmental Sciences, Research Triangle Institute, Durham, 
NC 27709, USA. Tel.: +1 919 316 3773; fax: +1 919 541 6000. mcclure@rti.org. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of interest
The authors have no conflicts of interest.

NIH Public Access
Author Manuscript
Int J Gynaecol Obstet. Author manuscript; available in PMC 2015 July 01.

Published in final edited form as:
Int J Gynaecol Obstet. 2014 July ; 126(1): 78–82. doi:10.1016/j.ijgo.2014.01.016.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



but not later in pregnancy. Among women with low body mass index (BMI), malaria was 

associated with reduced birth weight (P=0.04); anthropometric measures were similar otherwise.

Conclusion—With IPTp-SP and ITNs, malaria in pregnancy was associated with transient 

differences in utero, and reduced birth weight was restricted to those with low BMI.
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1. Introduction

Malaria in pregnancy causes low birth weight, a major contributor to neonatal mortality and 

morbidity worldwide [1–5]. In Sub-Saharan Africa, where malaria is endemic, malaria in 

pregnancy may contribute to 25% of low birth weight [6]. However, with enhanced malaria 

control efforts, malaria incidence is falling in many countries [6].

Other factors modify the effect of malaria on the developing fetus. The risk of decreased 

birth weight is generally highest among primigravid women, who may experience more 

severe clinical illness associated with malaria infection [1,2,7]. Additionally, a recent study 

suggested an interaction between maternal undernutrition and malaria [8]. There is 

conflicting evidence about how the time of infection during pregnancy affects birth 

outcomes [8–13]. Some have suggested that first- or second-trimester infection increases 

risk of low birth weight compared with later infection [10]. However, other studies found 

that malaria infection late in pregnancy, when fetal weight gain is most rapid, correlated 

with decreased birth weight [11,12].

Studies of malaria in pregnancy utilizing ultrasound, a method to establish gestational age 

and fetal growth, have been limited [8,13–15]. In addition to evaluation of fetal growth, 

ultrasound assesses uterine and umbilical blood flow, both of which may be impaired by 

malaria in pregnancy [13]. With limited availability of routine ultrasound in Sub-Saharan 

Africa, few reports have described fetal growth and impairment associated with malaria by 

ultrasound. One study of 3779 pregnant women from the Thai–Burmese border found that 

early malaria infection (<24 weeks) was associated with decreased biparietal diameter [14]. 

Another recent study in Tanzania found that early malaria infection was associated with 

reduced third-trimester fetal growth [15]. Additionally, in the Democratic Republic of the 

Congo, ultrasound evaluations established intrauterine growth restriction (IUGR) among 

women with malaria [8], and significantly increased uterine and umbilical artery resistance 

among malaria-positive compared with malaria-negative pregnant women [13]. Umbilical 

artery resistance has been associated with impaired fetal growth and IUGR [16].

In 2004, WHO recommended intermittent preventive treatment (IPTp) with 2 doses of 

sulfadoxine/pyrimethamine (SP) beginning the second trimester for pregnant women 

residing in malaria-endemic areas [17,18]; more recent guidelines recommend monthly SP 

treatment [19]. With increased SP availability, many countries in Sub-Saharan Africa have 

implemented programs based on the IPTp-SP strategy, and evaluation efforts have been 

undertaken [6,20–23]. However, a better understanding of factors related to the impact of 
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malaria on birth outcomes is needed to optimize public health programs, especially in areas 

with decreasing malaria prevalence. Therefore, we sought to explore the impact of malaria 

in pregnancy on fetal growth and newborn outcomes among a cohort of women enrolled in 

an IPTp-SP treatment program in a malaria-endemic region. The study was performed as a 

secondary analysis of a larger study to evaluate the impact of malaria exposure on 

neurodevelopmental outcomes (ClinicalTrials.gov NCT 00314899; unpublished data).

2. Materials and methods

From January 1, 2006, to December 31, 2009, the study team recruited pregnant women 

who attended prenatal care at Msambweni District Hospital, Msambweni, Coast Province, 

Kenya—a rural area where malaria is endemic [5]. Per Kenya Ministry of Health national 

policy, women received IPTp beginning in the second trimester, as well as iron, folic acid, 

and bed nets, as part of routine care. At the first prenatal care visit, consenting HIV-negative 

women were tested for peripheral malaria, demographic information was obtained, and a 

physical examination and an ultrasound examination were performed. Pregnant women with 

known medical disorders contributing to fetal growth restriction, placental dysfunction, twin 

pregnancy, and prematurity were excluded. Participating women who delivered a term, live 

infant at the Msambweni District Hospital had maternal venous, placental, and cord blood 

tested for hemoglobin level and malaria parasites. Neonatal anthropometric measurements 

were obtained within 24 hours of delivery, including birth weight, head circumference, and 

length. All women provided written informed consent. The study, which was part of a larger 

study on fetal immunity to malaria (unpublished), was approved by the institutional review 

boards at Kenya Medical Research Institute, Case Western Reserve University, and the 

University of North Carolina at Chapel Hill.

All anthropometric measurements were obtained by trained study staff. Maternal body mass 

index (BMI, calculated as weight in kilograms divided by the square of height in meters) 

was calculated based on maternal weight and height obtained at the first prenatal care visit. 

Low BMI was defined as lower than 18 pre-pregnancy by WHO and others. Because a pre-

pregnancy BMI was unavailable, to explore the potential effects of undernutrition, BMI 

below the 10th percentile for gestational age at prenatal care was defined as low BMI. The 

10th percentile BMI for the cohort ranged from 19.8 to 20.7 for the start of the second 

trimester to the start of the third trimester, respectively. Ponderal index (PI)—the ratio of 

infant weight to length, normalized to the third power—was also calculated, with PI below 

2.32 defined as asymmetric growth.

Ultrasound examinations were performed using a SonoSite 180 Plus (SonoSite FujiFilm, 

Bothell, WA, USA) ultrasound machine by 2 radiology technicians who were trained in 

ultrasound procedures. All images and measurements were saved. Approximately 25% of 

randomly selected visits were reviewed on a monthly basis by the ultrasound expert who 

performed the training. Fetal biometry was performed according to standard techniques for 

determination of fetal gestational age and weight with standard software to calculate 

gestational age using the Hadlock formula [24]. Right and left uterine arteries were 

interrogated using standard techniques. Notching of uterine arteries was noted in 
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pregnancies greater than 25 weeks. Umbilical artery examination was performed on a free-

flowing segment of umbilical cord.

The presence of malaria parasitemia was determined by polymerase chain reaction (PCR)/

ligase detection reaction/fluorescent microsphere assay, as previously described [25]. For 

the purposes of the present study, analyses of malaria were restricted to Plasmodium 

falciparum: the species most commonly associated with adverse birth outcomes [2].

Analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). 

Descriptive analyses were performed with χ2 and t tests to evaluate differences in estimates. 

Linear and log binomial regression models were fitted to estimate risk ratios (RRs) and 95% 

confidence intervals (CIs) for estimated fetal and newborn anthropometrics, before and after 

adjusting for potential confounders. Based on previous studies, the potential modifying 

effects of maternal BMI and primigravida status were evaluated. P<0.15 for the interaction 

term was selected to indicate statistical significance. Additional potential confounders 

evaluated were sociodemographic status (household expenditures, education level, maternal 

age) and bed net use. A backward elimination strategy was used to fit the multivariate 

models for birth weight. Ultrasound measurements were stratified by 3-week gestational age 

groups (18–35 weeks) and compared malaria-infected women with uninfected women.

3. Results

Of the 813 women screened at prenatal care, 799 provided initial demographic information 

and were tested for malaria; 676 had an ultrasound examination at the first prenatal care visit 

at 18–35 weeks and were included in analyses of fetal measurements. Of these, 477 (70.6%) 

delivered a term, singleton, live infant in the study hospital.

Median gestational age at first prenatal care visit was 27 weeks (interquartile range [IQR], 

24–31 weeks). Demographic characteristics and RR analyses are presented in Table 1 for 

women with and without P. falciparum infection at their first prenatal care visit. Overall, 87 

(10.9%) women tested positive for P. falciparum malaria by PCR. In unadjusted analyses, 

women who were younger than 20 years of age (RR 2.10; 95% CI, 1.38–3.18) and 

primigravidas (RR 1.68; 95% CI, 1.11–2.54) had a higher risk of P. falciparum infection, 

while socioeconomic status (as measured by household expenditures), marital status, and 

educational status were not significantly associated with malaria. Women who were not 

using bed nets prior to prenatal care were more likely to be malaria positive (RR 1.71; 95% 

CI, 1.14–2.55). Women who did not have malaria treatment prior to prenatal care had a 

higher risk of being malaria positive (RR 1.68; 95% CI, 0.76–3.74). Women with moderate 

or severe anemia (hemoglobin <9 g/dL) had a higher risk of exposure to malaria. Median 

BMI was 24.6 (IQR, 22.2–26.9) and was similar among malaria-negative and -positive 

women. Only 4 of the women who were malaria positive had symptoms consistent with 

clinical malaria illness (data not shown).

Analyses adjusted for parity and stratified by gestational age to examine the association 

between concurrent P. falciparum status and fetal growth estimated by ultrasound are 

reported in Table 2. The mean estimated fetal weight measurements were generally lower 

for fetuses of P. falciparum-positive compared with P. falciparum-negative mothers; 
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however, except at 30–32 weeks of gestation, these differences were not significant at 

P<0.05. At 30–32 weeks, fetal weight, and head and abdominal circumference were 

significantly lower (P<0.05) for P. falciparum-positive mothers, while femur length 

measurements were similar between the groups across all gestational ages (data not shown).

Additionally, we examined measurements of uteroplacental blood flow for malaria-positive 

versus malaria-negative women. Umbilical artery resistance index (RI) was higher among P. 

falciparum-positive fetuses, with significantly different measurements (P<0.05) detected at 

ultrasound available at or prior to 26 weeks of gestation (Table 2). No significant differences 

in umbilical artery pulsatility index or systolic/diastolic (S/D) ratio were found; there were 

also no significant differences in uterine artery notching, RI, pulsatility index, or S/D ratio 

between the groups (data not shown).

Women whose births were included were comparable to women whose births were excluded 

(because of delivery outside the study hospital, voluntary discontinuance of study 

participation, loss to follow-up, premature delivery, or non-collection of samples and 

measurements) in terms of incidence of malaria, education level, gravidity, age, household 

expenditure, and maternal severe or moderate anemia. However, enrolled women who 

delivered a live infant in the study hospital were significantly less likely to have a low BMI 

percentile (P<0.05) compared with women whose birth data were not available.

Of the women with a live birth at the study hospital (n=480), 7.9% (n=38) were delivered by 

cesarean. Overall, 54.7% (n=263) of the neonates were male, and median gestational age 

was 39.0 weeks (IQR, 37.9–39.9)—neither of which differed by malaria status. In 

multivariate regression analyses, maternal factors that remained significantly associated (at 

P<0.05) with reduced birth weight were primigravidity, young maternal visit or at delivery 

were similar to those for newborns of women without P. falciparum in both adjusted and 

unadjusted analyses (Table 3). While the incidence of malaria at delivery was lower (8.8% 

[n=36]) than at prenatal care (10.9% [n=87]), women who were malaria positive at prenatal 

care were at higher risk of having any malaria (placenta, cord, or peripheral samples) at 

delivery (RR 2.1; 95% CI, 1.0–4.4).

Finally, we examined the role of maternal BMI (≤10th percentile, adjusted for gestational 

age) and malaria. Low BMI had a significant interaction (P=0.06) with P. falciparum status 

and, thus, an interaction term was included in the linear regression model to evaluate the 

association of malaria with birth weight. In the model for term births, adjusted for gravidity, 

malaria was not significantly associated with lower birth weights among women with 

normal BMI, but it was associated with decreased birth weight among women with low BMI 

(mean difference −370 g; 95% CI, −728 to −12; P=0.04) (Table 4). Gravidity did not have a 

significant interaction with malaria as defined a priori (P>0.15).

4. Discussion

Approximately 11% of women were positive for malaria at prenatal care and, similar to 

previous studies, risk of malaria was associated with primigravida status and younger 

maternal age [10]. We also found a significantly higher risk of malaria among women who 

did not use bed nets. In the region, distribution of free insecticide-treated bed nets, in 
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addition to the IPTp-SP program, was active during the study period and likely contributed 

to the relatively low burden of malaria infection compared with earlier studies in which 

20%–40% of women were malaria positive at time of delivery [9,23].

There was a non-significant trend for reduced estimated fetal weight associated with malaria 

infection prior to 30 weeks, which the study was not powered to detect. At 30–32 weeks, 

there was a significant 123-g difference in estimated fetal weight, with no detectable 

difference after 32 weeks—consistent with previous research from the Democratic Republic 

of the Congo in which the highest rates of IUGR associated with malaria were at 28–33 

weeks of gestation [8]. There was also a trend for higher umbilical artery RI among women 

with malaria, and the size of the difference was consistent with results from a recent study in 

which early malaria parasitemia was associated with increased umbilical artery RI among 

primigravid, but not multigravid, women [13]. While the differences in umbilical artery RI 

were not clinically significant (defined as 30% difference [26]), increased umbilical artery 

RI has been associated with IUGR [26]. Thus, the present results, together with previous 

studies, suggest that this may be an area for further research regarding the role of malaria 

and placental function on IUGR [15].

In the present population treated with IPTp-SP, malaria detected by PCR at prenatal care did 

not have a significant impact on birth weight or other anthropometric measurements. 

However, among women with the lowest BMI, malaria was significantly associated with 

reduced birth weight. While factors leading to low BMI are complex, low BMI appeared to 

be the maternal factor most highly associated with reduced birth weight in the present study. 

A previous study conducted in the Democratic Republic of the Congo found a similar trend, 

with significant impact of malaria primarily among those with indicators of undernutrition 

[8].

The widespread distribution of bed nets, even prior to enrollment, which was associated with 

decreased risk of malaria at prenatal care, probably contributed—together with the provision 

of IPTp-SP—to decreased risk for repeat or severe malaria infection, consistent with 

previous studies [9]. This confirms the important role of treatment programs in reducing the 

prevalence of malaria in pregnancy.

A limitation of the present study was that the women who were seen at prenatal care but 

subsequently delivered outside the study hospital or who did not deliver a live, term infant 

were excluded. Although the excluded women had higher rates of low BMI, they had 

comparable malaria rates to those with birth outcomes included. However, because malaria 

may also impact fetal outcomes through preterm birth, the study may underrepresent the 

potential impact of malaria in pregnancy [1]. Another consideration is that we evaluated 

malaria detected by PCR, rather than women with febrile illness or repeated malarial 

infections during pregnancy, so the findings are limited to the impact of potential modest 

malaria exposure on birth outcomes. However, even among women who received among the 

best care and had optimal outcomes, malaria and undernutrition were found to be associated 

with reduced birth weight.
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Risk of malaria at delivery was associated with presence of malaria at first prenatal care 

visit, which was reduced among those using bed nets. We found that malaria detected by 

PCR at prenatal care was associated with only a modest reduction in fetal growth that, with 

IPTp and by term birth, no difference in birth weights was found. This suggests that, with 

good preventive care, the impact of exposure to malaria on fetal and newborn growth may 

be minimized. However, maternal BMI was highly associated with birth weight, and among 

women with the lowest BMI the impact of malaria was more pronounced. Additional 

research and programs to improve maternal nutritional health may be important to help 

further improve birth outcomes in low-resource settings, especially in areas where malaria 

prevalence is falling. The present results suggest that, among women given IPTp-SP and 

who delivered at a study hospital, mild malaria infection detected at first prenatal care visit 

was not associated with significant adverse outcomes.
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Synopsis

In Kenya, malaria in pregnancy was associated with transient differences in utero, and 

reduced birth weight was restricted to those with low body mass index.
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Table 1

Maternal characteristics and risk for Plasmodium falciparum malaria at first prenatal care visit, 2006–2009a

Characteristic Totalb P. falciparum Unadjusted risk ratio (95% confidence interval)

Maternal age, y

 20–45 658 (82.3) 60 (9.1) 1.0

 <20 141 (17.7) 27 (19.2) 2.10 (1.38–3.18)

Formal education

 None 163 (20.6) 17 (10.4) 1.0

 Primary 526 (66.4) 58 (11.0) 1.05 (0.63–1,76)

 Secondary/higher 103 (13.0) 11 (10.7) 1.11 (0.40–3.11)

Low household income

 No 299 (36.8) 27 (9.0) 1.0

 Yes 514 (63.2) 60 (11.7) 1.31 (0.91–1.88)

Marital status

 Married/partner 698 (87.9) 72 (10.3) 1.0

 Widowed/divorced/single 96 (12.1) 14 (14.6) 1.41 (0.83–2.40)

Gravidity

 Multigravida 601 (75.9) 56 (9.3) 1.0

 Primigravida 191 (24.1) 30 (15.7) 1.68 (1.11–2.54)

Bed net use in last 3 months

 Yes 583 (73.6) 54 (9.3) 1.0

 No 209 (26.4) 33 (15.8) 1.71 (1.14–2.55)

Malaria treatment in last 3 months

 Yes 88 (11.1) 6 (6.9) 1.0

 No 706 (88.9) 81 (11.5) 1.68 (0.76–3.74)

Maternal anemia

 Hemoglobin ≥9 g/dL 506 (73.3) 38 (7.5) 1.0

 Hemoglobin <9 g/dL 184 (26.7) 21 (11.4) 1.38 (0.95–1.99)

Body mass indexc 24.2 (22.2–26.9) 23.9 (22.1–26.0) —

a
Values are given as number (percentage) or median (interquartile range) unless otherwise indicated.

b
Differences in numbers are due to missing data.

c
Calculated as weight in kilograms divided by the square of height in meters.
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Table 4

Associations between birth anthropometrics and maternal malaria, stratified by maternal BMI, 2006–2009

Malaria statusa Adjusted meanb Mean difference (95% confidence interval)b P value

Birth weight, g

 BMI ≤10th percentile Positive (n=8) 2791 −370 (−728 to −12) 0.04

Negative (n=26) 3081

 BMI >10th percentile Positive (n=47) 3161 75 (−91 to 241) 0.4

Negative (n=265) 3087

Birth length, cm

 BMI ≤10th percentile Positive (n=8) 48.1 −1.3 (−3.6 to 2.4) 0.4

Negative (n=26) 49.0

 BMI >10th percentile Positive (n=47) 49.1 0.7 (−0.9 to 1.4) 0.4

Negative (n=265) 48.8

Head circumference, cm

 BMI ≤10th percentile Positive (n=8) 33.7 −0.8 (−3.1 to 1.5) 0.4

Negative (n=26) 34.5

 BMI >10th percentile Positive (n=47) 34.7 0.2 (−0.9 to 1.1) 0.8

Negative (n=265) 34.5

a
Plasmodium falciparum malaria at first prenatal care visit.

b
Adjusted for primigravida status.
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