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Abstract. The impact of insecticide (permethrin)-treated bed nets (ITNs) on malaria in pregnancy was studied in a
rural area in western Kenya with intense perennial malaria transmission. All households in 40 of 79 villages were
randomized to receive ITNs by January 1997. The ITNs were distributed in control villages two years later. Complete
data on birth outcome were available on 2,754 (89.6%) of 3,072 deliveries. Women (n � 780) were followed monthly
throughout pregnancy in 19 of 79 villages. Among gravidae 1–4, ITNs were associated with reductions of 38% (95%
confidence interval [CI] � 17–54%) in the incidence of malaria parasitemia and 47% (95% CI � 6–71%) in the
incidence of severe malarial anemia (hemoglobin level < 8 g/dL with parasitemia) during pregnancy. At the time of
delivery, mean hemoglobin levels were 0.6 g/dL (95% CI � 0.01–1.2 g/dL) higher, the prevalence of placental or
maternal malaria was reduced by 35% (95% CI � 20–47%), and the prevalence of low birth weight was reduced by 28%
(95% CI � 2–47%) in gravidae 1–4 from ITN villages. No beneficial impact was observed in gravidae five or higher. In
areas of intense perennial malaria transmission, permethrin-treated bed nets reduce the adverse effect of malaria during
the first four pregnancies.

INTRODUCTION

Each year in sub-Saharan Africa, where 80–90% of the
world’s malaria cases occur, approximately 19–24 million
women are at risk for malaria and its adverse consequences
during pregnancy.1,2 In areas with stable malaria transmis-
sion, which represents most of sub-Saharan Africa, the vast
majority of infections with Plasmodium falciparum in preg-
nancy remain asymptomatic, undetected and untreated.3,4

The major impact of malaria during pregnancy in these re-
gions is caused by persistent or recurrent, predominantly low-
grade, sometimes sub-patent5–7 parasitemia, resulting in ma-
ternal anemia and a reduced birth weight.8 Primigravidae and
secundigravidae are most at risk, but in areas with moderate-
to-intense transmission, or a high prevalence of infection with
human immunodeficiency virus (HIV), women of higher gra-
vidity are also affected.3,9–13

The spread of chloroquine resistance and the low adher-
ence to antimalarial prophylaxis during pregnancy has led to
the reconsideration of the role of antimalarial chemoprophy-
laxis in controlling malaria in pregnancy.14 Intermittent pre-
ventive treatment with sulfadoxine-pyrimethamine (SP) has
increasingly been used in sub-Saharan Africa15–19 and is cur-
rently recommended as the national policy in Kenya.20 How-
ever, resistance to SP is steadily increasing in some areas in
sub-Saharan Africa, and the available arsenal of alternative
tools for malaria control in pregnancy is very limited.12,14,21

One of the most promising of these tools is insecticide-treated
bed nets (ITNs), which have been shown to reduce the num-
ber of infective mosquito bites by 70–90% in a variety of
ecologic settings, and to reduce all cause mortality among
young children by 16–33%.22,23–26 Four previous randomized-
controlled trials have been conducted to determine the im-
pact of ITNs in pregnancy, covering a wide spectrum of ma-
laria endemicity ranging from unstable-low to high and mark-
edly seasonal malaria transmission. In these studies ITNs sig-
nificantly reduced malaria parasitemia and maternal anemia

and increased birth weight, in areas with the lowest and most
seasonal transmission (Thailand and The Gambia),27,28 but
no impact was observed in areas with more intense transmis-
sion (coastal Kenya, and Ghana).5,29 Thus, although the data
are limited, it has been hypothesized that the impact of ITNs
decreases with increasing intensity of malaria transmission.5

No data are available from randomized controlled trials in
areas with extremely high, year-round malaria transmission.
We report here the results of the efficacy of ITNs on maternal
malaria and anemia and adverse outcomes in pregnancy in an
area with intense perennial malaria transmission in western
Kenya.

MATERIALS AND METHODS

Study site and population. The study was conducted in Ra-
rieda Division (locally known as Asembo), Siaya District, in
western Kenya. Full details of the study site have been de-
scribed elsewhere.30,31 Briefly, the area is located on the
shores of Lake Victoria and has intense perennial malaria
transmission (60–300 infected bites per person annually).32

The predominant malaria vector is Anopheles gambiae. Ma-
laria transmission occurs throughout the year, with peaks dur-
ing May through July, and October through November. Pre-
vious studies have indicated that 60–80% of children less than
five years old are parasitemic at any time.33,34 More than 95%
of these infections are due to Plasmodium falciparum, and
almost all of the remainder is P. malariae. Infections with P.
ovale are rare.33

Within the Asembo area, most inhabitants live within 5 km
of a fixed health care facility. There are 16 such facilities, of
which five routinely provide antenatal care. A previous study
in neighboring Kisumu district indicated that antenatal clinic
attendance is high, with more than 90% of pregnant women
visiting antenatal care clinics at least twice during pregnancy
(Parise M and others, unpublished data). Antimalarial
chemoprophylaxis during pregnancy was not routinely avail-
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able at antenatal care clinics during the period of this study.
The Kenyan Ministry of Health introduced national guide-
lines for the control of malaria in pregnancy, which included
the use of intermittent preventive treatment with SP in 1999,
after this study was completed.4

Study design and randomization. This study was conducted
within the context of a large community based group random-
ized controlled trial designed to assess the impact of ITNs on
mortality in children less than five years of age.35 The study
area for the mortality trial consisted of two main surveillance
sites: Asembo and Gem.26 The current study of the impact of
ITNs in pregnancy was conducted in Asembo only, which has
an area of 200 km2 and a population of 55,000 people living in
79 villages. Asembo was subdivided into two distinct areas:
the non-cohort area (60 contiguous villages) and the cohort
area (the remaining 19 villages), which is the study site of the
Asembo Bay Cohort Project.30,36

Half of the villages were randomly assigned to the inter-
vention group and each household in these villages received
ITNs during the fourth quarter of 1996.26 Households in con-
trol villages received ITNs in April 1999 after the trial was
completed. Large households received multiple ITNs accord-
ing to bed space measurements and baseline demographic
data, providing an intervention ITN coverage ratio of 1.5 per-
sons per ITN.37 At distribution, bed nets were pretreated with
permethrin (Siamdutch Mosquito Netting Co., Bangkok,
Thailand), and re-treated biannually by the study team to
maintain a target dose of 500 mg of permethrin/m2.

Asembo Bay Cohort Project (19 villages). Pregnant women
in the cohort area were recruited as part of the Asembo Bay
Cohort Project; an ongoing immuno-epidemiologic study of
malaria in pregnancy and the acquisition of natural immunity
in children aged less than 5 years.30,36 Four of the 15 original
cohort villages were much larger than the remaining 11 and
were split into two, giving a total of 19 village clusters,30

henceforth referred to as villages. Pregnant women of all pari-
ties were identified through monthly census by trained village
monitors or trained traditional birth attendants residing in the
same village. Two village monitors and two study birth atten-
dants were trained per village. At the recruitment visit, a
questionnaire was completed with data on demographic char-
acteristics, obstetrical history, illness and treatment during the
current pregnancy, education, and socioeconomic status.38

Enrolled women were examined by the study birth attendants
and maternal weight, height, mid-upper-arm circumference,
date of last menstrual period, and fundal height were re-
corded. A capillary blood sample (250–500 �L) was drawn for
determination of hemoglobin levels (1992–1996) or hemato-
crit (1997–1999), hemoglobin S phenotype (using hemoglobin
electrophoresis), malaria thick and thin blood smears, and
immunologic and molecular biologic assays.
The village monitor and traditional birth attendant visited

each study participant at monthly intervals until delivery.
During each visit, a morbidity questionnaire was completed,
the mother was weighed to the nearest kilogram (120 kg;
Salter, Smethwick, United Kingdom), mid-upper-arm circum-
ference (MUAC) was measured (MUAC insertional tapes;
UNICEF, Copenhagen, Denmark), and data were copied
from the antenatal clinic cards. A capillary blood (finger
stick) specimen for determination of hemoglobin levels or
hematocrit and malaria smears was also collected monthly, or

at any time that the pregnant woman reported illness between
scheduled visits.
Pregnant women who had parasitemia and a documented

fever or a history of fever within the previous 48 hours were
treated with SP by the study team. Women with hemoglobin
concentrations <8 g/dL were given ferrous sulfate supplemen-
tation and women with hemoglobin concentrations <5 g/dL
were referred to the local hospital for further evaluation and
treatment.
Delivery.Most (>80%) deliveries in this setting take place

at home or at the home of the village-based traditional birth
attendant. The study birth attendant recorded the details of
labor, infant and placenta weights, and sex of the newborn on
standardized study forms. If a delivery took place at home in
the absence of the study traditional birth attendant, the
mother was instructed to keep the placenta. The traditional
birth attendant visited the household within 24 hours after
delivery to record the details of labor retrospectively. Placen-
tal and cord blood thick and thin blood smears and a 5-mL
cord blood sample were taken for serology. At the same time,
a blood sample was taken from the mother for maternal pe-
ripheral malaria smears, hematocrit, and antimalarial serol-
ogy. In addition, each mother-newborn pair was visited at
home by a specially trained study supervisor within a target
period of 24 hours (maximum � 96 hours) after delivery to
determine the weight, height, and mid-upper-arm circumfer-
ence and to estimate the gestational age of the newborn.39

Undressed newborns were weighed to the nearest 10 grams
using a 10-kg hanging weighing scale (235 10 S; Salter, Smeth-
wick, United Kingdom). Recumbent length was measured to
the nearest 0.1 cm, using a horizontal measuring board with
sliding foot piece.40 Measurements were taken twice and the
mean value was computed prior to data analysis. Adult and
newborn weighing scales were checked and calibrated
monthly by specially trained staff using standard weights.
Similar data were obtained for deliveries that took place in
the local health facilities.

Procedures for the remaining (non-cohort) study area (60

villages). Delivery data (only) were gathered in the 60 con-
tiguous villages in the rest of Asembo by copying data on a
daily basis from routine antenatal care records, including
standard antenatal and demographic parameters, as well as
birth outcome (abortion, stillborn, or live born). Maternal,
placental, and cord blood malaria smears were taken at the
time of delivery, but blood samples for hematocrit and ma-
laria serology were not collected because no cold-chain infra-
structure was in place to store and transport these samples.
Birth weight and gestational age of the newborn were as-
sessed using the same methods as in the 19 cohort villages.

Laboratory analysis. All laboratory assays were processed
at the research laboratories in Kisian, Kenya. Thick and thin
blood smears were stained with Giemsa and examined for
parasites. Parasite densities were counted against 300 leuko-
cytes and expressed per mm3 of blood using an assumed leu-
kocyte count of 8,000/mm3. Slides were considered negative if
no asexual parasites were found in 200 high-power ocular
fields of the thick smear. Placental and cord blood smears
were stained and examined in the same way as peripheral
blood smears, and parasite densities were calculated as for
peripheral smears. Between 1992 and 1996, hemoglobin con-
centrations were measured using the HemoCue system
(Hemocue, Angelholm, Sweden). From 1997 onwards, capil-
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lary tubes containing whole blood obtained by finger prick
were centrifuged at 10,000 cycles/second for three minutes to
determine the packed cell volume (hematocrit). All hemato-
crit values were divided by a factor of three and are presented
as hemoglobin values for consistency with the 1992–1996
data.

Definitions. Malaria parasitemia was defined as asexual
blood stage malaria parasites of any Plasmodium species de-
tectable on a thick blood smear. Clinical malaria was defined
as any parasitemia associated with an axillary temperature
�37.5°C. Anemia was defined as a hemoglobin concentration
<11 g/dL, severe anemia as a hemoglobin concentration <8
g/dL, and severe malarial anemia as a hemoglobin concentra-
tion <8 g/dL in the presence of malaria parasitemia.
Each delivery was defined to have occurred in the rainy,

post-rainy, or dry season using rainfall data collected in the
study area. This was done by ranking the dataset into three
equal groups based on the mean daily rainfall during the six
months period prior to the date of delivery (i.e., during the
second and third trimester of pregnancy).
The educational status of the pregnant women was also

ranked and categorized as low, medium, or high. Similarly
socioeconomic status was graded as low, medium, and high
according to the rank position of the computed wealth index
based on type of house and ownership of livestock, radios,
bicycles, and sofas.38

Approximately 15% of birth weights were taken 24–96
hours after delivery, and were corrected for the physiologic
fall in birth weight occurring in the first days following deliv-
ery. Birth weights taken 24–48 hours and 48–96 hours after
delivery were corrected by a factor of +2% and +4%, respec-
tively, to obtain the estimated weight at birth.28,41 All analysis
presented involving birth weights refer to the corrected birth
weights. Low birth weight was defined as a corrected birth
weight <2,500 grams. Preterm was defined as a delivery oc-
curring before 37 weeks gestation. Weight for gestational age
at birth was used to categorize infants as having normal or
subnormal growth in utero (small-for-gestational age). Small-
for-gestational age was defined as a birth weight below the
10th percentile of a distribution of birth-weight-for-gestational-
age derived from a sex-specific, multi-racial, United States–
based reference population for single births.42,43 Deliveries
with no evidence of cardiac or respiratory effort were classi-
fied as fetal loss. No attempt was made to differentiate be-
tween abortions and stillbirths because of the uncertainty of
the gestational age assessment based on the expected date of
delivery and assessment of the fundal height. Grand multi-
gravida was defined as gravida five or higher.

Statistical analysis. The study was designed to detect a 25%
reduction in the prevalence of adverse birth outcome defined
as low-birth weight, pre-term or small-for-gestational age de-
liveries among primigravidae and secundigravidae with 80%
power and 95% confidence allowing for a design effect of 1.2
and assuming that data on birth outcome could be collected
within 96 hours following birth from at least 80% of the de-
liveries. The proportion of adverse birth outcomes in the con-
trol group was based on data collected from more than 1,200
births as part of the Asembo Bay Cohort Project conducted
between 1992 and 1996.
All pregnancies that were in the second or third trimester

when the study started on January 1, 1997 (defined as a de-
livery date before July 12, 1997) were excluded a priori from

analysis of birth outcome to allow for a sufficient time period
of ITN coverage per pregnancy to impact on intra-uterine
growth retardation and gestational age. Deliveries occurring
after April 1, 1999 (the date of distribution of ITNs to control
villages) were also excluded.
The incidence rate of malaria and anemia was defined as

the number of women who developed parasitemia or anemia
during follow-up, divided by the number women-months con-
tributed by that group. A woman could only contribute a
single event and did not contribute to the denominator after
that first event had occurred. All observations occurring after
April 4, 1997 contributed to the numerator and denominator.
Thus, observations occurring in the first 13.3 weeks (one tri-
mester) of the study were excluded from the analysis of the
impact on malaria and anemia during pregnancy to allow for
a sufficient period of ITN use.
Analysis was based on intention-to-treat. Two sided P val-

ues <0.05 were considered statistically significant. The impact
of ITNs on the various incidence rate estimates was expressed
as the protective efficacy, estimated as 100 × (1 − hazard
ratio)%. The hazard ratios were obtained by fitting a Cox
Proportional Hazards Model (Proc survival, SUDAAN re-
lease 8; Research Triangle Institute, Research Triangle Park,
NC), with gravidity, age, season, and year of study as time-
independent covariates. A robust variance estimation cor-
rected for the village based cluster randomization. Linear re-
gression models (Proc REGRESS, SUDAAN) were used to
determine the mean difference between ITN and control
villages in birth weight, gestational age and delivery hemo-
globin. Study area (cohort versus non-cohort area), gravid-
ity, maternal stature (mid-upper-arm circumference and
height), maternal age, and sex of the newborn were all sig-
nificant (P < 0.05) determinants of birth outcome and in-
cluded as co-variates in the final model. Season was also in-
cluded because of its unequal distribution between the two
intervention groups (P � 0.03) and its association with birth
weight (P � 0.057). Again, a robust variance estimation was
used to correct for the village based cluster randomization.
Adjusted means were obtained from least squares mean es-
timates using the LSMEANS output group in this procedure.
The impact of ITNs on the prevalence data at delivery was
assessed using Poisson regression in Proc Genmod, a proce-
dure within Statistical Analysis System (version 8.0; SAS In-
stitute, Cary, NC), using the same co-variates as the linear
regression models. Impact is expressed as the protective effi-
cacy, estimated as 100 × (1 − prevalence ratio)%. The cluster
randomization was taken into account by using an exchange-
able correlation structure for observations obtained from resi-
dents within one village. Separate models were created for
gravidae 1–4 and grand multigravidae because previous
analysis of data collected in the period 1992–1996 had shown
malaria to have a statistically significant impact on birth
weight in the first four pregnancies, but not in higher preg-
nancy order (ter Kuile FO and others, unpublished data).
Furthermore, multivariate analysis of birth outcome showed
statistically significant effect modification (interaction) by
these two gravida groups on the effect of ITNs on birth out-
come.

Ethical clearance. The ITN study and the Asembo Bay Co-
hort Project were reviewed and approved by the institutional
review boards of the Kenya Medical Research Institute (Nai-
robi, Kenya) and the Centers for Disease Control and Pre-
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vention (Atlanta, GA). Informed consent was obtained from
all women after explanation of the study procedures in the
local language.

RESULTS

Between the start of the Asembo Bay Cohort project in
1992 and December 31, 1996, data were available from 1,557
single pregnancies contributed by 1,184 pregnant women,
who were followed during pregnancy prior to the introduction
of ITNs. Between January 1, 1997 (start of the ITN study) and
April 1, 1999, 3,170 single pregnancies were enrolled, of
whom 911 resided in the 19 cohort villages where longitudinal
follow-up took place. Of these, 780 pregnancies occurred af-
ter April 4, 1997 and were eligible for the analysis of the
impact of ITNs on malaria and anemia during pregnancy.
Overall, 2,754 single pregnancies were eligible from all 79
villages for the analysis of birth outcome data (Figure 1).
Prompted questioning showed that 85.9% of the women in
the ITN villages reported sleeping under an ITN on a regular
basis, of which 99.1% (i.e., 85.1% of the intervention group)
reported using the green (i.e., insecticide-treated) study net.
Only 3.7% of the women in the control villages reported using
an ITN, of whom 22.5% reported using the treated study bed
net (i.e., 0.8% of the control group).

Follow-up data during pregnancy (19 villages). Of the 780
women followed between 1997 and 1999, 381 lived in ITN
villages and 399 lived in the control villages. The baseline

characteristics of the 1,184 women enrolled between 1992 and
1996 were comparable for all characteristics between the pre-
ITN and pre-control villages (data not shown). The baseline
characteristics of the 780 women enrolled between 1997 and
1999 are shown in Table 1.
The incidence of malaria parasitemia, parasite densities,

clinical malaria, and overall morbidity (febrile episodes) be-
fore (1992–1996) and after the introduction of ITNs (1997–
1999) is summarized in Table 2. Prior to the introduction of
ITNs, there were no differences in the incidence risk and rate
of malaria parasitemia and anemia between women in the
ITN and control villages with the exception of malarial ane-
mia, which occurred at a higher rate in grand multigravidae
from the pre-intervention villages compared to those from the
pre-control villages. However, after Jan 1997, gravidae 1–4 in
the ITN villages had less parasitemia and anemia, whereas
there were no significant differences in gravidae 5 or greater
(Table 2).

Delivery data (79 villages). The birth outcome was un-
known for 237 (7.9%) of the 2,991 single deliveries occurring
between July 12, 1997 and April 1, 1999 (Figure 1). This was
equally divided between ITN and control villages. Women
with missing birth outcome data were more likely to be primi-
gravid (31.6% versus 22.4%; relative risk [RR] � 1.41, 95%
confidence interval [CI] � 1.11–1.80), to deliver in the rainy
season (47.7% versus 33.3%; RR � 1.43, 95% CI� 1.10–
1.86), and to be shorter (mean height � 160.3 cm versus 161.7
cm; P � 0.01).
Data on birth outcome were available from the remaining

2,754 (92.1%) women (Figure 1). They were equally divided
among intervention and control villages (50.0% each) and
their characteristics were comparable for all parameters, with
the exception that gravidae 1–4 in the ITN villages were more
likely to be pregnant during or shortly following the rainy
season (peak malaria season) (Table 3). All subsequent mul-
tivariate analysis of birth outcome was therefore adjusted,
among other co-variates, for season. Although alcohol use
was not common in the study population, grand multigravidae
in ITN villages were more likely to consume alcohol during
their pregnancy, but this was not associated with birth out-
come, and was not a confounder. Complete data on the child’s
sex, gestational age, and birth weight was available from 2,552
(95.1%) of the 2,683 live births (Figure 1). Of the 2,552 births
84.6% and 97.7% of the birth weights and 78.9% and 96.6%
of the gestational ages were measured within 24 and 48 hours,
respectively. The remaining measurements were taken be-
tween 48 and 96 hours. These times were equally distributed
among the ITN and control group.
Malaria and anemia at the time of delivery. Peripheral

smear, cord blood smear, and placental smear results were
not available for 9.8%, 10.1%, and 16.7% of the women at
delivery (Figure 1). This was equally distributed among ITN
and control villages.
Similarly to malaria parasitemia during pregnancy, women

from the ITN villages were less likely to be parasitemic (ei-
ther peripheral [maternal] or placental malaria) at the time of
delivery than those living in the control villages (19.6% versus
26.1%, protective efficacy � 25%; 95% CI � 12–35%). The
beneficial impact was apparent in all pregnancies but only
statistically significant in the first four pregnancies (25.3%
versus 33.8%, protective efficacy � 25%; 95% CI � 13–36%
compared with 10.4% versus 14.1%, protective efficacy �

FIGURE 1. Trial profile. Data were collected from 780 of 911
women after April 4, 1997. These women were eligible for analysis of
the impact of insecticide-treated bed nets during pregnancy.
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26%; 95% CI� −7–48%) in grand multigravidae. This pattern
was very similar for both placental and peripheral parasitemia
(Figure 2). There was little influence of season. Although the
beneficial impact was greatest in the rainy season (all
gravidae: protective efficacy � 26%; 95% CI � 2–43%), it
was also seen in the dry season (protective efficacy � 21%;

95% CI � 1–36%). Maternal and placental geometric mean
parasite densities in parasitemic women were identical in ITN
and control villages (P � 0.82 and P � 0.91, respectively).
Infants in the ITN villages born to both gravidae 1–4 as well
as grand multigravidae (Figure 2) were less likely to have cord
blood parasitemia (2.8% versus 4.1%), although the differ-

TABLE 2
Incidence per 1,000 person-months of malaria and anemia during pregnancy: pre-intervention (baseline) and during intervention period

Gravidae 1–4 Grand multigravidae

N ITN Control HR (95% CI)* P* N ITN Control HR (95% CI)* P*

Pre-intervention period (1992–1996)
Any parasitemia 678 449 417 1.06 (0.94–1.19) 0.33 506 229 221 1.05 (0.85–1.30) 0.64
High-density parasitemia† 678 288 263 1.06 (0.92–1.23) 0.39 506 109 91 1.23 (0.88–1.71) 0.21
Clinical malaria‡ 662 21 24 0.87 (0.45–1.69) 0.67 499 15 7 1.83 (0.56–5.95) 0.29
Hemoglobin <11 g/dL 387 688 615 1.12 (0.97–1.30) 0.11 328 522 542 0.99 (0.87–1.13) 0.89
Hemoglobin <8 g/dL 387 146 138 1.04 (0.64–1.67) 0.88 328 87 85 0.91 (0.49–1.69) 0.76
Malarial anemia§ 387 344 334 1.08 (0.85–1.36) 0.51 328 183 128 1.55 (1.05–2.29) 0.03
Severe malaria anemia¶ 387 106 81 1.33 (0.71–2.50) 0.35 328 26 16 1.75 (0.61–5.01) 0.28

During the intervention period (1997–1999)
Any parasitemia 463 169 284 0.62 (0.46–0.83) 0.003 317 81 105 0.83 (0.51–1.37) 0.45
High-density parasitemia† 463 111 174 0.67 (0.48–0.93) 0.02 317 36 47 0.88 (0.42–1.83) 0.71
Clinical malaria‡ 463 5 7 0.72 (0.19–2.78) 0.62 317 2 0
Hemoglobin <11 g/dL 451 554 703 0.79 (0.65–0.96) 0.02 313 610 629 1.00 (0.86–1.18) 0.97
Hemoglobin <8 g/dL 451 57 88 0.70 (0.42–1.16) 0.15 313 62 49 1.24 (0.69–2.24) 0.45
Malarial anemia§ 451 120 215 0.56 (0.39–0.80) 0.003 313 59 68 1.01 (0.58–1.76) 0.96
Severe malarial anemia¶ 451 20 37 0.53 (0.29–0.94) 0.03 313 11 6 1.27 (0.22–7.34) 0.77
ITN � insecticide-treated bed nets.
* Hazard ratio (HR) and 95% confidence interval (CI) and associated P values are adjusted for gravida status, age, season, and year of study using the survival analysis procedures in SUDAAN

release 8.0.
† Defined as >250/mm3.
‡ Defined as any parasitemia with fever.
§ Hemoglobin concentration <11 g/dL plus parasitemia.
¶ Hemoglobin concentration <8 g/dL plus parasitemia.

TABLE 1
Baseline characteristics of 780 pregnant women who contributed to the comparison of malaria and anemia during pregnancy*

Gravidae 1–4 Grand multigravidae

ITN
(n � 234)

Control
(n � 229)

P or RR
(95% CI)

ITN
(n � 147)

Control
(n � 170)

P or RR
(95% CI)

Age in years, mean (SE) 21.7 (0.3) 21.1 (0.1) 0.027 31.3 (0.5) 32.1 (0.4) 0.240
Marital status¶
Married, no. (%) 175 (75.4) 179 (79.6) 139 (94.6) 157 (92.9)
Never been married, no. (%) 50 (21.6) 44 (19.6) 2 (1.4) 1 (0.6)
Widowed, no. (%) 6 (2.6) 62 (0.9) 5 (3.4) 11 (6.5)
Divorced/separated, no. (%) 1 (0.4) 0 (0) 0.470 1 (0.7) 0 (0.0) 0.400

Socioeconomic rank score, median
(quartiles) 46 (25–70) 43 (17–75) 0.625 59 (33–76) 52 (26–78) 0.603

Years of schooling, median (quartiles) 8 (6–9) 8 (6–8) 0.395 7 (4–8) 7 (4–7) 0.808
Gestational age on enrollment, mean (SE) 25.5 (1.0) 24.7 (0.9) 0.559 22.0 (1.1) 24.0 (0.9) 0.153
Gravida, median (quartiles) 2 (1–3) 2 (1–3) 0.523 6 (6–8) 7 (6–8) 0.100
Previous stillborn/abortion, no. (%)† 13 (5.6) 18 (7.9) 0.71 (0.35–1.41) 37 (25.2) 47 (27.7) 0.91 (0.63–1.31)
Previous child death, no. (%)†‡ 25 (16.8) 21 (14.2) 1.18 (0.64–2.18) 79 (55.6) 93 (58.1) 0.96 (0.78–1.18)
Season, second-third trimester¶
Driest, no. (%) 69 (29.5) 89 (38.9) 55 (37.4) 47 (27.7)
Intermediate, no. (%) 82 (35.0) 71 (31.0) 54 (36.7) 53 (31.2)
Wettest, no. (%) 83 (35.5) 69 (30.1) 0.31 38 (25.9) 70 (41.2) 0.04

Height in cm, mean (SE) 163.6 (0.35) 163.1 (0.27) 0.285 164.4 (0.38) 163.8 (0.59) 0.44
Mid-upper-arm circumference in cm,
mean (SE) 25.4 (0.15) 24.8 (0.14) 0.007 26.2 (0.23) 25.5 (0.24) 0.053

Tetanus toxoid during pregnancy, no. (%) 82 (41.2) 75 (36.4) 1.13 (0.76–1.68) 28 (20.9) 51 (34.2) 0.61 (0.47–0.80)
Attended antenatal care clinics, no. (%) 84 (42.2) 75 (36.4) 1.16 (0.78–1.72) 31 (23.1) 51 (34.2) 0.68 (0.50–0.92)
Smoked during pregnancy, no. (%) 2 (0.9) 1 (0.4) 1.96 (0.18–21.84) 3 (2.1) 5 (3.0) 0.68 (0.23–2.05)
Alcohol use during pregnancy, no. (%) 14 (6.0) 10 (4.4) 1.36 (0.64–2.91) 19 (13.0) 9 (5.4) 2.40 (1.00–5.74)
Hemoglobin S phenotype¶
AA, no. (%) 130 (72.2) 122 (76.3) 95 (70.9) 111 (76.6)
AS, no. (%) 50 (27.8) 38 (23.8) 38 (28.4) 34 (23.5)
SS, no. (%) 0 (0) 0 (0) 0.80 0 (0.0) 0 (0.0) 0.48
* RR � relative risk; CI � confidence interval; ITN � insecticide-treated bed nets.
† Multigravidae only.
‡ Includes death among children who were born alive and died before the start of the insecticide-treated bed net study (January 1, 1997).
¶ Column percentage.
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ence was not statistically significant (protective efficacy �
32%; 95% CI � -7–56, P =0.09) (Figure 2).
Hemoglobin levels were determined at the same time as the

placental, cord blood, and peripheral smears (i.e., within 24
hours after delivery) from women in the cohort area. Mean
hemoglobin levels were significantly higher in gravidae 1–4
who lived in ITN villages (11.1 versus 10.5 g/dL, mean differ-
ence � 0.6; 95% CI � 0.01–1.2, P � 0.0497). However, this
did not correspond to a significantly lower prevalence of se-
vere anemia (hemoglobin concentration <8 g/dL): ITN �
9.4% versus control � 11.8%, protective efficacy � 20%;
95% CI � −37–54%. There was no apparent beneficial effect
in the grand multigravidae (mean hemoglobin concentration
of the ITN � 10.3 versus control � 10.7 g/dL; P = 0.28).
Stillbirths and abortion. Of the recorded births among

gravidae 1–4, 50 (2.9%) resulted in fetal loss. This was 2.3%
in the ITN group and 3.3% in the control group (protective
efficacy � 31%; 95% CI � −16–59%, P � 0.17). The preva-
lence of fetal loss in gravidae 5 and greater was similar among
women from ITN (2.2%) and control villages (2.1%).
Birth weight and gestational age. The adjusted mean (95%

CI) birth weight was 77.6 (34.0–121.2) grams higher in the first
four pregnancies in women living in ITN villages (3,088
grams) compared with the control villages (3,011 grams) (P�
0.0008). There was no difference in gravidae 5 and greater
(Figure 3). The mean gestational age overall was 39.8 (ITN)
and 39.7 (control) weeks (mean difference � 0.14 weeks;

95% CI � −0.02–0.31 weeks, P � 0.096). This small differ-
ence was similar in gravidae 1–4 (0.15 weeks; 95% CI �
-0.05–0.32 weeks, P � 0.15) and in grand multigravidae (0.16
weeks; 95% CI � −0.03–0.35 weeks, P � 0.11). The preva-
lence of low birth weight, preterm births, and small-for-
gestational age infants was consistently lower in the ITN
group in gravidae 1–4, but not the grand multigravidae (Fig-
ure 2). Overall, 24.1% versus 32.1% newborns from gravidae
1–4 in ITN villages were either aborted, stillborn, or born with
low birth weight, preterm, or small-for-gestational age (pro-
tective efficacy � 25%; 95% CI � 13–35%, P < 0.0001),
whereas there was no beneficial impact in grand multi-
gravidae (18.3% versus 15.3%, protective efficacy � −19%;
95% CI � −63—12%, P � 0.26). The beneficial impact on
any of the adverse birth outcomes in gravidae 1–4 was equally
evident across the seasons.

Self-reported ITN use. The overall proportion of self-
reported ITN use in the intervention villages was 85%. Uni-
variate analyis showed that this was strongly associated with
age, marital status, and gravida status. Use of ITNs was lowest
among primigravid women (71%), those less than 21 years
old (74%), single (71%), or widowed, divorced, or separated
(80%), and highest in grand multigravidae (96%), those 30
years of age and older (97%), and among married women
(89%). The use of ITNs was also slightly higher in the women
enrolled in the cohort study (who were visited at home by
study staff on a monthly basis) compared with those living in

TABLE 3
Baseline characteristics of 2,754 pregnant women who contributed to the comparison of birth outcome*

Gravidae 1–4 Grand multigravidae

ITN
(n � 868)

Control
(n � 839)

P or RR
(95% CI)

ITN
(n � 509)

Control
(n � 538)

P or RR
(95% CI)

Source cohort area, no. (%) 226 (26.0) 239 (28.5) 0.94 (0.51–1.75) 144 (28.3) 157 (29.2) 0.98 (0.53–1.81)
Age in years, mean (SE) 21.5 (0.15) 21.3 (0.13) 0.20 32.0 (0.33) 31.7 (0.31) 0.56
Marital status¶
Married, no. (%) 586 (67.7) 586 (70.3) 478 (93.9) 500 (93.5)
Never been married, no. (%) 247 (28.5) 227 (27.2) 3 (0.6) 2 (0.4)
Widowed, no. (%) 15 (1.7) 11 (1.3) 24 (4.7) 27 (5.1)
Divorced/separated, no. (%) 18 (2.1) 10 (1.2) 0.73 4 (0.8) 6 (1.1) 0.92

Socioeconomic rank score, median
(quartiles)† 49 (26–71) 42 (18–75) 0.52 58 (32–76) 55 (29–80) 0.88

Years of schooling, median (quartiles)† 8 (7–8) 8 (6–8) 0.25 7 (4–8) 7 (5–7) 0.85
Gestational age on enrollment, mean (SE)† 26.2 (0.39) 26.0 (0.39) 0.72 24.3 (0.50) 25.2 (0.41) 0.20
Gravida, median (quartiles) 2 (1–3) 2 (1–3) 0.91 7 (6–8) 7 (6–8) 0.44
Previous stillbirth/abortion, no. (%)‡ 50 (8.0) 54 (8.8) 0.91 (0.60–1.39) 116 (22.8) 120 (22.3) 1.02 (0.78–1.34)
Previous child death, no. (%)‡§ 142 (26.3) 126 (24.0) 1.10 (0.86–1.40) 354 (70.2) 385 (73.10 0.96 (0.7–1.06)
Season, second-third trimester¶
Driest, no. (%) 274 (31.6) 279 (33.3) 182 (35.8) 183 (34.0)
Intermediate, no. (%) 274 (31.6) 306 (36.5) 177 (34.8) 164 (30.5)
Wettest, no. (%) 320 (36.9) 254 (30.3) 0.03 150 (29.5) 191 935.5) 0.12

Height in cm, mean (SE) 161.8 (0.51) 160.9 (0.42) 0.19 162.5 (0.52) 161.8 (0.52) 0.32
Mid-upper-arm circumference in cm,
mean (SE) 25.8 (0.18) 25.8 (0.20) 0.99 26.6 (0.20) 26.5 (0.21) 0.90

Tetanus toxoid during pregnancy, no. (%) 470 (60.0) 430 (57.0) 1.05 (0.89–1.26) 231 (50.4) 252 (51.6) 0.98 (0.76–1.25)
Attended antenatal care clinics, no. (%) 530 (67.7) 489 (64.8) 1.05 (0.88–1.24) 275 (60.0) 300 (61.5) 0.98 (0.78–1.23)
Smoked during pregnancy, no. (%) 8 (0.9) 4 (0.5) 1.94 (0.62–6.02) 12 (2.4) 11 (2.1) 1.15 (0.50–2.61)
Alcohol use during pregnancy, no. (%) 34 (3.9) 31 (3.7) 1.06 (0.58–1.95) 48 (9.5) 20 (3.8) 2.52 (1.37–4.64)
Hemoglobin S phenotype¶
AA, no. (%) 216 (74.2) 215 (77.3) 171 (74.0) 165 (76.7)
AS, no. (%) 74 (25.4) 63 (22.7) 57 (24.7) 50 (23.3)
SS, no. (%) 1 (0.3) 0 (0.0) 0.45 3 (1.3) 0 (0) 0.19
ITN � insecticide-treated bed nets.
* RR � relative risk; CI � confidence interval.
† Cohort study only.
‡ Multigravidae only.
§ Includes deaths among children who were born alive and died before the start of the bed net study (January 1, 1997).
¶ Column percentage.
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the remaining non-cohort villages. There was no association
with season (rainfall or temperature), socioeconomic status,
years of education, or frequency of antenatal clinic atten-
dance. Multivariate regression analysis showed that age, mari-
tal status, and enrollment in the cohort study were the three
strongest predictors of ITN use (Table 4). Combined, young
age (<21 years old) and being either single or widowed, ac-
counted for 63% of the non-ITN users.

DISCUSSION

We have shown that in this area of intense perennial ma-
laria transmission, where women on average may receive as

many as 45–230 infective bites during 40 weeks gestation,
malaria and anemia are common during pregnancy. Up to
one-third of all infants are born preterm, intra-uterine growth
retarded (small-for-gestational age), or with low birth weight.
In the first four pregnancies, ITNs were associated with clini-
cally significant reductions in parasitemia during pregnancy
and at the time of delivery, and this resulted in improved
maternal hemoglobin concentrations and a 28% reduction in
the risk of low birth weight. Almost all of this beneficial effect
on birth size was due to improved fetal growth, and only a
small non-significant increase in duration of gestation was
observed. There was no beneficial impact on birth outcome in

FIGURE 2. Adjusted prevalence and protective efficacy (PE) with 95% confidence intervals (CIs) for malaria at the time of delivery and for
birth outcome in insecticide-treated bed net (ITN) villages and control villages among a., gravidae 1–4 and b., grand-multigravidae. SGA �
small-for-gestational age.
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gravidae 5 or greater. Size at birth is an important indicator of
fetal and neonatal health, and low birth weight in particular is
associated with neonatal, post-neonatal, infant and child mor-
tality, morbidity, and permanent deficits in growth, neurocog-
nitive development, and performance.42,44–46 Therefore,
these results suggest that in settings with intense perennial
malaria transmission, such as Asembo, the use of permethrin-
treated bed nets may have substantial beneficial impact on
public health.
Only one of the four previous randomized controlled trials

on the impact of ITNs in pregnancy also found a beneficial
impact on birth weight.28 Could causes other than ITN use
explain the observed differences in our study? This study was
a non-blinded, group-randomized trial (cluster randomiza-
tion), which because of the limited number of assignment
units (villages) has a greater potential for bias than the more
familiar clinical trial design based on randomization by indi-
vidual.47 Many factors apart from malaria are known to im-
pact on birth weight and could have been a potential source of
bias. However all known determinants, as well as other fac-
tors found to be associated with birth weight and gestational

age in this study were controlled for in our multivariate analy-
sis. One senior study team member determined gestational
age and birth weight for every 4–6 villages, using a single
weighing scale throughout the study, and none of them were
exclusively assigned to either intervention or control villages.
The inclusion of the variables for traditional birth attendant
and weighing scale as covariates in the analysis did not sug-
gest observer or instrumental bias.
There are several arguments in favor of a true impact of

ITNs on birth outcome. First, the impact was greatest for the
most malaria-specific parameters, i.e., malaria parasitemia
and malarial anemia, and less for the non-specific and more
distal indicators such as low birth weight. Second, this bene-
ficial impact occurred only in gravidae 1–4, and not in
gravidae 5 and higher. This is consistent with the previous
findings from the Asembo Bay Cohort Study conducted in
this same population between 1992 and 1996 (ter Kuile FO
and others, unpublished data), as well as other studies in areas
of intense malaria transmission, which indicate that the risk of
malaria and its adverse consequences decreases with subse-
quent malaria-exposed pregnancies but can remain a signifi-
cant problem in the first three to five pregnancies.9–11,13

Third, the reduction in laboratory parameters such as mater-
nal malaria and anemia were consistent with the impact on
birth outcome, and laboratory personnel were unaware of the
intervention status of the participants. Fourth, in the 19 co-
hort villages, there was no difference in birth weight or other
birth outcomes between the subsequent ITN and intervention
villages in the four years prior to the current study, and rates
of malaria during pregnancy and placental malaria and ma-
ternal anemia were also similar, suggesting that the transmis-
sion and epidemiology of malaria was comparable in the sub-
sequent ITN and control villages before the start of the ITN
study.
The results of the current study do not support the hypoth-

esis that in higher transmission settings, or where there are
prolonged seasons of P. falciparum transmission, ITNs alone
do not prevent the adverse effects of malaria in pregnancy.5

Although the beneficial impact on maternal malaria and ane-
mia in the current study was indeed smaller than that re-
ported from the Thailand-Burma border27 and The Gam-
bia,28 which have much lower malaria transmission, the effect
was observed throughout the year, with little seasonal varia-
tion, whereas the impact on birth outcome in The Gambia
was only present during the rainy (malaria) season.28 Further-
more, the current study, in an area of high perennial trans-
mission, indicates that women in their first four pregnancies
benefited from ITN use (i.e., approximately two-thirds of the
pregnant women), whereas in areas with lower malaria trans-
mission the adverse effects of malaria seem to be confined
mainly to primigravidae and secundigravidae (approximately
one-third of the pregnant women).8 Thus, although the rela-
tive impact in terms of protective efficacy (usually expressed
as a percentage) may indeed decrease with increasing trans-
mission pressure, the absolute effect, in terms of the total
number of pregnancies with adverse outcome prevented, may
be similar or greater in areas of intense transmission pressure.
Nevertheless, the number of studies determining the impact
of ITNs is still too few to draw firm conclusions about the
relationship between impact of ITNs and transmission inten-
sity.
Adherence to ITN use was high overall (85%), particularly

TABLE 4
Multivariate analysis of determinants of non-adherence to insecti-
cide-treated bed net use among pregnant women in intervention
villages

Does not use
ITN %*

RR
(95% CI)* P*

Age in years
<21 23.3 8.74 (3.94–19.37) <0.001
21–30 15.9 5.96 (2.81–12.65) <0.001
>30 2.7 Reference

Marital status
Single† 20.8 1.57 (1.12–2.21) 0.009
Married 13.2 Reference

Cohort participant
Yes 11.6 0.72 (0.53–0.97) 0.03
No 16.1 Reference
* Adjusted prevalence, relative risk (RR) with 95% confidence interval (CI) and corre-

sponding P values for self-reported non-adherence to bed net use.
† Never been married, or widowed, divorced, or separated.

FIGURE 3. Mean (95% confidence interval) birth weight in grams
by gravida in insecticide-treated bed net villages and control villages
adjusted for maternal stature, delivery season, gravida, and newborn
sex.
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in older multigravid women (>95%), but lower in young teen-
age primigravidae (72%). These figures are likely to be an
overestimate because this was based on self-reported use of
ITNs using-prompted questioning. The lower adherence in
the younger women portrays the characteristics associated
with mobility in this rural community. Most young unmarried
teenage primigravidae move to other family households for
the duration of the pregnancy (Alaii JA, unpublished data).
The lower adherence in this young age group who are most at
risk of the adverse consequences of malaria, is consistent with
that reported from the study in Ghana,29 and reinforce the
need to improve health education strategies for this high risk
age group.
Our study has several important findings of relevance for

control of malaria in pregnancy in areas of similar endemicity.
Existing malaria control interventions in Africa predomi-
nantly reach women in their second half of pregnancy when
they start attending antenatal clinics. Previous studies with
intermittent preventive treatment with SP suggest that inter-
ventions in the second and third trimesters are sufficient to
have a beneficial impact on birth outcome.15,16,18 However,
there is a dearth of information on the impact of malaria
control in early pregnancy. The risk of peripheral malaria
parasitemia is greatest in the first 20 weeks of gestation with
malaria infection rates at delivery approximating the levels in
the postnatal period and those seen in non-pregnant women.8

Population-based ITN programs, such as ours, have the ad-
vantage of protecting women prior to, as well as throughout,
pregnancy. Care should be taken before extrapolating the
findings from the current study to predict the impact of ITNs
when distributed in the second half of pregnancy as part of a
pre-natal care package.
It is also noted that the beneficial effect observed in the

current study was due to a combination of individual barrier
protection by ITNs, and a general reduction in malaria trans-
mission consequent to the observed community or mass effect
of ITNs on vector populations and sporozoite rates.48 It is
likely that the mass killing effect on mosquito populations will
have resulted in an underestimate of the impact of ITNs on
malaria in pregnancy in the current study. In a separate analy-
sis presented elsewhere, it is shown that the community effect
results in a reduction in malaria-related morbidity in young
children living in control households within 300 meters of an
intervention village.49 This beneficial effect was substantial
and benefited at least 23% of the control population. Adjust-
ment for the community effect increased the efficacy esti-
mates on morbidity by 7% (clinical malaria) to 20% (hemo-
globin levels).49 Additional studies are required delineating
the role of individual versus community effect and the impact
and cost-effectiveness of malaria control programs in preg-
nancy that use single interventions versus programs that com-
bine the benefits of intermittent preventive treatment with
ITN use, distributed either as part of community-based pro-
grams or through antenatal clinics.
Our results are consistent with those recently reported

from a non-randomized study of socially marketed ITNs in
southern Tanzania, and a randomized controlled trial of ITN-
use in the second and third trimesters among primigravidae
and secundigravidae in a neighboring study site in western
Kenya.50,51 Both were conducted in areas with intense peren-
nial malaria transmission. The study in Tanzania also found
that a beneficial impact of ITNs extends beyond primi-

gravidae and secundigravidae, and includes women of higher
pregnancy order. These findings, together with the increasing
evidence that in areas with intermediate and intense trans-
mission the first four to five pregnancies are adversely af-
fected by malaria, add further weight to the argument that
pregnant women, regardless of their parity, should be tar-
geted for protection against malaria in highly endemic areas.
This is particularly true in areas with a high concomitant
prevalence of HIV. Infection with HIV, even if asymptomatic,
is known to impair a pregnant woman’s ability to control
malaria, especially among the older multigravidae,52 to aggra-
vate the adverse effects of malaria on maternal anemia and
pregnancy outcome,53 and to reduce the efficacy of intermit-
tent preventive treatment.16 Furthermore, if mothers con-
tinue to use the ITN post-partum, newborns, even from grand
multigravidae, that share the sleeping space with their moth-
ers will likely benefit from reduced malaria exposure in the
first few months of life.54 Lastly, targeting of all pregnancies,
instead of a selected group of high-risk ones, will increase
coverage and contribute to any community effect on malaria
transmission,48 and the likelihood of attaining the target of
60% coverage of high risk groups as stated in the Abuja dec-
laration.55

The potential to benefit the pregnant woman and the grow-
ing fetus during the first four pregnancies, as well as, with
continued use, mother and newborn in the post-partum pe-
riod, and eventually the mother prior to, and during the next
pregnancy, is a particularly attractive feature of ITNs. This
study has shown that ITNs will result in improvement in the
health of pregnant women and their newborns in areas with a
high burden of malaria and HIV infection. Thus, ITNs can be
added to the limited arsenal of available tools for the control
of malaria in pregnancy in areas with intense malaria trans-
mission in Africa south of the Sahara Desert.56
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