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Jean-François Trape, François Simondon, Brian M. Greenwood, and Kirsten B. Simondon*

Epidemiology and Prevention Research Unit, Institut de Recherche pour le Développement, Montpellier, France and Dakar, Senegal;
Tropical Malaria Research Unit, Dakar, Senegal; London School of Hygiene and Tropical Medicine, London, United Kingdom

Abstract. Negative consequences of malaria might account for seasonality in nutritional status in children in the
Sahel. We report the impact of a randomized, double-blind, placebo-controlled trial of seasonal intermittent preventive
anti-malarial treatment on growth and nutritional status in 1,063 Senegalese preschool children. A combination of
artesunate and sulfadoxine-pyrimethamine was given monthly from September to November. In the intervention arm,
mean weight gain was significantly greater (122.9 ± 340 versus 42.9 ± 344 [SD] g/mo, P < 0.0001) and losses in triceps
and subscapular skinfold measurements were less (−0.39 ± 1.01 versus −0.66 ± 1.01 mm/mo, and −0.15 ± 0.64 versus
−0.36 ± 0.62 mm/mo, respectively, P < 0.0001 for both). There was no difference in height increments. The prevalence
of wasting increased significantly in the control arm (4.6% before versus 9.5% after, P < 0.0001), but remained constant
in intervention children: 5.6% versus 7.0% (P � 0.62). The prevention of malaria would improve child nutritional status
in areas with seasonal transmission.

INTRODUCTION

In sub-Saharan Africa, malnutrition and malaria are major
causes of morbidity and mortality in preschool children.1,2

Malaria is responsible for ∼800,000 deaths each year among
children < 5 years of age in Africa.3 It also induces neurologic
disorders, including epilepsy, and cognitive defects may per-
sist in survivors.4 Stunting, which is the main type of malnu-
trition in young children, is also associated with impaired cog-
nitive development, reduced academic achievement, and de-
creased physical work capacity in adulthood, with negative
consequences on economic development of societies.5 Stunt-
ing and wasting (acute malnutrition) are strongly associated
with risk of death,6,7 and malnutrition is an underlying factor
in ∼50% of all deaths in preschool children in less developed
countries. Thus, malaria and child malnutrition remain major
public health concerns in most sub-Saharan countries.

Food supplementation often has only a limited impact on
child growth and nutritional status in less developed coun-
tries. Infections, by stimulating the production of pro-
inflammatory cytokines, cause decreased appetite and abnor-
mal metabolism of nutrients, making food resources of lim-
ited benefit. Previous studies have provided some evidence
for a positive effect of malaria prevention on the nutritional
status of young children including that achieved through
chemoprophylaxis.1 In this paper, we report the impact of
seasonal intermittent preventive treatment (IPT) on nutri-
tional indices in young Senegalese children.

A randomized, double-blind, placebo-controlled interven-
tion study of intermittent preventive treatment of malaria was
conducted in a cohort of 2- to 59-month-old children living in
a rural area of Senegal where transmission of malaria is highly
seasonal. Treatment consisted of monthly doses of artesunate
and sulfadoxine-pyrimethamine given during the months of
September, October, and November, the peak malaria trans-
mission season. The intervention was highly efficacious, re-
ducing the risk of a clinical malaria attack by 86% as de-
scribed previously.8 This study describes the nutritional ben-
efits of malaria prevention in this cohort.

MATERIALS AND METHODS

Study area and population. The study was conducted in an
area close to the village of Niakhar, a rural area of Senegal
150 km from the capital city Dakar. The study area contains
30 villages within an area of 230 km2.9 In January 2003, there
were 32,837 inhabitants, almost exclusively of the Sereer eth-
nic group. Rainfall occurs only from late June to early July to
October (yearly average, 1982–2004: 443 mm), and malaria is
transmitted from August to October. The predominant para-
site is Plasmodium falciparum and the main vector is Anoph-
eles gambiae ss. The mean entomologic inoculation rate is 10
infective bites per person per year.10 Since 1983, a demo-
graphic surveillance system has been operating in the area,
and dates of birth and death are known with precision for all
inhabitants. Infant (< 1 year), < 5 (0–4 years), and child (1–4
years) mortality rates were 80, 213, and 144 per 1,000 live-
births, respectively, from 1994 to 1999; malaria is estimated to
be responsible for ∼25% of all deaths in 1- to 4-year-old chil-
dren.11,12

The nutritional status of infants and preschool children var-
ies strongly by season. Body weight is greatest in the dry
season (April–May) and lowest at the end of the rainy season
(October–November).13,14

Outcomes. This report describes changes in nutritional sta-
tus and in the prevalence of malnutrition, which were second-
ary outcomes of the trial. Results related to the incidence of
clinical attacks of malaria have been published previously.8

Subjects. Criteria for inclusion of individual children in the
study were as follows: an age between 6 weeks and 59 months,
no enrollment in any other malaria study, parental intention
to remain in the area for the duration of the intervention (3
months), and informed consent from the parents. Oral, wit-
nessed, informed consent of parents was sought at a specific
home visit by study staff 2–3 weeks before the start of the
trial. Exclusion criteria were the presence of a severe illness
or severe anemia (hemoglobin [Hb] < 8 g/dL) at the time of
an initial screening visit.

Another (observational) malaria study was being con-
ducted in two of the villages in the Niakhar study zone at the
time of this trial.15 Eleven of the remaining 28 villages were
selected for participation in the IPT trial on the grounds of
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size, accessibility, and interest in the study. On the basis of a
census conducted in July 2002, 1,203 children 2–59 months of
age were selected from among those in the eligible age range,
and 1,088 were included in the trial. Fifteen children had no
anthropometric measurements taken during the first assess-
ment in September 2002, and 10 were excluded from the
analysis because of unlikely measurements (height-for-age or
weight-for-age < −6 z-scores or > +2 z-scores, height incre-
ment from September–November < −2 cm or > +6 cm). Thus,
1,063 children (515 boys and 548 girls) were included in this
analysis, 529 and 534 from the intervention and control
groups, respectively. Among them, 486 (92%) and 495 (93%),
respectively, had complete data at both time points in Year 1
and were included in analyses on growth rates during the
intervention period. In Year 2, 954 and 934 children, respec-
tively, were included in the anthropometric surveys con-
ducted in July and December.

Intervention. Details of the study intervention and how it
was administered have been given previously.8 In brief,
artesunate (4 mg/kg body weight) and sulfadoxine-
pyrimethamine (sulfadoxine: 25 mg/kg; pyrimethamine: 1.25
mg/kg) or matching placebo were given monthly on three
occasions at the height of the rainy season during the first
year of the study (from mid-September to mid-November).
No chemoprevention was given during the second year of
observation. Compliance with the protocol was high: in both
groups, 99% of subjects received the first dose and 93% re-
ceived all three doses of either preventive treatment or pla-
cebo.

Case management. During the study, children with clinical
malaria benefited from rapid treatment, following the na-
tional malaria public health program in Senegal: chloroquine
as first-line treatment, quinine or sulfadoxine-pyrimethamine
as second-line treatment, and injectable quinine for cases with
persistent vomiting or severe malaria. Children who pre-
sented with pale mucosae or an illness suggestive of anemia
were provided with iron supplementation. Clinically malnour-
ished children were offered free treatment at an ad hoc nu-
trition rehabilitation center.

Data collection. Anthropometric data were collected at
health centers by two trained measurers during drug admin-
istration in September and November 2002 (Year 1) and dur-
ing home visits in July and December 2003 (Year 2), in ac-
cordance with internationally recommended procedures.16

Weight measurements were taken using baby scales (SECA,
Hamburg, Germany), precise to the nearest 10 g, for children
weighing < 16 kg, and an electronic scale (Téfal, Paris,
France), precise to the nearest 100 g, for older children. Re-
cumbent length measurements were taken for children < 2
years of age, whereas standing height was measured in chil-
dren beyond that age. Measurements were precise to the
nearest millimeter. Left upper-arm circumference (MUAC)
measurements were taken using a non-extensible tape to the
nearest millimeter, and triceps and subscapular skinfold
thickness were measured using a Holtain adipometer (Siber-
Hegner, Miribel, France), precise to the nearest 0.2 mm. All
measurements except for weight were taken twice, and the
average was used for analysis. Because of error, MUAC mea-
surements were omitted in September 2002.

Socio-demographic data (child age, sex, and village of resi-
dency, maternal age, religion, education, and professional ac-
tivity) were taken from the Niakhar study area database.

Ethics. All children benefited from participation in the
trial, because both intervention and control children received
rapid treatment if they had malaria. Case detection was active
and passive, because mothers do not necessarily seek health
care for their ill children. The study protocol was approved by
the ethical review committees of the Senegalese Ministry of
Health and the London School of Hygiene and Tropical
Medicine.

Statistical analysis. The nutritional indicators height-for-
age (HAZ), weight-for-height (WHZ), and weight-for-age
(WAZ) were computed in z-scores of the WHO/NCHS ref-
erence,17 using Epi Info software V.6. Stunting, wasting, and
underweight were defined as being < −2 z-scores for HAZ,
WHZ, and WAZ, respectively. Arm muscle circumference

TABLE 1
Characteristics of intervention and control children at inclusion in the

Senegalese trial of seasonal intermittent preventive malaria treat-
ment in children

Intervention
(N � 529)

Placebo
(N � 534)

Child age (mo)*
1.5–11.9 90 (17.0)† 98 (18.4)
12–23.9 120 (22.7) 106 (19.9)
24–35.9 116 (21.9) 102 (19.1)
36–47.9 102 (19.3) 111 (20.8)
48–59.9 101 (19.1) 117 (21.9)

Sex
Female 280 (52.9) 264 (49.3)
Male 249 (47.1) 271 (50.7)

Village
1 12 (2.3) 20 (3.8)
2 48 (9.1) 48 (9.0)
3 32 (6.1) 28 (5.2)
4 28 (5.3) 27 (5.1)
5 45 (8.5) 47 (8.8)
6 80 (15.1) 66 (12.4)
7 41 (7.8) 54 (10.1)
8 76 (14.4) 93 (17.4)
9 71 (13.4) 57 (10.7)

10 27 (5.1) 31 (5.8)
11 69 (13.0) 63 (11.8)

Maternal age (years)‡
15–24 119 (23.7) 120 (23.4)
25–29 126 (25.1) 132 (25.8)
30–34 111 (22.1) 94 (18.4)
35–49 147 (29.2) 166 (32.4)

Maternal religion§
Moslem 351 (70.3) 350 (68.4)
Christian 137 (27.5) 149 (29.1)
Animist 11 (2.2) 13 (2.5)

Maternal education¶
Any level 59 (11.8) 59 (11.5)

Bednet use (by child)
Yes 92 (18.1) 100 (19.7)

Prevalence of malnutrition*
Stunting 130 (24.6) 122 (22.9)
Underweight 111 (21.0) 103 (19.3)
Wasting 33 (6.2) 26 (4.9)

Mean nutritional status*
BMI (kg/m2) 15.6 ± 1.4 15.6 ± 1.5
Height-for-age (z-score) −1.21 ± 1.13 −1.24 ± 1.16
Weight-for-age (z-score) −1.18 ± 1.07 −1.16 ± 1.07
Weight-for-height (z-score) −0.53 ± 0.96 −0.49 ± 1.01
Triceps skinfold (mm) 9.7 ± 2.4 9.7 ± 2.3
Subscapular skinfold (mm) 6.6 ± 1.7 6.6 ± 1.7

* At inclusion in September 2002.
† Percents in parentheses.
‡ Data missing for 48 women.
§ Data missing for 52 women.
¶ Data missing for 50 women.
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(AMC) was computed using MUAC and triceps skinfold
(TSF) as AMC � MUAC – (� × TSF). Increments in weight,
height, skinfold thicknesses, and arm circumference during
the transmission seasons of Year 1 and Year 2 were computed
as the difference between measures at extremities of the in-
tervals, divided by the precise duration (in months).

All analyses were done using intention-to-treat; children
who had only received one or two preventive treatments (of
three possible) were kept in the analysis. Five age groups at
the first anthropometric assessment (September 2002) were
created (0–11.9, 12–23.9, 24–35.9, 36–47.9, and 48–59.9
months) and maternal school education was made binary (any
versus none). Mean nutritional status in September and No-
vember of Year 1 and July and December of Year 2 and
growth between September and November of Year 1 were
compared between intervention and control children using t
tests, whereas the prevalence of stunting, wasting, and under-
weight were compared using �2 test, without any adjustment
for confounders as children had been randomly allocated to
intervention and control groups.

In sub-analyses, growth rates between groups were com-
pared separately for those who had suffered clinical malaria
from September to November in Year 1 (49 intervention and
218 control children) and those who had not (437 intervention

and 277 control children), using general linear models
(GLMs) to adjust for potential confounders (5 groups of child
age and 11 villages of residency) because the risk of clinical
malaria and rate of growth differed for each of these vari-
ables. Clinical malaria was defined, using active case detec-
tion data, as an illness with a body temperature of 37.5°C or
greater, or a history of fever or vomiting within the previous
24 hours, or both; no other obvious cause for the fever or
vomiting; and the presence of P. falciparum asexual stage
parasitemia at any density.

GLM was also used for testing the change in HAZ, WHZ,
and WHZ over time. The change in the prevalence of mal-
nutrition over time was tested using the Mantel-Haenszel pro-
cedure for repeated measures, i.e., by means of a stratified
analysis where each subject constituted a stratum.18 SAS (ver-
sion 8.2) was used for all analyses.

RESULTS

At inclusion into the trial, the mean age of the study chil-
dren was 31 months. There were no significant differences
between intervention groups in socio-demographic status,
village of residency, use of a bed net, or nutritional status
(Table 1).

TABLE 2
Mean growth during the placebo-controlled seasonal intermittent preventive treatment trial in Senegalese preschool children from September to

November in year 1 by intervention group and the occurrence of clinical malaria

Clinical malaria*† Intervention‡§ Control
Difference¶

(intervention − control) P value

Weight (g/mo) No +130 ± 344 (437) +53 ± 327 (277) < 0.01
Yes +109 ± 301 (49) +38 ± 365 (218) 0.22
Both +123 ± 340 (486) +43 ± 344 (497) +80 (+35, +125) < 0.001

Triceps skinfold (mm/mo) No −0.37 ± 1.00 −0.59 ± 0.99 < 0.01
Yes −0.11 ± 1.04 −0.55 ± 1.03 < 0.01
Both −0.39 ± 1.01 −0.66 ± 1.01 +0.27 (+0.14, +0.39) < 0.0001

Subscapular skinfold (mm/mo) No −0.16 ± 0.64 −0.35 ± 0.64 < 0.001
Yes −0.13 ± 0.61 −0.41 ± 0.57 < 0.01
Both −0.15 ± 0.64 −0.36 ± 0.62 +0.21 (+0.13, +0.28) < 0.0001

Height (mm/mo) No +7.6 ± 7.4 +8.1 ± 7.1 0.35
Yes +7.1 ± 8.0 +6.6 ± 7.2 0.41
Both +7.2 ± 7.5 +7.6 ± 7.2 −0.4 (−1.3, +0.6) 0.43

* Clinical malaria was defined as a body temperature > 37.5°C or a history of fever or vomiting within the previous 24 hours; no other obvious reason for the fever or vomiting; and a blood
film positive for P. falciparum.

† When broken down by malaria status (the Yes and No row for each of the four growth variables), the means were adjusted for child age and village of residency within GLM, because of
differences in these variables between those with and without malaria.

‡ Values are means ± SD (N).
§ When broken down by arm of the trial (the Both row for each of the four growth variables), unadjusted means were compared using t tests, because the randomization ensured that the arms

had similar characteristics.
¶ 95% confidence interval in parentheses.

TABLE 3
Mean change in weight and skinfold thickness during the seasonal intermittent preventive treatment trial in Senegalese preschool children by age

category and intervention group

Age group
(months)

Weight gain (g/mo)
Triceps skinfold change (mm/mo) Subscapular skinfold change (mm/mo)

Intervention
(N � 487)

Placebo
(N � 496) Intervention Placebo Intervention Placebo

2–11 (N � 172) 169 ± 326 113 ± 350 ns −0.53 ± 0.96 −0.86 ± 1.09* −0.41 ± 0.58 −0.57 ± 0.70 ns
12–23 (N � 201) 132 ± 345 49 ± 341 ns −0.35 ± 0.80 −0.52 ± 1.05 ns −0.17 ± 0.67 −0.33 ± 0.60 ns
24–35 (N � 199) 113 ± 303 50 ± 310 ns −0.17 ± 1.11 −0.65 ± 1.14† −0.01 ± 0.63 −0.22 ± 0.56†
36–47 (N � 199) 85 ± 311 46 ± 358 ns −0.47 ± 1.18 −0.60 ± 0.90 ns −0.10 ± 0.69 −0.32 ± 0.57*
48–59 (N � 212) 116 ± 408 −30 ± 347† −0.47 ± 0.91 −0.66 ± 0.86 ns −0.12 ± 0.55 −0.34 ± 0.57†
P for interaction 0.59 0.63 0.99

Differences between intervention and placebo groups within age categories: *P < 0.05, †P < 0.01.
NS, not significant.
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The prevalences of stunting, wasting, and underweight
were 23.7% (95% CI: 21.4, 26.5), 5.6% (95% CI, 4.2, 6.9), and
20.1% (95% CI, 17.7, 22.5), respectively, whereas mean nu-
tritional indices were −1.23 ± 1.15, −0.51 ± 0.98, and −1.17 ±
1.07 (SD) for HAZ, WHZ, and WAZ, respectively. Initial
nutritional status varied strongly by age (P < 0.001 for all
indicators) but not by sex.

Growth during the malaria transmission season in Year 1.
There was a significant difference in weight gain between

children in intervention and control groups between Septem-
ber and November in Year 1; children in the intervention
group gained almost three times more weight than those in
the control group (P < 0.0001; Table 2). Triceps and subscapu-
lar skinfold thickness fell in both groups, but this loss was
significantly greater in the control group than in the interven-
tion group (P < 0.0001 for both). These differences were also
significant when the analysis was restricted to children who
had not experienced any clinical malaria episode during the
period of follow-up (Table 2). Sex and maternal age did not
modify significantly the effect of the intervention on growth
in weight or skinfolds and neither did age of the child (Table
3). There was no difference in height gain between the two
groups (Table 2).

Change in the prevalence of malnutrition during the trans-
mission season in Year 1. Although the prevalence of wasting
increased slightly during the course of the transmission season
of Year 1 in the intervention group, this change was not sig-
nificant. In contrast, it increased significantly in the control
group (P < 0.001; Table 4).

There was a significant increase in the prevalence of un-
derweight over time in both the intervention and control
groups (P < 0.01 and P < 0.0001, respectively; Table 4),

whereas the prevalence of stunting did not vary over time in
either of the two groups.

Nutritional status at the end of the Year 1 transmission
season. Mean MUAC and triceps and subscapular skinfold
thicknesses were significantly greater in the intervention
group (P < 0.05, < 0.01, and < 0.001, respectively) at the end
of the Year 1 malaria transmission season, but the differences
between groups were modest (Table 5). There was no signifi-
cant difference between groups in terms of the mean HAZ,
WAZ, WHZ, and arm muscle circumference (Table 5).

Growth after the Year 1 transmission season. There was no
difference between groups in terms of changes in weight,
height, MUAC, or skinfold thickness from November of Year
1 to July of Year 2. Similarly, growth did not differ between
groups during the subsequent malaria transmission season
(from July to December 2003). In July and December of Year
2, the only difference in nutritional status that persisted be-
tween groups was a slightly greater mean subscapular skinfold
thickness in the intervention group (6.0 versus 5.8 mm, P <
0.05 and 6.5 versus 6.2 mm, P < 0.05 for the two periods,
respectively).

Change in nutritional status over time. The prevalence of
stunting and underweight decreased significantly between
November of Year 1 and December of Year 2 in both groups
of children. Stunting decreased mainly between July and De-
cember of Year 2 (from 21.0% [95% CI: 18.4, 23.6] to 12.2%
[95% CI: 10.1, 14.3], P < 0.0001), whereas underweight be-
came less prevalent between November of Year 1 (26.2%;
95% CI, 23.4, 29.0) and July of Year 2 (14.3%; 95% CI, 12.1,
16.5) and remained constant thereafter (13.4%; 95% CI, 11.2,
15.6 in December of Year 1). There was no significant change
in the prevalence of wasting.

Because the prevalence of stunting may change with age,
and our cohort aged by 15 months during the course of the
study, additional analyses were conducted to compare the
change in mean HAZ over time within age categories. There
was a significant linear trend of increase over time for all age
groups (results not shown) and for almost all age- and inter-
vention-specific groups (Table 6).

DISCUSSION

IPT during the few months of intense malaria transmission
had a strong positive effect on gain in weight and on subcu-
taneous fat reserves in rural Senegalese preschool children.
These positive effects remained when only children without

TABLE 4
Change in prevalence of malnutrition during seasonal IPT in rural

Senegalese preschool children, by intervention group

Type of malnutrition
Intervention

group
September

Year 1
November

Year 1 P value*

Stunting IPT 24.1 24.7 0.62
Control 23.3 24.4 0.38

Wasting IPT 5.6 7.0 0.29
Control 4.6 9.5 < 0.0001

Underweight IPT 20.2 25.1 < 0.01
Control 19.3 26.4 < 0.0001

* Change in prevalence over time was tested using the Mantel-Haenszel procedure for
repeated measurements within SAS.18

TABLE 5
Nutritional status in November in Year 1 of the placebo-controlled seasonal intermittent preventive treatment trial in Senegalese preschool

children, by intervention group

Intervention group
(N � 496)

Control group
(N � 506)

Difference
(Intervention
vs. control) P

HAZ −1.25 ± 1.14* −1.28 ± 1.10 0.03 (−0.11, 0.17)† 0.65
WHZ −0.63 ± 0.93 −0.71 ± 1.03 0.08 (−0.04, 0.20) 0.20
WAZ −1.28 ± 1.03 −1.37 ± 1.06 0.08 (−0.05, 0.21) 0.22
Triceps skinfold (mm) 9.0 ± 2.3 8.6 ± 2.2 0.42 (0.14, 0.70) < 0.01
Subscapular skinfold (mm) 6.3 ± 1.7 6.0 ± 1.6 0.34 (0.14, 0.54) < 0.001
MUAC (cm) 14.7 ± 1.3 14.5 ± 1.3 0.20 (0.04, 0.36) < 0.05
AMC (cm) 11.9 ± 1.1 11.8 ± 1.1 0.07 (−0.07, 0.20) 0.37

* Values are means ± SD.
† 95% confidence intervals in parentheses.
HAZ, height-for-age z-score; WAX, weight-for-age z-score; WHZ, weight-for-height z-score, all relative to the NCHS growth reference 17; MUAC, mid-upper arm circumference; AMC,

mid-upper arm muscle circumference.
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any clinical malaria during the transmission season were in-
cluded (Table 2).

Season is a strong determinant of many aspects of life in
rural areas of West Africa, particularly in the Sahelian and
Sudanese-Sahelian climatic zones, which are defined by aver-
age yearly rainfalls of 250–500 and 500–900 mm, respectively,
and include Burkina Faso, The Gambia, Mali, Mauritania,
Niger, Senegal, Sudan, and Tchad (in total or partly). Body
weight varies strongly with season in newborns,19 9-month-
old infants,13 preschool children, and adults.20–22 In preschool
children, reduced food intake because of lack of resources
and an increased work load in women during the rainy season
are considered important risk factors for malnutrition, in ad-
dition to increased morbidity from diarrhea and malaria, but
evidence of the relative importance of each of the factors in
constraining growth is scarce.

This study had several strengths. First, randomization of
study children to the intervention and placebo groups and the
double-blind design prevented a number of potential prob-
lems in interpretation of the findings. Second, anthropometric
measurements were taken by well-trained, experienced field
workers providing powerful comparisons even for skinfold
measurements.

The observed differences in growth and nutritional status
between intervention and placebo groups probably underes-
timated the true negative impact of malaria in unprotected
populations, because control children benefited from fre-
quent home visits and early treatment of a clinical malaria
episode with an effective anti-malarial drug, conditions that
do not always occur outside a trial situation. Also, the impact
of the intervention on growth and nutritional status was as-
sessed in early November at the time of administration of the
last dose of intermittent preventive treatment, and the study
could therefore not capture the likely nutritional benefit of
this third dose.8

Conversely, intermittent treatment with artesunate could
have had an impact on the prevalence of Schistoma haema-
tobium infection,23 and this may, in turn, have had an impact
on nutrition that was unrelated to malaria prevention.

It seems that the intervention had an effect mainly on fat
mass, because differences in skinfold thickness were highly
significant, whereas those in arm muscle circumference were
not. Also, the difference in change in triceps skinfold between
intervention and control groups was significantly greater in
villages with more intense exposure to malaria, suggesting a
stronger beneficial effect of the intervention in these villages
(data not shown). The same tendency existed for weight gain,
but it was not significant.

There was no interaction between child age and the effect
of the intervention on growth in weight and skinfold thick-
ness. However, the difference in weight gain between groups
was greatest among the 4-year-old children, considerably
greater than among their 1-year-old counterparts (146 versus
83 g/mo).

Malaria prevention has been shown to have a positive ef-
fect on child weight and arm circumference in a number of
studies. A community-randomized impregnated bed net trial
among preschool children in The Gambia resulted in signifi-
cant increases in WAZ and WHZ (P < 0.01 for both) but not
in HAZ.24 Eighteen months after the implementation of an
impregnated bed net intervention among preschool children
with perennial exposure to malaria, the mean arm circumfer-
ence was greater in the intervention group (−1.05 versus −1.25
z-scores, P � 0.008), and there was a non-significant tendency
towards a greater mean HAZ (−1.06 versus −1.21, P �
0.14).25,26 In Tanzania, combined chemoprophylaxis and use
of impregnated bed nets improved weight gain during the
rainy season in preschool children, particularly in those 6–17
months of age,27 whereas a randomized IPT trial providing
sulfadoxine-pyrimethamine to infants at 2, 3, 4, and 9 months
of age did not have any impact on body weight at 18 months.28

There was no positive effect of the IPT on linear growth in
these Senegalese preschool children. The time period chosen
for assessment of impact on growth (September–November)
might have been too short to detect any effect on linear
growth. Also, many authors consider that linear growth is
sensitive to environmental stress (food intake and infections)
mainly up to 2 years of age.29 Bradley-Moore and others30

reported on a significantly greater mean HAZ in children
receiving malaria chemoprophylaxis compared with controls,
within the age range of 12–23 months (93.2% versus 91.7% of
the NCHS mean, P < 0.05). However, we found no impact of
the intervention even among children < 2 years of age (results
not shown).

Unexpectedly, we found an impressive 50% decrease in the
prevalence of stunting in both groups (from 23.7% in Sep-
tember of Year 1 to 12.2% in December of Year 2). This
occurred especially during the rainy season in Year 2, al-
though no specific malaria prevention program was provided
at that time. This change was apparent already in April of
Year 2 during a nutritional survey conducted on a subgroup
of 543 study children 6–42 months of age: compared with
September of Year 1, HAZ and the prevalence of stunting
had decreased from −1.48 to −1.02 z-scores and from 31.8% to
17.4%, respectively (P < 0.0001 for both).31 As would be
expected, the prevalence of underweight also decreased

TABLE 6
Mean HAZ by child age, group of intervention, and period

Child age
(months) Group

September
Year 1

November
Year 1

July
Year 2

December
Year 2

Change
in mean P

P for
trend*

12–23 Control −1.43 −1.38 −1.10 −1.19 +0.24 NS 0.035
IPT −1.42 −1.52 −1.05 −1.07 +0.35 < 0.01 < 0.01

24–35 Control −1.46 −1.49 −1.30 −0.91 +0.55 < 0.001 < 0.001
IPT −1.40 −1.39 −1.26 −0.90 +0.50 < 0.001 < 0.001

36–47 Control −1.36 −1.43 −1.48 −1.13 +0.23 NS 0.22
IPT −1.38 −1.40 −1.32 −0.96 +0.42 < 0.01 < 0.01

48–59 Control −1.28 −1.21 −1.10 −0.93 +0.35 0.09 0.012
IPT −1.06 −1.04 −1.15 −0.87 +0.19 NS 0.36

* Test for trend: period is dealt with as a continuous variable (from 1 to 4) within GLM.
NS, not significant.
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sharply (because weight is closely correlated with height),
contrasting with a constant prevalence of wasting.

This positive trend in height-for-age over time contrasts
with results of prior studies in preschool children in this area.
In one large-scale study (∼6,000 children), mean height-for-
age decreased from birth up to 18–24 months of age and
remained constant from 2 to 5 years.7 No seasonal variations
occurred for this indicator. In a cohort study of 443 children,
the prevalence of stunting was 35.9%, 30.7%, 31.1%, and
30.5%, respectively, and mean HAZ was −1.7, −1.5, −1.5, and
−1.4, respectively, at four 6-month rounds conducted at mean
ages of 18.0, 23.4, 28.7, and 34.2 months.14

Few controlled nutrition or health interventions have
achieved similar effect sizes on height status. However, the
difficulty in interpreting the results of this study is that both
intervention and control groups had improved height-for-age
and study children benefited from several medical services,
independently of malaria prevention and treatment. Manage-
ment of acute, clinical malnutrition in an ad hoc nutritional
rehabilitation center during the study is not likely to have had
any notable impact on linear growth, because few children
were enrolled and stayed for an average of 7 days only (A.
Diallo, unpublished observations). However, weekly contacts
between health workers and study children for active malaria
case detection may have had a non-specific positive effect on
child health and growth, the so-called “health worker ef-
fect.”32,33

If malaria-specific interventions are responsible for this ac-
celerated linear growth rate, the most likely explanation is
that early treatment of clinical malaria prevented prolonged
carriage of P. falciparum and its associated growth-depressing
immune response. Snow and others1 suggested that clinical
malaria, if adequately managed, has limited or no effects on
linear growth in young children. In contrast, long-term car-
riage, resulting from either sub-clinical infections or non-
treated clinical malaria with spontaneous recovery, may have
a strong negative effect through the production of growth-
depressing cytokines. Tumor necrosis factor-� (TNF) is pro-
duced in response to malaria34 and is known to inhibit the
production of insulin-like growth factor (IGF), which medi-
ates the effect of growth hormone. However, although bio-
logically plausible, little evidence is available to support this
hypothesis at the present time. In African adolescents, ma-
laria-induced TNF production was associated with signifi-
cantly lower BMI, but linear growth was not considered.34

Thus, other studies are necessary to test our hypothesis of
a long-term negative effect of parasite carriage on linear
growth in preschool children through the production of pro-
inflammatory cytokines,34 but the design is challenging be-
cause it is ethically impossible to monitor growth in children
without treating cases of clinical malaria.

In conclusion, nearly complete prevention of clinical ma-
laria by seasonal intermittent preventive treatment improved
growth in weight and skinfolds of preschool children over a
2-month period, but did not affect linear growth compared
with controls benefiting from active malaria case detection
and prompt treatment.

Received January 25, 2007. Accepted for publication May 13, 2007.

Acknowledgments: The authors thank Amady Ndiaye, Tofène Ndi-
aye, and Bassirou Fall for taking the anthropometric measurements,
Adama Marra for identification of eligible subjects and data manage-

ment, Jacqueline Milet for help with anthropometric data manage-
ment, Ernest Faye for supervision in the field, and the entire study
field team for their work.

Financial support: The study was funded by the Gates Malaria Part-
nership, which receives support from the Bill and Melinda Gates
Foundation, the LSHTM DFID Malaria Knowledge Programme, and
the IRD.

Authors’ addresses: Balthazar Ntab, François Simondon, and Kirsten
B. Simondon, Centre IRD, BP 64501, 34394 Montpellier, France. Ba-
dara Cissé, UCAD, Service de Parasitologie, BP 5005, Dakar, Sene-
gal. Denis Boulanger, Cheikh Sokhna, and Jean-François Trape, Cen-
tre IRD, BP 1386, CP18524, Dakar, Senegal. Geoffrey Targett, Jo
Lines, Neal Alexander, and Brian Greenwood, London School of
Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT,
UK.

REFERENCES

1. Snow RW, Molyneux CS, Njeru EK, Omumbo J, Nevill CG,
Muniu E, Marsh K, 1997. The effects of malaria control on
nutritional status in infancy. Acta Trop 65: 1–10.

2. Massaga JJ, Kitua AY, Lemnge MM, Akida JA, Malle LN, Ronn
AM, Theander TG, Bygbjerg IC, 2003. Effect of intermittent
treatment with amodiaquine on anaemia and malarial fevers in
infants in Tanzania: a randomised placebo-controlled trial.
Lancet 361: 1853–1860.

3. Rowe AK, Rowe SY, Snow RW, Korenromp EL, Schellenberg
J, Stein C, Nahlen BL, Bryce J, Black RE, Steketee RW, 2006.
The burden of malaria mortality among African children in the
year 2000. Int J Epidemiol 35: 691–704.

4. Kihara M, Carter JA, Newton CR, 2006. The effect of Plasmo-
dium falciparum on cognition: a systematic review. Trop Med
Int Health 11: 386–397.

5. Martorell R, Rivera J, Kaplowitz H, Pollitt E, 1992. Long-term
consequences of growth retardation during early childhood.
Hernandez M, Argente J, eds. Human Growth: Basic and
Clinical Aspects. Amsterdam: Elsevier Science Publishers,
143–149.

6. World Health Organization, 2000. WHO collaborative study team
on the role of breastfeeding on the prevention of infant mor-
tality. Effect of breastfeeding on infant and child mortality due
to infectious diseases in less developed countries: a pooled
analysis. Lancet 355: 451–455.

7. Garenne M, Maire B, Fontaine O, Briend A, 2006. Distributions
of mortality risk attributable to low nutritional status in Nia-
khar, Senegal. J Nutr 136: 2893–2900.

8. Cissé B, Sokhna CS, Boulanger D, Milet J, Bâ EH, Richardson K,
Hallett R, Sutherland C, Simondon KB, Simondon F, Alex-
ander N, Gaye O, Targett G, Lines J, Greenwood B, Trape
J-F, 2006. Seasonal intermittent preventive treatment with
artesunate and sulfadoxine pyrimethamine for prevention of
malaria in Senegalese children: a randomised, placebo-
controlled, double-blind trial. Lancet 367: 659–667.

9. Delaunay V, 1998. La Situation Démographique et Epidémi-
ologique dans la Zone de Niakhar au Sénégal, 1984-1996.
Dakar: ORSTOM.

10. Robert V, Dieng H, Lochouarn L, Traoré SF, Trape J-F, Simo-
ndon F, Fontenille D, 1998. La transmission du paludisme dans
la zone de Niakhar, Sénégal. Trop Med Int Health 3: 667–677.

11. Etard J-F, Le Hesran J-Y, Diallo A, Diallo J-P, Ndiaye J-L, De-
launay V, 2004. Childhood mortality and probable causes of
death using verbal autopsy in Niakhar, Senegal, 1989-2000. Int
J Epidemiol 33: 1286–1292.

12. Delaunay V, Etard J-F, Préziosi M-P, Marra A, Simondon F,
2001. Constant decline of infant and child mortality rates in
rural Senegal over a 37-year period (1963-1999). Int J Epide-
miol 30: 1286–1293.

13. Simondon KB, Bénéfice E, Simondon F, Delaunay V, Chahnaz-
arian A, 1993. Seasonal variation in nutritional status in rural
Senegal. Ulijaszek SJ, Strickland SS, eds. Seasonality and Hu-
man Ecology. Cambridge: Cambridge University Press, 167–
183.

14. Simondon KB, Simondon F, Costes R, Delaunay V, Diallo A,
2001. Breast-feeding is associated with improved growth in

NTAB AND OTHERS416



length, but not weight, in rural Senegalese toddlers. Am J Clin
Nutr 73: 959–967.

15. Garcia A, Dieng AB, Rouget F, Migot-Nabias F, Le Hesran J-Y,
Gaye O, 2004. Role of environment and behaviour in familial
resemblances of Plasmodium falciparum infection in a popu-
lation of Senegalese children. Microbes Infect 6: 68–75.

16. Lohman TG, Roche AF, Martorell R, 1988. Anthropometric
Standardization Reference Manual. Champaign, IL: Human
Kinetics Books.

17. Hamill PVV, Drizd TA, Johnson CL, Reed RB, Roche AF,
Moore WM, 1979. Physical growth: National Center for Health
Statistics percentiles. Am J Clin Nutr 32: 607–629.

18. Stokes ME, Davis CS, Koch GG, 1995. Categorical Data Analysis
Using the SAS System. Cary, NC: SAS Institute.

19. Ceesay SM, Prentice AM, Cole TJ, Foord R, Weaver LT, Poskitt
EME, Whitehead RG, 1997. Effects on birth weight and peri-
natal mortality of maternal dietary supplements in rural Gam-
bia: 5 year randomised controlled trial. BMJ 315: 786–790.

20. Prentice AM, Whitehead RG, Roberts SB, Paul AA, 1981. Long-
term energy balance in child-bearing Gambian women. Am J
Clin Nutr 34: 2790–2799.

21. Bénéfice E, Chevassus-Agnes S, 1985. Seasonal anthropometric
variations in adults of 2 different West African populations.
Rev Epidémiol Santé Publ 33: 150–160.

22. Simondon KB, Ndiaye T, Dia M, Ndiaye M, Yam A, Marra A,
Diallo A, Simondon F, 2007. Seasonal variations and trend in
the nutritional status of nonpregnant rural Senegalese women,
1990–1997. Eur J Clin Nutr, 30 May (e-pub ahead of print).

23. Boulanger D, Dieng Y, Cissé B, Rémoue F, Capuano F, Dieme
J-L, Ndiaye T, Sokhna CS, Trape J-F, Greenwood B, Simon-
don F, 2007. Antischistosomal efficacy of artesunate combina-
tion therapies administered as curative treatments for malaria
attacks. Trans R Soc Trop Med Hyg 101: 113–116.

24. D’Alessandro U, Olaleye BO, McGuire W, Langerock P, Ben-
nett S, Aikins MK, Thomson MC, Cham MK, Cham BA,
Greenwood BM, 1995. Mortality and morbidity from malaria
in Gambian children after introduction of an impregnated bed-
net programme. Lancet 345: 479–483.

25. ter Kuile FO, Terlouw DJ, Phillips-Howard PA, Hawley WA,
Friedman JF, Kolczak MS, Kariuki SK, Shi YP, Kwena AM,
Vulule JM, Nahlen BL, 2003. Impact of permethrin-treated

bed nets on malaria and all-cause morbidity in young children
in an area of intense perennial malaria transmission in western
Kenya: cross-sectional survey. Am J Trop Med Hyg 68 (Suppl
4): 100–107.

26. ter Kuile FO, Terlouw DJ, Kariuki SK, Phillips-Howard PA,
Mirel LB, Hawley WA, Friedman JF, Shi YP, Kolczak MS, Lal
AA, Vulule JM, Nahlen BL, 2003. Impact of permethrin-
treated bed nets on malaria, anemia, and growth in infants in
an area of intense perennial malaria transmission in western
Kenya. Am J Trop Med Hyg 68 (Suppl 4): 68–77.

27. Shiff C, Checkley W, Winch P, Primji Z, Minjas J, Lubega P,
1996. Changes in weight gain and anaemia attributable to ma-
laria in Tanzanian children living under holoendemic condi-
tions. Trans R Soc Trop Med Hyg 90: 262–265.

28. Schellenberg D, Menendez C, Kahigwa E, Aponte J, Vidal J,
Tanner JM, Mshinda H, Alonso PL, 2001. Intermittent treat-
ment for malaria and anaemia control at time of routine vac-
cinations in Tanzanian infants: a randomised, placebo-
controlled trial. Lancet 357: 1471–1477.

29. Martorell R, Khan LK, Schroeder DG, 1994. Reversibility of
stunting: epidemiological findings in children from developing
countries. Eur J Clin Nutr 48: S45–S57.

30. Bradley-Moore AM, Greenwood BM, Bradley AK, Kirkwood
BR, Gilles HM, 1985. Malaria chemoprophylaxis with chloro-
quine in young Nigerian children. III. Its effect on nutrition.
Ann Trop Med Parasitol 79: 575–584.

31. Ntab B, Simondon KB, Milet J, Cissé B, Sokhna CS, Boulanger
D, Simondon F, 2005. A composite young child feeding
index is not associated with either height-for-age or with
height velocity in rural Senegal, West Africa. J Nutr 135: 457–
464.

32. Velema JP, Alihonou EM, Gandaho T, Hounye FH, 1991. Child-
hood mortality among users and non-users of primary health
care in a rural West African community. J Int Epidemiol 20:
474–479.

33. Vijayaraghavan K, Radhaiah G, Reddy V, 1992. Vitamin A supple-
mentation and childhood mortality. Lancet 340: 1358–1359.

34. Friedman JF, Kurtis JD, Mtalib R, Opollo M, Lanar DE, Duffy
PE, 2003. Malaria is related to decreased nutritional status
among male adolescents and adults in the setting of intense
perennial transmission. J Infect Dis 188: 449–457.

PREVENTION OF MALARIA AND GROWTH IN PRESCHOOLERS 417


