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Abstract

and risk determinants for these three conditions.

prevention knowledge and practices were collected.

HH SES and better housing to reduce risk of malaria.

Background: Malaria, anaemia and under-nutrition are three highly prevalent and frequently co-existing diseases
that cause significant morbidity and mortality particularly among children aged less than 5 years. Currently, there is
paucity of conclusive studies on the burden of and associations between malaria, anaemia and under-nutrition in
Rwanda and comparable sub-Saharan and thus, this study measured the prevalence of malaria parasitaemia, anaemia
and under-nutrition among preschool age children in a rural Rwandan setting and evaluated for interactions between

Methods: A cross-sectional household (HH) survey involving children aged 6-59 months was conducted. Data on
malaria parasitaemia, haemoglobin densities, anthropometry, demographics, socioeconomic status (SES) and malaria

Results: The prevalences of malaria parasitaemia and anaemia were 5.9 and 7.0 %, respectively, whilst the prevalence
of stunting was 41.3 %. Malaria parasitaemia risk differed by age groups with odds ratio (OR) = 2.53; P = 0.04 for

age group 24-35 months, OR = 3.5; P = 0.037 for age group 36-47 months, and OR = 3.03; P = 0.014 for age group
48-60 months, whilst a reduced risk was found among children living in high SES HHs (OR = 0.37; P = 0.029). Risk of
anaemia was high among children aged >12 months, those with malaria parasitaemia (OR = 3.86; P < 0.0001) and
children living in HHs of lower SES. Overall, under-nutrition was not associated with malaria parasitaemia. Under-
weight was higher among males (OR = 1.444; P = 0.019) and children with anaemia (OR = 1.98; P = 0.004).
Conclusions: In this study group, four in 10 and one in 10 children were found stunted and underweight, respec-
tively, in an area of low malaria transmission. Under-nutrition was not associated with malaria risk. While the high
prevalence of stunting requires urgent response, reductions in malaria parasitaemia and anaemia rates may require,
in addition to scaled-up use of insecticide-treated bed nets and indoor residual insecticide spraying, improvements in
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Background

Malaria, anaemia and under-nutrition are each asso-
ciated with significant morbidity and mortality, par-
ticularly among children in sub-Saharan Africa [1-3].
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Globally, malaria is responsible for over 450,000 deaths
among children under 5 years [1]; anaemia is prevalent
in 273 million (43 %) of children aged 6—59 months [2];
and severe under-nutrition affects about 20 million pre-
school-aged children living mostly in African and South-
East Asia Regions [4]. In the majority of the affected
children, all three conditions frequently co-exist and have
been associated with long-term complications, including
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deficits in physical and cognitive development and poor
school performance [5-8].

Anaemia is characterized by a reduction in haemoglo-
bin concentration causing impairment in meeting the
oxygen demands of the body. Anaemia results broadly
from either ineffective erythropoiesis or increased loss
of erythrocytes or both. The main causes of anaemia
include acute or chronic blood loss, nutritional deficien-
cies (including vitamins A, B12, C and folic acid and iron)
[9], infectious diseases [10—12] and genetic disorders [13,
14].

Malaria causes a substantial proportion of anaemia
observed in malaria endemic settings [15, 16]. However,
how much of the anaemia burden is associated with
malaria, relative to other causes, and across the different
strata of malaria endemicities has not been studied.

Studies elucidating associations between malaria and
under-nutrition yield conflicting results [8]; with some
suggesting that under-nutrition is associated with higher
malaria morbidity and all-cause mortality outcomes
[17-19], while others show no effect of under-nutrition
on malaria [20]. Conversely, some studies have associated
malaria with increased risk of under-nutrition [21] and
Plasmodium falciparum infection has been associated
with acute weight loss [22]. Additionally, improvements
in growth and other anthropometric indexes have been
described in children protected from malaria, by using
both malaria chemoprophylaxis [23] and long-lasting
insecticide-treated bed nets (LLINs) [24].

Given the extensive temporal and spatial correlation
between malaria, anaemia and under-nutrition, any inter-
action (causal or increasing the likelihood of poor health
outcomes on either diseases) may lead to synergistic del-
eterious effects on child health and development. Studies
on interactions between malaria, anaemia and under-
nutrition particularly among community preschool-aged
children are few and inconclusive [15]. Most of these
children carry these disease conditions in “hidden” pre-
clinical stages and rarely present to medical personnel
in the national health care system. This study measured
the prevalence, investigated co-existence and assessed for
risk determinants of malaria parasitaemia, anaemia and
under-nutrition among preschool-going children in a
rural Rwandan community.

Methods

Study site

Regarding administration, Rwanda has 30 districts: Each
divided into sectors, cells, and villages locally term “umu-
dugudus” (of about 50—100 households). This survey was
conducted in 35 villages that are aggregated into five cells
that constitute Ruhuha sector, Bugesera District in East-
ern Rwanda (Fig. 1). Ruhuha sector is located 42 kms
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from Kigali city, has an area of 54 square meters and is
separated from Burundi in the south by Lake Cyohoha.
The sector has a population of ~23,900 individuals liv-
ing in 5098 households (HHs): By sector, Gatanga has
1048 HHs, Ruhuha 696 HHs, Gikundamvura 869 HHs,
Bihari 957 HHs and Kindama 1528 HHs. Ruhuha is a
rural agricultural traditionally high malaria transmission
setting with prior reported health facility slide positiv-
ity rates among sick individuals and community-based
asymptomatic malaria positivity rates of 22 % and 5 %,
respectively [25, 26].

Study design and selection of study participants

A larger descriptive cross-sectional survey involving all
study area HHs was conducted to study social, economic,
entomological and biomedical determinants of residual
asymptomatic malaria burden and transmission intensity.
In summary, the night prior to the survey, a village com-
munity health care worker identified HHs to be visited
from an enumeration list and requested heads of house-
holds (HoH) and family members to stay in-house. Upon
providing consent, the study team (consisting of an inter-
viewer and a laboratory technician) visited the notified
HH and administered an interviewer-guided question-
naire to HoHs. In HHs where no member or no HoH or
spouse was found present, a return visit was scheduled
and attempted within 7 days. All HHs where the study
team failed to conduct a survey on the return visit were
excluded. Study findings from this larger sector-wide
HH survey conducted between June and November
2013 have since been published [26]. For this sub-study,
final data analysis was performed for only children aged
6—59 months who had complete laboratory and ques-
tionnaire data.

Study procedures

Head of household interviews

A structured questionnaire was administered to the
child’s primary caregiver to collect data on (1) demo-
graphics (sex, age, literacy, occupation, religion and
marital status); (2) malaria prevention bed net (LLIN
ownership, number and use) and indoor residual spray-
ing (IRS) experience; (3) SES related variables (incomes,
savings, land ownership, animals and sources of utilities
like water, lighting and cooking) and HH structural fea-
tures including type of outside wall, floor and roof mate-
rials); and (4) fever management practices. For each HH,
location data was captured using a geographic position-
ing function based on the Samsung Galaxy 2 Android
platforms (Samsung Electronics Co. Ltd, South Korea).
The questionnaire used was written in English and was
field-tested at three sites in order to minimize ambigu-
ity, ensure consistency of comprehension of questions by
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Fig. 1 Map of Ruhuha sector, Bugesera district showing lay out of the 5 cells and associated key geographical features of elevation, wetlands, road

both interviewers and respondents. Field workers were
trained to administer the interviews in the local dialect
(Kinyarwanda). Questionnaire data was collected using
an electronic format developed using the open source
Open Data Kit Collect setup on Android tablets [27].

Anthropometric measurements

Measures of under-nutrition indices (stunted, under-
weight, and wasted) were deduced from data on (1) age-
in-months as reported by parents, (2) weight measured
using UNICEF provided a digital Seca 874 weight scales
(seca GmbH & Co. KG.) to the nearest 0.1 kg, and (3)
height measured using a mobile measuring Seca 210
(seca GmbH & Co. KG.) mat for children 0 to 99 cen-
timetres and a recumbent length board for children
of height > 99 centimetres to the nearest centimetre,
respectively.

Laboratory methods

From all HH members aged >6 months, finger-prick
blood samples for malaria smear-based diagnosis and
haemoglobin measurement were collected. Each smear
was stained with 2 % Giemsa, processed and read inde-
pendently by two study-trained microscopists at Ruhuha
Health Centre laboratory. In case of a discrepancy, a
tie-breaker third microscopist determined the final
result. Expert microscopists at the National Reference

Laboratory, Kigali, conducted quality control for all posi-
tive slides and a random sample of 5 % of all negative
slides. Haemoglobin densities were measured on the spot
in the field using a portable automated HemoCue® Hb
301 haemoglobinometer system (HemoCue AB, Angel-
holm, Sweden) according to the product instruction.

Outcome and predictor variables

A blood smear was considered negative when light
microscopy examination of 100 high-power fields did
not reveal any asexual parasites and considered posi-
tive if any asexual parasites were detected on thick
blood microscopy. In this study, malaria diagnosis
was assessed based on presence of malaria parasites
in blood by microscopy only. Data on reported symp-
toms or clinical signs was not collected. Anaemia was
defined as moderate-to-severe haemoglobin levels
of <90 g/L as recommended for disease surveillance,
especially in areas of high anaemia prevalence [28].
Weight-for-height (wasting), height-for-age (stunting)
and weight-for-age (underweight) z scores were cal-
culated on the basis of the WHO Global Database on
Child Growth and Malnutrition [29]. Z scores of <—2
SD were considered indicative of wasting, stunting,
and underweight, respectively, while corresponding Z
scores of <—3 SD were considered indicative of severe
under-nutrition.



Kateera et al. Malar J (2015) 14:440

Predictor variables included HoH demographics
(including age, sex, religion, marital status), cell of resi-
dence), malaria prevention practices (including avail-
ability and use of LLINs, HH use of IRS, reported prior
fever management experiences, HH structure materials
including type of floor (soil/clay/dung vs. brick/cement),
roof (iron sheets vs. grass/tents), and outside walls
(cement/brick versus mud/wood wall). A HH level SES/
wealth index (used to categorize each HH as low, middle
and high SES category) was generated using 10 indicator
variables using principal component analysis [30].

Study consent and ethical approval

Written informed consent to participate in the study
as well to allow study findings to be published in a rel-
evant scientific journal was obtained from the HoH on
behalf of all household members including minors. The
National Health Research Committee (NHRC) and the
Rwanda National Ethics Committee, Kigali, Rwanda (No
384/RNEC/2012) granted ethical and scientific approval
for the study protocol.

Statistical analysis

Data was collected using handheld android platforms
on which open data kit software-hosted electronic ques-
tionnaire was loaded. These data was then relayed onto a
server. Laboratory and anthropometric data was manu-
ally recorded in laboratory registers and later entered
into Microsoft Access software. The two datasets were
then merged and transferred into STATA 12.1 (STATA
Corp., College Station, TX, USA) for analysis. Continu-
ous variables were compared between groups (including
stratification by age and sex) using Mann—Whitney U
tests, and variable proportions were compared by X? test.
Associations between predictor variables and primary
outcomes were statistically assessed for using both bivar-
iate and multivariate logistic regression analysis. Odds
ratios (ORs) and 95 % confidence intervals (Cls) were
computed. Any covariate with a p value <0.15 in bivariate
analysis were subsequently included in the final multi-
variable logistic model. Multi-collinearity tests were per-
formed for all potentially correlated variables included in
the final multivariate model for each of the five primary
outcomes. Any risk estimate with a p-value <0.05 was
considered statistically significant after adjustment for
HH-level clustering and influence of other variables.

Results

Study population

As reported in the earlier publication for the larger sur-
vey, a total of 4705 HHs were surveyed and of these, data
from 12,965 (all-ages) individuals from 3968 (84.3 %)
HHs that had complete laboratory and questionnaire
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data was aggregated in the primary database [26]. From
this primary database, data for 3182 children (aged
6-59 months) from 2228 HHs were extracted and ana-
lysed in this study. However for the final analysis, only
1882 (59.1 %) children with complete data on all primary
outcome covariates (malaria slide positivity, haemoglo-
bin densities and anthropometric data on age by months,
height and weight) were considered.

Of the 1882 children, 50 % were female; the median
age was 31.1 months (interquartile range (IQR), 18.4—
45.7 months); the mean height was 85.8 cm and mean
weight was 12.1 kgs. The median number of HH occu-
pants was 5 (IQR 4-6) (Table 1). The prevalence of P,
falciparum parasitaemia, moderate-to-severe anaemia
and under-nutrition parameters of stunting, wasting and
underweight were 5.9 %, 16.4 %, 41.3 %, 8.8 % and 15.8 %,
respectively (Table 1).

The proportions of children with co-morbidity were:
23/1882 (1.2 %) with malaria and anaemia; 59/1882 (3.1 %)
with any under-nutrition and malaria 82/1882 (4.4 %) with
any under-nutrition and anaemia. Only five children were
found to have all three conditions concurrently (Table 2).

Factors associated with malaria

Malaria prevalence differed by sex (7.5 % in females
vs. 5.5 % in males: OR = 0.718; P = 0.034), age groups
(compared to children aged <24 months, 24—35 months
OR = 2.53; P = 0.04, 36—47 months age group OR = 3.5;
P = 0.037, and for 48-60 age group, OR = 3.03;
P = 0.014); and by cell of residence (10.9 % in Gikundam-
vura vs. 2.2 % in Ruhuha) (Table 3). By bivariate analysis,
living in Gikundamvura (relative to living in Biharwe) cell
was associated with a two-fold increase in odds of infec-
tion (P = 0.004). In the final multivariable model, malaria
prevalence was significantly higher among older children
(age-groups > 24 months), but was lower among children
from high SES HHs (OR = 0.37; P = 0.029) (Table 4). A
reduced malaria prevalence (borderline significant) was
found among children; whose HH had used domestic
water collected from a closed source (taps and boreholes)
compared to HH where the used domestic water col-
lected from an open source (OR = 0.62; P = 0.059),
whose HoH had any education (OR = 0.63; P = 0.045);
and whose house structure walls were made of bricks/
cement (OR = 0.62; P = 0.061) (Table 4).

Factors associated with anaemia

Anaemia distribution was similar across both sexes but
decreased with increasing age and, similar to malaria par-
asitaemia, showed a higher proportion among children
in Gikundamvura cell (10.2 %) vs. children in the other
four cells with proportions ranging from 5.4 to 6.3 %
(Table 3). By bivariate analysis, living in Gikundamvura
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Table 1 Study population baseline and demographic characteristics
Variable Value (%)
N = 1882

Sex

Male 941 (50)

Female 941 (50)
Study group median age 31.1 (IQR: 18.4-45.70)
Study group mean weight in Kilograms 12.10 (£2.97)
Study group mean height in meters 85.93 +£12.35
Study group mean haemoglobin density in g/dl 11.30 (£1.53)
Number of children per cell

Biharwe 296 (15.7)

Gatanga 474 (25.2)

Gikundamvura 372(19.8)

Kindama 423 (22.5)

Ruhuha 317 (16.8)

Number of children with malaria parasite carriage (Yes)
Number of children with moderate-severe anaemia (<90 g/1)
Number of children with under weight (Z score of <—2 SD of mean)
Number of children with stunting (Z score of <—2 SD of mean)
Number of children with wasting (Z score of <—2 SD of mean)
Number of children reported ownership of >1 Bednet in HH (Yes)
Number of HHs with reported IRS done in last 12 months (Yes)
Number of children with reported fever in last 6 months (Yes)
Number of HoH per education level None
Primary/Secondary/Tertiary
Number of HH occupants

1-3

4-7

8+
Number of children per age group (in months)

6-11

12-23

24-35

36-47

48-60

110/1876 (5.9 %)
132/1876 (7.0 %)
297/1882 (15.8 %)
777/1882 (41.3 %)
166/1876 (8.8 %)
1799/1882 (95.6 %)
1805/1882 (95.9 %)
1293/1882 (68.7 %)
620 (33 %)

1259 (67 %)

298 (15.83 %)
1373 (72.95 %)
211 (11.22 %)

225 (11.96 %)
435(23.11 %)
434 (23.06 %)
372(19.77 %)
416 (22.10 %)

Plus—minus values are mean + SD
HH households, QR interquartile range

Table 2 Frequency of malaria, anaemia and under-nutri-
tion co-morbidities

Malaria, Anaemia, Under-nutrition, Totals

n (%) n (%) n (%) (n)
Malaria 38(34.5) 23(20.9) 59(53.6) 110
Anaemia 23 (17.4) 27 (20.5) 82 (62.1) 132
Under-nutrition 59 (6.4) 82 (8.9) 782 (84.7) 923

The total number of children with malaria, anaemia and under-nutrition was 5

was associated with a 1.9-fold (P = 0.008) higher odds
of having anaemia compared to living in Biharwe cell
while the risk of anaemia decreased with increasing age
group (Table 3). In the final multivariate model, anae-
mia risk was high among children with malaria infection
(OR = 3.86) and underweight (OR = 1.98) and decreased
with increasing age, and among children living in wealth-
ier HHs of middle and high SES (OR = 0.59; P = 0.022
and OR = 0.57; P = 0.020, respectively) (Table 4).
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Table 3 Malaria parasitaemia and anaemia distributions and bivariate analysis stratified by sex, residence and age group

Variables Malaria parasitaemia Moderate-severe anaemia
N (%) OR (95 % Cl), P-value N (%) OR (95 % CI), P-value
Sex
Male 49 (5.24) 0.796 (0.540-1.173), 0.248 70 (74) 1.139 (0.799-1.624), 0470
Female 61 (6.49) 1 62 (6.6) 1
Age-group
6-11 6(2.68) 1 29(129) 1
12-23 19 (4.37) 1.659 (0.653-4.216), 0.287 33(7.6) 0.555 (0.327-0.940), 0.029
24-35 28(6.51) 2.531(1.032-6.206), 0.042 30 (6.9) 0.502 (0.293-0.860), 0.012
36-47 25 (6.74) 2.625 (1.059-6.502), 0.037 21(5.6) 0404 (0.225-0.728), 0.003
48-59 32(7.69) 3.028 (1.246-7.356),0.014 19 (4.6) 0.323(0.177-0.591),
<0.0001
Residence
Biharwe 19 (6.42) 1 18 (6.1) 1
Gatanga 23 (4.85) 0.743 (0.398-1.390), 0.353 33(6.9) 1.156 (0.638-2.092), 0.633
Gikundamvura 38(10.30) 1.674 (0.943-2.969), 0.078 33(89) 1.503 (0.829-2.728),0.180
Kindama 23 (5.46) 0.843 (0.450-1.577),0.592 26 (6.2) 1.011(0.544-1.881),0.971
Ruhuha 7(2.22) 0.330(0.137-0.798), 0.014 22 (6.9) 1.152 (0.605-2.193), 0.667

P values for categorical variables were based on the x? test
OR odds ratio, Cl confidence interval

Factors associated with under-nutrition
Under-nutrition parameters showed varying co-existence
patterns (Table 5). In summary, (1) underweight was asso-
ciated with stunting (OR = 20.41; P < 0.0001) and wast-
ing (OR 59.14; P < 0.0001); (2) stunting was associated
with underweight (OR = 20.26; P < 0.0001) but not wast-
ing (OR = 0.06; P < 0.0001); and (3) wasting was associ-
ated with underweight (OR = 60.71; P < 0.0001) but not
stunting (OR = 0.05; P < 0.0001). In the final multivari-
ate model, other predictors of (1) stunting were a reported
fever history (OR = 1.33; P = 0.01); living in a house
where the HoH belonged to a higher economic group
(OR = 0.79; P = 008) and living in HHs that has a reported
ownership of >1 LLIN (OR = 0.55; P = 0.017) (2) wast-
ing were reported IRS applied in the HH (OR = 0.59;
P = 0.008), and domestic water source (HHs using closed
source had OR = 1.47; P = 0.07) and (3) underweight were
sex (male OR = 1.44; P = 0.019), age group, house floor
material (bricks/cement OR = 0.45; P = 0. 001).
Collinearity analysis between all variables included
in each of final multivariate model for the five primary
outcomes showed mean variance inflation factor (VIF)
values ranging from 2.17 to 7.23. For each of the five-out-
come models, no variable showed a VIF >10: This is the
cutoff marker of multicolinearity.

Discussion
At least 4/10 and 1/10 preschool-age children in this
rural setting were found stunted and underweight,

respectively. Observed malaria parasite rates of <10 %
suggest that this area is hypo-endemic for malaria. In
this study, the proportion of children aged under 5 years
with malaria (6.5 %) was almost two-fold higher than the
3.4 % reported in the same province in 2010 [31]. These
differences in proportions infected with malaria may be
partially explained by malaria-associated temporal pat-
terns, seasonality and/or differences in sampling tech-
nique used in the two surveys. However, the parasite
rates observed in this study are comparable to the <10 %
malaria infection rates reported among community
members previously [25, 26, 31] suggesting that this area
is of hypo-endemic transmission intensity [26].

In this study, risk of malaria increased with increasing
age. Findings in this study are consistent with an increas-
ingly observed trend of higher malaria risk among older age
groups, as reported previously elsewhere and in this area,
following the scale-up of control interventions [25, 26, 32,
33]. A reduction in malaria transmission and hence a lower
frequency of exposure to malaria parasite inoculation and
the associated infections impedes and, plausibly, delays
development of a malaria protective immunity leading to an
increased risk of malaria in older age groups. However, two
reasons may account for the higher risk in older children
observed in this study: (1) younger children are more likely
to sleep under ITNs and hence be more protected, and (2)
in contrast, older children are likely to tolerate malaria para-
sites without developing a fever and hence have an increased
prevalence of asymptomatic malaria parasitaemia.
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Table 4 Multivariate risk factors analysis for anaemia, under-nutrition parameters and malaria parasitaemia
Variable Anaemia OR Stunting OR Wasting OR Underweight OR Malaria OR

(95 % Cl), P-value

(95 % Cl), P-value

(95 % Cl), P-value (95 % Cl), P-value

(95 % Cl), P-value

Malaria parasitaemia 3.857 (2.208-6.740),

(Positive) <0.0001

Presence of anaemia
(yes)

Presence of stunting 1.428 (0.960-2.126),
(yes) 0.079

Presence of wasting (yes)

Presence of under
weight (yes)

1.979 (1.240-3.158),
0.004

Sex
Male

Fever (Yes)

Is HH in an economic
group? (Yes)

Was IRS done in HH (Yes) 0.471(0.222-0.997),

0.049
Does the HH owns >1
bednet (Yes)
Study participant age
group
6-11 -
12-23 0.522 (0.297-0.916),
0.023
24-35 0.405 (0.227-0.721),
0.002
36-47 0.340 (0.181-0.639),
0.001
48-60 0.257 (0.135-0.490),
<0.0001
HH SES level
Low
Middle 0.588 (0.373-0.928),
0.022
High 0.568 (0.352-0.916),
0.020

Does HH have a closed
water source (Yes)

House wall material
(Bricks and stones vs.
wood/mud/tent)

House floor material
(cement/concrete vs.
mud/earth/dung)

Highest HoH education
level (None vs. any)

0.055 (0.030-0.098),
<0.0001

20.256 (12.464-32.921),
<0.0001

1.331 (1.070-1.656),
0.010

0.758 (0.618-0.931),
0.008

0.551(0.338-0.899),
0.017

1.857 (1.093-3.155),

3.898 (2.297-6.615),

0.022 <0.0001
0.046 (0.024-0.088), 20412 (12.304-33.862),
<0.0001 <0.0001
59.139 (32.506-107.594),
<0.0001

60.71(31.994-115.197),
<0.0001

0.589 (0.397-0.873),
0.008

1.465 (0.969-2.214),
0.070

1.444 (1.061-1.966),
0.019

1.262 (0.697-2.283), 1.989 (0.766-5.169),

0443 0.158
1.849 (1.031-3.316), 3.157 (1.259-7.920),
0.039 0.014
2.124(1.159-3.894), 3.528(3.1384-8.992),
0.015 0.008
2.123(1.169-3.855), 3.699 (1.479-9.251),
0.013 0.005

0.793 (0415-1.516),
0483

0.372 (0.152-0.906),
0.029

0.620(0.377-1.018),
0.059

0.615 (0.370-1.024),
0.061

0447 (0.276-0.723),
0.001

0.633 (0.404-0.990),
0.045

In this study, a protective malaria risk was associated
with living in a high SES HHs. However, studies on asso-
ciations between malaria and SES have hitherto yielded
conflicting results, with some indicating no associated
effect [34, 35] while others have shown that higher SES

induces a protective effect [36-40]. It is plausible that
a protective effect may exist where improved house
structural features lead to a reduction in indoor malaria
transmission by restricting mosquito entry [40]. Indi-
viduals living in houses whose wall structure were made
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Table 5 Stunting, under-weight and wasting distributions and bivariate analysis stratified by sex, residence and age

group
Variables Stunting Under weight Wasting
N (%) OR (95 % Cl), P-value N (%) OR (95 % Cl), P-value N (%) OR (95 % CI), P-value
Sex
Male 404 (42.93)  1.146 (0.953-1.377),0.147 167 (17.75) 1.346 (1.049-1.727),0.020 79 (841) 0.897 (0.652-1.235), 0.506
Female 373(39.64) 1 130(13.82) 1 87 (9.28) 1
Age-group
6-11 84 (3733) 1 50111 1 22 (9.78) 1
12-23 91 (4391)  1.314(0.945-1.827),0.105 9(13. 56) 1.255 (0.763-2.066), 0.371 41 (945) 0.963 (0.558-1.660), 0.891
24-35 193 (44.47) 1344 (0.967-1.869),0.079 78 (17.97) 1.753 (1.082-2.840), 0.023 38(8.84) 0.894 (0.515-1.553), 0.692
36-47 146 (39.25)  1.084(0.771-1.525), 0.641 65 (17.47) 1.694 (1.033-2.777),0.037 32 (8.63) 0.871 (0.493-1.540), 0.635
48-59 163(39.18)  1.081 (0.774-1.511), 0.646 0(16.83) 8(0.993-2.639),0.053 33(7.93) 0.795 (0451-1.399), 0427
Residence
Biharwe 114 (38.51) 1 201757 1 27 (9.12) 1
Gatanga 217 (45.78)  1.348(1.003-1.812),0.048 3(17.51 0.996 (0.680-1.459), 0.984 38(8.03 0.870 (0.519-1.458), 0.598
Gikundamvura 148 (39.78)  1.055(0.771-1.442),0.738 64 (17.20 0.975 (0.652-1.458),0.902 35 (9.46) 1.041 (0.614-1.763),0.881
Kindama 160 (37.83)  0.971(0.715-1.318),0.852 8(13.71 0.746 (0.496-1.121),0.158 38(9.0) 0.986 (0.588-1.654), 0.957
Ruhuha 138(43.53)  1.231(0.891-1.699),0.207 0(12.62 0.678 (0.433-1.059), 0.088 28 (8.89) 0.972 (0.558-1.692), 0.920

P values for categorical variables were based on the x* test
OR odds ratio, Cl confidence interval

of wood/mud (vs cement/bricks) showed a significantly
higher risk of malaria in this study. Houses whose walls
are made of mud have been associated with having more
eaves (that support mosquito entry), higher risk of indoor
mosquito bites and, by creating cooler and darker condi-
tions in comparison to brick/cement houses, creating a
favourable indoor resting environment for mosquitoes
[41-43].

The proportion of children under 5 years found with
anaemia in this study (6.8 %) was three-fold higher than
the 2.0 % reported for the same province in 2010 [31].
After adjusting for all predictors, anaemia risk was asso-
ciated with malaria parasitaemia, age group, HH SES
and underweight, with a borderline significant outcome
noted among children with stunting and those com-
ing from HHs where IRS was applied. Individuals found
with moderate-to-severe anaemia had an almost four-
fold increased risk of being malaria-infected. In malaria-
endemic settings, malaria is the most common cause of
anaemia [10] and among parasitaemic patients in com-
parable settings, a similarly increased risk of anaemia has
been previously demonstrated [35, 44, 45]. In one study
among preschool-going children in Uganda, malaria was
found to be the only risk determinant for anaemia [16].
Additionally, effective malaria control programmes have
been shown to significantly reduce anaemia burden, with
anaemia now considered a surrogate indicator of impact
of malaria control programmes [46, 47]. Interestingly in
this study, the risk of anaemia decreased with increasing

age groups in contrast to the observed increasing risk
of malaria across the same age groups in our study and
some studies other malaria-endemic settings [15, 35, 48].
However, in all the other settings, the reported malaria
parasite carriage rates were significantly higher than
the 6.8 % reported in this study. In study areas of lower
parasitaemia carriage, and especially following reduction
in malaria burden, malaria may make a less significant
attributable contribution to anaemia relative to other risk
factors [46].

Anaemia, but not malaria, was significantly associ-
ated with underweight in this study. Evidence for the
impact of under-nutrition on development of anaemia
in young children living in malaria-endemic areas had
been reported previously [9]. Previous studies on malaria
and under-nutrition associations have shown contrast-
ing results. In Ghana and in The Gambia, under-nutrition
was associated with increased risks of malaria-associated
mortality and the risk of having multiple malaria epi-
sodes, respectively [17, 18]. In contrast, in Burkina Faso
and Uganda, no association between under-nutrition and
malaria morbidity was demonstrated [35, 49]. Although
this study did not assess for other causal factors associ-
ated with anaemia, it is plausible that children who are
malnourished are more likely to also have had micronu-
trient deficiencies that may have partly contributed to the
burden of anaemia observed.

Children from middle and high SES HHs were found
to have a significantly reduced risk of having anaemia
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than children from low SES HHs. Two plausible reasons
for this are the differential nutritional intakes and house
structural features that determine risk of indoor malaria
transmission between the two SES levels. Presumably,
children from low SES HHs are likely to have poorer
nutritional intake and also live in houses whose struc-
ture are more conducive for indoor malaria transmission,
with the increased risk of malaria causing a concurrent
deleterious effect on anaemia risk.

Among preschool-aged children in the same province
in 2010, stunting, wasting and underweight proportions
in comparison to findings in this study were 43.9 %, 3.2 %
and 11.5 % vs. 41.6 %, 8.8 % and 15.8 %, respectively [31].
Both surveys point to very high prevalence of stunt-
ing in this age group in this area. In our study, male sex
was associated with a 1.44-fold increase in risk of under-
weight. Sex differences in risk of under-nutrition have
been shown elsewhere [50, 51], but studies elucidating
the observed sex-dependent risk of under-nutrition are
lacking. As reported previously, the risk of being under-
weight significantly increased with increasing age in
this study [52, 53]. Possible reasons for increased risk of
underweight with increasing age could include but are
not limited to (1) short birth intervals with mothers not
having adequate gestational weight gains and hence hav-
ing smaller than expected babies at birth; (2) reduced
breast feeding periods; (3) poor weaning diets and; (4)
reduced care given to older children following successive
births [53].

Other risk determinants for malaria, anaemia and
under-nutrition metrics were also identified. Living in
houses where the HoH was not educated and in houses
where domestic water was sourced from an open source
compared to HHs where domestic water was drawn a
closed source were associated with a high risk of malaria
infection. Lack of education may likely be associated with
low SES status and limited malaria control-associated
knowledge and practice factors, which may be related
to lower availability and use of malaria control meas-
ures like LLINs. Regarding the domestic water sources,
open water sources may also serve as potential mosquito
breeding sites and hence pose an increased risk. Anaemia
risk was interestingly found to be lower by almost 50 %
among individuals living in HHs where IRS was carried
out. It is plausible that the IRS effect on lower anaemia
risk was mediated primariry through reducing malaria
risk. However, other unmeasured risk determinants may
have contributed to the high risk among individuals from
HHs where no IRS was applied of anaemia. Other iden-
tified risk determinants for under-nutrition included
SES indicator variables (HoH belonging to an economic
group and type of material house floor is made of) and
prior fever experience and malaria control measures
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(LLIN availability and IRS experience). Given that the
study area is predominantly agricultural, HHs where the
HoHs reported being a member of an economic group
are more likely to have better food security and hence a
lower risk of under-nutrition. Individuals who reported
having had a fever during the past 6 months are likely to
have had malaria: A risk determinant of stunting [18].
The use of malaria control measures (LLIN and IRS)
could have reduced the risk of malaria and limited long-
term development of under-nutrition.

This study had several limitations. Being a cross-
sectional study design, associations observed may have
been confounded by unmeasured factors. Also, causal
inferences cannot be drawn from study findings due
to the study design employed. The lack of additional
haematological assessments including mean cell vol-
ume, micronutrients and haemolysis parameters lim-
ited the characterization of anaemia types. With regard
to under-nutrition, only weight and height measure-
ments were collected. The lack of other under-nutrition
related data including skin fold thickness, oedema and
body mass index did not allow for a more robust nutri-
tional assessment. In this survey, statistical adjustments
for correlation with and between HH members were
conducted to ensure study finding were robust. How-
ever, given the multi-factorial causal factors associated
with anaemia and under-nutrition, data on important
covariates including but not limited to helminthic
infection, micronutrient levels, co-infections like HIV,
genetic haemoglobin disorders and breast feeding need
to be collected in future studies to be able to perform a
more robust analysis.

Conclusion

Study findings pointed to high rates of under-nutrition
and anaemia but not malaria parasitaemia in preschool-
going children. A strong association between malaria and
anaemia but not between malaria and under-nutrition
was observed. Although the study design limits the inter-
pretation of cause and effect between these three disease
determinants, control of malaria may have a substantial
indirect reduction on anaemia burden among preschool-
going children in this area. Integrated rather than vertical
programmes covering nutritional rehabilitation, malaria
control including the scaled up LLIN and IRS coverage,
improvements in HH SES and better housing that limits
mosquito entry are need to realize optimal child health
outputs.

Authors’ contributions

FK conceived the study, participated in study design, coordinated study
implementation, performed statistical analysis and drafted the manuscript.
CMI participated in study design and implementation. EH participated in
design of study questionnaire and study implementation. PK was involved
in study implementation and coordinated data management. PFM reviewed



Kateera et al. Malar J (2015) 14:440

statistical analysis processes and critically reviewed the manuscript. MPG
provided guidance on the data analysis process and critically reviewed the
manuscript. LM participated in study implementation. MV participated in
study conception, participated in its implementation and helped in draft and
reviewing the manuscript. All authors read and approved the final manuscript.

Author details

! Division of Internal Medicine, Department of Infectious Diseases, Centre

of Tropical Medicine and Travel Medicine, Academic Medical Centre, Meiberg-
dreef 9, 1100 DE Amsterdam, The Netherlands. 2 Medical Research Centre
Division, Rwanda Biomedical Centre, PO Box 7162, Kigali, Rwanda. > Malaria
and Other Parasitic Diseases Division, Rwanda Biomedical Centre, Kigali,
Rwanda. 4 Royal Tropical Institute, Koninklijk Instituut voor de Tropen, KIT
Biomedical Research, Meibergdreef 39, 1105 AZ Amsterdam, The Netherlands.
® College of Medicine and Health Sciences, University of Rwanda, Kigali,
Rwanda.

Acknowledgements
We thank the Ruhuha community members, Ruhuha Health Centre leadership
and the sector leadership for their support and study participation.

Financial support
The Netherlands Organization for Tropical Scientific Research (NWO-WOTRO
(AMC Project Number SA358001) funded the study.

Competing interests
The authors have declared that they have no competing interests.

Received: 22 April 2015 Accepted: 28 October 2015
Published online: 05 November 2015

References

1. WHO: World Malaria Report 2013. Geneva: World Health Organization. 2013.
http//www.who.int/iris/.../9789241564694_eng.pdf. Accessed 24 Sept 2014.

2. Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca
F, et al. Global regional, and national trends in hemoglobin concentration
and prevalence of total and severe anemia in children and pregnant and
non-pregnant women for 1995-2011: a systematic analysis of population
representative data. Lancet Global Health. 2013;1:16-25.

3. UNICEF: United Nations Interagency Group for Child Mortality Estimation.
Levels and trends in child mortality. 2014, New York: United Nations
Children’s Fund. http://www.childmortality.org/files_v17/download/
UNICEF9%202014%20IGME%20child%20mortality%20Report_Final.pdf.
Accessed 12 Oct 2014.

4. WHO. Guideline: Updates on the management of severe acute malnutri-
tion in infants and children 2012, Geneva: World Health Organization.
http://apps.who.int/iris/bitstream/10665/95584/1/9789241506328_eng.
pdf. Accessed 13 Mar 2014.

5. Hall A,Khanh LN, Son TH, Dung NQ, Lansdown RG, Dar DT, et al. An
association between chronic undernutrition and educational test scores
in Vietnamese children. Eur J Clin Nutr. 2001;55:801-4.

6.  Grantham-McGregor S, Ani C. A review of studies on the effect
of iron deficiency on cognitive development in children. J Nutr.
2001;131:6495-668S.

7. Agarwal DK, Upadhyay SK, Agarwal KN. Influence of malnutrition on
cognitive development assessed by Piagetian tasks. Acta Paediatr Scand.
1989;78:115-22.

8. Hutchinson SE, Powell CA, Chang SPW, Grantham-Mc SM, Gregor SM.
Nutrition, anaemia, geohelminth infection and school achievement in
rural Jamaican primary school children. Eur J Clin Nutr. 1997,51:729-35.

9. Muller O, Traore C, Jahn A, Becher H. Severe anaemia in west African
children: malaria or malnutrition? Lancet. 2003;361:86-7.

10. Best C, Neufingerl N, van Geel L, van den Briel T, Osendarp S. The nutri-
tional status of school-aged children: why should we care? Food Nutr
Bull. 2010;31:400-17.

11. Menendez C, Fleming AF, Alonso PL. Malaria-related anaemia. Parasitol
Today. 2000;16:469-76.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

Page 10 of 11

. Kabatereine NB, Brooker S, Koukounari A, Kazibwe F, Tukahebwa EM, Fleming

FM, et al. Impact of a national helminth control programme on infection and
morbidity in Ugandan schoolchildren. Bull World Health Organ. 2007,85:91-9.

. Morris CR, Singer ST, Walters MC. Clinical hemoglobinopathies: iron, lungs

and new blood. Curr Opin Hematol. 2006;13:407-18.

. Wambua S, Mwangi TW, Kortok M, Uyoga SM, Macharia AW, Mwacharo

JK, et al. The effect of thalassaemia on the incidence of malaria and other
diseases in children living on the coast of Kenya. PLoS Med. 2006;3:e158.

. Ehrhardt S, Burchard GD, Mantel C, Cramer JP, Kaiser S, Kubo M, et al.

Malaria, anemia, and malnutrition in children—defining intervention
priorities. J Infect Dis. 2006;194:108-14.

. Green H, Sousa-Figueiredo J, Baséfiez M, Betson M, Kabatereine NB,

Fenwick A, et al. Anaemia in Ugandan preschool-aged children: the
relative contribution of intestinal parasites and malaria. Parasitology.
2011;138:1534-45.

. Mockenhaupt FP, Ehrhardt S, Burkhardt J, Bosomtwe SY, Laryea S, Ane-

mana SD, et al. Manifestation and outcome of severe malaria in children
in northern Ghana. Am J Trop Med Hyg. 2004;71:167-72.

. Deen JL, Walraven GE, von Seidlein L. Increased risk for malaria in chroni-

cally malnourished children under 5 years of age in rural Gambia. J Trop
Pediatr. 2002;48:78.

. Friedman JF, Kwena AM, Mirel LB, Kariuki SK, Terlouw DJ, Phillips-Howard

PA, et al. Malaria and nutritional status among pre-school children: results
from cross-sectional surveys in western Kenya. Am J Trop Med Hyg.
2005;73:698-704.

Snow RW, Byass P, Shenton FC. The relationship between anthropometric
measurements and measurements of iron status and susceptibility to
malaria in Gambian children. Trans R Soc Trop Med Hyg. 1991;85:584-9.
Nyakeriga AM, Troye-Blomberg M, Chemtai AK, Marsh K, Williams TN.
Malaria and nutritional status in children living on the coast of Kenya. Am
J Clin Nutr. 2004;80:1604-10.

Bayley NB. Scales of Infant Development. 2nd ed. San Antonio: PsychCorp
Harcourt Assessment, Inc.; 1993.

Bradley-Moore AM, Greenwood BM, Bradley AK, Kirkwood BR, Gilles HM.
Malaria chemoprophylaxis with chloroquine in young Nigerian children.
I1l. Its effect on nutrition. Ann Trop Med Parasitol. 1985;79:575-84.

Ter Kuile FO, Terlouw DJ, Kariuki SK, Phillips-Howard PA, Mirel LB, Hawley
WA, et al. 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. 2003;68:68-77.

Rulisa S, Kateera F, Bizimana JP, Agaba S, Dukuzumuremyi J, Baas L, et al.
Malaria prevalence, spatial clustering and risk factors in a low endemic
area of eastern Rwanda: a cross sectional study. PLoS One. 2013;8:269443.
Kateera F, Mens PF, Hakizimana E, Ingabire CM, Muragijemariya L, Karinda
P, et al. Malaria parasite carriage and risk determinants in a rural popula-
tion: a malariometric survey in Rwanda. Malar J. 2015;14:16.

Hartung C, Anokwa Y, Brunette W, Lerel A, Tseng C, Boriello G. Open Data
Kit: tools to build information services for developing regions. Informa-
tion and Communication Technologies and Development (ICTD). 2010.
London, UK. http://opendatakit.org/wp-content/uploads/2010/10/0ODK-
Paper-ICTD-2010.pdf. Accessed 12 Aug 2014.

Stoltzfus RJ. Rethinking anaemia surveillance. Lancet. 1997;349:1764-6.
WHO. Global Database on Child Growth and Malnutrition. 2006. Geneva:
World Health Organization. http://www.who.int/nutgrowthdb/en/.
Accessed 13 Nov 2014.

Yvas S, Kumaranayake L. Constructing socio-economic status indi-

ces: how to use principal components analysis. Health Policy Plan.
2006;21:459-68.

National Institute of Statistics of Rwanda: Rwanda Demographic Health
Survey. 2010. http://dhsprogram.com/pubs/pdf/FR259/FR259.pdf.
Accessed 11 Nov 2014.

Winskill P, Rowland M, Mtove G, Malima RC, Kirby MJ. Malaria risk factors
in north-east Tanzania. Malar J. 2011;10:98.

Smith T, Hii JL, Genton B, Mller |, Booth M, Gibson N, et al. Associations of
peak shifts in age-prevalence for human malarias with bednet coverage.
Trans R Soc Trop Med Hyg. 2001;95:1-6.

Luckner D, Lell B, Greve B, Lehman LG, Schmidt-Ott RJ, Matousek

P et al. No influence of socioeconomic factors on severe malarial
anaemia, hyperparasitaemia or reinfection. Trans R Soc Trop Med Hyg.
1998;92:478-81.


http://www.who.int/iris/%e2%80%a6/9789241564694_eng.pdf
http://www.childmortality.org/files_v17/download/UNICEF%25202014%2520IGME%2520child%2520mortality%2520Report_Final.pdf
http://www.childmortality.org/files_v17/download/UNICEF%25202014%2520IGME%2520child%2520mortality%2520Report_Final.pdf
http://apps.who.int/iris/bitstream/10665/95584/1/9789241506328_eng.pdf
http://apps.who.int/iris/bitstream/10665/95584/1/9789241506328_eng.pdf
http://opendatakit.org/wp-content/uploads/2010/10/ODK-Paper-ICTD-2010.pdf
http://opendatakit.org/wp-content/uploads/2010/10/ODK-Paper-ICTD-2010.pdf
http://www.who.int/nutgrowthdb/en/
http://dhsprogram.com/pubs/pdf/FR259/FR259.pdf

Kateera et al. Malar J (2015) 14:440

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Osterbauer B, Kapisi J, Bigira V, Mwangwa F, Kinara S, Kamya MR, et al.
Factors associated with malaria parasitaemia, malnutrition, and anaemia
among HIV-exposed and unexposed Ugandan infants: a cross-sectional
survey. Malar J. 2012;11:432.

Yé Y, Hoshen M, Louis V, Séraphin S, Traoré |, Sauerborn R. Housing condi-
tions and Plasmodium falciparum infection: protective effect of iron-sheet
roofed houses. Malar J. 2006;5:8.

Koram KA, Bennett S, Adiamah JH, Greenwood BM. Socio-economic risk
factors for malaria in a peri-urban area of The Gambia. Trans R Soc Trop
Med Hyg. 1995,89:146-50.

Tshikuka JG, Scott ME, Gray-Donald K, Kalumba ON. Multiple infection
with Plasmodium and helminths in communities of low and relatively
high socio-economic status. Ann Trop Med Parasitol. 1996,90:277-93.
Messina JP, Taylor SM, Meshnick SR, Linke AM, Tshefu AK, Atua B, et al.
Population, behavioural and environmental drivers of malaria prevalence
in the Democratic Republic of Congo. Malar J. 2011;10:161.

Atieli H, Menya D, Githeko A, Scott T. House design modifications reduce
indoor resting malaria vector densities in rice irrigation scheme area in
western Kenya. Malar J. 2009;8:108.

Kirby MJ, Green C, Milligan PM, Sismanidis C, Jasseh M, Conway DJ, et al.
Risk factors for house-entry by malaria vectors in a rural town and satel-
lite villages in The Gambia. Malar J. 2008;7:2.

Harbison JE, Mathenge EM, Misiani GO, Mukabana WR, Day JF. A simple
method for sampling indoor-resting malaria mosquitoes Anopheles
gambiae and Anopheles funestus (Diptera: Culicidae) in Africa. J Med
Entomol. 2006;43:473-9.

Lwetoijera DW, Kiware SS, Mageni ZD, Dongus S, Harris C, Devine GJ, et al.
A need for better housing to further reduce indoor malaria transmission
in areas with high bed net coverage. Parasit Vectors. 2013;6:57.

McElroy PD, ter Kuile FO, Lal AA, Bloland PB, Hawley WA, Oloo AJ, et al.
Effect of Plasmodium falciparum parasitemia density on hemoglobin
concentrations among full-term, normal birth weight children in
western Kenya, IV. The Asembo Bay Cohort Project. Am J Trop Med Hyg.
2000;,62:504-12.

45.

46.

47.

48.

49.

50.

51

52.

53.

Page 11 of 11

Bloland PB, Boriga DA, Ruebush TK, McCormick JB, Roberts JM, Oloo AJ,
et al. Longitudinal cohort study of the epidemiology of malaria infections
in an area of intense malaria transmission Il. Descriptive epidemiology

of malaria infection and disease among children. Am J Trop Med Hyg.
1999,60:641-8.

Korenromp EL, Armstrong-Schellenberg JR, Williams BG, Nahlen BL, Snow
RW. Impact of malaria control on childhood anaemia in Africa—a quanti-
tative review. Trop Med Int Health. 2004;9:1050-65.

Mathanga DP, Campbell CH, Vanden J, Wolkon EA, Bronzan RN, Malenga
GJ, et al. Comparison of anaemia and parasitaemia as indicators of
malaria control in household and EPI-health facility surveys in Malawi.
Malar J. 2010;9:107.

Knoblauch AM, Winkler MS, Archer C, Divall MJ, Owuor M, Yapo RM, et al.
The epidemiology of malaria and anaemia in the Bonikro mining area,
central Cote d'lvoire. Malar J. 2014;13:194.

Mdiller O, Garenne M, Kouyate B, Becher H. The association between
protein-energy malnutrition, malaria morbidity and all-cause mortality in
West African children. Trop Med Int Health. 2003;8:507-11.

Medhin G, Hanlon C, Dewey M, Alem A, Tesfaye F, Worku B, et al.
Prevalence and predictors of undernutrition among infants aged six and
twelve months in Butajira, Ethiopia: the P-MaMiE birth cohort. BMC Public
Health. 2010;10:27.

Wamani H, Astrom AN, Peterson S, Tumwine JK, Tylleskér T. Boys are more
stunted than girls in sub-Saharan Africa: a meta-analysis of 16 demo-
graphic and health surveys. BMC Pediatr. 2007,7:17.

Deribew A, Alemseged F, Tessema F, Sena L, Birhanu Z, Zeynudin A, et al.
Malaria and under-nutrition: a community based study among under-five
children at risk of malaria, south-west Ethiopia. PLoS One. 2010;5:e10775.
Ethiopia Demographic and Health Survey: 2005. Addis Ababa, Ethiopia
and Calverton, Maryland, USA: Central Statistical Agency and ORC. http://
dhsprogram.com/pubs/pdf/FR179/FR179[23June2011].pdf. Accessed 13
Jul 2014.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

® Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central
J



http://dhsprogram.com/pubs/pdf/FR179/FR179%5b23June2011%5d.pdf
http://dhsprogram.com/pubs/pdf/FR179/FR179%5b23June2011%5d.pdf

	Malaria, anaemia and under-nutrition: three frequently co-existing conditions among preschool children in rural Rwanda
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study site
	Study design and selection of study participants
	Study procedures
	Head of household interviews
	Anthropometric measurements
	Laboratory methods
	Outcome and predictor variables
	Study consent and ethical approval

	Statistical analysis

	Results
	Study population
	Factors associated with malaria
	Factors associated with anaemia
	Factors associated with under-nutrition

	Discussion
	Conclusion
	Authors’ contributions
	References




