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Abstract. Anemia is a leading cause of morbidity in sub-Saharan Africa. The etiologies of anemia are multifactorial,
and it is unclear what proportion of anemia is attributable to malaria in children of different ages in Malawi. We evaluated
the population attributable fraction (PAF) of anemia due to malaria using multiple cross-sectional surveys in southern
Malawi. We found a high prevalence of anemia, with the greatest proportion attributable to malaria among school-age
children (5–15 years) in the rainy season (PAF = 18.8% [95%CI: 16.3, 21.0], comparedwith PAF = 5.2% [95%CI: 4.0, 6.2]
amongyoungchildren pooled across season [<5 years] andPAF=9.7% [95%CI: 6.5, 12.4] amongschool-age children in
the dry season). Malaria control interventions will likely lead to decreases in anemia, especially among school-age
children.

Anemia affects more than one-third of the population in
sub-Saharan Africa and is associated with clinical morbidity
as well as impaired childhood development, with potential
long-term impacts on productivity in adulthood.1,2 Children
younger than 5 years, women of childbearing age, and
pregnant women have the highest prevalence of anemia;
however, the burden extends across all ages.1 The etiology
of anemia is multifactorial and, in sub-Saharan Africa, in-
cludes nutritional deficiencies, helminth infections, and
malaria.
The prevalence and relative contribution of different etiol-

ogies to anemia varies by age.1 Because hemoglobin is
measured in young children (6–59 months old) and women of
childbearing age in routine Demographic and Health Surveys,
most data come from these high-risk groups.3 Among young
children, in whom the prevalence of anemia is the highest,
nutritional deficiencies are the primary cause of anemia.1

The proportion of anemia attributable to malaria in young
children, known as the attributable fraction, varies widely from
2.5% in Rwanda to an estimated 15% in West Africa.4,5 A
meta-analysis of early studies showed that malaria control
interventions, namely insecticide-treated bed nets and che-
moprophylaxis, reduced the risk of anemia in young children
by 27%.6

Available data on anemia in older, school-age children
predominantly come from assessments of helminth in-
fections undertaken as a part of school-based deworming
programs, which substantially reduce the contribution of
these infections to anemia in school-aged children.7 There
is increasing evidence that, in many malaria-endemic
settings, the prevalence of Plasmodium falciparum in-
fection peaks in school-age children.8,9 Malaria control
interventions targeting this age-group should also de-
crease anemia. The potential reduction in anemia by
malaria-specific interventions depends on the attributable
fraction of anemia due to P. falciparum infection. We used

data from malaria surveillance in southern Malawi to es-
timate the contribution of P. falciparum to anemia in chil-
dren. Quantifying the attributable fraction of anemia due to
P. falciparum infection in school-age children is essential
for estimating the impacts of malaria control interventions
targeting this age-group.
We evaluated the attributable fraction of anemia due to

P. falciparum infection in children aged 6months to 15 years
with hemoglobinmeasured as a part of repeated household-
based cross-sectional surveys in three neighboring districts
in Malawi from April 2012 to May 2016. The studies were
approved by the University of Maryland Baltimore, Michigan
State University, and the University of Malawi College of
Medicine. Details of these surveys have been published
previously.9 In brief, biannual surveyswere conducted at the
end of the rainy (April–May) and dry (October–November)
seasons in Blantyre (urban to peri-urban, highland, and low
malaria transmission), Chikwawa (rural lowland, moderate–
high transmission), and Thyolo (rural highland, moderate
transmission) districts. Using two-stage sampling, 10 clus-
ters of 30 households in each district were visited from 2012
to 2015. Surveys conducted in 2015–2016 included only
four of the original clusters plus 50 households near the local
primary school in each cluster. Blood samples were col-
lected by finger prick for hemoglobin measurement
(Hemocue®, Ängelholm, Sweden), preparation of a thick
blood smear, and PCR detection of P. falciparum lactate
dehydrogenase gene from approximately 50 mL of blood
spotted on a filter paper. Hemoglobin was measured in
young children (< 5 years old) in all surveys, but only mea-
sured systematically in school-age children (5–15 years old)
in 2014–2016. Analyses of all surveys are presented here.
Results of analyses including only the 2014–2016 surveys in
which hemoglobin was measured in both age-groups were
similar (Supplemental Information). Anemia was defined
using WHO age-specific definitions after hemoglobin was
adjusted for altitude: mild (age < 5 years: 10.0–10.9 g/dL;
age 5–11 years: 11.0–11.4 g/dL; females age 12–15 years
and males age 12–14 years: 11.0–11.9 g/dL; males age 15
years: 11.0–12.9 g/dL), moderate (age < 5 years: 7.0–9.9 g/
dL; age 5–15 years: 8.0–10.9 g/dL), and severe (age < 5
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years: < 7.0 g/dL; age 5–15 years: < 8.0 g/dL).10 Thick smear
microscopy slides were stained with Giemsa stain and read
by trained, blinded microscopists. Quality control was
conducted using published procedures.11 We used univar-
iate analyses to assess characteristics of study participants
stratified by age-group (young versus school-age children).
We used log-binomial models to estimate the prevalence ratio
(PR) of anemia (outcome) comparing childrenwithP. falciparum
infection (exposure) with those without infection. Linear re-
gression was used to estimate the association between he-
moglobin and parasite density (log transformed). Significance
was determined by two-sided P-value with an alpha £ 0.05.
Interactions terms were tested to determine if the asso-

ciation between P. falciparum infection and anemia differed
by age-group, net use, season, or gender. There was a
significant three-way interaction among P. falciparum in-
fection, age-group, and season (P = 0.019), suggesting
that the association between P. falciparum infection and
anemia differed by age and season. Therefore, results
were stratified by age-group and season. Further in-
vestigation found a significant interaction between
P. falciparum infection and season among school-age
children (P = 0.0003), but not among young children (P =
0.43). Consequently, a pooled estimate across season
among young children was also calculated. Interaction
terms between P. falciparum infection and net use or
gender were not significant. Bivariate analyses found

significant associations between each of the following
variables with both P. falciparum infection and anemia:
district, education level, wealth, survey, and net use.
Therefore, these variables, as well as survey clusters, were
adjusted for in multivariable models.
To estimate the excess anemia cases in the population that

can be attributed to P. falciparum infection, the population
attributable fraction (PAF) of anemia was computed as

PAF¼Pd

�
aPR�1
aPR

�

where Pd is the proportion of anemia cases exposed to
P. falciparum infection, and aPR is the adjusted PR of anemia
comparing children with P. falciparum infection with those
without P. falciparum infection.12 To compute the 95%CIs for
PAF, the aforementioned formulawas applied to the 95%CI of
the corresponding adjusted PR.
Among the 7,842 observations from children with he-

moglobin results, 28 were missing PCR results and 318
were in school-age children before systematic measure-
ment began in this age-group and were, thus, excluded.
The remaining 7,496 observations were included in the
analysis (Table 1). The prevalence of anemia was higher in
younger children (40.6% [95% CI: 39.1, 42.2]) than that in
school-age children (34.8% [95% CI: 33.3, 36.3]). Con-
versely, the prevalence of P. falciparum infection was

TABLE 1
Characteristics of study participants by age-group

Children younger than 5 years (N = 3,737) School-age children (N = 3,759)

Child factors
Median age (IQR) (years) 2.3 (2.0) 9.4 (5.0)
Female, n (col %) 1,861 (49.8) 1,937 (51.5)
Mean hemoglobin level (SD) 11.2 (1.4) 12.1 (1.4)
P. falciparum infection, n (col %) 437 (11.7) 895 (23.8)
Smear positive, n (col %) 311 (8.4) 578 (15.4)
Geometric mean (SD) 7.3 (2.0) 6.8 (1.7)
Fever, n (% col) 1,260 (33.8) 653 (17.4)
Antimalarial drugs, n (% col) 377 (10.1) 239 (6.4)
Anemia,* n (col %) any 1,519 (40.6) 1,309 (34.8)

Mild 902 (24.1) 625 (16.6)
Moderate 596 (15.9) 666 (17.7)
Severe 21 (0.6) 18 (0.5)

Using bed nets, n (col %)† 2,486 (66.5) 1,852 (49.3)
Household factors
Median number of people in the

household (IQR)
4.8 (2.0) 5.3 (2.0)

Mean wealth index (SD)‡ −0.07 (2.5) 0.10 (2.6)
Highest education level of household
head or spouse, n (col %)

No schooling 398 (10.6) 582 (15.5)
Primary education 2,148 (57.5) 2,192 (58.3)
Secondary and college 1,191 (31.9) 985 (26.2)

Study factors
Season, n (col %)

Rainy 1,946 (52.1) 2,046 (54.4)
Dry 1,791 (47.9) 1,713 (45.6)

District, n (col %)
Blantyre (urban, peri-urban highland) 990 (26.5) 786 (20.9)
Chikwawa (rural, lowland) 1,642 (43.9) 1,938 (51.6)
Thyolo (rural, highland) 1,105 (29.6) 1,035 (27.5)

School-age defined as children aged 5–15 years.
*Mild anemia (age<5 years: 10.0–10.9 g/dL; age5–11years: 11.0–11.4 g/dL; females age12–15years andmales age12–14years: 11.0–11.9 g/dL;males age15 years: 11.0–12.9 g/dL),moderate

anemia (age < 5 years: 7.0–9.9 g/dL; age 5–15 years: 8.0–10.9 g/dL), and severe anemia (age < 5 years: < 7.0 g/dL; age 5–15 years: < 8.0 g/dL).
† Individual bed net use was assessed by asking whether the individual slept under a bed net the previous night.
‡Wealth index based on household assetswas created using principal component analysis and the Filmer andPritchett method.26 Asset indicatorswere assessed using questions on ownership

of house, phone radio, television, bike, and/or car, availability of electricity in the house, food security, source of income, and highest level of education of head of household or spouse.
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higher in school-age children (23.8% [95% CI: 22.5, 25.2])
than that in younger children (11.7% [95% CI: 10.7, 12.8]).
P. falciparum infection was associated with an in-

creased prevalence of anemia in both seasons in young
children (aPR rainy season 1.42 [95% CI: 1.26, 1.61]; aPR
dry season 1.55 [95% CI: 1.35, 1.79]) and school-age
children (aPR rainy season 1.88 [95% CI: 1.68, 2.09]; aPR
dry season 1.48 [95% CI: 1.28, 1.71]) (Table 2). The mag-
nitude of the association and the PAF of anemia due to
P. falciparum infection were greatest in school-age chil-
dren in the rainy season (Figure 1). The adjusted attrib-
utable fraction was higher in school-age children in the
rainy season (PAF: 18.8% [95% CI: 16.3, 21.0]) than in
school-age children in the dry season (PAF: 9.7% [95%
CI: 6.5, 12.4]) and young children (PAF: 5.2% [95% CI:
4.0, 6.2] pooled across season). Among participants with
P. falciparum infection detected by microscopy, a log in-
crease in parasite density was associated with a 0.396 g/dL
and 0.433 g/dL decrease in hemoglobin among younger
children and school-age children, respectively (both P < 0.0001;
Supplemental Information).
These results show that anemia is prevalent throughout

childhood, and the contribution of P. falciparum infection to
anemia is greater in school-age children than that in younger
children in southern Malawi, particularly during the rainy
season. The larger PAF of anemia due to P. falciparum in-
fection in older children has several potential explanations: 1)
other causes of childhood anemia, such as nutritional defi-
ciencies, may be relatively more common in younger children,
and school-based deworming programs may make coin-
fections less common; 2) younger children have a lower
prevalence of P. falciparum infection in this population,

potentially due to higher levels of use of existing malaria
control interventions, that is, sleep under bed nets more fre-
quently and receive effective malaria diagnosis and treatment
more often than school-age children13–15; and 3) naturally
acquired immunity to malaria disease results in school-age
children more frequently having subclinical infections with
prolonged and untreated parasitemia, which is associated
with anemia.16 In younger children, the PAF of anemia in our
studywas lower than that in the 2014 nationally representative
Malaria Indicator Survey, where the PAF was 11.6% in the
setting of an overall prevalence of P. falciparum infection by
microscopy of 26% (Supplemental Information).17 Neither
malaria prevalencenor anemiawasassessed inolder children,
limiting comparisons to our results.
One limitation to our analysis is that we did not measure

other causes of anemia. Concomitant nutritional deficien-
cies and/or coinfection with helminths can increase the
contribution of P. falciparum infection to anemia.18,19 The
prevalence of Schistosomiasis haematobium in southern
Malawi is heterogeneous, but ranges from 1.8 to 28.6%
and peaks in prevalence and intensity in school-age
children.20,21 The prevalence of soil-transmitted hel-
minths, predominantly hookworm, is also heterogeneous,
but increases with age through adulthood.22–24 Further-
more, there may be confounding as other causes of anemia
may also be associated with P. falciparum infection. Al-
though having measured other etiologies of anemia would
enhance our understanding of these interrelationships and
might find elevated PAF in groups with coinfections, our
results nonetheless support the importanceofdecreasing the
burden of P. falciparum infection in school-age children. A
second limitation is that the surveys were repeated in many of

TABLE 2
Prevalence of anemia among children with P. falciparum infection compared with children without P. falciparum infection

Age-groups Exposure groups Total, n (col %)
Anemia,
n (row %)

Unadjusted PR of
anemia (95% CI)

Adjusted* PR of
anemia (95% CI)

Dry season Younger than 5 years P. falciparum infection 151 (8.4) 90 (59.6) 1.54 (1.33, 1.78)† 1.55 (1.35, 1.79)†
No infection 1,640 (91.6) 635 (38.7)

School-age P. falciparum infection 371 (21.7) 166 (44.7) 1.54 (1.34, 1.77)† 1.48 (1.28, 1.71)†
No infection 1,342 (78.3) 390 (29.1)

Rainy season Younger than 5 years P. falciparum infection 286 (14.7) 158 (55.2) 1.44 (1.28, 1.63)† 1.42 (1.26, 1.61)†
No infection 1,660 (85.3) 636 (38.3)

School-age P. falciparum infection 524 (25.6) 304 (58.0) 1.97 (1.77, 2.19)† 1.88 (1.68, 2.09)†
No infection 1,522 (74.4) 449 (29.5)

* Log-binomial models controlling for district, education, net use, wealth, and survey cluster. PR = prevalence ratio; school-age defined as children aged 5–15 years
†P-value < 0.001

FIGURE 1. Adjusted population attributable fraction of anemia associated with P. falciparum infection by age-group and season.
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the samehouseholds, but individualswere not linked over time.
Thus, we were not able to account for repeated measures.
Repeated measures among individuals imply some dependent
observationswere treated as independent, suggestingCIsmay
truly bewider than we estimated; however, this should not bias
our estimates of effect.
In this setting, highly effective malaria control interventions

targeting school-age children have the potential to reduce
anemia in this age-group by as much as 20%. This is con-
sistent with meta-analyses suggesting that school-based
preventive treatment of P. falciparum reduced the overall
prevalence of anemia by 15%.25

Our findings highlight the importance of addressing the
burden of P. falciparum infection to improve the health of
school-age children by decreasing anemia. Combiningmalaria
control interventions with existing interventions, for example,
school-based deworming and school feeding programs, will
increase this benefit. It is not clear which malaria control inter-
ventions are most effective for this purpose; however, un-
derstanding theattributable fractionofP. falciparum infection to
anemia in this age-group will aid in the evaluation of future
interventions.
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