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Summary objective To review the impact of malaria control on haemoglobin (Hb) distributions and anaemia

prevalences in children under 5 in malaria-endemic Africa.

methods Literature review of community-based studies of insecticide-treated bednets, antimalarial

chemoprophylaxis and insecticide residual spraying that reported the impact on childhood anaemia.

Anaemia outcomes were standardized by conversion of packed cell volumes into Hb values assuming a

fixed threefold difference, and by estimation of anaemia prevalences from mean Hb values by applying

normal distributions. Determinants of impact were assessed in multivariate analysis.

results Across 29 studies, malaria control increased Hb among children by, on average, 0.76 g/dl

[95% confidence interval (CI): 0.61–0.91], from a mean baseline level of 10.5 g/dl, after a mean of

1–2 years of intervention. This response corresponded to a relative risk for Hb < 11 g/dl of 0.73 (95%

CI: 0.64–0.81) and for Hb < 8 g/dl of 0.40 (95% CI: 0.25–0.55). The anaemia response was positively

correlated with the impact on parasitaemia (P ¼ 0.005, P ¼ 0.008 and P ¼ 0.01 for the three outcome

measures), but no relationship with the type or duration of malaria intervention was apparent. Impact

on the prevalence of Hb < 11 g/dl was larger in sites with a higher baseline parasite prevalence.

Although no age pattern in impact was apparent across the studies, some individual trials found larger

impacts on anaemia in children aged 6–35 months than in older children.

conclusion In malaria-endemic Africa, malaria control reduces childhood anaemia. Childhood

anaemia may be a useful indicator of the burden of malaria and of the progress in malaria control.

keywords malaria/prevention and control, anaemia, Africa, children, insecticide-treated mosquito nets,

insecticide residual spraying, chemoprophylaxis, intermittent preventive therapy

Introduction

Malaria is one of the factors that contribute to anaemia in

children under 5 in sub-Saharan Africa, accounting for

18% of the disability-adjusted life-years (DALYs) lost

because of anaemia [defined as haemoglobin (Hb) below

11 g/dl] according to the Global Burden of Disease for

1990 (Murray & Lopez 1996). Anaemia among African

children is a haematological state determined by combi-

nations of nutritional deficiencies (iron, folic acid, other

micronutrients and protein-calorie malnutrition), iron loss

through helminth infections, the destruction and decreased

production of red blood cells by infectious diseases and the

genetic constitution of red cell Hb (Menendez et al. 2000;

Stoltzfus et al. 2000; Nussenblatt & Semba 2002).

Anaemia is an important contributor to malaria-attribu-

table deaths in hospitals, with severe anaemia accounting

for between 17% and 54% of malaria-attributed deaths in

children under 5 years of age (Slutsker et al. 1994; Marsh

et al. 1995; Biemba et al. 2000). Furthermore, both severe

and more moderate or mild anaemia may act as risk factors

that predispose children to fatal outcomes because of other

conditions (McDermott et al. 1996; Brabin et al. 2001,

2003). The prevalence of anaemia might therefore serve as

a predictor of malaria-related mortality. Just as the deaths

from acute severe malaria in hospitals do not capture the

full burden of malaria-related mortality (Greenwood et al.

1987; Breman 2001), the incidence of severe malarial

anaemia in hospitals constitutes only part of the morbidity

burden to which malaria contributes. Therefore, the

prevalence of (symptomatic and asymptomatic) anaemia in

the community, as measured in population-based surveys,
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is taken as the candidate indicator of the total malaria-

related disease burden.

It is important to understand the impact that malaria

control is likely to have on anaemia prevalences in children

in malaria-endemic Africa, for a number of reasons. First,

there has been an unprecedented increase in investment in

malaria control in Africa, led largely by the Roll Back

Malaria (RBM) movement (Nabarro & Taylor 1998). One

major initiative is to cover at least 60% of children under 5

with insecticide-treated mosquito nets (ITNs) by the year

2010. Over the coming years, the increasing ITN coverage

(Curtis et al. 2003; Lines et al. 2003) should substantially

reduce malaria-related morbidity and mortality at the

community level. However, there has not been any

systematic, contemporary review of the likely impact upon

anaemia across Africa should this target be reached.

Secondly, there is still a paucity of reliable indicators that

can be used to measure short-term, malaria-specific health

impacts at country levels. Most importantly, malaria-

attributable mortality, an important aspect of the burden

of malaria and the overall RBM target (Nabarro & Taylor

1998), is difficult to define and diagnose, especially in

young children (O’Dempsey et al. 1993; Mung’ala &

Snow 1994; Todd et al. 1994; Breman 2001). Its meas-

urement is confined to clinics – which capture only a small

and variable fraction of the malaria burden (Breman 2001)

– and, at a population level, to selected, small-scale sentinel

‘demographic surveillance’ sites (INDEPTH Editorial

Team 2002). Indicators collected more widely through

population-based surveys have, on the other hand, largely

been confined to non-specific health outcomes, such as all-

cause child mortality, fever and other self-reported symp-

toms, and anthropometric measurements. If the response of

anaemia to various malaria interventions is known,

anaemia might serve as an indicator of the success of

malaria programmes. This would be a useful addition to

the limited list of current indicators that can be used to

measure the burden of malaria and the impact of malaria

control over time, particularly for African populations

living at endemic malaria risk.

Several trials of interventions that suppress or prevent

malaria infection, including insecticide-treated bednets,

antimalarial chemoprophylaxis and insecticide residual

spraying (IRS) measured the effect on anaemia in African

children (Draper 1960; Bradley-Moore et al. 1985b; Snow

et al. 1987, 1988; Greenwood et al. 1988; Bradley 1991;

Alonso et al. 1993; D’Alessandro et al. 1995; Premji et al.

1995; Binka et al. 1996; Shiff et al. 1996; Menendez et al.

1997; Marbiah et al. 1998; Fraser-Hurt et al. 1999;

Abdulla et al. 2001; Schellenberg et al. 2001; Maxwell

et al. 2002; ter Kuile et al. 2003b; Massaga et al. 2003).

They have generally found a marked impact, in terms of

increased mean Hb or packed cell volume (PCV), or a

reduced prevalence or incidence of anaemia. Comparing

these impacts is, however, not straightforward, because of

the multiplicity of definitions and cut-off values used to

define anaemia and differences in the age groups studied

and in the intensity or success of malaria suppression.

We review community-based, controlled studies in

malaria-endemic parts of Africa that measured the effect of

malaria interventions on increasing Hb or PCV distribu-

tions, or in reducing the prevalence of anaemia in children.

Anaemia impacts were standardized across studies and, in

multivariate regression, related to the type and duration of

the intervention, the corresponding impact on malaria

infection prevalence and background characteristics of the

study populations. Comparing the estimated impact on

anaemia that might typically be expected from improved

malaria control with Hb distributions found in recent

large-scale surveys among African children under 5 years

of age, we explore the possible impact of widely imple-

mented malaria control on Hb outcomes from national

surveys, and we consider whether such Hb shifts in surveys

could be used as the target or benchmark for the success of

RBM programmes.

Methods

Search and review of malaria intervention studies

Studies were identified via a PubMed search using combi-

nations of the keywords: ‘h(a)emoglobin, h(a)ematocrit,

packed cell volume, an(a)emia, malaria, trial, control,

intervention, bednet, residual/insecticide spraying, chemo-

prophylaxis, and intermittent preventive or presumptive

therapy or treatment’. References in eligible publications

and relevant reviews (Prinsen Geerligs et al. 2003) were

checked to identify further studies that might have been

missed in the electronic search. We included malaria

intervention studies that fulfilled the following eligibility

criteria:

• Dealing with malaria control with ITN, IRS, antima-

larial chemoprophylaxis or intermittent preventive

treatment (IPT). Chemoprophylaxis studies with

drugs that were found by the authors to be locally

ineffective, because of parasite resistance, were

excluded (e.g. the pyrimethamine arms in Bjorkman

et al. 1980, 1986, where pyrimethamine, in contrast

to chlorproguanil and chloroquine, did not reduce

malaria parasite rates below the level of the control

group).

• Randomization undergone by community (for any

intervention) or individual subjects (for chemo-

Tropical Medicine and International Health volume 9 no 10 pp 1050–1065 october 2004

E. L. Korenromp et al. Impact of malaria control on childhood anaemia in Africa

ª 2004 Blackwell Publishing Ltd 1051



prophylaxis or IPT). Because few randomized studies

were available, five non-randomized, controlled stud-

ies (Bjorkman et al. 1986; Alonso et al. 1993; D’A-

lessandro et al. 1995; Premji et al. 1995; Shiff et al.

1996; Maxwell et al. 2002) and three longitudinal

studies that did pre–post-comparisons were also

included (Draper 1960; Bradley 1991; Abdulla et al.

2001; McClean & Senthilselvan 2002).

• Conducted in African countries.

• Measured the impact on anaemia in children under

5 years with minimum and maximum age specified in

months.

• As outcome measures reported increase in mean Hb

level, the increase in mean PCV, or the reduction in

the prevalence of Hb below 8 g/dl or 11 g/dl or of

PCV below 25% or 33%, as measured in community-

based surveys.

• Prevalence of infection with Plasmodium falciparum

in the study subjects at baseline, or alternatively in the

comparison arm during the study, was known.

• Mean Hb value in the study subjects at baseline, or

alternatively in the comparison arm during the study,

was reported or could be estimated from reported

mean PCV level or from anaemia prevalence (see

below).

Standardization and analysis

Comparison of the results of the trials was not straight-

forward, because of the different criteria used for classi-

fying anaemia: mean PCV, mean Hb or the prevalence of

severe or moderate anaemia according to defined thresh-

olds of PCV or Hb concentration. The studies were

standardized in three ways. First, PCV outcomes were

converted to Hb levels by dividing them by a factor of 3.

This commonly used conversion (World Health Organ-

ization 1959; Lundsgaard-Hansen 1996; Menendez et al.

2000; Brabin et al. 2001; Stoltzfus et al. 2003) is supported

by numerous population-based studies that showed a

stable threefold difference at individual level between Hb

and PCV, including among newborns in the USA (Herzog

& Felton 1994), among young adult men and women

living at high altitude in Bolivia (Vasquez & Villena 2001),

and among children in Indonesia (Mustaring et al. 1990)

and the Gambia (McGregor et al. 1966). Secondly, in

studies that did not report a mean Hb or PCV level but

did report anaemia prevalences according to certain cut-

offs, a prevalence of PCV < 25% was taken to correspond

to a prevalence of Hb < 8 g/dl, and a prevalence of

PCV < 33% was assumed to correspond to a prevalence of

Hb < 11 g/dl.

Thirdly, when studies reported the mean Hb or PCV

level in the population as well as the SD, we derived the

proportion of children with Hb below 8 g/dl and below

11 g/dl, or the proportion of children with PCV below

25% or below 33% from these mean values by assuming

normal distributions. This conversion is valid for various

African childhood populations (Asobayire et al. 2001;

ORC Macro – MEASURE DHS+ 2001; Mwaniki et al.

2002). Haemoglobin distributions are often skewed at their

lower end, which might invalidate conversions based on

the assumption of normality for the more severe anaemias.

Therefore, we pre-tested the validity of this conversion on

databases from four large Demographic and Health Sur-

veys (DHS) conducted in African under five populations

(Madagascar, Benin, Uganda and Mali; ORC Macro –

MEASURE DHS+ 2001). These survey populations can be

considered to be indicative of the populations tested in the

intervention trials considered in our analysis. Across the

four survey populations, when deriving the prevalence of

Hb < 8 g/dl from the mean Hb level and its SD, the mean

relative error in estimated prevalence was only 2.9%

(range: 0.4–8) of the true prevalence. For lower Hb cut-

offs, however, larger errors were observed (results not

shown), and for this reason our analysis did not consider

lower Hb cut-offs.

We considered three outcome measures in turn: mean

Hb level, the prevalence of Hb below 8 g/dl or of

PCV < 25% (reflecting moderate-to-severe anaemia), and

the prevalence of Hb below 11 g/dl or of PCV < 33%

(reflecting any mild, moderate or severe anaemia) (World

Health Organization Communicable Diseases Cluster

2000). For each outcome measure, the determinants of

intervention impact were assessed using ordinary least-

squares regression in SPSS software, version 11.5 (SPSS,

Inc.). The following continuous variables were considered:

the duration of the intervention before anaemia impact was

tested, the prevalence of P. falciparum infection at baseline

of the study or in the control arm, the proportional

reduction in P. falciparum infection prevalence in the

intervention arm compared with the control arm, and the

Hb level at baseline of the study or in the control arm. The

following categorical variables were considered: the type of

intervention and the age range of the study subjects. For

this purpose, the interventions were classified as ITN, IRS,

chemoprophylaxis of any frequency and any (locally

effective) antimalarial drug or ITN plus chemoprophylaxis

combined.

Based on the age distribution of malaria infection

prevalence and anaemia prevalence in endemic areas

(Brewster & Greenwood 1993; Cornet et al. 1998), we

hypothesized that the impact of malaria control would be

Tropical Medicine and International Health volume 9 no 10 pp 1050–1065 october 2004

E. L. Korenromp et al. Impact of malaria control on childhood anaemia in Africa

1052 ª 2004 Blackwell Publishing Ltd



greatest in the youngest children, under age 2 or 3 years.

The studies were therefore categorized by the age range of

the children (at the start of the study), into the following

groups: (0) lower age limit between 0 and 5 months and an

upper limit between 24 and 36 months, (1) lower limit

3–6 months and upper limit 40–72 months, and (2) lower

limit 12 months and upper limit 119 months. Most studies

were in category (1). Analysis was at the level of

intervention studies, not at the level of individual study

subjects; all studies were weighted equally.

Results

All eligible studies (Table 1) were conducted in malaria-

endemic parts of Africa. The 23 studies evaluated a total of

29 interventions, with four studies each measuring two

interventions (Bjorkman et al. 1986; Fuller et al. 1988;

Greenwood et al. 1989; Alonso et al. 1993) and one study

measuring three interventions (Marbiah et al. 1998). For

one study, impact was reported at two different time-

points after the intervention started (Greenwood et al.

1988; Menon et al. 1990); here, the report over the longest

period was included (Menon et al. 1990). Parasite preva-

lences among under 5s, at baseline varied from 32 to 94%

(Table 2). Impact was evaluated mostly 1 or 2 years after

the onset of interventions (mean 1.6 years, range: 0.5–4).

All studies except one (Maxwell et al. 2002) recorded the

mean increase in Hb or PCV; one study recorded the mean

increase in Hb and in PCV (Bradley-Moore et al. 1985a,b),

and for this study the Hb outcome was used.

Across the 28 study outcomes, the mean observed

increase in Hb was 0.76 g/dl, in a range from 0.1 to 1.8 g/

dl (Table 2). Besides increasing mean Hb, the interventions

tended to decrease the relative variability in Hb levels

within the study populations, with the SD after interven-

tion being on average 1.5 g/dl over a mean of 11.2 g/dl,

compared with 1.5 g/dl over a mean of 10.5 g/dl in the

comparison groups. The reduced within-population vari-

ation in Hb levels can be explained by a proportionally

larger Hb increase among those children with the lowest

Hb at baseline (data not shown). The mean observed

relative risk (RR) of Hb below 11 g/dl or PCV < 33% was

0.73 (range: 0.27–1.00). The mean observed RR of Hb

below 8 g/dl or PCV < 25% was 0.40 (range: 0.02–0.93).

Table 3 shows the determinants of anaemia impact

estimated from multivariate regression. For the mean

increase in Hb, little of the variation between studies could

be explained from the characteristics that were tested. In

particular, the magnitude of the increase was similar for

the three age groups (P ¼ 0.69). However, the Hb response

increased with the corresponding impact on parasite

prevalence (P ¼ 0.005). For a median reduction in parasite

prevalence of 42% (RR of 0.58), the mean estimated

increase in Hb was 0.76 g/dl [95% confidence interval

(CI): 0.61–0.91].

For the prevalence of Hb below 11 g/dl or PCV < 33%,

in multivariate analysis, the impact was also similar for all

age groups (P ¼ 0.98). The reduction in anaemia was

larger in sites with higher baseline Hb levels (P ¼ 0.001),

which is expected mathematically when using a fixed

anaemia cut-off and given the finding above that the mean

Hb increase did not vary with the baseline Hb level. Impact

was also larger in sites of higher malaria endemicity, as

defined by high baseline parasite prevalence (P ¼ 0.012),

and it increased with the corresponding impact on para-

sitaemia (P ¼ 0.008). The mean estimated RR across 14

studies was 0.73 (95% CI: 0.64–0.81).

The impact on Hb below 8 g/dl or PCV < 25%, at an

estimated mean RR of 0.40 (95% CI: 0.25–0.55) across 14

studies, was larger than that for Hb below 11 g/dl or

PCV < 33%. As for the other two outcomes, the impact on

Hb below 8 g/dl did not vary by age group (P ¼ 0.72), but

increased with the impact on parasite prevalence

(P ¼ 0.01).

Figure 1 shows the estimated correlations in the impact

of malaria control on anaemia and on parasite prevalence,

for all three anaemia outcome measures. In contrast to the

clear influence of the interventions’ efficacy in reducing

parasite prevalence, none of the anaemia outcomes

depended on the type or the duration of intervention. This

is in line with the findings from two of the chemo-

prophylaxis trials where the rise in Hb did not detectably

vary over the first 40 months (Bjorkman et al. 1986;

Greenwood et al. 1988; Menon et al. 1990). In contrast,

two other studies found the rise in Hb to increase over the

first 18 months larger at 18 months compared with

6 months after onset of chemoprophylaxis (Fuller et al.

1988) or over 3 years of IRS (Draper 1960; Bradley 1991).

Age pattern in anaemia impact

Across the studies, no differences in anaemia impacts were

detected among the age groups that were tested. This

unexpected finding may be because the lower and upper

age limits of these groups were variable and the studies

were difficult to classify. More insight into the relative

anaemia impacts at different ages could be obtained from

some of the individual studies (Figure 2).

Three trials measured anaemia reductions related to ITN

usage, all in holoendemic sites (as indicated by baseline

parasite prevalences between 70 and 84%). The trial in

Muheza, Tanzania, found a greater reduction at age

6–23 months compared with 24–49 months. The trial in

Asembo, Kenya, found a greater reduction at age
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6–35 months compared with 0–5 months (ter Kuile et al.

2003b), but in Bagamoyo, Tanzania, no clear age pattern

was apparent (Shiff et al. 1996) (Figure 2a).

For the mean increase in Hb, an IRS trial in Tanzania/

Kenya and a chemoprophylaxis trial in Nigeria found a

fairly consistent impact throughout age 6–35 months

(Draper 1960; Bradley-Moore et al. 1985b; Bradley 1991),

but ITN trials in Burkina and Zambia found a greater

increase at ages 6–23 and 6–40 months compared with

older children (Habluetzel et al. 1997; McClean &

Senthilselvan 2002) (Figure 2b). This difference could not

be explained by differing endemicity (as indicated in the

Figure 2b legend as the baseline parasite prevalences),

which were high in Tanzania and Burkina and more

moderate in Nigeria and Zambia.

Discussion

Across 29 interventions studied in malaria-endemic Africa,

malaria control increased Hb and reduced anaemia among

under 5, with the largest anaemia impact in studies where

the impact on malaria infection prevalence was also largest

(Figure 1). A mean increase in Hb across studies of 0.76 g/

dl corresponded to RRs of Hb below 11 g/dl of 0.73 (27%

reduction) or for Hb below 8 g/dl of 0.40 (60% reduction).

Several limitations must be recognized in this quantita-

tive review. Results were standardized across trials by

converting mean PCV into mean Hb using a fixed factor

threefold difference. Although this conversion is conven-

tionally undergone and is supported by numerous studies

throughout the world (McGregor et al. 1966; Mustaring

et al. 1990; Herzog & Felton 1994; Vasquez & Villena

2001), there appear to be exceptions to this relationship.

Among the studies analysed here, a chemoprophylaxis trial

in Nigeria that measured both Hb and PCV found a mean

increase in Hb of 1.1 g/dl, whereas PCV increased by only

2.7%, i.e. less than threefold as much (Table 1) (Bradley-

Moore et al. 1985b). For chemoprophylaxis with pyri-

methamine, PCV actually decreased while Hb increased,

and this was explained by a decreased mean cell volume

(Bradley-Moore et al. 1985a). If malaria intervention had a

lesser impact on PCV than on Hb, our inclusion of

converted PCV outcomes may have slightly deflated the

estimated mean Hb response to malaria control. However,

the main results remained unchanged when only studies

with directly observed Hb outcomes were included (not

shown).

The second standardization performed on trial out-

comes, the inference of reductions in anaemia prevalence

from reported increases in Hb, depends critically on the

reported SDs (Table 1). In some studies, however, the SDs

were imprecisely reported, or they had to be calculated

from a reported SE, or they could not be meaningfully

interpreted. This introduced additional uncertainty in our

analysis, although the main outcomes were unchanged

when only studies with directly reported anaemia preval-

ence were included (not shown).

Finally, these results cannot necessarily be extrapolated

beyond Africa, or to areas of Africa where malaria

transmission is not stable. In an ITN trial in meso-endemic

Thailand (Dolan et al. 1993), ITN use reduced the

prevalence of PCV < 30% among pregnant women by

Table 2 Summary of African malaria intervention studies with

anaemia outcomes for children under 5

Number of studies Mean (range)

Sites Burkina Faso: 1

The Gambia: 11

Ghana: 1

Kenya: 2
Liberia: 3

Nigeria: 2

Sierra Leone: 3
Tanzania: 5

Zambia: 1

Intervention

ITN 13
Chemoprophylaxis 13

ITN + chemo-

prophylaxis

2

IRS 1
Age category

0–5 to 24–36 months 5

3–6 to 40–72 months 17
12–119 months 7

Study duration 29 1.6 years

(0.5–4)

Mean baseline
parasite prevalence

29 58% (32–94)

Mean relative

risk of parasitaemia

29 0.56

(0.04–0.97)

Comparison arm
mean Hb*

28 10.5 g/dl
(7.1–12.7),

SD 1.5

Intervention arm
mean Hb*

28 11.2 g/dl
(8.1–14.5),

SD 1.5

Increase in mean Hb* 28 0.76 g/dl

(0.1–1.8)
Mean relative risk

of Hb < 11 g/dl

14 0.73

(0.27–1.00)

Mean relative risk

of Hb < 8 g/dl

14 0.40

(0.02–0.93)

Hb, haemoglobin; ITN, insecticide-treated mosquito net; IRS,
indoor residual spraying; PCV, packed cell volume.

* Including PCV divided by 3 as an approximation of Hb level for

studies that reported mean PCV but no mean Hb.
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between 34 and 62%. A similarly impressive response was

found in a highly endemic area in India (Yadav et al.

1998), where ITN use among children 2–9 years reduced

the prevalence of any anaemia (Hb < 11 g/dl) up to 85%,

increasing mean Hb from 11.0 to 14.5 g/dl. Among the

studies in stable endemic African settings, however, the

impact tended to be higher at higher endemicity (Table 3

for the outcome measure Hb < 11 g/dl), which confirms

the intuitive notion that in less endemic areas, anaemia will

respond less to malaria control than estimated here.

In some of the trials in highly endemic areas, malaria

control had its greatest impact on anaemia between

6 months and around 3 years of age (Figure 2). Such an age

pattern could be explained from the corresponding young

peak age of symptomatic malaria episodes (Snow et al.

1994) and anaemia prevalence (Schellenberg et al. 2003) in

these areas. Here, the high exposure to malaria infection

from birth onwards leads to a rapid build up of immunity

against morbidity and sequelae over the first years of life.

In line with this young age range, trials in highly endemic

settings found that in birth cohorts, IPT or ITN gave better

protection against incident severe anaemia than did iron

supplementation (average reductions of 60% and 46%,

respectively) (Menendez et al. 1997; Schellenberg et al.

2001; ter Kuile et al. 2003a; Massaga et al. 2003).

Implications for malaria monitoring

While malaria control is being intensified, and malaria is

recognized as being among the major contributors to ill-

health in developing countries by The Global Fund against

AIDS, TB and Malaria 2003 and the UN’s Millennium

Development Goals (Millennium Assembly of the United

Nations 2003), there is an urgent need for indicators to

track burden and demonstrate timely impact, at national

and subnational levels.

In view of the limitations of alternative malaria indica-

tors, we suggest that childhood anaemia might be a

suitable indicator of the burden of malaria in malaria-

endemic parts of Africa. As only a small and variable

fraction of malaria and anaemia patients in Africa are seen

in health facilities (Mung’ala & Snow 1994; Breman 2001;

Schellenberg et al. 2003), population-based indicators are

preferred. Monitoring of anaemia prevalence through

population-based surveys has become a more viable option

recently with the development of the HemoCue test

(HemoCue Angelholm Sweden, http://www.hemo-

cue.co.uk/) on fingerprick blood, which is increasingly used

to measure Hb distributions in large-scale household

surveys. In particular, the nationally representative DHS,

which are conducted in an increasing number of malarious

Table 3 Anaemia impacts in children under-five observed in 29malaria control studies and determinants, estimated bymultivariate analysis

Increase in Hb or PCV

Reduction in the

prevalence of Hb < 11 g/

dl or PCV < 33%

Reduction in the

prevalence of Hb < 8 g/

dl or PCV < 25%

Estimated overall

impact (95% CI)*

+0.76 g/dl (0.61–0.91) RR ¼ 0.73 (0.64–0.81) RR ¼ 0.40 (0.25–0.55)

Determinants of impact
Intervention’s impact on

parasite prevalence

The larger the impact on

parasite prevalence, the larger

the anaemia impact (P ¼ 0.005)

The larger the impact on parasite

prevalence, the larger the

anaemia impact (P ¼ 0.008)

The larger the impact on

parasite prevalence, the

larger the anaemia
impact (P ¼ 0.01)

Hb level at baseline ns The higher Hb at baseline, the larger the

anaemia impact (P ¼ 0.001)

ns

Parasite prevalence at baseline ns The higher parasite prevalence, the larger
the anaemia impact (P ¼ 0.012)

ns

Duration of intervention ns ns ns

Type of intervention� ns ns ns

Age group� ns ns ns
Proportion of between-study

variation explained (R2)

27% 77% 43%

ns, not significant; RR, relative risk; Hb, haemoglobin (in g/dl); PCV, packed cell volume; R2, correlation coefficient; CI, confidence

interval.
* For a median reduction in parasitaemia of 58%, and, for the reduction in the prevalence of Hb < 11 g/dl or PCV < 33%, baseline

parasite prevalence of 62% and baseline Hb level of 10.0 g/dl.

� Categorized as: insecticide-treated nets (ITNs), chemoprophylaxis, ITNs plus chemoprophylaxis, and insecticide-residual spraying (IRS).

� Categorized according to the age at start, as: (0) lower age limit between 0 and 5 months and an upper limit between 24 and 36 months,
(1) lower limit 3–6 months and upper limit 40–72 months, and (2) lower limit 12 months and upper limit 119 months.
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countries at approximately 5-year intervals, now include

Hb testing (Sharmanov 2000; ORC Macro – MEASURE

DHS+ 2001). Recent DHS in Benin, Mali, Madagascar and

Uganda, with sample sizes of between 2300 and 6000

children under 5 years of age, measured Hb distributions

with SE of between 0.058 and 0.087 g/dl (at mean values

ranging between 9.4 and 10.2 g/dl). At this level of

precision, Hb shifts such as might be expected from

intensified malaria control would be easily detectable. Also

more modest reductions than in the efficacy trials, which

might result from less intensive intervention or a more

limited area of the total country (and survey population)

exposed to malaria, are likely to be picked up.
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Figure 1 Correlation between the impact of malaria control on

anaemia and its impact on the prevalence of Plasmodium falci-
parum parasitaemia. Solid symbols: data from intervention trials
(summarized in Table 1); open symbols: estimates from interven-

tion trials (summarized in Table 1), in (a) haemoglobin (Hb) in-

crease inferred from packed cell volume (PCV) increase, in (b) and

(c) anaemia reductions inferred from mean increase in Hb or PCV
level. Lines: prediction from multivariate analysis, where the

significance of the correlations was: P ¼ 0.005, P ¼ 0.008 and

P ¼ 0.01, respectively (Table 3). RR ¼ relative risk. Result for
Hb < 11 g/dl is for a median baseline Hb level of 10.0 g/dl and

baseline parasite prevalence of 62%.
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Figure 2 Age pattern in impact of malaria interventions on

anaemia among children under 5, from African trials. (a) Relative

risk of anaemia, in various definitions, in insecticide-treated

mosquito net (ITN) trials in holoendemic sites (parasite prevalence
between 70 and 84%) (Shiff et al. 1996; Maxwell et al. 2002;
ter Kuile et al. 2003b). (b) Mean increases in haemoglobin (g/dl)

after insecticide residual spraying (IRS), chemoprophylaxis or ITN
distribution in sites of varying malaria endemicity (Draper 1960;

Bradley-Moore et al. 1985a,b; Bradley 1991; Habluetzel et al.
1999; McClean & Senthilselvan 2002). Hb, haemoglobin;

PCV, packed cell volume; TZ, Tanzania; KE, Kenya; PR, parasite
prevalence.
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Although most DHS measure Hb levels in all children

aged 0–59 months, for the purpose of malaria monitoring

the appropriate lower age limit in analyses of anaemia

prevalences would be 6 months. This is, first, because Hb

levels change rapidly over the first 6 months of life, a

physiological process, which makes definitions of anaemia

in this age group problematic. Secondly, anaemia in infants

younger than 6 months may, in contrast to older children,

relate more to the general conditions of pregnancy and

birth than to the impact of malaria control. For the highest

endemic African sites where malaria burden and the impact

of malaria control are largely concentrated in infancy and

early childhood (Snow et al. 1994), analysis of survey data

could be further restricted to include an upper age limit of

24 or 36 (instead of 59) months.

Besides its modest sample size requirements, its fast

response to malaria control makes Hb distribution an

attractive indicator. As a predictor of subsequent (malaria-

attributable and malaria-related) mortality, anaemia will

respond more quickly than mortality to malaria control –

especially if mortality is measured retrospectively, as it is in

household surveys with birth histories.

Although severe anaemia is one of the most important

syndromes responsible for malaria-attributed deaths in

African children admitted to clinics, the evidence that (less

severe) anaemia predisposes to childhood mortality re-

mains inconclusive (Brabin et al. 2001, 2003). A large-

scale study in rural Gambia did not confirm an association

between moderate anaemia (Hb between 7 and 11 g/dl)

and subsequent mortality, apart from an acute effect in the

last week of life (Ghattas et al. 2003). Nevertheless, even if

(asymptomatic) anaemia as measured in population-based

surveys would not predict malaria-related mortality, its

marked correlation with poor cognitive and motor devel-

opment, retarded growth (World Health Organization

et al. 2001) and, via impaired immunity, subsequent

morbidity from infectious diseases (Nacher 2002; Verhoef

et al. 2002) make it a relevant indicator of malaria-related

disease burden.

A potential drawback is the seasonal variation in

malaria-related anaemia (McGregor et al. 1966; Delmont

et al. 1981; Bouvier et al. 1997; Koram et al. 2003), which

makes survey outcomes sensitive to the season of meas-

urement. Figure 3 gives an example from The Gambia,

which shows also that the seasonal fluctuation in anaemia

prevalence is greatest in the age group 6–23 months, where

most malaria-related anaemia is expected. Most interven-

tion trials (Table 1) measured Hb impact at the end of the

rainy season, i.e. when malaria-related anaemia had

reached its peak. In two trials that reported on the seasonal

pattern in impact, anaemia impact appeared to be stable

over the seasons (Bjorkman et al. 1986; ter Kuile et al.

2003b). These data remain difficult to interpret given the

confounding of season with the duration of intervention

and the ageing of the children, but they suggest that

anaemia prevalences in surveys will reflect both the season

of measurement and the success of malaria control. In

contrast to most intervention trials, survey fieldwork in

DHS takes place throughout the year and, for logistical

reasons, usually avoids the wet season. The variation in Hb

levels at different times of the year might, across differently

timed surveys, thus easily offset and obscure any trends

related to malaria control.

Furthermore, the use of anaemia as a malaria indicator

would inevitably be compromised by a lack of specificity,

given other anaemia determinants like paediatric HIV/

AIDS (Villamor et al. 2000; van Eijk et al. 2002; Totin

et al. 2002), malnutrition and micronutrition supplemen-

tation programmes (Villamor et al. 2000; Muller et al.

2003). Even in areas of intense malaria transmission,

anaemia in young children may depend more on malnu-

trition than on malaria (Muller et al. 2003) – although the

interpretation of risk factor analyses based on observa-

tional data is complicated as malnutrition and malaria

mutually enhance each other (El Samani et al. 1987;

Shankar 2000; Deen et al. 2002; Nussenblatt & Semba

2002) and increased intake of micronutrients may not only

reduce nutritional anaemia but, via improved immune

function, also reduce malaria-associated anaemia (Verhoef

et al. 2002). Currently, there are no major iron supple-

mentation programmes in place in African countries, but

the increasing prevalence of paediatric HIV/AIDS (Walker
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Figure 3 Example of seasonal variation in anaemia in a malaria-

endemic area of the Gambia in the 1960s, by age group (in

months) (McGregor et al. 1966). The malaria season in this area is
between July and December (Craig et al. 1999; MARA/ARMA

(Mapping Malaria Risk in Africa) 2002).
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et al. 2002) is likely to confound trends in malaria-related

anaemia. In African school children, helminth infections

such as hookworm are important contributors to anaemia,

but among the age groups concerned here, especially at an

upper limit of 2 or 3 years, helminth infections have a low

prevalence and low average density and contribute little to

anaemia (Stoltzfus et al. 2000).

In conclusion, the prevention or treatment of malaria

infection in malaria-endemic Africa is likely to increase

mean Hb values substantially and to reduce the prevalence

anaemia in under 5. As Hb measurement is increasingly

common in population-based surveys, anaemia in under 5s,

may be a useful additional indicator of the burden of

malaria and the progress in its control.
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