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Abstract
Objective: To report on the haemoglobin concentrations and prevalence of anaemia
in schoolchildren in eight countries in Africa and Asia.
Design: Blood samples were collected during surveys of the health of schoolchildren
as a part of programmes to develop school-based health services.
Setting: Rural schools in Ghana, Indonesia, Kenya, Malawi, Mali, Mozambique,
Tanzania and Vietnam.
Subjects: Nearly 14 000 children enrolled in basic education in three age ranges
(7±11 years, 12±14 years and $15 years) which reflect the new UNICEF/WHO
thresholds to define anaemia.
Results: Anaemia was found to be a severe public health problem (defined as .40%
anaemic) in five African countries for children aged 7±11 years and in four of the
same countries for children aged 12±14 years. Anaemia was not a public health
problem in the children studied in the two Asian countries. More boys than girls
were anaemic, and children who enrolled late in school were more likely to be
anaemic than children who enrolled closer to the correct age. The implications of the
four new thresholds defining anaemia for school-age children are examined.
Conclusions: Anaemia is a significant problem in schoolchildren in sub-Saharan
Africa. School-based health services which provide treatments for simple conditions
that cause blood loss, such as worms, followed by multiple micronutrient
supplements including iron, have the potential to provide relief from a large burden
of anaemia.
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Iron-deficiency anaemia is probably the most widespread

and common micronutrient deficiency in the world today

and, because anaemia is associated with peri-natal mortality,

the priorities of most anaemia-control programmes are

pregnant women and young children1. Yet being anaemic

has important consequences for all age groups because a

low haemoglobin concentration can impair mental as

well as physical performance. For example, a review of
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studies of school-age children, a group that is believed to

be particularly vulnerable to the effects of ill health

during a stage when they are both growing and learning,

has reported that anaemia can affect cognitive function,

motor performance and educational achievements2. Yet

although something is known about the potential harm

that anaemia causes to the school-age group in terms of

child development, there is little recent information on

the extent of anaemia as a public health problem. Here

we present the findings of surveys which have measured

haemoglobin concentrations while screening schoolchil-

dren in eight countries in Africa and Asia, and we

examine the prevalence of anaemia using recently

revised UNICEF/WHO thresholds for the school-age

group3.

Subjects and methods

The data were collected during surveys of the health of

schoolchildren in five countries participating in the

Partnership for Child Development, or in satellite research

studies, including Ghana, Kenya, Indonesia, Tanzania

(two sites) and Vietnam; and in Malawi, Mali and

Mozambique where Save the Children Federation (USA)

is implementing school health programmes. Table 1

shows the location of each site. All schools were in

rural areas. The age, sex and class of each child studied

were recorded from school records.

A finger-prick blood sample was collected from each

child using a sterile lancet, except in coastal Tanzania

where venous blood was taken, and the haemoglobin

concentration was estimated by means of a portable

battery-operated haemoglobinometer (Hemocue, Angel-

holm, Sweden). This machine has been shown to give

haemoglobin values in field studies that are highly

correlated with values measured using a laboratory

haemoglobinometer4. The machines were checked reg-

ularly with the reference cuvette. Anaemia was defined

using the following age- and sex-specific thresholds

proposed by UNICEF and the WHO: ,115 g l21 for

children aged 5±11 years; ,120 g l21 for children aged

12±14 years; ,120 g l21 for girls $15 years old; and

,130 g l21 for boys $15 years old3. No corrections were

made for altitude above sea level but the highest site, the

lakeside site in Tanzania, was only about 1200 m above

sea level.

Children are supposed to enrol in basic education in all

countries when they are either 6 or 7 years old, but many

enrol later than this. To capture late enrolment in school,

an age-for-grade score was used in which a child enrolled

at the correct age in the right class was given a score of

zero, a child 1 year late in enrolling was given a score of

21, a child 2 years late a score of 22, and so on5. This

score assumes that it is not usual to retain children in the

same class for more than one year. The prevalence of

anaemia was then examined in each country by the age-

for-grade score except in Vietnam, where children in only

one class were studied, and in Mali because there are only

two classes. Logistic regression was also used to examine

the association between the prevalence of anaemia and

the age-for-grade score while controlling for age and sex.

Means were compared using Student's t-test.

Results

Table 1 shows the distribution by age and sex of the

children studied in each country aggregated into the three

age classes used for the UNICEF/WHO anaemia thresh-

olds3. Table 2 shows the mean haemoglobin concentra-

tions by sex and age class for all children in each country

and for the two sites in Tanzania. In most countries,

children aged 7±11 years had ahaemoglobin concentration

Table 1 The location and characteristics of the surveys of schoolchildren and the sample sizes by age and sex

Age range

7±11 years 12±14 years $15 years Total

Country Location Year Schools Classes Boys Girls Boys Girls Boys Girls Boys Girls

Ghana Volta Region 1994 Government Primary &
Junior Sec.

1±9 455 452 635 649 ± ± 1090 1101

Indonesia Central Java
Province

1994±95 Government Primary 1±5 776 739 287 251 ± ± 1063 990

Kenya Western Province 1998 Government Primary 2±8 86 110 202 191 74 54 362 355
Malawi Southern Region 1998 Government Primary 3, 6 & 7 116 131 286 283 160 163 562 577
Mali Sikasso Region 1999 Community &

Government Primary
5 486 484 245 249 73 40 804 773

Mozambique Gaza Province 1999 Government Primary 4 104 115 309 339 70 35 483 489
Tanzania

(coast)
Tanga & Pwani

Regions
1995±97 Government Primary 1±7 654 808 721 709 ± ± 1375 1517

Tanzania
(lake)

Mwanza Region 1997 Government Primary 1±7 198 278 447 472 263 195 908 945

Vietnam Ha Nam Province 1998 Government Primary 4 293 295 ± ± ± ± 293 295

Total 3168 3412 3132 3143 641 487 6941 7042
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lower than children aged 12±13 years. When data from all

countries were aggregated (but excluding Vietnam where

data for only one age class were available), the mean was

significantly lower in the younger age class (116.3 vs. 118.5,

n � 11 135; P , 0:001�:
Figure 1(a) shows for all countries the prevalence of

anaemia in boys and girls aged 7±11 years ranked by total

prevalence, while Fig. 1(b) shows the same for children

aged 12±13 years. Figure 1 reveals a wide range with the

lowest prevalence observed in the two Asian countries,

although there was no significant difference between

Indonesia and Kenya for the younger age class. There was

a general overall trend for the prevalence of anaemia to

be higher in boys than in girls, and this difference was

more marked in the older age class. For boys in the age

class 7±11 years, the overall risk ratio (RR) was just

significant (RR � 1:07; 95% CI 1.10±1.13, P � 0:019); in

the age class 12±14 years the risk ratio for boys was 1.18

(95% CI 1.12±1.24, P , 0:001); and in the age class $15

years the risk ratio for boys was 1.30 (95% CI 1.16±1.46,

P , 0:001).

Although the mean haemoglobin concentration of

children aged 7±11 years was only slightly lower than

among children aged 12±14 years (117.3 vs. 118.5,

P , 0:001), the prevalence of anaemia in the older age

class was much higher (40.2% vs. 54.4% respectively,

P , 0:001) so that they were 1.35 times more likely to be

anaemic (95% CI 1.30±1.41).

The data from Tanzania show that the prevalence of

anaemia can vary within a country. The mean haemoglo-

bin concentrations of children in the two youngest age

classes living on the coast of Tanzania were significantly

lower than for children living near to Lake Victoria

(P , 0:001 and P � 0:02; respectively) and the preva-

lence of anaemia was also significantly greater at the coast

(both P , 0:01).

Figure 2 shows for four sites (Malawi, Kenya, Indonesia

and coastal Tanzania) for which there was a satisfactory

age range and reasonable sample sizes, how the mean

haemoglobin concentration may change for each sex with

age. In all countries, except Tanzania, the regression lines

(not shown) indicate that the mean haemoglobin

concentration of boys was higher for each year of age

by between 1.4 and 1.7 g l21 per year; in Tanzania the

rise was only 0.5 g l21 per year of age. Among girls in

Malawi and Kenya the haemoglobin concentration was

higher with age in a similar way to boys until about 14

years of age when the sexes diverged, so that late

adolescent girls had a significantly lower haemoglobin

concentration than boys of the same age (both P , 0:01).

Figure 3 shows the relationship between the age-for-

grade score and the percentage of children who were

anaemic at sites where statistically significant trends were

observed either in the regression line or in the logistic

regression analysis. The linear regression lines (not

shown) were statistically significant in Indonesia

�P , 0:05�; Kenya �P , 0:02�; Mozambique �P , 0:01�;
Tanzania ± coast �P , 0:001� and Tanzania ± lake

�P , 0:02�: The logistic regression analysis showed that

the relationship remained statistically significant when

controlling for age and sex in all of the same sites except

in Kenya, where the trend was no longer significant �P �
0:227�; and in Malawi where the relationship became

statistically significant �P � 0:006�:
The new WHO/UNICEF classification of anaemia3

means that four different thresholds now apply to

school-age children. Figure 4 shows how the different

thresholds affect the relationship between the haemoglo-

bin concentration and prevalence of anaemia among

children in the two youngest age groups studied at all

sites. It shows that, for each decrease in mean haemoglo-

bin concentration of 1 g l21, the prevalence of anaemia

increases by about 2.8%; and that for the same mean

haemoglobin concentration the 5 g l21 difference in

threshold increases the prevalence of anaemia in the

older age class by about 17.5%.

Table 2 Mean haemoglobin concentrations of schoolchildren by country, age class and sex

Age range 7±11 years 12±14 years $15 years

Sex Boys Girls Boys Girls Boys Girls
Anaemia threshold ,115 g l21 ,115 g l21 ,120 g l21 ,120 g l21 ,130 g l21 ,120 g l21

Mean SD Mean SD P Mean SD Mean SD P Mean SD Mean SD P

Ghana 118.2 13.6 119.2 13.6 0.297 124.7 14.1 127.3 14.0 ,0.001 ± ± ± ±
Indonesia 120.4 13.6 122.5 11.6 0.002 124.7 13.1 126.0 14.2 0.257 ± ± ± ±
Kenya 122.9 13.5 122.2 13.9 0.736 123.4 13.0 124.4 13.6 0.458 130.8 15.3 122.1 13.9 0.001
Malawi 116.2 14.9 119.5 14.8 0.085 121.2 15.6 120.0 15.4 0.357 129.5 21.1 120.2 16.6 ,0.001
Mali 110.3 12.5 112.7 13.6 0.004 116.4 13.3 118.1 14.2 0.162 116.2 15.6 114.8 16.3 0.644
Mozambique 113.8 12.1 113.1 14.8 0.740 114.7 14.0 114.4 14.6 0.773 116.8 15.8 107.2 13.4 0.003
Tanzania (coast) 110.5 14.1 111.2 13.1 0.311 112.1 14.9 112.3 13.4 0.869 ± ± ± ±
Tanzania (lake) 112.8 12.9 114.3 13.0 0.200 112.5 15.8 114.6 13.2 0.025 118.8 14.7 116.5 14.0 0.090
Vietnam 125.5 10.7 127.1 10.9 0.070 ± ± ± ± ± ± ± ±

All sites 116.8 14.4 117.7 14.1 0.020 118.1 15.6 118.9 15.2 0.030 122.6 18.0 117.6 15.4 ,0.001

± denotes no data.
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Discussion

This analysis of the haemoglobin concentrations of nearly

14 000 children enrolled in basic education in eight

countries in Africa and Asia indicates a large burden of

anaemia, mostly in Africa. If a prevalence of anaemia of

$40% is used to indicate a severe public health

problem1,3, then in Ghana, Malawi, Mali, Mozambique

and Tanzania anaemia would be of concern among

children aged 7±11 years, and in four of these countries ±

excluding Ghana ± it would be of importance among

children aged 12±14 years as well. The inaccurate

recording of the age of children in rural African schools

may lead to misclassification, but the extent of this is

impossible to gauge. Anaemia did not appear to be a

major public health problem in the samples of children

studied in the two Asian countries.

The data indicate that the prevalence of anaemia has

not changed much in Africa over the last 15 years: the

prevalence of 50% reported here among children aged 7±

11 years in the six African countries for which there are

data is not substantially different from the 52% average

reported when 43 studies of children aged 6±12 years

were reviewed in 19856.

Although there is an almost twofold range in the

prevalence of anaemia, even in the five African countries,

three important trends and patterns emerge. First, there is

evidence in the two younger age classes shown in Fig.1

(which both have the same thresholds to classify children

as anaemic) that boys are slightly more likely to be

Fig. 1 The prevalence of anaemia in children in eight countries (and two sites in Tanzania), by sex and in total, in two age classes: (a) age
7±11 years; (b) age 12±14 years. The countries have been ranked by the prevalence of anaemia (Statistical significance of differences
between the sexes: *** denotes P , 0:001; * denotes P , 0:05)
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Fig. 3 The relationship between the mean haemoglobin concentration and an age-for-grade score, an index of late enrolment in school (see
Methods), in five countries and at two sites in Tanzania

Fig. 2 The mean haemoglobin concentrations of school-age children, by sex, in four countries: (a) Tanzania (coast); (b) Kenya; (c) Malawi;
(d) Indonesia. The dotted lines show the sex- and age-specific thresholds below which anaemia is defined
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anaemic than girls, although the means were only

significantly different between the sexes in Indonesia

among children aged 7±11 years, and in Ghana and

lakeshore Tanzania among children aged 12±13 years

(Table 2). Although the mean haemoglobin concentration

of boys in the late adolescent age class was higher than

for girls in all four countries for which there were data,

because boys are classified as anaemic at a higher

threshold than girls (130 vs. 120 g l21), more adolescent

boys than girls were thus classified as anaemic. The

implication of this observation is that adolescent boys

should also be targets of anaemia-control programmes as

well as adolescent girls, the usual group of concern.

Second, there is evidence that the youngest children

tend to have the lowest mean haemoglobin concentration

and that mean haemoglobin concentrations tend to rise

with age (Table 2). Although this is true, because of the

change in haemoglobin threshold at which children are

classified as anaemic at 12 years of age, anaemia is more

common in the 12±14 year age class than in children aged

7±11 years, as Fig. 4 shows. The data presented in Fig. 2

for children in four countries show an apparent increase

in haemoglobin with age for both sexes until around 14

years old, a trend that has already been reported for

schoolchildren in the lake region of Tanzania7. At around

14 years of age, the mean haemoglobin concentrations of

boys and girls in Kenya, Malawi and at the lakeshore site

in Tanzania6 tend to diverge. This is not surprising given

the greater requirement for iron by girls at menarche8 but

perhaps it is a little later in age than might be expected.

There is evidence, however, from countries such as

Nigeria9 and South Africa10 that menarche may be

delayed due to under-nutrition, which may explain why

the divergence occurs in the middle of what is usually

viewed as adolescence. The WHO defines adolescence as

10±19 years of age11.

Third, the association between late enrolment in school

and a higher prevalence of anaemia shown in Fig. 3 may

simply reflect the fact that such children are more

undernourished than children who enrol nearer the

right age. We have shown a similar association between

the age-for-grade score and Z-scores of height-for-age (an

index of stunted growth) in both Ghana and Tanzania4.

The schoolchildren we studied may not necessarily be

representative of school-age children in each country as a

whole for two reasons. First, they were typically drawn

from only one region, and the data from Tanzania show

that there may be significant differences between regions.

Second, only children enrolled in school were studied

and in some places non-enrolled children may be more

Fig. 4 The relationship between the mean haemoglobin concentrations and the prevalence of anaemia in children in eight countries using
data for two different age groups and their age-specific thresholds: ,115 g l21 for children aged 7±11 years and ,120 g l21 for children
aged 12±14 years3. The equations for the lines and the correlation coefficient (r) are also given
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anaemic than those in school. For example, a study in

Ghana found a greater proportion of non-enrolled

adolescent boys were anaemic when compared with

boys matched for age who were enrolled in school; the

difference was attributed to heavier infections with

Schistosoma haematobium12. There are also statistical

limitations to the data because some of the sample sizes of

disaggregated groups are small.

The fact that four different thresholds of haemoglobin

concentration are now applied to school-age children to

define anaemia has complicated the assessment of

anaemia in this large and important age group. Figure 4

shows the effect of the different thresholds on the

prevalence of anaemia in the two youngest age groups.

For the same mean haemoglobin concentration, the

roughly 4% higher threshold used for the older children

(115 vs. 120 g l21) leads to a nearly 18% higher

prevalence of anaemia. And although boys aged $15

years have a higher mean haemoglobin concentration

than girls of the same age range, more adolescent boys

are classified as anaemic. The new thresholds may have

been selected for good physiological reasons but they

have large effects on the prevalence of anaemia and thus

of anaemia as a public health problem. When these

thresholds are applied it seems that all age groups of

schoolchildren could benefit from efforts to improve

haemoglobin concentrations and reduce the prevalence

of anaemia. A variety of options are open.

First, the diet of children could be improved. The

amount of iron in the diet and its bioavailability are major

factors contributing to anaemia13. But the solutions to this

problem, which include eating good sources of absorb-

able iron such as meat and consuming vitamin C to

promote iron absorption, are typically beyond the means

of poor families, let alone are factors within the control of

children. Fortification of foods is also unrealistic in

circumstances where little if any factory-processed food

is bought. Treating parasitic worms which cause blood

loss, such as hookworm and Schistosoma spp., and

controlling malaria can lead to improvements in haemo-

globin concentrations, which shows that they have a

causative role in anaemia14±17.

Another potential intervention to improve haemoglobin

concentrations is iron supplements, which may be most

effective when given with other micronutrients. Supple-

ments containing iron typically have to be given over a

period of weeks if not months, which raises questions of

delivery and compliance. One opportunity that is being

increasingly explored by means of large-scale operations

research is delivery through schools. Experiences in

countries such as Ghana, Tanzania and Mexico have

shown that children can be dewormed on a mass basis

with safe, inexpensive and highly effective single-dose

anthelmintic drugs18,19. The school system may also

provide a mechanism to deliver iron supplements to

children after deworming, or perhaps better still, the

multiple micronutrient supplements that are now being

promoted by the WHO and UNICEF20,21. These experi-

ences and developments suggest that the continuing

public health problem of anaemia in school-age children

highlighted in the surveys reported here is potentially

solvable, and perhaps sooner rather than later.
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