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Anemia is a widespread public health problem
associated with an increased risk of morbidity
and mortality, especially in pregnant women
and young children (1). Among the numerous
factors, both nutritional (such as vitamin and
mineral deficiencies) and non-nutritional (such
as infection and hemoglobinopathies), that con-
tribute to the onset of anemia, iron deficiency
and malaria play an important role. Given 
the role of iron in oxygen transport and the 
low levels of available iron in the diets of a
large proportion of the global population, it is
assumed that iron deficiency is one of the
biggest contributing factors to the global burden
of anemia. Iron deficiency is considered one of
the ten leading global risk factors in terms of its
attributable disease burden.

One of the mandates of the World Health
Organization (WHO) is to inform its Member
States about the global health situation. Previous
estimates of anemia prevalence were made for all
population groups in 1985 (2) and 2001 (3), while
estimates of anemia prevalence in women were
made in 1982 (4) and 1992 (5). For these 
estimates, the data were collected prior to 1990,
with the exception of the 2001 estimates, which
included data up to 1995, but did not include
detailed description of the methodology on 
how the estimates were derived (3). Thus, it is
time to update the global anemia estimates and
provide a current picture of the global situation,
especially in the most affected groups – women
and young children.  The objective of this paper 
is to present estimates of anemia prevalence in 
preschool aged children, pregnant women and 
nonpregnant women at global and regional 
levels, using data collected by WHO for the 
Vitamin and Mineral Nutrition Information Sys-
tem (VMNIS) (http://www.who.int/vmnis). These
estimates are based on the 192 Member States 
of WHO, which represent 99.8% of the global
population.     

METHODOLOGY

Data collection
We used data from the VMNIS, which are col-
lected from scientific literature and from partners,
including WHO Regional and Country offices,
United Nations organizations, Ministries of
Health, research and academic institutions, and
non-governmental organizations. We searched
MEDLINE and WHO Regional databases system-
atically, and manually searched for articles pub-
lished in non-indexed medical and professional
journals. We included surveys in the VMNIS only
if hemoglobin was measured from capillary,
venous, or cord blood using quantitative photo-
metric methods or automated cell counters and if
anemia prevalence or mean hemoglobin concen-
trations were reported, while we excluded sur-
veys that measured only clinical signs of anemia
or hematocrit. For the VMNIS, we included data
representative of any administrative level within a
country, including nationally representative data,
surveys representative of a Region, the first
administrative level boundary, second administra-
tive level boundary, or local surveys.

Data selection for the estimates
We selected survey data from the VMNIS on
hemoglobin concentration and/or anemia pre-
valence for each country using four criteria: the
time frame in which the survey took place, the
administrative level for which the survey was 
representative (national or sub-national), the sur-
vey sample size, and the population groups sur-
veyed.

The time frame for the current estimates is
1993–2005. If no survey date was provided, we
used the date of publication. Nationally represen-
tative surveys were used preferentially for coun-
try estimates. If two or more national surveys
were available, we used the most recent. When a
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national survey was unavailable for a country, if
two or more surveys representative of the first
administrative boundary within a country (e.g.,
state, province, etc.) were available we pooled
them, weighted by the population size of the 
area they represented and used them as represen-
tative of the entire country. A sample size of 100
or more was generally required although we made
some exceptions. If the sample size was between
50 and 100 and the results were being extrap-
olated to fewer than 50,000 people or to preg-
nant women, for whom the number of women
included is usually small, we used the data. When
a country did not have data that met these criteria,
we estimated the prevalence using prediction
models.

Population
We defined the population groups as follows: 
preschool aged children (0–4.99 years), pregnant
women (no age range defined), nonpregnant
women (15.00–49.99 years). Wherever possible,
children below 0.5 years of age were excluded
from the estimate for preschool aged children
since the cut-off for anemia is not defined in this
age group. However, the estimate was applied to
the entire population of children less than 5 years
of age. Occasionally, in the nonpregnant women
group, pregnant women could not be excluded
because all women were included in the figure
provided by the country report, but pregnant
women usually made up a small proportion of the
group and thus their exclusion would not be
expected to change the figure significantly. If a
survey reported results by physiological status,
lactating women were combined with other non-
pregnant nonlactating women to provide the esti-
mate for nonpregnant women.

Hemoglobin threshold
The hemoglobin concentration cut-offs to define
anemia are the WHO–recommended cut-offs for
each population group (3): 110 g/L for preschool

aged children and pregnant women and 120 g/L
for nonpregnant women. If anemia prevalence
was adjusted for altitude or smoking in a survey,
the adjusted figure was used since there is statisti-
cal and physiological evidence to support that
hemoglobin distributions vary under these condi-
tions (6, 7). However, we did not adjust data not
already adjusted and we did not accept any other
corrections.

Anemia prevalence from survey data
When the anemia prevalence was reported using
the appropriate hemoglobin threshold, we used
the data provided in the survey. However, if sur-
veys provided mean hemoglobin concentration or
only anemia prevalence for an alternative cut-off,
we derived the prevalence by assuming a normal
distribution of hemoglobin and utilizing other
information provided about the population’s
hemoglobin concentration. We utilized, in order
of preference: the mean and standard deviation
provided in the survey, the mean hemoglobin 
concentration alongside the prevalence for an
alternative cut-off to derive a standard deviation,
or the prevalence for an alternative cut-off and 
an average standard deviation derived for the 
population group from data in the VMNIS. 
Since hemoglobin concentrations are likely to 
be skewed towards lower values in a population
with a high prevalence of deficiency, we may
have slightly overestimated anemia prevalence in
some populations.  

In cases where disaggregated data were 
provided or where subnational data were used, we
pooled the data. For data disaggregated by age,
physiological status or any other classification,
we derived anemia prevalence by weighting each
prevalence estimate by its sample size. For subna-
tional data, we weighted the data by the general
population estimate for that area using the most
recently available census data for the country
between 1993 and 2005.  
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We considered each estimate representative
of the entire country whether from national or
subnational data. For each estimate, we calculated
the variance in the logit scale using the sample
size and generated a 95% confidence interval as a
measure of uncertainty, which was back-trans-
formed to the original scale (8, 9). We used a
design effect of two to calculate the confidence
interval, since the majority of the surveys
employed cluster sampling, but did not provide an
estimate of their design effect.   

Models to estimate anemia prevalence 
for countries with no eligible data
The level of development and the health of a 
population are closely related. For this reason, we
developed regression models to predict anemia
prevalence in countries with no eligible data,
using health and development indicators. We
started with the 2002 Human Development Index
(HDI) score, a numerical reflection of develop-
ment produced by the United Nations Develop-
ment Programme (UNDP) and comprising indica-
tors of life expectancy, education and wealth (10). 
For the 17 WHO Member States with no HDI
score produced by UNDP, an estimate of the 
HDI score was generated using a regression
model and the same indicators for life expectancy
and wealth, but a proxy indicator for education
(11-13). HDI explained 22.4–48.9% of the varia-
tion in anemia prevalence in countries with sur-
vey data for the three population groups. To fur-
ther improve the model, we included other health
indicators available from WHO statistics (avail-
able for M190 of 192 WHO Member States) as
potential explanatory variables. Some of these
additional indicators significantly improved the
anemia prediction model and we kept them in 
the model.  For preschool aged children (n=82),
the additional variables were expenditure on
health and adult female mortality, which together
with HDI explained 55% of the variation in 
anemia prevalence. In pregnant women (n=60),
immunization for DTP3 before 1 year of age,

expenditure on health and adult male mortality
were utilized alongside HDI to predict anemia,
explaining 32.3% of the variation in prevalence.
To predict anemia prevalence for nonpregnant
women, population growth rate and expenditure
on health with HDI explained 45.3% of the varia-
tion. For these estimates, we calculated the vari-
ance based on the regression equations and pro-
duced 95% confidence intervals as a measure of
uncertainty.

Classification of anemia as a public health
problem
The prevalence of anemia as a public health prob-
lem is categorized as follows: <5%, no public
health problem; 5–19.9%, mild public health prob-
lem; 20–39.9%, moderate public health problem;
M40%, severe public health problem (3).

Population coverage, population proportion
and number of individuals with anemia
We based these estimates on the 192 WHO Mem-
ber States, which represent 99.8% of the global
population. We calculated the population figures
using the 2006 population projection from the
2004 revision of the United Nations Population
Division (14). We calculated the population fig-
ures for pregnant women based on the total num-
ber of births (time period 2005–2010) by assum-
ing one child per woman per year, not taking into
account spontaneous and induced abortions (14).
For 15 countries with a small population (0.01%
of all women), birth data were unavailable and we
estimated the population figure by applying the
WHO regional birth average per reproductive age
woman (15.00–49.99 years) to the number of
reproductive age women in that country.

We estimated the population coverage by
summing the population in countries with esti-
mates based on survey data and dividing this 
figure by the total population of that population
group.
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Population
group2 Global Africa Asia Europe LAC NA Oceania

PreSAC 76.1 76.7 82.1 19.2 70.5 92.4 5.1

PW 69.0 65.3 80.9 0.9 38.4 92.8 4.7

NPW 73.5 63.6 88.8 23.9 37.5 89.9 16.5

Table 1.1: Percentage of the population covered by actual survey data globally and by UN Region.1

1 WHO Member States are stratified by United Nations Regions: Africa, Asia, Europe, Latin America and the Caribbean (LAC),
Northern America (NA), and Oceania.

2 Population groups: PreSAC, preschool aged children (0.00–4.99y); PW, pregnant women (no age range defined); NPW, non-
pregnant women (15.00–49.99y). 

Area

PreSAC1 PW NPW

Prevalence
(%)3

# affected
(millions)

Prevalence
(%)3

# affected
(millions)

Prevalence
(%)3

# affected
(millions)

Global 47.4
(45.7–49.1)

293.1
(282.8–303.5)

41.8
(39.9–43.8)

56.4
(53.8–59.1)

30.2
(28.7–31.6)

468.4
(446.2–490.6)

UN Region2

Africa 64.6
(61.7–67.5)

93.2
(89.1–97.4)

55.8
(51.9–59.6)

19.3
(18.0–20.7)

44.4
(40.9–47.8)

82.9
(76.5–89.4)

Asia 47.7
(45.2–50.3)

170.0
(161.0–178.9)

41.6
(39.0–44.2)

31.7
(29.7–33.6)

33.0
(31.3–34.7)

318.3
(302.0–334.6)

Europe 16.7
(10.5–23.0)

6.1
(3.8–8.4)

18.7
(12.3–25.1)

1.4
(0.9–1.8)

15.2
(10.5–19.9)

26.6
(18.4–34.9)

LAC 39.5
(36.0–43.0)

22.3
(20.3–24.3)

31.1
(21.8–40.4)

3.6
(2.5–4.7)

23.5
(15.9–31.0)

33.0
(22.4–43.6)

NA 3.4
(2.0–4.9)

0.8
(0.4–1.1)

6.1
(3.4–8.8)

0.3
(0.2–0.4)

7.6
(5.9–9.4)

6.0
(4.6–7.3)

Oceania 28.0
(15.8–40.2)

0.7
(0.4–1.0)

30.4
(17.0–43.9)

0.2
(0.1–0.2)

20.2
(9.5–30.9)

1.5
(0.7–2.4)

Table 1.2: Anemia in preschool aged children, pregnant women and non-pregnant women globally and by
Region.

1 Population groups: PreSAC, preschool aged children (0.00–4.99y); PW, pregnant women (no age range defined); NPW,
non–pregnant women (15.00–49.99y). 

2 WHO Member States are stratified by United Nations Regions: Africa, Asia, Europe, Latin America and the Caribbean (LAC),
Northern America (NA), and Oceania.
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We estimated the number of individuals with
anemia for each country and grouping of coun-
tries for all population groups based on the esti-
mated proportion of the population with anemia
for every country and presented the 95% confi-
dence intervals as a measure of uncertainty.

Combining national estimates
We combined country estimates to provide esti-
mates at the global level as well as by United
Nations Region by pooling the data and weight-
ing it by the population that each estimate repre-
sented. We constructed a 95% confidence interval
by using the estimated variance of the weighted
average. For one country without data, no proxy
indicators were available and so no country esti-
mate was generated, but the UN subregional esti-
mate had to be applied to that country to make
regional and global estimates.

RESULTS

All three population groups were covered by a
significant amount of actual data, which covered
between 69.0–76.1% of the population in all
groups (Table 1.1). Coverage varied by UN
Region and was highest in Northern America,
Asia, and Africa, while it was lower in Europe
and Oceania. Only preschool children had 
eligible subnational data, which covered a small
proportion of the population (3.7%) and the 
coverage of this group by national data remained
high at 72.3%.

The global prevalence of anemia in preschool
aged children, pregnant women and nonpregnant
women is 47.4%, 41.8%, and 30.2% respectively.
These estimates, the number of individuals
affected, and the information from UN Regions
are presented in Table 1.2. Globally, 818 million
(95% CI; 751–885) women (both pregnant and
nonpregnant) and young children suffer from ane-
mia and over half of these, approximately 520

million (95% CI: 493–547), live in Asia. The
highest prevalence of anemia is in Africa for all
three population groups, but the greatest number
of people affected are in Asia, where 58.0%,
56.1%, and 68.0% of the global anemia burden
exists in preschool aged children, pregnant
women and nonpregnant women respectively. 

Anemia as a public health problem
Anemia is a worldwide public health problem.
More than half the world's population of pre-
school aged children and pregnant women reside
in countries where anemia is a severe public
health problem (56.3% and 57.5% respectively)
(Table 1.3). The proportion is lower for nonpreg-
nant women of childbearing age, but still signifi-
cant (29.6%). The degree of severity of the public
health problem by country for preschool aged
children, pregnant women, and nonpregnant
women is presented in Figures 1.1–1.3. Countries
with anemia as a severe public health problem
were grouped in Africa, Asia, and Latin America
and the Caribbean.  

DISCUSSION

Globally, almost half of preschool aged children
and pregnant women and close to one third of
nonpregnant women suffer from anemia. Since a
large segment of the population is covered by
actual survey data (69.0–76.1%), these estimates
are likely to reflect the actual global prevalence 
of anemia for these population groups. However,
UN regional estimates may be more accurate 
for some populations and in some areas since 
the coverage varies significantly among regions.
For all three groups, the coverage is the greatest 
in three UN regions: North America, Asia, and
Africa. North America is the best covered, but 
the number of countries in this region is much
lower (two countries) than in the African (53
countries) and Asian (47 countries) UN regions.
The coverage in the European and Oceania
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regions is low, where data are available for less
than one quarter of the population in all groups. In
Latin America and the Caribbean, coverage for
preschool aged children is similar to coverage in
Asia or Africa, but for pregnant and nonpregnant
women it is about half the coverage found in Asia
and Africa. 

The pattern of anemia prevalence by region is
similar for the three groups, Africa and Asia being
the most affected. These regions are the poorest
and this may therefore reflect the link between
anemia and development. Compared to North
America, anemia is three times more prevalent in
Europe. One reason may be that the European
region includes countries with a range of social
and economic profiles, especially in the Eastern
subregion. However, the difference remains when
North America is compared to Western or North-
ern Europe, where the countries have more simi-
lar economic profiles to those in North America
(data not shown). It may also be the result of the
low coverage of anemia survey data in Europe
compared to North America. Finally, it could be
that in North America foods are widely fortified

with iron and a high proportion of iron intake
comes from fortified foods (15). 

The current estimates are the first to utilize
nationally representative data for China, which
accounts for 20% of the global population. Fur-
thermore, the majority of the surveys used are
nationally representative, which was not the case
for previous estimates.  Surveys are also based on
larger sample sizes than many of the previous
estimates. For example, the median sample size in
our estimates was 2,580 preschool aged children,
611 pregnant women, and 4,265 nonpregnant
women; while in the DeMaeyer estimates, the
median number of subjects was 500 for all popu-
lation groups (2). Finally, in these estimates, we
used regression-based equations to generate esti-
mates for countries with no eligible data, consid-
ering the country's health and development situa-
tion. In previous estimates, neighbouring country
information or regional estimates were applied to
countries without data.

These estimates are not quantitatively compa-
rable to previous estimates since the methodolo-
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Level of
public health

problem

PreSAC2 PW NPW

# of 
countries

Total 
population
1000's (%)3

# of 
countries

Total 
population
1000's (%)

# of 
countries

Total 
population
1000's (%)

None 2 20570
(3.3) 0 0

(0.0) 1 4171
(0.3)

Mild 40 40921 
(6.6) 33 11156 

(8.3) 59 647857
(41.7)

Moderate 81 208472 
(33.7) 91 46162

(34.2) 78 441285
(28.4)

Severe 69 348322 
(56.3) 68 77466

(57.5) 54 459518 
(29.6)

192 618285 192 134783 192 1552831

Table 1.3: Anemia as a public health problem1 in WHO Member States.

1 The prevalence of anemia as a public health problem is categorized as follows: <5%, no public health problem; 5–19.9%, 
mild public health problem; 20–39.9%, moderate public health problem; M40%, severe public health problem.

2 Population groups: PreSAC, preschool aged children (0.00–4.99y); PW, pregnant women (no age range defined); NPW, 
nonpregnant women (15.00–49.99y). 

3 This is the percentage of preschool aged children who live in countries where anemia presents this level of a 
public health problem.
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Figure 1.1: Anemia as a public health problem in preschool aged children.

Figure 1.2: Anemia as a public health problem in pregnant women.

Normal (<5.0%) Mild (5.0-19.9%) Moderate (20.0-39.9%) Servere (>_40.0%) No Data

Normal (<5.0%) Mild (5.0-19.9%) Moderate (20.0-39.9%) Servere (>_40.0%) No Data

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved



gies used are so different. However, it is interest-
ing to note that DeMaeyer’s anemia estimates
(which excluded China) were 43% for preschool
aged children, 51% in pregnant women, and 35%
in all reproductive aged women. When we
exclude China from our estimates, the prevalence
of anemia is respectively 52%, 44%, and 34%.
The variation in methods and a larger number of
nationally representative surveys in the current
estimates compared with previous estimates may
be responsible for these differences.   

In 1992, WHO published the anemia preva-
lence estimates of 37%, 51%, and 35% for all
women, pregnant and nonpregnant respectively.
These estimates included subnational data for
China. Current estimates of 31%, 42%, and 30%
are lower, but this change may be accounted for
by the considerable difference in methods and
coverage of national surveys.

The current estimates do have some limita-
tions. Firstly, we treated all surveys as equal

despite the fact that quality varies greatly and
adjustments are made in some surveys for popula-
tion representativeness, smoking or altitude, but
not in others. Secondly, some surveys covered
only a segment of the population group (e.g.,
3.00–4.99 years for preschool aged children), but
we used these data to make an estimate for the
entire population group. Similarly, the estimates
for pregnant women do not take into account the
trimester assessed by the surveys since it is rarely
reported. However, this could affect the estimate
of anemia prevalence, since prevalence is likely
to be lower early in pregnancy. Also, subnational
data were treated equally to national data even
though they may actually under- or over-estimate
the prevalence of anemia depending on the rea-
sons for which the survey was conducted. Finally,
we had to adjust hemoglobin concentrations for
country estimates which did not present the
prevalence of anemia for the appropriate thresh-
old and we based this adjustment on normal
hemoglobin distribution. In fact, the distribution
may be negatively skewed in populations with a
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Figure 1.3: Anemia prevelance in non-pregnant women.

Normal (<5.0%) Mild (5.0-19.9%) Moderate (20.0-39.9%) Servere (>_40.0%) No Data

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.  Dotted lines on maps represent approximate border lines for which
there may not yet be full agreement. © WHO 2005. All rights reserved



high prevalence of anemia and we may have
slightly over-estimated the anemia prevalence in
these populations.

These data on anemia prevalence are based on
the best available information and they are a good
starting point to track progress in eliminating ane-
mia. However, additional information would
allow interventions to be more targeted and spe-
cific. 

Anemia in children less than two years of age
is of greatest concern since their rapid growth
requires a high intake of iron which is frequently
not covered by their diet. It was not possible to
estimate the anemia prevalence in this group sep-
arately because of insufficient data. However,
given that almost half the global population of
preschool aged children suffer from anemia, with
a prevalence as high as 64.6% in Africa and
47.7% in Asia, and that we know anemia preva-
lence is higher in the group of children less than
two years old, we would expect that anemia in
this age group is a major global public health
problem, especially in low income countries.  

Based on these estimates of anemia preva-
lence, the magnitude of nutritional anemia or
even of iron deficiency anemia is difficult to
assess since most anemia surveys in the WHO
VMNIS do not address the causes of anemia and
are restricted solely to measuring hemoglobin.
More specifically, few surveys provide informa-
tion on iron deficiency, on the relative proportions
of anemia with concomitant iron deficiency, or on
iron deficiency with concomitant anemia. The
surveys that do provide information on iron defi-
ciency often use different indicators and thresh-

olds. The assumption in designing anemia sur-
veys is that iron deficiency is the main cause of
anemia and therefore anemia prevalence can be
used as a proxy for iron deficiency prevalence.
Previously, the US NHANES 1976–80 data were
utilized to estimate iron deficiency from the
prevalence of anemia (3, 16) and it has been 
suggested that when anemia prevalence is 20%,
iron deficiency exists in 50% of the population,
and when anemia prevalence is greater than 40%,
the entire population suffers from some degree 
of iron deficiency. This assumption may apply to
countries with a high prevalence of anemia and
iron deficiency where the primary cause of ane-
mia is iron deficiency, but does not necessarily
hold in situations where the prevalence of anemia
and iron deficiency are low or where factors other
than iron deficiency (other nutritional deficien-
cies, malaria, infections) cause anemia (17). 

In spite of its limitations, anemia prevalence
data remains an important indicator of public
health since anemia is related to morbidity 
and mortality in the population groups usually
considered the most vulnerable – preschool aged
children and pregnant women. At a global level,
anemia prevalence is a useful indicator to assess
the impact of widespread or highly effective 
interventions and to track the progress made
towards the goal of reducing anemia in pregnant
women and preschool children by one third that
was adopted by the UN Special Session on 
Children in 2002 (18). However, in order to make
full use of these prevalence data, information 
on the cause of anemia should be collected in 
any anemia survey so that interventions for 
anemia control can be better adapted to the local
situation and can therefore be more effective.
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