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Previous studies of anemia epidemiology have been geographically limited with little
detail about severity or etiology. Using publicly available data, we estimated mild,
moderate, and severe anemia from 1990 to 2010 for 187 countries, both sexes, and 20
age groups. We then performed cause-specific attribution to 17 conditions using data
from the Global Burden of Diseases, Injuries and Risk Factors (GBD) 2010 Study. Global
anemia prevalence in 2010 was 32.9%, causing 68.36 (95% uncertainty interval [UI], 40.98 to
107.54) million years lived with disability (8.8% of total for all conditions [95% Ul, 6.3% to
11.7%)]). Prevalence dropped for both sexes from 1990 to 2010, although more for males.
Prevalence in females was higher in most regions and age groups. South Asia and Central,
West, and East sub-Saharan Africa had the highest burden, while East, Southeast, and
South Asia saw the greatest reductions. Iron-deficiency anemia was the top cause globally,
although 10 different conditions were among the top 3 in regional rankings. Malaria,
schistosomiasis, and chronic kidney disease—related anemia were the only conditions
to increase in prevalence. Hemoglobinopathies made significant contributions in most
populations. Burden was highest in children under age 5, the only age groups with neg-

Key Points

e Anemia accounted for
8.8% of the total disability
from all conditions in 2010.
Children <5 years and
women still have the highest
burden.

¢ Although iron-deficiency
anemia is the most common
etiology globally, other
leading causes of anemia
vary widely by geography,
age, and sex.

Introduction

ative trends from 1990 to 2010. (Blood. 2014;123(5):615-624)

Anemia is characterized by a decreased quantity of red blood cells,
often accompanied by diminished hemoglobin levels or altered red
blood cell morphology. Anemia is pathophysiologically diverse and
often multifactorial. Iron-deficiency anemia (IDA) has been found to
be correlated with decreased cognitive performance in many studies. '
Symptoms result from impaired tissue oxygen delivery and may include
weakness, fatigue, difficulty concentrating, or poor work productiv-
ity.? Children may have issues with mental and motor development.*
IDA, especially when severe, is correlated with increased risk of
preterm labor, low birth weight,® and child and maternal mortality”®
and may predispose to infection® and heart failure.'® Although these
studies have largely been of IDA, the detrimental findings have been in
excess of those with nonanemic iron deficiency, supporting a primary
role for anemia as a risk factor for poor outcomes.

Surveillance of anemia is challenging, requiring simultaneous
understanding of the epidemiology of its underlying causes. Focusing
only on total anemia invites misinterpretation of trends because changes
in severity may be missed."' Estimates in high-risk populations

suggest that total anemia prevalence may be as high as 50% to 80%,
with as many as 10% to 20% having moderate to severe anemia.'>
Prevalence is consistently higher in people with low socioeconomic
status, low body weight, and in females who have recently given
birth.'® Global cause-specific analyses have tended to focus only on
tracking iron deficiency'*'> or on single countries or regions.'¢"”
Khambalia et al*® are the only researchers who have published an
international study of multiple causes, although their analysis was
limited to 13 countries and focused on indigenous populations. The
World Health Organization (WHO) has been providing most of the
worldwide anemia surveillance for the past few decades, although
most reports have focused on iron deficiency and included at most 4
age groups with little delineation by severity or cause.”'

With the analysis presented here, we aimed to produce the first
complete accounting of global anemia burden. By taking advantage
of the data, methods, and analytical resources of the Global Burden
of Diseases, Injuries and Risk Factors (GBD) Study 2010, our
estimates include total and by-severity anemia prevalence and
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Figure 1. Flowchart of modeling process for calculating anemia burden. lllustration of the process used for first calculating the total amount of anemia present in each
country, age, sex, and year (the anemia “envelope”), then apportioning it to individual causes of anemia in a hierarchical, mutually exclusive, and evidence-based approach.
DHS, Demographic and Health Surveys; HgB, hemoglobin; IHME, Institute for Health Metrics and Evaluation; Lowess R.E., locally weighted scatterplot smoothing random
effects regression; NOS, not otherwise specified; OLS, ordinary least squares; PfPR, Plasmodium falciparum parasite rate; VMNIS, Vitamin and Mineral Nutrition Information

System.

disability burden for 17 contributing causes in each of 187 countries,
20 age groups, and both sexes from 1990 to 2010.

Methods

The starting point of our strategy was calculation of an anemia envelope:
a determination of mean hemoglobin as well as the sum total of anemia prev-
alence by severity for each country, age group, and both sexes for each year
from 1980 through 2010. The envelope approach avoids double counting
while capturing potentially different disease profiles within each population
group. We defined a population group as a specific country, sex, age group,
and year. Cause-specific attribution was performed on the anemia envelope at
discrete time points (1990 and 2010) by using information on cause-
specific prevalence and hemoglobin shift from the GBD 2010 Study.
Figure 1 provides an overview of the process, and detailed descriptions of
each step are in the supplemental Methods, available on the Blood Web site.

We defined anemia by using the same thresholds (listed in Table 1) as
those used by GBD 2000.?% These definitions are based on hemoglobin
thresholds that vary by sex, age, and pregnancy status and include 5 distinct
groups: adult males, adult nonpregnant females, adult pregnant females,
male children, and female children.”* We used population-based surveys of
hemoglobin concentration as the primary data input for envelope calculations.
These data were the most reliable and comparable measures of anemia coming

from national and subnational measurement surveys, and they also spanned
the most countries and time periods. A total of 409 separate data sets from
150 countries were used to inform the envelope. Supplemental Tables 1 and
2 tabulate these data sets by source. Inclusion, exclusion, and diagnostic
criteria for other studies were similar and can be found in each study. Most used
a HemoCue test and excluded those with terminal or acute medical conditions
and those undergoing intensive treatment (eg, chemotherapy or dialysis).

After standardizing input data, we used prevalence of underweight
children as a predictive covariate for population groups where data were
absent. It was the best performing of several covariates tested. The country-
year—specific prevalence of underweight children was obtained from the
THME causes of death database and had been previously calculated for every
year between 1970 and 2011 by using spatial-temporal regression of data
from national and subnational measurement surveys. We refined the envelope
for each severity, adjusting for estimated prevalence of pregnancy.

We finalized the anemia envelope by calculating years of life lived with
disability (YLD) for each population group, multiplying prevalence times
the disability weights (DWs) listed in Table 1. DWs were derived from
surveys administered to population-representative samples in 5 countries
(United States, Peru, Tanzania, Bangladesh, and Indonesia) and more than
31000 respondents to an open Internet survey.>* Their empirical basis was
thus derived from collective public judgment of health state severity rather
than expert opinion of researchers or health care professionals.

Table 2 lists the 17 causes of anemia we considered, and supplemental
Table 3 tabulates their corresponding International Classification of Diseases
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Table 1. Anemia envelope definitions, anemia DWs, and
cause-specific attribution strategy

Severity of anemia (HgB, g/L)

Mild Moderate Severe
Age 5+ y
Males 120-129 90-119 60-89
Females, 110-119 80-109 50-79
non-pregnant
Females, pregnant 100-109 70-99 40-69
Age <5y
Males 110-119 80-109 50-79
Females 110-119 80-109 50-79
bDw 0.0044 0.0580 0.1644
95% Ul 0.0030-0.0062 0.0453-0.0727 0.1327-0.2019

Severity definitions and corresponding DWs (from IHME Disability Weights
Survey) used to calculate GBD 2010 anemia envelope. We calculated anemia as
a total “envelope” and hierarchically divided the envelope among contributing etiologies in
mutually exclusive fashion for each country, age group, sex, and year. HgB thresholds for
5 different groups were the same as those used in GBD 2000 and adapted from WHO
guideline definitions of anemia.?"?> DWs with uncertainty intervals for each severity of
anemia were obtained via the IHME Disability Weights Survey.?*

HgB, hemoglobin B; Ul, uncertainty interval.

(ICD) codes. Ten causes had corresponding prevalence estimates from the
GBD Study 2010. For malaria, we used P falciparum parasite rate to
determine the at-risk population. Hemoglobinopathies each had several
submodels and included separate results for heterozygous states. Our
estimates of anemia from chronic kidney diseases (CKDs) were disaggregated
into diabetes mellitus, hypertension, and other or unspecified.

Total “hemoglobin shift” was taken as the difference between the normal
and predicted mean hemoglobin for each population group. We denoted the
normal hemoglobin level as the global 95th percentile of the distribution of
mean hemoglobin within each age group, sex, and year. We then determined
a total shift for each country in the corresponding age group, sex, and year
by finding the difference between the global “normal” and the country-specific
predicted mean hemoglobin. Our model of attribution stated that because the
shift is a disease state experienced by 100% of the population, then the
sum of cause-specific hemoglobin shifts times the prevalence of each
contributing cause should add up to the total.

Cause-specific hemoglobin shifts are listed in supplemental Table 4.
We obtained them by performing systematic literature reviews and meta-
analyses of hemoglobin changes in those with each condition or, in the case
of malaria, simulation based on the P falciparum parasite rate. Shift times
prevalence estimates from all causes were summed, compared with the total
predicted hemoglobin shift, and proportionally assigned.

We distributed the residual envelope among 7 remaining causes. Of note,
our IDA estimates include acute and chronic hemorrhagic states for which
supplementation may be helpful, but poor nutritional intake is not the only
underlying problem. A few causes in this category (hookworm, schistoso-
miasis, upper gastrointestinal bleeding, and gynecologic diseases) were con-
sidered separately from IDA because there were enough data from GBD 2010
to do so. Distribution of anemia burden to IDA only after assignment to
known causes avoided double counting of these cases. Most other causes of
anemia not specifically considered are included in the “other” categories.

Our ascription to IDA was based on a recently published meta-analysis
of well-designed studies to determine the effect of iron fortification alone
(without other micronutn'ents).25 Of note, the effect size from iron fortification
was similar to other recent meta-analyses of iron supplementation that did
not specifically exclude other micronutrients.”*?” We paired the observed he-
moglobin shift with a calculated envelope residual from the matching country,
age, sex, and year and determined that ~80% of the residual could be ascribed
to iron. The final remainder was split among these final six cause categories
in the proportions listed in supplemental Table 5. Residual distribution
proportions by age, region, and sex are shown in supplemental Figure 7.

For regional figures, we ordered the 21 GBD regions by mean age of
death. Mean age of death reflects both population age structure and age-
specific death rates and is a simple summary measure of the demographic

GLOBAL BURDEN OF ANEMIA 617

and epidemiologic transition.”® We examined our results by using several
metrics: prevalence and caseload for information on how common the
condition is, YLD and mean DW to elucidate differential anemia severity
between populations, and overall magnitude of burden. Uncertainty from all
inputs into the calculations were propagated by taking 1000 draws for each
age, sex, country, year and cause. Aggregations were made at the level of
the 1000 draws for all estimates. The uncertainty interval (UI) around each
quantity of interest is presented as the 2.5th and 97.5th percentile, which
can be interpreted as a 95% UI. To help understand drivers of differences
over time, we decomposed changes from 1990 to 2010 into growth in
total population, change in population age and sex structure, and change
in age- and sex-specific disease rates as described previously.’

Results

Anemia accounted for 65.5 million YLD (95% UI, 39.9 to 102
million) in 1990 (11.2% of worldwide YLD from all causes [95%

Table 2. Calculation strategy for cause-specific attribution of overall
anemia envelope

Causes for which allocation of the anemia envelope was based on prevalence
results from GBD 2010*
Malaria
Hookworm
Schistosomiasis
Peptic ulcer disease
Gastritis and duodenitis
Maternal hemorrhage
Sickle cell disorders
Homozygous sickle cell disease (HbS-HbS)
Heterozygous sickle cell disease (HbS-HbA)
Compound heterozygous sickle cell disease
Compound heterozygous sickle cell disease-thalassemia (HbS-Hb)
G6PD deficiency
Homozygous class |
Homozygous class Il
Heterozygous (female only)
Thalassemias
B thalassemia major (HbB-HbR)
Heterozygous B thalassemia (HbB-HbA)
Compound heterozygous “E-B” thalassemia | (HbE-Hbp)
Heterozygous hemoglobin E (HbE-normal)
Hemoglobin H disease (genotype = [- - / - alpha])
CKD
Due to diabetes mellitus
Due to hypertension
Other and unspecified
Causes for which allocation of anemia envelope was based on systematic
redistribution methods*
IDA
Other infectious diseases
Other neglected tropical diseases
Other hemoglobinopathies and hemolytic anemias
Uterine fibroids
Other gynecologic disorders
Other endocrine, nutrition, blood, and immune disorders

For all subtypes of hemoglobinopathies, genotype is specified in parentheses.

*Corresponding International Classification of Diseases, 9th Revision (ICD-9)
and ICD-10 diagnoses for each cause category are listed in supplemental Table 3.
Distribution of the anemia envelope was completed by finding the proportion of total
hemoglobin shift attributable to each condition in each population group. For 10 of 17
underlying etiologies, we multiplied prevalence results from GBD 2010 by cause-specific
hemoglobin shifts determined via systematic literature review and/or simulation. Attribution
to the other 7 causes was performed via systematic redistribution methods. The conditions
included in each of the “other” categories are listed in supplemental Table 3.

Hb, hemoglobin.
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Figure 2. Global anemia prevalence, total YLD, and mean DW, by severity, from 1990 to 2010. Global anemia burden was calculated for each year from 1980 through
2010 (1980-1990 not shown). Prevalence rates decreased from 40.2% to 32.9% from 1990 to 2010. Roughly two thirds of this decrease can be attributed to decreased sex-
and cause-specific rates of diseases that lead to anemia. The remaining one third of the decrease was associated with population aging. Total anemia burden, as measured in
YLD increased from 65.5 to 68.3 million YLD (8.8% of global total from all conditions) from 1990 to 2010. Without dramatic decreases in age-, sex- and cause-specific disease
rates, population growth would have led to a much greater increase in total anemia YLD. Mean severity of anemia cases, as measured by mean DW, decreased for females

from 1990 to 2010, but not for males.

Ul 8.2% to 14.7%]) and 68.4 million YLD (95% UI, 41.0 to 108
million) in 2010 (8.8% of all YLD [95% Ul, 6.3% to 11.7%]).
Anemia prevalence over this time period decreased from 40.2%
(95% Ul 35.8% to 46.0%) in 1990 to 32.9% (95% UI, 28.9% to
38.5%) in 2010. Figure 2 illustrates global changes between 1990
and 2010. Supplemental Figure 7 and supplemental Table 6 illustrate
regional changes. Although total anemia YLD increased globally,
prevalence was lower in both sexes in 2010 for all severities of
anemia. In males, the most substantial gains were in reduction of
mild and moderate anemia prevalence whereas the largest percentage
reduction for females was in the prevalence of severe anemia. Such
a large reduction in the prevalence of severe anemia led to a decrease
in mean DW (average severity of cases) of 4.9% for females, while
the mean DW for males increased by 1.5%. A decrease in the rate
of disease was the primary driver of decreased global burden in
both sexes and for all severities of anemia.

Geographic and gender differences in anemia burden

South Asia accounted for 37.5% of the entire global anemia YLD in
2010, down from 39.8% in 1990. It also had the highest anemia
prevalence in 1990 but improved significantly by 2010 to become
fourth highest in males and third in females. Over the same time
period, total YLD in the lower-income regions of sub-Saharan Africa
increased from 16.4% to 23.9% of the worldwide total. Higher-income
regions had the lowest prevalence estimates, all less than 25%.

Females had higher prevalence of anemia than males in virtually
all regions, especially Central Asia (43.2% vs 22.8%) and Asia
Pacific, High Income (19.4% vs 10%). Improvements in total anemia
prevalence were also more pronounced for males, meaning that
the gender gap widened in every region between 1990 and 2010.
In all regions except Central and Eastern Europe, population growth
alone would have equated to a substantial increase in the number
of anemia YLD. In several regions, including all of Asia, age- and
sex-specific rates of disease dropped so substantially that they
caused a net decrease in the total number of anemia YLD. Central,
East, and West sub-Saharan Africa performed the worst in this
metric, with increased total anemia YLD of 45.6% to 71.9%.
Although population growth was the primary contributor to the
growth, these regions also lagged behind other low- and middle-
income regions in decreasing the rate of anemia. Changes in
caseload were qualitatively similar to those in YLD.

Cause-specific anemia burden and regional rankings

Figure 3 shows our cause-specific anemia estimates, and Table 3
ranks all of the causes of anemia by region compared with the
overall global ranking for 2010. Ten different conditions were
among the top 3 in prevalence, depending on the region. Five of
the top 7 causes globally were among females. The causes with
highest prevalence in both sexes and all time periods were the same:
IDA, hookworm, sickle cell disorders, thalassemias, schistosomiasis,
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Prevalence by GBD Region, 2010
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Figure 3. Global and regional cause-specific anemia prevalence for 1990 and 2010. Prevalence of anemia for both males and females decreased from 1990 to 2010. The
largest improvements for males were in anemia resulting from hookworm and iron deficiency, while the largest percentage gains for females were in iron deficiency and
maternal hemorrhage. Regional differences in proportion of cases resulting from specific causes varied widely. Malaria was a major cause of anemia in many regions, but
none more so than West sub-Saharan Africa, where it accounted for 24.7% of all prevalent anemia. South and East Asia, despite being among those regions with the greatest
reductions in anemia, had more than half the world’s anemia cases. Anemia prevalence in 2010 generally increased with decreasing regional mean age of death. Prevalence
was highest in East, Central, and West sub-Saharan Africa. These regions also saw the least improvement among all low- and middle-income regions between 1990 and
2010. AP, Asia Pacific; Cent, central; Eur, Europe; G6PD, glucose-6-phosphate dehydrogenase; hemog, hemoglobinemia; HI, high income; LA, Latin America; NA, North
America; NA/ME, North Africa/Middle East; NTD, neglected tropical diseases; South, Southern; SE, Southeast; SSA, sub-Saharan Africa.

and malaria. Global prevalence decreased for most causes between
1990 and 2010. The largest gain for males was in reduction of
hookworm prevalence, while the largest percentage improvement
for females was in maternal hemorrhage. Malaria, schistosomiasis,
and CKDs were the only causes of anemia that increased
in prevalence, while anemia as a result of all hemoglobinopathies
was relatively flat. The result, coupled with aging and population
growth, was a dramatic increase in the number of cases for these
conditions.

The lowest burden from iron deficiency was found in North
America, high income (2.9% of envelope), while several regions had
a very high fraction of their burden caused by it, including Central Asia
(64.7%), South Asia (54.8%), and Andean Latin America (62.3%).
High-income regions tended to have a higher proportion of their
anemia burden attributable to hemoglobinopathies, CKDs, and
gastrointestinal hemorrhage. Malaria was a major cause of anemia in
many regions, but none more so than western sub-Saharan Africa,
where it accounted for 24.7% of the prevalence envelope for both
sexes combined.

Anemia burden by age group

Figure 4 shows global anemia burden by age group and sex. The
highest anemia prevalence was in the postneonatal period, followed
by age 1 to 4 years. These youngest age groups also had the least
favorable changes from 1990 to 2010. Age group results by region

are shown in supplemental Figure 8, and specific causes are shown
in supplemental Figure 9. Age patterns of anemia were qualitatively
similar for all regions and most causes. Notable exceptions were
hookworm, CKDs, and anemia related to gastric and gynecologic
conditions. In males, there was a marked increase in prevalence of
anemia from hookworm at age 5 to 14 years, a rapid decline in
adulthood, and another increase in older age groups. Anemia from
CKD increased with age in an accelerating fashion for both sexes,
culminating as the most prevalent cause of anemia in the 80+ years
age group. Maternal hemorrhage peaked at age 25 to 29 years.
Anemia from uterine fibroids and other gynecologic conditions
peaked at young ages and decreased steadily with age. Gastritis and
peptic ulcer disease were estimated to account for an appreciable
portion of anemia burden in adults until age 50 to 54 years.

By age 15 years and continuing through adulthood, females
consistently had more anemia than males. Mean DW for females
was also higher throughout most of adulthood. The gender gap was
widest in the Caribbean and Central and South Asia, although in
percentage terms, it was greater in wealthy regions, especially
Australasia and Asia Pacific, high income. Gender differences were
most pronounced between ages 20 and 34 and worsened between
1990 and 2010. Females had higher prevalence of all causes except
for other infectious disease, other neglected tropical diseases, other
hemoglobinopathies, and peptic ulcer disease. Complete anemia
burden figures by country, age group, year, and sex are illustrated in
Figure 5 (YLD) and tabulated in supplemental Table 7 (prevalence).


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on January 5, 2019. For personal use only.

620 KASSEBAUM et al

BLOOD, 30 JANUARY 2014 + VOLUME 123, NUMBER 5

Table 3. Total anemia prevalence regional ranking for all causes of anemia in 2010 ordered by overall global ranking

Sex Cause

©
2
o
(U]

AP HI

Eurp Western
Australasia
NA HI

Females
Males
Males

Iron-deficiency anemia
Iron-deficiency anemia
Hookworm disease

Eurp Central

LA Southern
Asia East

LA Tropical
LA Central
Asia SE

Asia Central
LA Andean
NA/ME
Caribbean
Asia South
Oceania
SSA Southern
SSA East
SSA Central
SSA West

Hookworm disease
Sickle cell disorders
Thalassemias

Sickle cell disorders
Malaria

Thalassemias

Malaria

CKD (unspecified)
Schistosomiasis

Uterine fibroids
Schistosomiasis

Other tropical diseases
Other tropical diseases
Other infectious diseases
CKD (unspecified)

Other hemoglobinopathies
Other endocrine

Other endocrine

Females
Females
Females
Males
Females
Males
Males
Females
Females
Females
Males
Males
Females
Males
Males
Males
Females
Males

6
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Other infectious diseases
CKD (due to diabetes)
Other hemoglobinopathies
CKD (due to hypertension)
Other gynecological diseases
CKD (due to hypertension)
CKD (due to diabetes)
Gastritis and duodenitis
G6PD deficiency

Maternal hemorrhage
Gastritis and duodenitis
G6PD deficiency

Peptic ulcer disease

Peptic ulcer disease

Females
Females
Females
Females
Females
Males
Males
Females
Females
Females
Males
Males
Males
Females

Ranking Legend

Blank cells indicate
GBD estimate =0

To highlight higher anemia burden among females, both sexes were ranked together. Iron deficiency was the top ranking cause of anemia globally, although its importance
varied by region. Ten different conditions were among the top 3 in prevalence, depending on the region. Five of the top 7 causes globally were among females. The causes with
highest global prevalence in both sexes and all time periods were the same: IDA, hookworm, sickle cell disorders, thalassemias, schistosomiasis, and malaria. High-income regions
tended to have a higher proportion of their anemia burden attributable to hemoglobinopathies, CKD, and gastrointestinal hemorrhage. Top causes of anemia in lower-income
regions tended to be infectious and iron-related etiologies. Some regions did not have any anemia resulting from schistosomiasis, malaria, and/or hookworm.

Abbreviations are explained at the end of the Figure 3 legend.

Discussion

Despite significant decreases in prevalence from 1990 to 2010,
anemia was responsible for 68.3 million YLD in 2010 (8.8% of
global total), more than major depression (63.2 million [8.18%]),
chronic respiratory diseases (49.3 million [6.33%]), and the totality
of injuries (47.2 million [6.29%]). Total anemia YLD increased in
all ages between 1990 and 2010. In young age groups, increased
anemia YLD were driven by a combination of increased prevalence
and population growth. During adulthood, some of the increase can
likewise be attributed to population growth, while a portion may
also be the result of enhanced survival among those with chronic
conditions known to cause anemia (eg, hemoglobinopathies and
CKDs). In older age groups, population aging is likely the primary
driver of increased total YLD from anemia, because anemia prevalence
in these age groups decreased from all causes except malaria. The

impact of anemia on health is likely even greater since our results
did not include quantification of anemia-related cognitive deficien-
cies, heart failure, or early mortality or disability from myriad other
health states associated with severe hemoglobinopathies.

The age group most vulnerable to detrimental long-term effects
of anemia is children under age 5 years. Young children had the
highest prevalence in all regions and the highest mean severity in
all low- and middle-income regions. Alarmingly, these were the
only age groups with increased anemia prevalence from 1990 to
2010. We recommend that this age group remains a high priority
for anemia control interventions. In accordance with recently
published WHO guidelines,® optimizing nutrition, including targeted
daily iron supplementation, should be considered a first-line inter-
vention in high-risk or high-prevalence groups. In endemic regions,
empiric administration of antihelminthic medications may also be
warranted. Efforts to target severe anemia should also be guided
by the disease profile of children in the specific country because,
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Figure 4. Global burden of anemia by age. Anemia
burden by age for (A) prevalence and (B) total YLD.
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Total Anemia Prevalence, Global, by Age

Those younger than age 5 years had the highest
prevalence and total YLD from anemia. These age
groups also had the least favorable changes between
1990 and 2010. Females had higher prevalence and
total YLD than males at all ages. While anemia
prevalence for females decreased steadily with age,
anemia prevalence increased in older age groups
among males. As demonstrated by steady decreases
in total YLD, however, those prevalent cases among
males tended to be less severe. Improvements in
anemia prevalence and total YLD for males between
1990 and 2010 were more substantial than those for
females although not statistically significant.
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as reported in Malawi'® and Bangladesh,*' many cases cannot be
explained solely by iron deficiency.

Gender differences in anemia burden were not unexpected, but
what was most striking was the magnitude of the gender gap and
the finding that it has widened since 1990. Females had higher
prevalence and mean severity of anemia in virtually all regions and
throughout adulthood. Male children had higher anemia prevalence
than females, a difference that appears to be almost entirely driven
by excess prevalence of mild anemia resulting from hookworm.
Because much of the excess anemia in females at other ages was
related to iron deficiency (including gynecologic conditions that
often present as iron deficiency), we recommend programs to focus
both on iron supplementation and development of mechanisms for
identifying and treating underlying causes of chronic hemorrhage.

In older age groups, CKD and nutritional factors were the biggest
contributors to total anemia burden in both sexes. Their relative
importance has grown both as a proportion of anemia within
these age groups and as a proportion of total global anemia
burden. Public health measures to target older age groups for

Age

Females, 1990 — — - Males, 2010 Females, 2010

nutritional supplementation and reduce the risks associated with the
development of CKD, namely control of diabetes and hypertension,
may help slow the growth of anemia burden in these age groups.
Regions with high anemia prevalence tended to have higher
mean severity of anemia and a higher proportion of their anemia
burden due to infectious and iron-related etiologies. East, South,
and Southeast Asia registered the greatest prevalence reductions,
while East, West, and Central sub-Saharan Africa fared the worst,
owing largely to their population growth. High-income regions had
the lowest anemia burden, but also the slowest progress. North
America, high income, was the only region that did not reduce disease
rates. Some countries have implemented programs that have likely
contributed to the decreased prevalence of certain types of anemia.
The most notable example may be Cyprus, where a newborn
screening program for hemoglobinopathies is likely responsible
for our finding of a 7.63% decrease (95% Ul, 5.68% to 11.6%) in
the anemia burden to thalassemia in 1- to 4-year-olds. Even then,
however, the age-standardized anemia prevalence rate dropped only
1.88% (95% Ul, 1.76% to 1.80%), suggesting that for now the
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Anemia YLDs per 10,000 population in 2010, all ages
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Figure 5. Total YLD resulting from all causes of anemia by country. YLD resulting from all causes of anemia are presented as per capita results for 2010. The percentage
change in anemia burden from 1990 to 2010 by country is shown in the bottom panel. West and Central sub-Saharan Africa along with South Asia had the highest rates of
anemia-related disability in 1990. Many African countries still had very high rates of anemia YLD in 2010 and made comparatively little progress in reducing anemia in the
intervening two decades. Many countries did make significant progress, however, including all countries in East and South Asia, much of the Middle East, as well as parts of
central Latin America. ATG, Antigua and Barbuda; BRB, Barbados; COM, Comoros; DMA, Dominica; FJI, Fiji; FSM, Federated States of Micronesia; GRD, Grenada; KIR,
Kiribati; LCA, Saint Lucia; MDV, Maldives; MHL, Marshall Islands; MLT, Malta; MUS, Mauritius; SGP, Singapore; SLB, Solomon Islands; SYC, Seychelles; TLS, Timor-Leste;
TON, Tonga; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines; VUT, Vanuatu; WSM, Samoa.
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decreased anemia burden may be overshadowed by improved
survival of persons with these conditions. Differential levels of success
in reducing anemia burden in different regions and population
groups suggest that improvements in health, poverty, and living
conditions that are not related to the health system may be responsible
for some of the improvements.

The GBD Study 2010 estimates of anemia compare favorably
with several recent studies.>*>* Asobayire et al,>* using their own
modified anemia thresholds, found that 46% of school-age children
in Cote d’Ivoire had anemia. By using the same thresholds as that
study, our model predicted 35.1% (95% UlI, 28.9% to 39.7%)
anemia prevalence in 5- to 9-year-olds. Cardoso et al** found that
among anemic rural Brazilian infants, 93.7% (95% Ul, 92.4% to
95.1%) had evidence of iron deficiency, with a significant proportion
with positive laboratory tests for infection. Our model predicts that
91.2% (95% UI, 90.0% to 92.4%) of anemia in this age group is
related to iron deficiency and infectious causes. Pasricha et al**
detected anemia in 75.3% of rural Indian infants. Using the same
thresholds, our model estimated prevalence of anemia at 73.9%
(95% Ul, 73.0% to 74.3%). Finally, after the GBD Study 2010 was
completed, we received a large volume of anemia survey microdata
from Turkey (not shown), the results of which were within 2.2% of
our estimates for both sexes.

As we demonstrated earlier, it is important to be cognizant of
the thresholds used when reviewing results of anemia analyses. We
chose to use the same anemia thresholds as those used by the WHO
for GBD 2000,%* which included a singular hemoglobin cutoff of
120 g/L for all children. In addition to being consistent with previous
GBD efforts, we chose this to optimize the tradeoff between
sensitivity and specificity in identifying at-risk population groups
in the youngest ages. While many different cutoffs for hemoglobin
have been used, <110 g/L is the most common for children age 6
months to 5 years. Using this threshold would have lowered our
2010 prevalence estimates by an average 16.3% for males (range,
0% to 49.7%) and 18.1% for females (range, 0% to 57.2%), similar
to the threshold effect seen by Gera et al.>® Although our selection
of these thresholds could have influenced magnitude of burden
estimates, trends in our analysis should not have been affected.

Our overarching goal was to provide estimates of anemia burden,
with corresponding uncertainty measures, for every population group.
We used prevalence of underweight children to predict population
groups in which data were unavailable. We chose this single
covariate despite plausible relationships existing between anemia
and other factors. Because anemia and malnutrition have been
clearly linked, the association appears to be independent of other
factors,>*° and this data set was among our most complete. Other
than the effects introduced by the underweight prevalence covariate,
our models assumed that the age pattern of hemoglobin in those
younger than age 5 years is similar globally. Hopefully, as surveillance
expands in the youngest age groups, we will have enough data to
revisit this assumption. None of the global threshold recommen-
dations account for potential variability in populations or ethnicities,
and they do not contain any definition for anemia in those younger
than age 6 months. The appropriate hemoglobin cutoff for those
younger than age 6 months is unresolved but should be higher,
probably between 150 g/L and 190 g/L.3 7 Also, though controversial,
we found insufficient data at the global level to support different
thresholds for abnormal hemoglobin in different ethnicities.>**

Many more than 17 diseases can cause anemia. Most were
assigned to our “other” categories, either because of the rarity of
the condition or because there were insufficient data for individual
modeling. Examples include anemia resulting from acute and chronic
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hemorrhage, anemia of chronic inflammation (ACI), and anemia
associated with nonterminal HIV and malignancy. In addition, while
many studies assign a significant portion of the anemia burden in
older age groups to “unknown causes,” this was inconsistent with
our effort to perform explicit causal attribution so this category was
not included in this analysis. Most hemorrhage-related anemia
is currently included in iron deficiency, but the other causes are
missing from the GBD Study 2010 cause list. Because those with
known chronic disease were excluded from data sources that informed
envelope calculations, we suspect that a majority of the global
ACI and AIDS-associated anemia burden was not captured. Global
prevalence of ACI is unknown, but country-level studies have
suggested its contribution is nontrivial, especially in older adults.*
Conversely, a majority of anemia associated with early malignancy
and HIV was reflected in our anemia envelope calculations, but we
did not have sufficient data to parse out which proportion was caused
by the disease, its sequelae, or treatment.*! This anemia burden was
likely distributed among the residual attribution categories.
Targeted anemia surveillance and intervention should be a
greater priority in high-risk populations, especially young children
and females.** Despite causing so much disability, anemia does not
receive its requisite attention in many public health spheres. Such
inattention may be partly because anemia is thought of as a by-product
of other disease processes rather than as a target for intervention
in and of itself. It is somewhat ironic, then, that etiology-specific
epidemiologic detail is so essential to development of appropriate
intervention frameworks. We hope our analysis helps health special-
ists, donors, and policymakers see through this dichotomy by
distilling the heterogeneity of anemia into a single entity while
retaining enough information about individual conditions to facilitate
formulation of strategies to further reduce anemia burden.
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