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Abstract 

Background:  Anemia is a common disease which affects around 40% of children and 30% of reproductive age 
women and can have major health consequences. The present study reports the global, regional and national burden 
of anemia and its underlying causes between 1990 and 2019, by age, sex and socio-demographic index (SDI).

Methods:  Publicly available data on the point prevalence and years lived with disability (YLDs) were retrieved from 
the global burden of disease (GBD) 2019 study for 204 countries and territories between 1990 and 2019. The point 
prevalence, YLD counts and rates per 100,000 population were presented, along with their corresponding 95% uncer‑
tainty intervals.

Results:  In 2019, the global age-standardized point prevalence and YLD rates for anemia were 23,176.2 (22,943.5–
23,418.6) and 672.4 (447.2–981.5) per 100,000 population, respectively. Moreover, the global age-standardized point 
prevalence and YLD rate decreased by 13.4% (12.1–14.5%) and 18.8% (16.9–20.8%), respectively, over the period 
1990–2019. The highest national point prevalences of anemia were found in Zambia [49327.1 (95% UI: 46,838.5–
51,700.1)], Mali [46890.1 (95% UI: 44,301.1–49,389.8)], and Burkina Faso [46117.2 (95% UI: 43,640.7–48,319.2)]. In 2019, 
the global point prevalence of anemia was highest in the 15–19 and 95+ age groups in females and males, respec‑
tively. Also, the burden of anemia was lower in regions with higher socio-economic development. Globally, most 
of the prevalent cases were attributable to dietary iron deficiency, as well as hemoglobinopathies and hemolytic 
anemias.

Conclusions:  Anemia remains a major health problem, especially among females in less developed countries. The 
implementation of preventive programs with a focus on improving access to iron supplements, early diagnosis and 
the treatment of hemoglobinopathies should be taken into consideration.
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Introduction
Anemia is an important global health issue. Accord-
ing to the World Health Organization (WHO), anemia 
is defined as having hemoglobin (Hb) levels lower than 
12.0 and 13.0  g/dL in females and males, respectively 
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[1]. Although anemia has various correlates based on its 
underlying pathophysiology, nutritional deficiencies and 
chronic diseases are generally the most common etiolo-
gies of anemia in children and older adults, respectively 
[2, 3]. The clinical presentations and complications of 
anemia differ according to the type of anemia and its 
level of severity. The consequences of iron deficiency 
anemia may range from immune system dysfunction, 
disturbances in the gastrointestinal tract, impaired ther-
moregulation and neurocognitive function [4]. Moreover, 
anemia can be a risk or a prognostic factor for other dis-
eases, such as tuberculosis and heart failure [5, 6].

The economic burden attributable to anemia dif-
fers according to the type and severity of the pre-exist-
ing comorbidities and has been found to range from 
$US29,511 in individuals with congestive heart failure 
to $US7,092 in those with comorbid rheumatoid arthri-
tis [7]. Furthermore, the global prevalence of anemia 
decreased from 40.2% in 1990 to 32.9% in 2010 [8], with 
the number of prevalent cases of anemia being higher in 
females (than males) and among those under 5 years of 
age [8].

Previous articles have used different data sources to 
estimate the burden of anemia [8–10]. Kassebaum and 
colleagues used the global burden of disease (GBD) 2010 
data to estimate the global burden of anemia and its con-
tributing causes, although the association between ane-
mia and socio-economic development was not reported 
[8]. Furthermore, another study used 257 population-rep-
resentative data sources from 107 countries, from 1995 
to 2011, to investigate the prevalence of anemia and Hb 
concentration in children and women aged 15–49 years 
old. However, the male population, women aged 
< 15 years and those aged > 49 years old (non-reproduc-
tive period) were not included in their study [9]. Kasse-
baum et al. updated their previous study using the GBD 
2013 data [10]. Lastly, using GBD 2019 data, the overall 
burden of anemia and its contributing causes, by severity 
of disease, was reported as an abstract supplement, but 
a full paper was not produced [11]. Therefore, there has 
been no comprehensive study published on the global 
burden of anemia and its contributing causes, since GBD 
2013. With this in mind, the present study used the most 
recently available data from the GBD project to report 
the point prevalence of anemia, years lived with disability 
(YLDs) and its attributable underlying causes by age, sex 
and socio-demographic index (SDI) in 204 countries and 
territories between 1990 and 2019.

Methods
Overview
The GBD project examines the levels and trends associ-
ated with diseases and injuries across the world. GBD 

2019, the most recent iteration of this study, included 
data for 369 diseases and injuries and 87 risk factors in 
204 countries and territories, 7 super-regions and 21 
regions from 1990 to 2019 [12]. The methodology used 
in GBD 2019 to estimate the burden of diseases, injuries 
and risk factors can be found in detail elsewhere [12, 13]. 
Information on the fatal and non-fatal estimates can be 
found at https://​vizhub.​healt​hdata.​org/​gbd-​compa​re/ 
and http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool.

Case definition and data sources
In GBD 2019, anemia was defined as decreased blood 
concentrations of hemoglobin (Hb), irrespective of the 
underlying cause, red blood cell morphology or red blood 
cell function. The thresholds used to define individu-
als as anemic, and the anemia severity thresholds, are 
based on WHO thresholds for hemoglobin in g/L [14]. 
Furthermore, a different threshold was used for neonates 
than for the rest of the < 5 years old age group. As there 
are currently no international guidelines on the thresh-
olds for diagnosing anemia in neonates, the thresholds 
selected were a blend of the WHO recommendations (for 
6–59 month olds) and the higher hemoglobin levels typi-
cally seen in newborns [12]. Additional file  1: Table  S1 
presents the definitions of mild, moderate and severe 
anemia, based upon blood hemoglobin concentration.

A variety of data sources was used to estimate total 
anemia (i.e., “the envelope”). The criteria for inclusion 
included the use of quantitative measurements of hemo-
globin, in either a population-based sample or group 
judged to be adequately representative of the age, sex 
and location of the study. Furthermore, population-based 
surveys, such as the Demographic and Health Survey 
(DHS), Multiple Indicator Cluster Survey (MICS) series, 
national micronutrient surveys and other national and 
sub-national nutrition surveys provided the majority of 
the data included. These were supplemented with infor-
mation collated by the WHO Vitamin and Mineral Nutri-
tion Information System (VMNIS) [12].

The sources with individual-level data were collated 
and placed into GBD age groups, by sex, according to 
seven different criteria: mean Hb, standard deviation 
(SD) of Hb, prevalence of severe anemia, prevalence of 
moderate anemia, prevalence of moderate + severe ane-
mia, prevalence of mild anemia and the total prevalence 
of anemia. The pregnancy status was also recorded, but 
no adjustments were made to their Hb values. Informa-
tion on the mean (and SD) Hb levels were extracted from 
the VMNIS and other literature sources, where available. 
Those sources without mean (and SD) values of Hb were 
excluded from the modeling process, but their prevalence 
data were extracted to help establish the predictive accu-
racy of the resultant model. In total, there were 703 data 
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sources from 153 countries used in the modeling pro-
cess. The sources of data used to obtain epidemiological 
data on anemia included population-based surveys, such 
as the Demographic and Health Survey (DHS), Multiple 
Indicator Cluster Survey (MICS) series, national micro-
nutrient surveys, sources collated in the WHO Vitamin 
and Mineral Nutrition Information System (VMNIS) and 
other national and subnational nutrition surveys. These 
sources can be found using the GBD 2019 Data Input 
Sources Tool (http://​ghdx.​healt​hdata.​org/​gbd-​2019/​data-​
input-​sourc​es). However, there were differences in the 
types of databases used in some areas [12].

Data processing and disease model
In the majority of the surveys, a HemoCue test was 
used, which was adjusted for altitude, but those with 
terminal or acute medical conditions were excluded. 
However, hemoglobin was typically measured using a 
Coulter counter in articles published in the scientific lit-
erature and those from higher income locations. These 
two methods, which were treated as equivalent in this 
research, work by reacting hemoglobin with a specific 
reagent (Drabkin’s solution) and measuring the absorb-
ance wavelengths. Furthermore, no distinction was made 
between studies that collected whole blood from partici-
pants and those which used capillary venous sampling 
[12]. As Hb concentration increases with altitude, the 
Hb concentration was adjusted for altitude using the for-
mula recommended by WHO. The studies that reported 
altitude-adjusted Hb data were included directly, without 
any adjustment, while those that did not present alti-
tude-adjusted Hb values, but did present altitude, were 
adjusted using the equation mentioned above [12, 14].

Age- and sex-splitting were conducted on all studies 
included in the research, in order to fit within the pre-
determined GBD age- and sex-groups. The processing of 
Hb data from pregnant women varied according to the 
source. All population-based studies that sampled preg-
nant women were processed according to the informa-
tion presented in Additional file  1: Table  S1 and no Hb 
adjustments were made. In these cases, the assumption 
was made that the pregnancy rates in the surveyed popu-
lation were representative of the adult female population 
being surveyed. The studies that only included pregnant 
women were crosswalked to the general population using 
the meta-regression–Bayesian, regularized, trimmed 
(MR-BRT) method [12].

The estimation of the overall prevalence of anemia 
was undertaken in four steps: (1) Spatiotemporal Gauss-
ian Process Regression (ST-GPR) models of the mean 
(and SD) of the Hb concentration, (2) calculation of the 
ensemble weights, (3) generation of the ensemble dis-
tributions and (4) identifying the area under the curve 

(AUC). Further information on each of these step can be 
found in a previous article [12].

Anemia causal attribution
There are many different diseases that can cause anemia. 
As scientific evidence improves, additional causes are 
added to the GBD Anemia Causal Attribution analysis. In 
GBD 2019, the following level 3 causes were included for 
anemia: chronic kidney disease; dietary iron deficiency; 
endocrine, metabolic, blood and immune disorders; 
gynecological diseases; hemoglobinopathies and hemo-
lytic anemias; HIV/AIDS; inflammatory bowel disease; 
intestinal nematode infections; malaria; maternal disor-
ders; other neglected tropical diseases; other unspecified 
infectious diseases; schistosomiasis; upper digestive sys-
tem diseases; and vitamin A deficiency. A detailed defini-
tion of each can be found in a previous article [12].

Compilation of results
The GBD 2013 European Disability Weights Measure-
ment Study was used to determine the disability weights 
(DWs) for mild [0.004 (0.001–0.008)], moderate [0.052 
(0.034–0.076)] and severe [0.149 (0.101–0.209)] anemia 
[15]. The prevalence of each severity category was then 
multiplied by severity-specific DWs in order to produce 
the years lived with disability (YLDs).

Years of life lost (YLLs) could not be calculated, since 
no mortality could be attributed to anemia; thus, YLDs 
were also equal to the disability adjusted life years 
(DALYs). Using the GBD standard population, the age-
standardized rates were estimated and reported per 
100,000 population, in terms of the age-standardized 
point prevalence and age-standardized YLD rates. Uncer-
tainty was propagated by sampling 1000 draws at each 
computational step and combining uncertainty from 
multiple sources, including input data, corrections for 
measurement error and estimated residual non-sampling 
error. The uncertainty intervals (UIs) were defined as the 
25th and 975th values of the 1000 ordered draws. The 
association between the burden of anemia, in terms of 
YLDs, and the Socio-demographic Index (SDI) for the 21 
regions and 204 countries and territories were examined 
using smoothing splines models. [16]. SDI is an indica-
tor of a country’s development level and is comprised of 
the lag-dependent income per capita, the gross domestic 
product per capita smoothed over the previous 10 years, 
education level among the population aged ≥ 15  years 
old and the total fertility rate < 25  years old. The SDI 
ranges from 0 (less developed) to 1 (most developed). R 
software, version 3.5.2, was used to map the age-stand-
ardized point prevalence and YLD rates.

http://ghdx.healthdata.org/gbd-2019/data-input-sources
http://ghdx.healthdata.org/gbd-2019/data-input-sources
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Results
Global level
In 2019, there were 1.8 billion (95% UI: 1.7–1.8) prevalent 
cases of anemia across the world, with an age-standard-
ized point prevalence of 23,176.2 per 100,000 population 
(95% UI: 22,943.5–23,418.6), which is 13.4% lower than in 
1990 (95% UI: 12.1–14.5) (the world population was esti-
mated to be 5.35 billion in 1990 and 7.74 billion in 2019). 
Anemia accounted for 50.3 million (95% UI: 33.4–73.4) 
YLDs in 2019, with an age-standardized rate of 672.4 
(95% UI: 447.2–981.5), which is 18.8% lower than in 1990 
(95% UI: 16.9–20.8) (Table 1).

Globally, the number of prevalent cases [mild: 954.3 
million (95% UI: 945.0–964.0; moderate: 747.8 million 
(95% UI: 737.5–758.2); severe: 59.5 million (95% UI: 
57.8–61.2)], age-standardized prevalence (per 100,000 
population) [mild: 12,349.8 (95% UI: 12,230.7–12,472.9; 
moderate: 10,035.3 (95% UI: 9891.2–10,173.5); severe: 
791.1 (95% UI: 768.0–815.0)], and the percentage change 
in the age-standardized prevalence from 1990 to 2019 
[mild: − 10.0% (95% UI: − 11.0 to − 8.8; moderate: − 15.2 
(95% UI: − 16.6 to − 13.5); severe: − 34.1(95% UI: − 36.6 
to − 31.4)] differed by severity level (Additional file  2: 
Table S2). In addition, Additional file 3: Table S3 presents 
the global YLD numbers and age-standardized rates due 
to anemia in 2019, by severity level and their changes 
from 1990 to 2019.

Regional level
In 2019, the age-standardized point prevalence of ane-
mia (per 100,000 population) was highest in South Asia 
[41646.1 (95% UI: 41,034.3–42,208.3)], Western Sub-
Saharan Africa [40977.0 (95% UI: 39,789.3–42,154.8)] 
and Central Sub-Saharan Africa [36861.4 (95% UI: 
35,218.3–38,434.2)]. Western Europe [4880.1 (95% UI: 
4491.3–5308.1)], Australasia [6765.7 (95% UI: 5571.5–
8157.6)] and High-income North America [6920.0 (95% 
UI: 6162.3–7806.5)] had the lowest age-standardized 
rates (Table 1).

South Asia [1358.2 (95% UI: 907.3–1972.1)], West-
ern Sub-Saharan Africa [1317.8 (95% UI: 897.9–1912.7)] 
and Central Sub-Saharan Africa [1089.1 (95% UI: 721.3–
1588.2)] had the highest age-standardized YLD rates 
from anemia. The rates were lowest for Western Europe 
[70.8 (95% UI: 44.3–112.5)], Australasia [102.8 (95% UI: 
59.1–166.9)] and High-income North America [112.9 
(95% UI: 68.4–177.5)] (Table  1). The age-standardized 
point prevalence and YLD rates of anemia, for all GBD 
regions in 2019, are reported in Additional file 4: Fig. S1 
and Additional file 5: Fig. S2, respectively.

All GBD regions showed a decrease in the age-stand-
ardized point prevalence of anemia from 1990 to 2019, 
with the largest decreases being in East Asia [− 59.3% 

(95% UI: − 62.1 to − 56.2)], Andean Latin America 
[− 38.3% (95% UI: − 43.3 to − 32.5)] and High-income 
Asia Pacific [− 37.5% (95% UI: − 45.1 to − 28.6)] (Table 1). 
In the same period, all regions showed a decrease in the 
age-standardized YLD rates of anemia, with the larg-
est decreases being found in East Asia [− 70.8% (95% 
UI: − 74.8 to − 66.6)], Andean Latin America [− 54.4% 
(95% UI: − 59.8 to − 48.1)] and High-income Asia Pacific 
[− 50.4% (95% UI: − 58.1 to − 41.9)] (Table 1). The per-
centage change, during the period 1990–2019, in the age-
standardized point prevalence and YLD rates for anemia 
are reported in Additional file 6: Fig. S3 and Additional 
file 7: Fig. S4, respectively.

The global number of prevalent cases of anemia 
increased from 1.4 billion (95% UI: 1.4–1.5) in 1990 to 1.8 
billion (95% UI: 1.7–1.8) in 2019. South Asia, East Asia 
and Southeast Asia experienced the largest number of 
prevalent cases in 1990, while the highest in 2019 were 
found in South Asia, Western Sub-Saharan Africa and 
Eastern Sub-Saharan Africa (Table 1). The global number 
of YLDs due to anemia increased from 45.4 million (95% 
UI: 30.2–65.9) in 1990 to 50.3 million (95% UI: 33.4–73.4) 
in 2019. South Asia, East Asia and Southeast Asia had the 
highest numbers of YLDs due to anemia in 1990, while 
in 2019 the highest numbers were found in South Asia, 
Western Sub-Saharan Africa and Eastern Sub-Saharan 
Africa (Table 1).

National level
In 2019, the national age-standardized point prevalence 
of anemia ranged from 3118.0 to 49,327.1 cases per 
100,000 population. Zambia [49327.1 (95% UI: 46,838.5–
51,700.1)], Mali [46890.1 (95% UI: 44,301.1–49,389.8)], 
and Burkina Faso [46117.2 (95% UI: 43,640.7–48,319.2)] 
had the highest age-standardized point prevalence 
rates of anemia in 2019. In contrast, France [3118.0 
(95% UI: 2341.9–4261.1)], Iceland [3622.1 (95% UI: 
2747.8–4656.3)] and Belgium [3778.9 (95% UI: 2898.6–
4873.0)] had the lowest rates (Fig. 1 and Additional file 8: 
Table S4).

The national age-standardized YLD rates of anemia 
varied in 2019 from 40.5 to 1754.3 cases per 100,000 
population. The highest rates were observed in Zam-
bia [1754.3 (95% UI: 1176.7–2517.7)], Mali [1681.7 (95% 
UI: 1110.1–2438.7)] and Burkina Faso [1620.0 (95% 
UI: 1077.6–2362.7)], while the lowest rate was found in 
France [40.5 (95% UI: 21.9–70.3)], Iceland [45.7 (95% UI: 
24.6–77.2)] and the Netherlands [47.7 (95% UI: 25.6–
82.2)] (Fig. 2 and Additional file 9: Table S5).

The percentage change in the age-standardized point 
prevalence, from 1990 to 2019, differed substantially 
between countries, but there was no country which dem-
onstrated an increase during the measurement period. 
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Fig. 1  Age-standardized point prevalence of anemia per 100,000 population in 2019, by country. (Generated from data available from http://​ghdx.​
healt​hdata.​org/​gbd-​resul​ts-​tool)

Fig. 2  Age-standardized years lived with disability (YLDs) rate of anemia (per 100,000 population) in 2019, by country. (Generated from data 
available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool)

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
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China [− 60.5% (95% UI: − 63.4 to − 57.4)], the Repub-
lic of Korea [− 55.8% (95% UI: − 62.4 to − 48.1)] and 
Ecuador [− 53.4% (95% UI: − 60.3 to − 45.8)] showed the 
largest decreases over the period 1990–2019 (Additional 
file 8: Table S4).

China [− 72.1% (95% UI: − 76.1 to − 67.8)], the Repub-
lic of Korea [− 68.2% (95% UI: − 74.4 to − 61.1)] and the 
Maldives [− 64.6% (95% UI: − 71.1 to − 57.6)] showed 
the largest decreases in the age-standardized YLD rates 
of anemia from 1990 to 2019, while there was no coun-
try whose YLD rate increased during this period (Addi-
tional file  9: Table  S5). The prevalent cases and YLDs, 
due to anemia in 2019, and the percentage change in 
the age-standardized rates (ASRs) from 1990 to 2019, 
are reported by severity level for all countries and terri-
tories in Additional file 2: Table S2 and Additional file 3: 
Table S3.

Age and sex patterns
In 2019, the global point prevalence of anemia was high 
among individuals aged less than 10  years old, for both 
males and females. Following this, there was a decrease 
in the point prevalence up to the 25–29 age group in 
males, before increasing again with advancing age. For 
females, the point prevalence reached its lowest level 
in the 10–14 age group, before peaking in the 15–19 
age group and generally decreasing with increasing age. 

The global point prevalence was higher in females, than 
among males, in the 10–69 age groups. The global num-
ber of prevalent cases peaked in the 5–9 years age group 
and was higher in females in all age groups, except those 
aged 1–9 years (Fig. 3).

In males, the global YLD rate reached its highest level 
in the 5–9 age group and then decreased up to the 25–29 
age group, before broadly increasing with advancing age. 
In females, the global YLD rate peaked in the 5–9 age 
group and then generally decreased with advancing age. 
The YLD rate was higher in females than among males 
in the 10–84 age groups. The global number of YLDs 
peaked in the 5–9 age group and was higher in females 
across all age groups, except for the 1–9 age groups 
(Additional file 10: Fig. S5).

Association with the socio‑demographic index (SDI)
At the regional level, there was a negative associa-
tion between SDI and the age-standardized YLD rate 
of anemia, suggesting that the burden of anemia was 
lower in regions with higher socio-economic develop-
ment. South Asia, Western Sub-Saharan Africa, Central 
Asia, Southern Sub-Saharan Africa, the Caribbean and 
High-income Asia Pacific all had higher than expected 
YLD rates from 1990 to 2019, based upon their level of 
socio-demographic development (as measured by the 
SDI). In contrast, Eastern Sub-Saharan Africa, Oceania, 

Fig. 3  Global number of prevalent cases and the point prevalence of anemia per 100,000 population, by age and sex in 2019; Dotted and dashed 
lines indicate 95% upper and lower uncertainty intervals, respectively. (Generated from data available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​
ts-​tool)

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
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Southern Latin America, East Asia, Central Latin Amer-
ica, Australasia, Western Europe and High-income North 
America all had lower than expected burdens across the 
measurement period (Fig. 4).

At the country-level, in 2019 the burden of anemia 
generally decreased with increasing socio-economic 
development (Fig.  4). Countries and territories, such 
as Zambia, Mali, Burkina Faso, Bhutan, India, Yemen 
and Gambia had much higher than expected burdens, 
whereas countries and territories, such as France, Italy, 
Greece, Colombia, El Salvador, Honduras and Rwanda 
all had much lower than expected burdens (Additional 
file 11: Fig. S6).

Underlying causes
Although there were sex and country differences in the 
proportion of prevalent cases of anemia attributable to 
the underlying causes, globally the most prevalent cases 
were accounted for by dietary iron deficiency (males: 
66.1%, females: 56.8%), as well as hemoglobinopathies 
and hemolytic anemias (male: 13.6%, female:16.1%). The 
lowest and highest proportion of prevalent cases attribut-
able to dietary iron deficiency were seen in Western Sub-
Saharan Africa (male: 61.0%, female: 47.5%) and Andean 
latin America (male: 74.1%, female: 58.1%), respectively. 
In addition, the lowest and highest proportion of the 

prevalent cases attributable to hemoglobinopathies and 
hemolytic anemias were seen in East Asia (20.9%) and 
Central Latin America (5.9%) for males and in East Asia 
(26.1%) and Southern Sub-Saharan Africa (7.2%) for 
females (Fig. 5).

In 2019, the global point prevalence of anemia that was 
attributable to dietary iron deficiency was higher than all 
other causes, in all age groups except the 95+ age group. 
The peak was reached in the 1–4 age group and then gen-
erally decreased up to the 25–29 age group, then broadly 
increased up to the 85–89 age group, before decreasing 
over the remaining age groups. In addition, the global 
point prevalence attributable to hemoglobinopathies and 
hemolytic anemias accounted for the second largest pro-
portion, which peaked in the 20–24 age group and then 
decreased up to the 50–54 age group, increased up to 
the 85–89 age group, before decreasing in the last two 
age groups. The global point prevalence attributable to 
chronic kidney disease started to increase in the 50–54 
age group and reached its peak in the oldest age group. 
The number of prevalent cases attributable to dietary 
iron deficiency and hemoglobinopathies and hemolytic 
anemias accounted for the largest proportions in almost 
all age groups (Fig. 6).

At the regional level, the association between SDI 
and the age-standardized YLD rates of anemia showed 

Fig. 4  Age-standardized YLD rates of anemia for the 21 Global Burden of Disease regions by Socio-demographic Index, 1990–2019; Expected 
values based on Socio-demographic Index and disease rates in all locations are shown as the black line. Thirty points are plotted for each GBD 
region and show the observed age-standardized YLD rates from 1990 to 2019 for that region. YLD = years lived with disability. (Generated from data 
available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool)

http://ghdx.healthdata.org/gbd-results-tool
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similar patterns for all underlying causes (a decrease with 
increasing SDI), except for inflammatory bowel disease, 
which showed the opposite trend (Additional file 12: Fig. 

S7, Additional file 13: Fig. S8, Additional file 14: Fig. S9, 
Additional file  15: Fig. S10, Additional file  16: Fig. S11, 
Additional file  17: Fig. S12, Additional file  18: Fig. S13, 

Fig. 5  Proportion of prevalent cases of anemia attributable to each underlying cause by sex and Global Burden of Disease region in 2019. 
(Generated from data available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool)

Fig. 6  Global number of prevalent cases and point prevalence due to anemia per 100,000 population attributable to each underlying cause by age 
in 2019. (Generated from data available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool)

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
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Additional file  19: Fig. S14, Additional file  20: Fig. S15, 
Additional file  21: Fig. S16, Additional file  22: Fig. S17, 
Additional file  23: Fig. S18, Additional file  24: Fig. S19, 
Additional file 25: Fig. S20, Additional file 26: Fig. S21).

Discussion
The present study reported the burden of anemia and its 
attributable underlying causes at the global, regional and 
national levels using GBD 2019 data. In 2019, approxi-
mately 1.8 billion individuals lived with anemia and this 
illness accounted for nearly 50.3 million YLDs across 
the world. The age-standardized point prevalence and 
YLD rates have decreased over the past three decades, 
which might be as a result of better access to healthcare 
services, in terms of improvements in screening, preven-
tion and the treatment of anemia. However, the absolute 
number of prevalent cases and YLDs have increased, 
which may be primarily due to population aging and pop-
ulation growth, as well as improvements in the survival 
of patients with long-term conditions known to cause 
anemia, such as chronic kidney disease and hemoglo-
binopathies. These trends demonstrate that anemia still 
contributes a substantial health burden globally, and that 
its overall burden may continue to rise.

Although a direct comparison to the GBD 2010 [8] and 
GBD 2013 [10] is not possible, due to variations in data 
sources and methodological differences, several compa-
rable results were observed. The decrease observed in 
the age-standardized point prevalence of anemia (7.3%) 
from 1990 to 2010 was relatively consistent with our find-
ing, where a 13.4% reduction was observed from 1990 to 
2019. In addition, South Asia and the Western, Eastern 
and Central Sub-Saharan Africa regions had the highest 
point prevalence of anemia, which was also in accordance 
with the GBD 2010 findings [8]. However, while South 
Asia represented the highest point prevalence of anemia 
in 2019, this region ranked fourth highest in 2010 [8].

Our results showed that children under 10  years of 
age endure the largest burden of anemia across the 
world. Similar findings were also reported by the 2005 
WHO Vitamin and Mineral Nutrition Information Sys-
tem study, where pre-school children had the highest 
prevalence of anemia globally [17]. As with other age 
groups, iron deficiency constitutes the leading cause of 
anemia in children under 10 years old [18, 19]. In young 
children, iron deficiency is associated with adverse 
psychomotor, cognitive and socioemotional develop-
ment [20]; with longitudinal studies demonstrating 
long-lasting adverse effects on behavior and develop-
ment in adolescence, even if the deficiency has been 
corrected [21–23]. Rich sources of dietary iron include 
lean meat and seafood, with nonheme dietary sources 
including nuts, beans, vegetables and fortified grain 

products. However, it is evident that low dietary intakes 
and a high prevalences of deficiency occur in both 
low and higher income countries [24, 25]. One of the 
guidelines from The World Health Organization is the 
use of multiple micronutrient powders for the point-
of-use fortification of foods consumed by infants and 
young children aged 6–23  months and children aged 
2–12  years [26]. Accordingly, the introduction of iron 
fortified infant formulas by the American Academy of 
Pediatrics, for use during the first year of infancy, was 
a major public health success, with the prevalence of 
iron deficiency anemia dropping from more than 20% 
to less than 3% in about 2  decades [27]. Anemia pre-
vention and control strategies have been described, and 
include: improved dietary intake and increased food 
diversity with increased iron bioavailability; targeted 
fortification of foods for high-risk groups (e.g., in infant 
formula); and iron (and folic acid) supplementation 
(tablets, powders, spreads) for high-risk groups, such 
as children and adolescents [25]. However, barriers 
exist regarding the dissemination and uptake of these 
programs, including insufficient priority; lack of knowl-
edge and education around anemia prevention; and 
the difficulty in meeting the needs of high-risk groups 
at specific times in their lives [25]. Given that the early 
years of life are a critical period for mental and psycho-
motor development, the prevention of anemia should 
continue to be supported, encouraged and adopted.

The present study found that that the prevalence of 
anemia was higher among male children younger than 
10 years old, compared to females in the same age group. 
In line with our findings, several studies have reported 
that male infants and young children have lower iron 
stores, which may put them at greater risk of iron defi-
ciency anemia [8, 28–30]. Although there is no definitive 
explanation for this phenomena, it may be that the hor-
monal effects on erythropoietin activity and the higher 
pre- and postnatal growth rate may play a role in the 
increased susceptibility of male children to anemia [28, 
29]. Conversely, other studies have demonstrated girls to 
have higher rates of anemia than boys [31, 32]. Reverse 
causation may partly explain the relationship between 
anemia in boys and girls. That is, public health messages 
consistently highlight girls as a high risk group, thus 
mothers of young girls may prioritize their dietary iron 
needs over that of boys, leading to higher rates of iron 
sufficiency in girls but higher rates of deficiency in boys.

As documented here, and in previous studies [8, 10], 
sex differences in the burden of anemia were expected, 
with a higher prevalence of anemia in women, than 
among men of the same age, throughout adulthood. Reg-
ular blood loss, due to menstrual bleeding, along with 
pregnancy-related complications over the childbearing 
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ages, deplete iron stores and therefore iron requirements 
are increased. Globally, anemia in women of reproduc-
tive age remains the most challenging nutritional prob-
lem. One of the World Health Organization guidelines 
recommend a daily 30–60  mg elemental iron supple-
ment for adult women and adolescent girls [33], given 
their high risk of deficiency. In 2012, the World Health 
Assembly endorsed the goal of reducing the prevalence 
of anemia by 50% in women of reproductive age by 
2025 [34]. The prevalence of anemia was found to have 
decreased by 4% (33% in 1995 to 29% in 2011) for non-
pregnant women and by 5% (43% in 1995 to 38% in 2011) 
for pregnant women across the globe [9]. Consequently, 
reaching the World Health Assembly goal by 2025 will 
require more integrated efforts in the coming years, par-
ticularly in the areas of the world where anemia is more 
prevalent.

The present research showed that the point prevalence 
and YLD rates increased gradually with age for both 
sexes, albeit to a more pronounced degree among men. 
This finding is comparable with previous research, which 
also found that the prevalence of anemia increased with 
advancing age in adults aged over 50  years, with males 
more likely than females to develop anemia at an older 
age [35]. Furthermore, chronic kidney disease, which 
impairs the kidneys’ ability to produce sufficient eryth-
ropoietin, was found to be one of the leading causes of 
anemia from the sixth decade of life onwards. It has also 
been shown that at reduced levels of renal function, men 
had a greater decrease in Hb concentration than women 
[36]. Moreover, it is believed that the declining Hb con-
centration among the elderly could be due to the reduced 
number of bone marrow erythroid progenitors, which 
is also more evident in elderly men than among elderly 
women [37].

Inherited Hb disorders, such as thalassemia, sickle cell 
trait or hemolytic anemia were the second most com-
mon cause of anemia across the globe, particularly in 
East Asia. Improvements in the treatment of Hb dis-
orders have resulted in falling mortality rates among 
affected children under 5  years of age [38]. Therefore, 
many children with thalassemia or sickle cell trait dis-
ease that would have otherwise died during infancy, are 
currently alive due to improved diagnosis and disease 
management. This pattern is now evident in many Asian 
countries [39]. The more treatment measures that are 
improved, the more patients will reach adulthood, mani-
festing increased complications, such as anemia [40]. In 
parallel with treating those affected by hemoglobonopa-
thies, it is important to educate the population about the 
likelihood of having children at increased risk of the dis-
ease. In this regard, carrier screening and genetic coun-
selling are necessary for at risk couples [41].

According to our findings, malaria was among the lead-
ing causes of anemia in malaria endemic areas, especially 
in Western, Eastern and Central sub-Saharan Africa, 
where there is also a high prevalence of anemia among 
males and females. A previous review revealed that in the 
malaria endemic areas of Africa, malaria control for chil-
dren increased Hb concentrations by a mean 7.6 g/L and 
reduced the risk of mild and severe anemia by 27% and 
60%, respectively [42]. Iron supplementation programs in 
malaria endemic areas must be implemented with cau-
tion, because while iron supplementation for children 
may reduce clinical malaria in areas where prevention 
and management services are provided, it may subse-
quently increase the incidence of malaria in areas where 
such services are unavailable [43]. The WHO recom-
mends the provision of iron supplementation for children 
in malaria endemic areas to be paired with measures for 
the prevention, diagnosis and treatment of malaria [44]. 
The combination of these approaches could provide syn-
ergistic benefits in reducing the burden of anemia [44].

A negative relationship was observed between the 
degree of development and the burden of anemia, at 
both the regional and national levels. Low SDI is an 
important indicator for a range of socio demographic 
and lifestyle variables, including poor nutritional status, 
inadequate access to health services, lack of education 
and low gender equality. In this regard, anemia is poten-
tially linked to poor nutritional behaviors, food inse-
curity and poor quality food products. A recent review 
revealed that an inadequate intake of micronutrients, 
especially iron, folate and zinc, is a common problem 
among women from low and middle income countries 
[45]. Vitamin A deficiency is a common cause of ane-
mia in many poor countries [29, 46–48]. In 2013, it was 
estimated that sub-Saharan Africa and South Asia had 
the highest prevalence of vitamin A deficiency, which 
were 48% and 44%, respectively [46, 47]. Furthermore, 
limited access to healthcare services may also contrib-
ute to the increased risk of developing anemia. Resource 
deprived settings, where access to anemia prevention, 
screening and treatment services are low, together with 
poor access to iron supplementation and food fortifi-
cation technology are all likely to be associated with a 
high anemia burden and to be found in countries with 
low SDIs. Additionally, educational status is another 
important determinant of health, with research sug-
gesting that women with no education have an 8% 
higher risk of anemia and their children are 9% more 
likely to become affected by anemia, in comparison 
with those having secondary or higher education [25]. 
Finally, another important variable is gender inequality, 
which minimizes the empowerment of women, reduces 
their access to education, reduces nutritional literacy, 
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restricts household income, leads to early marriage, a 
high frequency of pregnancies and having children dur-
ing adolescence, which are all potential explanations for 
the observed negative association between the level of 
development and the odds of having anemia [49].

Anemia is still a clear public health burden and a public 
health issue. Multiple factors contribute to anemia, high-
lighting the need for an integrated approach to address 
anemia; descriptions of interventions and programs have 
been described elsewhere [18, 26]. Briefly, micronutrient 
supplementation programs have so far been successful 
in reducing rates of anemia [50]. A review of randomized 
clinical trials in children, non-pregnant and pregnant 
women showed that iron supplementation significantly 
improved Hb concentrations [51–53]. Children consuming 
iron-containing multiple micronutrient powders, that also 
included vitamin A and zinc, were also less likely to have 
iron deficiency, albeit there is weaker evidence for reduced 
likelihood of anemia [54]. The rationale for additional 
micronutrients like vitamin A, zinc and folic acid are due 
to their general low rates of sufficiency, particularly in chil-
dren of developing countries [46, 55], but also due to their 
contributing relationship to anemia. Despite the general 
positive benefits of these interventions, the uptake is low 
[48], there is low adherence by the targeted population [47], 
and higher quality evidence is needed. Fortification of com-
monly consumed food products, such as staple foods and 
condiments which are both inexpensive and readily avail-
able, has also been shown to successful [56]. A systematic 
review of randomized controlled trials revealed that iron-
fortified wheat flour, with or without other micronutrients, 
reduced the risk of anemia by 27% [57]; however, its effect 
on other outcomes requires further investigation. For preg-
nant women, the WHO recommends a daily 300  µg iron 
and 400 µg folic acid supplement [58]. Iron supplementa-
tion studies have demonstrated a reduced risk of mater-
nal anemia at term by 70% and iron deficiency at term by 
57%; and women receiving iron also had higher levels of 
Hb per litre at or near term than women not receiving sup-
plements [59]. Iron and folic acid fortification studies have 
also demonstrated increased serum ferritin and Hb levels 
in women of reproductive age and in pregnant women and 
reduced neural tube defects [60]. Bridging the gap between 
higher and lower income countries; improved understand-
ing on cost and resource implications; careful identification 
of the strategy to reach the target populations; and further 
engagement with key public health stakeholders may con-
tribute to reduced rates of anemia.

Strengths and limitations
We acknowledge that our study has some limitations that 
should be taken into consideration when interpretating 

the results. Firstly, there was a sparcity of data, particu-
larly in countries with lower socioeconomic status and 
with minimal data sources. This can greatly affect the 
estimated burden. Improvements in the collection of data 
and in data sharing policies will help to increase the pre-
cision of the estimates. Secondly, the burden of disease 
associated with each type of anemia (e.g., iron deficiency 
anemia, sickle cell anemia, aplastic anemia and mega-
loblastic anemia) could not be reported in the present 
study. As each type may not have a similar etiology or 
risk factors, it may be difficult to provide specific preven-
tive recommendations at a global level. Therefore, future 
GBD studies should report the burden of anemia by type. 
Thirdly, a lack of data on a number of other potential 
risk factors for anemia, which are categorized as “other 
neglected tropical diseases” and “other unspecified infec-
tious diseases,” hinders the explanation of the associa-
tions. Nevertheless, the present study presents the most 
recent estimates on the burden of anemia and its causes, 
which will be useful for public health policy makers.

Conclusions
Anemia is a major public health issue across the world, 
but varies considerably by country. Although the age 
standardized point prevalence and YLD rates due to ane-
mia decreased from 1990 to 2019, its burden remains 
high, particularly in less developed countries. Given the 
increasing aging of the global population, there is likely to 
be increasing numbers of individuals living with anemia. 
Controlling the burden of anemia necessitates the for-
mulation of integrated interventions which prioritize the 
highest risk groups, including young children and women 
of reproductive age. Despite the multifactorial nature of 
the disease, dietary iron deficiency remains the leading 
cause of anemia in all regions. Therefore, more atten-
tion must be paid to nutritional interventions and then to 
controlling the burden of hemoglobinopathies, parasitic 
infections and chronic diseases.
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Additional file 4: Figure S1. The age-standardized point prevalence 
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(Generated from data available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​
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hdata.​org/​gbd-​resul​ts-​tool).
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Burden of Disease regions, by sex. (Generated from data available from 
http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).
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hdata.​org/​gbd-​resul​ts-​tool).

Additional file 9: Table S5. Years lived with disability (YLDs) due to ane‑
mia in 1990 and 2019 and the percentage change in the age-standardized 
rates (ASRs) per 100,000, by location (Generated from data available from 
http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 10: Figure S5. Global number of years lived with disability 
(YLDs) cases and years lived with disability (YLDs) of anemia per 100,000 
population, by age and sex in 2019; Dotted and dashed lines indicate 95% 
upper and lower uncertainty intervals, respectively. (Generated from data 
available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 11: Figure S6. Age-standardized YLD rates of anemia 
for 204 countries and territories by Socio-demographic Index, in 2019; 
Expected values based on the Socio-demographic Index and disease 
rates in all locations are shown as the black line. Each point shows the 
observed age-standardized YLD rate for each country in 2019. YLD = years 
lived with disability. (Generated from data available from http://​ghdx.​healt​
hdata.​org/​gbd-​resul​ts-​tool).

Additional file 12: Figure S7. Age-standardized YLD rates of anemia 
attributable to chronic kidney disease for the 21 Global Burden of Disease 
regions by Socio-demographic Index, 1990–2019; Expected values based 
on Socio-demographic Index and disease rates in all locations are shown 
as the black line. Thirty points are plotted for each GBD region and show 
the observed age-standardized YLD rates from 1990 to 2019 for that 
region. YLD = years lived with disability. (Generated from data available 
from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 13: Figure S8. Age-standardized YLD rates of anemia 
attributable to dietary iron deficiency for the 21 Global Burden of Disease 
regions by Socio-demographic Index, 1990–2019; Expected values based 
on Socio-demographic Index and disease rates in all locations are shown 
as the black line. Thirty points are plotted for each GBD region and show 
the observed age-standardized YLD rates from 1990 to 2019 for that 
region. YLD = years lived with disability. (Generated from data available 
from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 14: Figure S9. Age-standardized YLD rates of anemia 
attributable to endocrine, metabolic, blood, and immune disorders for 
the 21 Global Burden of Disease regions by Socio-demographic Index, 
1990–2019; Expected values based on Socio-demographic Index and 
disease rates in all locations are shown as the black line. Thirty points are 
plotted for each GBD region and show the observed age-standardized 
YLD rates from 1990 to 2019 for that region. YLD = years lived with dis‑
ability. (Generated from data available from http://​ghdx.​healt​hdata.​org/​
gbd-​resul​ts-​tool).

Additional file 15: Figure S10. Age-standardized YLD rates of anemia 
attributable to gynecological diseases for the 21 Global Burden of Disease 
regions by Socio-demographic Index, 1990–2019; Expected values based 

on Socio-demographic Index and disease rates in all locations are shown 
as the black line. Thirty points are plotted for each GBD region and show 
the observed age-standardized YLD rates from 1990 to 2019 for that 
region. YLD = years lived with disability. (Generated from data available 
from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 16: Figure S11. Age-standardized YLD rates of anemia 
attributable to hemoglobinopathies and hemolytic anemias for the 
21 Global Burden of Disease regions by Socio-demographic Index, 
1990–2019; Expected values based on Socio-demographic Index and 
disease rates in all locations are shown as the black line. Thirty points are 
plotted for each GBD region and show the observed age-standardized 
YLD rates from 1990 to 2019 for that region. YLD = years lived with dis‑
ability. (Generated from data available from http://​ghdx.​healt​hdata.​org/​
gbd-​resul​ts-​tool).

Additional file 17: Figure S12. Age-standardized YLD rates of anemia 
attributable to HIV/AIDS for the 21 Global Burden of Disease regions by 
Socio-demographic Index, 1990–2019; Expected values based on Socio-
demographic Index and disease rates in all locations are shown as the 
black line. Thirty points are plotted for each GBD region and show the 
observed age-standardized YLD rates from 1990 to 2019 for that region. 
YLD = years lived with disability, HIV= human immunodeficiency virus, 
AIDS: acquired immunodeficiency syndrome (Generated from data avail‑
able from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 18: Figure S13. Age-standardized YLD rates of anemia 
attributable to inflammatory bowel disease for the 21 Global Burden of 
Disease regions by Socio-demographic Index, 1990–2019; Expected val‑
ues based on Socio-demographic Index and disease rates in all locations 
are shown as the black line. Thirty points are plotted for each GBD region 
and show the observed age-standardized YLD rates from 1990 to 2019 for 
that region. YLD = years lived with disability. (Generated from data avail‑
able from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 19: Figure S14. Age-standardized YLD rates of anemia 
attributable to intestinal nematode infections for the 21 Global Burden of 
Disease regions by Socio-demographic Index, 1990–2019; Expected val‑
ues based on Socio-demographic Index and disease rates in all locations 
are shown as the black line. Thirty points are plotted for each GBD region 
and show the observed age-standardized YLD rates from 1990 to 2019 for 
that region. YLD = years lived with disability. (Generated from data avail‑
able from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 20: Figure S15. Age-standardized YLD rates of anemia 
attributable to malaria for the 21 Global Burden of Disease regions by 
Socio-demographic Index, 1990–2019; Expected values based on Socio-
demographic Index and disease rates in all locations are shown as the 
black line. Thirty points are plotted for each GBD region and show the 
observed age-standardized YLD rates from 1990 to 2019 for that region. 
YLD = years lived with disability. (Generated from data available from 
http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 21: Figure S16. Age-standardized YLD rates of anemia 
attributable to maternal disorders for the 21 Global Burden of Disease 
regions by Socio-demographic Index, 1990–2019; Expected values based 
on Socio-demographic Index and disease rates in all locations are shown 
as the black line. Thirty points are plotted for each GBD region and show 
the observed age-standardized YLD rates from 1990 to 2019 for that 
region. YLD = years lived with disability. (Generated from data available 
from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 22: Figure S17. Age-standardized YLD rates of anemia 
attributable to “other neglected tropical diseases” for the 21 Global Burden 
of Disease regions by Socio-demographic Index, 1990–2019; Expected val‑
ues based on Socio-demographic Index and disease rates in all locations 
are shown as the black line. Thirty points are plotted for each GBD region 
and show the observed age-standardized YLD rates from 1990 to 2019 for 
that region. YLD = years lived with disability. (Generated from data avail‑
able from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 23: Figure S18. Age-standardized YLD rates of anemia 
attributable to “other unspecified infectious diseases” for the 21 Global 
Burden of Disease regions by Socio-demographic Index, 1990–2019; 

http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool


Page 15 of 16Safiri et al. J Hematol Oncol          (2021) 14:185 	

Expected values based on Socio-demographic Index and disease rates in 
all locations are shown as the black line. Thirty points are plotted for each 
GBD region and show the observed age-standardized YLD rates from 1990 
to 2019 for that region. YLD = years lived with disability. (Generated from 
data available from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 24: Figure S19. Age-standardized YLD rates of anemia 
attributable to schistosomiasis for the 21 Global Burden of Disease regions 
by Socio-demographic Index, 1990–2019; Expected values based on 
Socio-demographic Index and disease rates in all locations are shown as 
the black line. Thirty points are plotted for each GBD region and show the 
observed age-standardized YLD rates from 1990 to 2019 for that region. 
YLD = years lived with disability. (Generated from data available from 
http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 25: Figure S20. Age-standardized YLD rates of anemia 
attributable to upper digestive system diseases for the 21 Global Burden 
of Disease regions by Socio-demographic Index, 1990–2019; Expected val‑
ues based on Socio-demographic Index and disease rates in all locations 
are shown as the black line. Thirty points are plotted for each GBD region 
and show the observed age-standardized YLD rates from 1990 to 2019 for 
that region. YLD = years lived with disability. (Generated from data avail‑
able from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).

Additional file 26: Figure S21. Age-standardized YLD rates of anemia 
attributable to vitamin A deficiency for the 21 Global Burden of Disease 
regions by Socio-demographic Index, 1990–2019; Expected values based 
on Socio-demographic Index and disease rates in all locations are shown 
as the black line. Thirty points are plotted for each GBD region and show 
the observed age-standardized YLD rates from 1990 to 2019 for that 
region. YLD = years lived with disability. (Generated from data available 
from http://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool).
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