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Abstract

Although the proportion of anemia amenable to change varies by population, the World Health
Organization (WHO) criteria used to describe the public health severity of anemia are based on
population prevalences. We describe the importance of measuring iron and other etiologic
indicators to better understand what proportion of anemia could be responsive to interventions. We
discuss the necessity of measuring inflammation to interpret iron biomarkers and documenting
anemia of inflammation. Finally, we suggest assessing nonmodifiable genetic blood disorders
associated with anemia. Using aggregated results from the Global Burden of Disease 2016, we
compare population prevalence of anemia with years lived with disability (YLD) estimates, and
the relative contributions of mild, moderate, and severe anemia to YLD. Anemia prevalences
correlated with YLD and the relative proportion of moderate or severe anemia increased with
anemia prevalence. However, individual-level survey data revealed irregular patterns between
anemia prevalence, the prevalence of moderate or severe anemia, and the prevalence of iron
deficiency anemia (IDA). We conclude that although the WHO population prevalence criteria used
to describe the public health severity of anemia are important for policymaking, etiologic-specific
metrics that take into account IDA and other causes will be necessary for effective anemia control
policies.

Keywords
anemia; iron deficiency anemia; disability-adjusted life years; public health significance

Introduction

Anemia is defined as a “condition in which the number of red blood cells or their
oxygencarrying capacity is insufficient to meet physiologic requirements,” and is diagnosed
by low blood hemoglobin (Hb) concentrations.1=3 The health consequences of anemia
adversely influence development through reduced attention spans and intelligence in
children®-8 and diminished work productivity.”8 Anemia is the most common blood
disorder in the world,? disproportionally affecting children under 5 years and women of
reproductive age (WRA, 15-49 years old) in low-income settings.1%-13 Substantial
reductions in global anemia prevalence will require addressing the multifaceted etiology of
anemia.14-16

The World Health Assembly target is to reduce anemia prevalence among WRA by 50%
between 2012 and 2025.17 To achieve this target, countries that are currently experiencing a
1-2% annual average rate of reduction need to achieve and maintain a 6-7% annual average
rate of anemia reduction.18 Universal iron supplementation may have contributed to the
modest reduction in anemia among WRA from 1995 to 2011 (approximately 4 percentage
points).1? However, low blood Hb concentration is influenced by multiple health conditions
other than inadequate iron intake such as malaria,3 HIV,20 inflammation, 1 gastrointestinal
bleeding (e.g., intestinal parasites?2! or peptic ulcer disease?), nonmodifiable genetic
blood disorders and hemoglobinopathies,22:23 multiple micronutrient deficiencies,?4 and
physiologic state (e.g., pregnancy and menstruation). Iron provided to populations without
iron deficiency (ID) may lead to unnecessary health risks in the context of infection, 2526
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because bacteria and parasites propagate in iron-rich environments. Therefore, assessment of
context-specific data is required to understand and respond appropriately to the drivers of
low Hb.

The World Health Organization (WHO) classifications for public health severity of anemia
are based on population prevalence of low Hb.1:3 At-risk population groups, such as women
or children, with prevalence ranges of <4.9%, 5.0-19.9%, 20.0-39.9%, or =40.0%, are
classified with a normal, mild, moderate, or severe public health problem of anemia,
respectively.3 These classifications not only describe disease burden, but are used for
program prioritization and targeting. For example, in areas where anemia is a moderate or
severe public health problem, global guidance suggests iron supplementation or multiple
micronutrient powder provision and scheduled deworming should be carried out among
vulnerable populations.3:27:28 However, the proportion of anemia that is amenable to iron or
deworming interventions is often unknown and will depend on population-specific etiology.
The Global Burden of Disease (GBD) project estimates that anemia accounts for 8-9% of
the years lived with disability (YLD) in the world, and is similarly constrained in the
estimation of iron as an etiologic driver of anemia given the paucity of data on iron status.
1112 Therefore, the WHO population thresholds used to describe the public health severity
of anemia may be insufficient for program prioritization and targeting without
simultaneously assessing population iron status.> The objectives of our study were twofold:
(1) to examine population cutoffs for public health anemia severity using an economic
metric, and (2) to describe the proportion of anemia amenable to intervention based on data
that have been collected in population-based surveys.

Data sources

GBD 2016 results were accessed from the Global Health Data Exchange (GHDX, http://
ghdx.healthdata.org). The GBD anemia prevalence estimates were compared with anemia-
specific YLD rates, and used to illustrate the relative contributions of mild, moderate, and
severe anemia on the YLD estimates. The YLD estimates depend on the prevalence of
disease and the corresponding disability weights, which have been refined using two large (n
~ 30,000) international studies.2%30 Further details on the GHDX and methods to calculate
YLD are available in Appendix A (online only). The Biomarkers Reflecting Inflammation
and Nutritional Determinants of Anemia (BRINDA) project has merged nationally and
regionally representative nutrition survey data from multiple countries.3! These population-
based survey data were used to estimate the proportion of anemia amenable to intervention
by examining the prevalence of iron deficiency anemia (IDA), and among those with
anemia, the proportion with ID, evidence of recent malaria infection, genetic blood disorder,
or hemoglobinopathy variants (where available). There were 24 surveys available for
preschool children (6-59 months old) and 19 surveys available for WRA in the BRINDA
database (www.brinda-nutrition.org).
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Accounting for etiology

Etiologic indicators of anemia available in the population-based surveys in the BRINDA
data set included iron status (ferritin), inflammatory markers (alpha-1-acid glycoprotein
(AGP) and C-reactive protein (CRP), required to interpret ferritin concentrations), malaria
status, genetic blood disorders, and hemoglobinopathies. We compare the prevalence of any
anemia to the prevalence of IDA. The proportion of individuals with concomitant anemia
and ID was also calculated to describe the maximum proportion of anemia that could be
treated with an iron intervention, which would inform national anemia reduction strategies.
We calculated the proportion of malaria among individuals with anemia, and the proportion
of individuals with anemia displaying any genetic blood disorder or hemoglobinopathy
variant that was measured as part of the population-based survey. Such data were available
in two of the child surveys within the BRINDA data set (Malawi, 2016 and Kenya, 2010).
Alpha thalassemia, sickle cell anemia (HbSS) and sickle cell trait (HbAS), and glucose-6-
phosphate dehydrogenase (G6PD) deficiency were assessed in Malawi,32 and in Kenya each
of those genotypes was measured in addition to haptoglobin.22:33

[Correction added on July 8, 2019, after online publication: In the previous sentence,
“(HbSA)” was changed to “(HbAS)”.]

Variable definitions

Results

Anemia was defined as Hb < 110 g/L for children 6-59 months of age and <120 g/L for
nonpregnant women, and individual-level moderate and severe anemia were assigned per
current WHO classifications (Table 1). Hb was adjusted for smoking and altitude,3* when
those data were available (Table S1, online only). ID was defined as low ferritin, adjusted for
inflammation using the BRINDA regression correction approach,3° <12.0 pg/L for children
6-59 months of age and <15.0 pg/L for nonpregnant WRA.36 Because there are multiple
methods to address iron status in the context of inflammation, we also presented unadjusted
ID for WRA, and ferritin <30 pg/L for children under 5 years who had evidence of elevated
inflammatory proteins (CRP > 5 mg/L or AGP > 1 g/L).2 IDA was defined as concomitant
anemia and I1D. Malaria was available among malaria-endemic countries but assessed in a
variety of ways. In Malawi and Liberia, rapid diagnostic kits were used; Kenya and Cote
d’lvoire used microscopy but the malaria variable was dichotomized; and a plasma histidine-
rich protein 2 test (Cellaba Pty Ltd.) was used in Cameroon.1®32 Inflammation was defined
as elevated CRP > 5 mg/L or AGP > 1 g/L.37 Genetic blood disorder variant data were
grouped to describe the magnitude of burden in Malawi and Kenya.

Comparing anemia prevalence with YLD

Country-level analyses comparing anemia prevalence rate and anemia YLD rate revealed a
positive correlation consistent across age groups, gender, and regions (Fig. 1). There was a
clustering of countries from the African Region that fell above the trend line for females
aged 15-49 years, revealing higher YLD rates compared with countries with similar anemia
prevalence. The positive relationship was to be expected because YLD is the product of
anemia prevalence and disability weights (Table 2). However, the slight increase in slope at
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higher anemia prevalence rates illustrates the influence of moderate and severe anemia on
YLD rate. The prevalence of moderate or severe anemia carries greater population burden in
YLD analyses because they have substantially higher disability weights than mild anemia
(Table 2). The majority of YLD within regions was attributable to moderate anemia (Fig. 2).
The relatively small proportion of severe anemia contributed more to the YLD among
women and children than mild anemia in the African, Eastern Mediterranean, and Southeast
Asia regions (Fig. 2).

Accounting for etiology

Among BRINDA countries that had iron status and inflammatory marker data available,
there were irregular patterns between anemia prevalence and IDA prevalence. These
irregularities persisted when iron was not adjusted for inflammation (in WRA) or adjusted
using the cutoff of <30 ug/L among children with elevated inflammatory proteins (Tables S2
and S3, online only). For example, the Bangladesh 2010 preschool child survey had the
highest prevalence of anemia (83.5%), but had only 15.1% IDA, while among the three
surveys reporting the next highest prevalence of anemia for preschool children (65.7—
71.7%), the IDA prevalence ranged from 28.4% to 47.5%. Among the 11 countries with
preschool child surveys classifying anemia as a severe public health problem (>40%
prevalence of anemia), two countries had less than 20% ID among children with anemia
(18.1% in Bangladesh, 2012, and 8.2% in Cambodia, 2014, see Table 3). Among the seven
country surveys where anemia was categorized as a moderate public health problem,
Ecuador stands out, with 24.7% prevalence of anemia among preschool children, but IDA of
16.2%, while in the other six countries IDA ranged from 0.05% to 8.8%. Malaria prevalence
was available in six of the child surveys, and among children with anemia, the prevalence of
recent malaria ranged from 23.1% (Kenya, 2007) to 48.1% (Malawi, 2016). Among the two
child surveys that collected data on genetic blood disorder variants, more than half of
children with anemia had one of these variants (61.4% in Malawi, and 59.7% in Kenya,
2010, data not shown). Cambodia had the most pronounced pattern of high anemia (>45%)
and low IDA (<4%) in both children and WRA.

The public health problem of anemia among the WRA surveys were severe in four surveys
where IDA ranged from 2.9% to 27.1%, moderate in eight surveys where IDA prevalence
ranged from 0.9% to 16.6%, and mild in seven surveys where IDA ranged from 4.5% to
11.1% (Table 4). All surveys that had prevalence of anemia 5-19.9% (or a mild public health
problem) had greater than 50% of women with anemia also having ID (Table 4). Genetic
blood disorder and hemoglobinopathy variant data were unavailable for any survey targeting
WRA. Although the number of surveys with malaria data was limited, children with anemia
were more likely to have had recent malaria infection than women with anemia (Tables 3
and 4).

Discussion

We offer evidence to suggest that the current WHO thresholds to define anemia as a public
health problem based on population prevalence may be insufficient for the purpose of
guiding effective program prioritization and targeting of iron interventions. Based on the
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BRINDA surveys, the median proportion of anemia amenable to iron treatment among
surveys classified as having a severe public health problem of anemia was estimated to be
41.5% (range: 8.2—76.0%) for preschool children and 42.3% (range: 6.6-69.0%) for WRA.
For countries classified in the lower half of this range (e.g., Bangladesh and Cambodia),
national anemia policies that focus on iron delivering interventions and deworming
programs may be insufficient to reduce anemia prevalence. Therefore, additional data may
be critical to inform program design for effective anemia reduction. Without additional data
on iron and inflammation status, as well as genetic and environmental (e.g., malaria)
conditions, mounting an appropriate response to anemia is challenging. Many years have
passed with too little progress in anemia reduction; however, interpreting additional data
alongside Hb will enable program planners to best respond to a high burden of anemia.

Measuring Hb, iron, and inflammation biomarkers

Differentiating anemia from IDA is a vital first step for effective public health programming,
but it cannot be done if Hb is measured without a more sensitive and specific measure of
iron status. Using surveys from the BRINDA project as an example, approximately one-third
and one-half of child and women surveys categorized as severe (>40% anemia prevalence),
respectively, had IDA prevalence less than 20%, suggesting that less than half of anemia in
those settings could be resolved by iron interventions. A recent meta-analysis similarly
demonstrated that the proportion of anemia associated with 1D was less than the previously
expected 50% “rule of thumb,”38 and varied by the level of country development.3° The fact
that the target populations for iron interventions are also more likely to have co-occurring
infections, which reduce iron absorption via hepcidin regulation, further hinders the
effectiveness of iron interventions in reducing IDA. Although hepcidin is valuable for
assessing iron status and the likelihood of iron intervention success simultaneously,*
hepcidin cutoffs to define ID are not standardized for population-based surveys.

Inflammation regardless of iron status is associated with anemia.1®16 Therefore, measuring
and accounting for inflammation is important above and beyond the utility for interpreting
iron status.354243 Take the example of Cote d’Ivoire, where approximately one in two
women had anemia, one in seven had IDA, and one in three had elevated inflammatory
proteins (Table 4). In this type of context, anemia reduction programs may also need to
prioritize strategies that reduce nonnutritional causes of anemia. We use published
information on Bangladesh#4-46 and Cambodia,23:47-%0 two countries that have recent
relevant data on anemia etiology and program effectiveness to reduce anemia, as examples
of how different data may help inform and understand the anemia public health response and
effectiveness.

Malaria is a cause of anemia as well as causing inflammation and important to measure
when assessing the etiology of anemia. Recent evidence indicates that unabsorbed iron may
be detrimental to the gut microflora,26:51.52 Given iron absorption regulation, iron-replete
individuals may have more unabsorbed supplemental iron in the upper and lower
gastrointestinal tract. This evidence further illustrates the value of characterizing a
population’s iron status prior to giving preventive iron interventions. Utilizing other
available data sources, such as population-based surveys that measure iron and
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inflammation, or surveys such as the Malaria Indicator Survey, to better understand the
context-specific etiology of anemia is a practical approach to fill data gaps.

The role of genetics and anemia severity in defining public health significance

Although we present limited information on concomitant genetic blood disorder or
hemoglobinopathy variants and anemia, a number of studies show the association between
anemia and various genetic blood disorders.23:46.53.54 Among the two countries that assessed
genetic variants, more than half of children with anemia had an inherited blood disorder or
variant. None of the BRINDA surveys for WRA collected data on hemoglobinopathies, but
more adults than children would be expected to be carriers of blood disorder traits, given the
selective pressures of malaria. Although we did not differentiate between alpha thalassemia
heterozygotes (e.g., —a/aa) and homozygotes (e.g., —a/—a), the alpha thalassemia
homozygous genotype is more strongly associated with mild anemia than heterozygotes.

22 54 |f the prevalence of inherited red blood cell disorders or carriers is unknown in a
population, and a large proportion of the anemia is mild and not IDA, then testing for
genetic blood disorder variants will help elucidate how much of the anemia maybe
modifiable. Innovative technologies are enabling data gaps to be filled for sickle cell disease
detection, as screening has been combined with HIV programs,>® and anemia assessment in
East Africa.56

The data suggest that efforts focused on reducing moderate and severe anemia may have the
greatest influence on reducing YLD. Moderate anemia, described as “making daily activities
more difficult,” is responsible for the largest proportion of YLD across regions, ages, and
gender (Fig. 2). Severe anemia presents the greatest risk for adverse health and functional
outcomes, including maternal and child mortality.>’-60 Therefore, the proportion of anemia
classified as moderate or severe deserves greater attention than the overall population
prevalence of any anemia. In 1997, Stoltzfus®’ suggested that the population prevalence of
severe anemia, defined as Hb < 70 g/L, be considered to assess the public health severity of
anemia; specifically, >10% would be considered high, 1-9% moderate, and < 1% low. These
cutoffs were not adopted by the WHO, but prevalence estimates of moderate and severe
anemia may be pragmatic for defining a public health problem of anemia severity, given the
concerns of potential misclassification of anemia with cutoffs higher than necessary among
certain populations.34:61

Examples of two countries with different types of data to help interpret anemia etiology

We describe two country situations from the BRINDA project surveys supported by
additional evidence to illustrate the challenges of a “one-size-fits-all” iron delivering
interventions address anemia. The first is Cambodia (2014), where the prevalence of anemia
was 45.4% for WRA and 55.6% for children aged 6-59 months. There was a high (>20%)
proportion of moderate or severe anemia and the burden of elevated inflammatory proteins
was nearly 40% for both population groups. Among those with anemia, <10% had ID
(irrespective of if iron was adjusted for inflammation). Karakochuk ef a/.23 reported IDA
prevalence 10 times higher among women with Hb disorders, compared with those without
Hb disorders in a rural province of Cambodia, but nationally representative analyses suggest
that anemia could not be explained by nutritional deficiencies or Hb disorders.#49 Based on
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the national ID prevalence (<7% regardless of inflammation-adjustment), national iron
delivery interventions are likely not needed.3 Dijkhuizen et a/>0 suggest that nutrition-
specific interventions (e.g., food aid) beyond single micronutrient interventions and
nutrition-sensitive (e.g., infectious disease control) interventions are needed to reduce
anemia prevalence, with targeting that extends beyond pregnant women. A second example
is Bangladesh (2012), where the prevalence of anemia in women and children was moderate
(20-40%) and among those with anemia, 25-30% had ID (and the prevalence was higher if
ferritin was not adjusted for inflammation). Regions of Bangladesh are known to have iron
in groundwater.4> Based on dietary intake data,%2 population-based provision of multiple
micronutrients may be justified. Yet, a recent trial showed no change in anemia prevalence
among pregnant women in Bangladesh randomized to receive a daily multiple micronutrient
supplement or iron and folic acid during pregnancy.** Trial authors concluded that baseline
micronutrient status and other covariates explained the majority of the micronutrient and Hb
status in late pregnancy.** Given these examples, improving nutritional and nonnutritional
modifiable factors may be required to reduce anemia among vulnerable populations (e.g.,
children and WRA, and lower socioeconomic status).

Utility of using YLD to assign public health severity of anemia

Strengths

Prevalence and severity of anemia are the underlying components of YLD. What the YLD
reveals that is not apparent from population prevalence estimates alone is the increasing
disability associated with moderate and severe anemia. Although YLD is an important tool
for policymakers and donors, it does not contain the etiologic specific information that
would help inform effective anemia control programs, such as the proportion of individuals
with anemia and 1D, genetic blood disorders or hemoglobinopathy variants, and other causes
of anemia, such as malaria, tuberculosis, and HIVV/AIDS, or other micronutrient deficiencies.
The YLD rate may be most useful at the within-country setting for prioritizing anemia
across other disease burdens faced at a national level.

and limitations

Using anemia prevalence estimates from the 2016 GBD to compare with YLD rates, and
comparing the relative contributions of mild, moderate, and severe anemia on the YLD
estimates is a strength of this analysis. However, working with the 2016 GBD data reminds
us of the challenge of characterizing IDA within published GBD work. The GBD 2013
anemia collaborators state the shortcomings of generating etiologic specific estimates of
anemia without iron biomarker data.12 As such, the strength of this study is the BRINDA
database that includes serum ferritin and inflammatory protein concentrations. However, the
BRINDA database has a relatively small number of surveys and the availability of additional
micronutrient data is inconsistent and genetic blood disorder or hemoglobinopathy variant
data within these surveys are extremely limited. Potentially the most important limitation of
this work was the reliance on individual Hb cutoffs defined by WHO that were determined
using statistical thresholds rather than having health outcome data available, and therefore
may not reflect adverse outcomes.
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Conclusion

It has long been known that anemia is caused by multiple factors besides 1D,1:3:12 yet the
collection of etiologic characteristics of anemia in a single survey is rare. We argue that even
if a single survey does not collect all of the necessary data to interpret anemia etiology
within a country, compiling data from various recent surveys and other data sources in a
country would help inform anemia control programs. As a starting point, however, iron
status and inflammation status assessment in population-based surveys, although complex,
can be done in resources constrained settings,53 and need not be considered out of reach.
Resources are limited to target anemia reduction, giving further credence to programing
etiologically appropriate interventions. Where the anemia burden is high and the underlying
cause is unknown, efforts to understand the etiology of anemia would be useful. When the
anemia prevalence is high and amenable to iron interventions, supporting effective iron
interventions is expected to reduce the prevalence of anemia and ID. When the anemia
prevalence is high and amenable to other micronutrients, such as folate, vitamin B12,
vitamin A, or zinc, delivering multiple micronutrients to a population, coupled with malaria
control (if endemic), may be appropriate. Yet these decisions are difficult to make in the
absence of data. We conclude that although the WHO population prevalence criteria used to
describe the public health severity of anemia are important for national policymakers and for
setting global designations of severity and policymaking, etiologic-specific metrics that take
into account IDA and other causes of anemia are necessary for effective anemia control
policies.
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Country-level anemia prevalence rate by YLD rate for 2016 by WHO regions. Note: Global
Health Data Exchange estimates of years lived with disability (YLD, per 100,000) from

anemia and anemia prevalence rate (per 100) among all age groups (women and men at all

available ages), children under 5 years, adolescent females (10-19 years old), and women of

reproductive age (15-49 years old). World Health Organization (WHO) regions are

designated by color; each dot represents a unique country.
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