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Abstract

We aim to provide a practical approach to assess anemia and its primary causes, both in clinical
settings and in the context of public health programs. Anemia remains a global challenge;

thus, to achieve goals for anemia reduction and assess progress, standardized approaches are
required for the assessment of anemia and its causes. We first provide a brief review of how

to assess anemia, based on hemoglobin concentrations and cutoffs that correspond to age, sex,
and physiologic status. Next, we discuss how to assess the likely causes of anemia in different
settings. The causes of anemia are classified as non-nutritional (for example, because of infection,
inflammation, blood loss, or genetic disorders) or nutrition-specific (for example, because of
deficiencies of iron, vitamin A, riboflavin, vitamin B1o, or folate). There is an important overlap
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between these 2 categories, such as the increased likelihood of iron deficiency in the context of
inflammation. Given the multifaceted nature of anemia etiology, we introduce a framework for
anemia assessment based on the “ecology of anemia,” which recognizes its many overlapping
causes. This conceptual framework is meant to inform what data on anemia causes may need to

be collected in population surveys. The framework has a supporting table with information on

the diagnostic tests, biomarkers and proposed cutoffs, characteristics, and feasibility of collecting
the myriad information that can help elucidate the anemia etiology. We also provide examples of
how this framework can be applied to interpret the anemia risk factor data from population-based
surveys that can inform decisions about context-specific interventions. Finally, we present research
gaps and priorities related to anemia assessment.

Keywords
hemoglobin; anemia assessment; anemia etiology; population-based methods

Introduction

Anemia, defined as low hemoglobin (Hb) concentration in the blood, remains a critical
global public health problem that contributes to increased morbidity and mortality,
particularly in women and preschool-age children [1,2]. Globally, regionally, and in nearly
all countries, the progress on anemia reduction in women aged 15-49 y is insufficient to
meet the World Health Assembly global nutrition target to halve anemia prevalence by 2025,
and the prevalence of anemia in children also remains high [3].

A key challenge to quantifying the global burden of anemia is the variability of anemia
prevalence estimates and trends resulting from the variety of different assessment techniques
used to generate these data. For example, most of the anemia data in the 2022 paper

by Stevens et al. [3] came from population surveys that utilized capillary blood samples,
which can produce variable results of Hb concentration compared with venous blood [4-6].
Therefore, the high anemia prevalence may be partially because of measurement bias.

To make progress on global goals to reduce anemia and to determine the effectiveness

of interventions, appropriate assessment tools to reliably measure and interpret Hb
concentrations and determine the underlying causes of anemia in both clinical and
community settings are necessary. Inadequate red blood cell (RBC) production, decreased
RBC life span, increased blood loss, or combinations of these conditions result in anemia,
which reduces the oxygen-carrying capacity of RBC. Anemia, like stunting, is a condition
reflective of diverse and overlapping causes, that is, an ecology involving nutrition,
genetics, disease, structural and social determinants, and the environment. Understanding
the components of the ecology of anemia is critical for our efforts to identify and treat
anemia with precision at both individual and population levels. Here we present a summary
of current information on anemia assessment from the USAID (United States Agency for
International Development) Advancing Nutrition Anemia Task Force.
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Important considerations for anemia assessment

Why is anemia assessment important—and why is measuring Hb [or hematocrit (Hct)]
alone insufficient? First, anemia assessment identifies individuals and populations who may
benefit from, or be harmed by, an intervention. These can be unique groups based on
environmental (for example, malarial regions), genetic (for example, those with inherited
blood disorders), or demographic (for example, pregnant women and young children)
characteristics. Anemia also reflects health risks; for example, pregnant women with anemia
have a higher risk of negative consequences of blood loss during delivery. Assessment is
important to target those disproportionately affected by anemia and to monitor and evaluate
anemia control programs. Although Hb and Hct reflect the status or perturbations in the
hematological system, they are not sufficient to make a differential diagnosis that reflects
the range of etiologies, as detailed in the paper on the biology of anemia elsewhere in this
supplement [7]. Assessment of the causes of anemia involves collecting biomarkers, which
are objective measures of normal or pathogenic processes, or responses to a therapeutic
intervention (for example, indicators of micronutrient status or inflammatory proteins) [8,9].

Anemia assessment tools include Hb, Hct, and the myriad information that informs

the underlying causes of anemia. They should be valid (accurate), precise (reproducible
and limited variability), affordable, feasible, and acceptable [9]. Factors such as age,

sex, pregnancy status, and trimester influence Hb and Hct biomarker cutoffs, whereas
pre-analytic, and analytic factors influence the quality of measurement. These factors, in
addition to genetics, lifestyle (for example, smoking, altitude, diet), and inflammation need
to be considered when assessing anemia.

As previously mentioned, we are not on track to meet the World Health Assembly goal

to reduce the prevalence of anemia in women of reproductive age by 50% by the year

2025 [3]. Estimation of anemia prevalence and its etiologies have been in many instances
suboptimal, and prevention and treatment efforts have been weighted toward the provision
of iron. Furthermore, appreciating the complex etiology of anemia and transferring that
knowledge to anemia control programs has taken time. A deeper understanding of the
ecology of anemia is needed to make better progress. The WHO is currently revising global
guidelines for anemia diagnosis and control. WHO has specified that understanding the role
of infectious and environmental factors in anemia etiology is an important research priority
[1,10].

Current guidelines targeting populations at risk for anemia

Two factors impeding action to assess and address anemia are 1) the lack of universal
guidance to screen young children and pregnant women for anemia or iron deficiency,

and 2) the limitations of using Hb alone in anemia screening programs because it does

not allow for assessment of its causes. For example, for infants and young children, the
American Academy of Pediatrics recommends universal screening for anemia by measuring
Hb concentration at ~1 y of age [11], including exploration of anemia causes [11,12],
whereas the Centers for Disease Control and Prevention recommends screening for iron
deficiency anemia at 9-12 mo of age, again at 15-18 mo, and then yearly until 5 y of

age [13]. Conversely, the United States Preventive Service Task Force concluded in 2015
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that there was insufficient evidence to recommend screening for iron deficiency anemia

in young children in the United States [14]. The WHO does not provide guidance on
screening young children for anemia or iron deficiency. For pregnant women, the American
College of Obstetricians and Gynecologists recommends universal screening for anemia
and treating those with iron deficiency anemia with supplemental iron, in addition to
iron-containing prenatal vitamins [15], whereas the WHO recommends daily iron and folic
acid supplementation to prevent anemia during pregnancy, but lacks guidance on universal
screening for anemia or iron deficiency [16]. Individual countries are expected to adapt the
WHO guidance to their local context and develop clinical guidance on anemia screening
policies, depending on available resources. Guidelines on screening for anemia could be
improved if they included a sensitive and specific measure of iron status because it is one
important cause of anemia and because iron deficiency can cause lifelong neurological
consequences [17].

Aims of manuscript

The aims of this paper are to ) propose best practices to assess anemia and its main causes,
both in clinical and public health settings in resource-limited settings within low-income
countries, and 2) identify key research gaps and priorities related to anemia assessment.
Each section includes considerations for individual screening in clinical settings, followed
by guidance for surveys, surveillance, and program monitoring in populations.

Approaches to Assess the Presence of Anemia

Clinical history and physical examination

The assessment of anemia in an individual begins with careful history taking and a detailed
physical examination. The patient’s medical history should include questions about the
history of anemia symptoms such as easy fatigability or malaise, any bleeding (in particular,
gastrointestinal or heavy menstrual bleeding), family history of genetic disorders, current
medication use, living in or having traveled to malaria-endemic areas or areas affected by
other anemia-causing infectious diseases, and diet history [18]. The examiner should also
look for signs of pallor of the skin and mucous membranes, specifically in the conjunctiva of
the eyes, nail beds, and palms [19]. Although the sensitivity (52%) and specificity (75%) of
clinical assessment to diagnose anemia are poor [20], clinicians could use a physical exam
to detect severe anemia and refer a patient to a higher-level facility for further evaluation and
treatment where laboratory assessment of Hb or Hct is not possible [21].

Blood-based assessment

The presence of anemia is most often defined as low Hb concentration in the

blood, measured in whole blood, from the venous or capillary collection, either by
automated hematological analyzers or spectrophotometry. Simple portable devices based on
spectrometry such as the HemoCue®© are also available for rapid point-of-care assessment.
Several noninvasive approaches to anemia assessment are being evaluated (for example,
smartphones or pulse co-oximeters) [22-25] but will not be discussed as the process

of validation by other researchers is underway. A noninvasive technology developed by
Massimo has received approval in the United States by the Food and Drug Administration.
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The caveats of venous or capillary blood collection for the determination of Hb are
discussed in a later section, and more detailed information on blood collection and
management for assessing Hb can be found in Module 3 of the Micronutrient Survey
Manual and Toolkit [26].

The preferred method of Hb analysis is in the laboratory by automated hematology
analyzers, which are advantageous because, in addition to Hb, they provide a complete
blood count (CBC) including RBC indices, which can be useful for diagnosing

the underlying cause of anemia (Figure 1). Other laboratory-based methods such as
cyanmethemoglobin (Drabkin’s), Sahli’s, and the alkaline hematin method are rarely used,
but may have utility in settings where automated instrumentation is not available [27].

Anemia can also be determined using Hct, which is the volume of RBCs relative to the
volume of the blood sample, expressed as a percent. Automated hematology analyzers
calculate Hct as the product of RBCs (millions/mms3) and the mean cell/corpuscular volume
(in femtoliters) [28]. Hct does not supply additional information beyond that provided by
the Hb concentration. Therefore, direct measurement of Hct is only suggested where Hb
measurement is not feasible. Several factors affect the interpretation of Hb measurements, as
described in the following sections. There has been consensus around the need to account
for altitude and smoking status for >2 decades, which we describe first. That summary is
followed by information summarizing the recent growing awareness of other sources of
variability that need consideration when assessing Hb.

Adjusting Hb for altitude and smoking—The main function of Hb is to transport
oxygen from the lungs to the tissues, and both altitude and cigarette smoking affect

this vital function. Hb concentration increases in response to the decrease in partial

pressure of oxygen at higher elevations. In a similar adaptation, Hb concentration increases
among cigarette smokers because their Hb has a reduced oxygen-carrying capacity. WHO
recommends adjusting measured Hb concentration for altitude and smoking status [29].

A recent report suggested that these adjustments be reexamined with newer data. The
adjustments made as per 2001 WHO recommendations resulted in under-adjustments for
light smokers and those residing at lower altitudes (that is, their adjusted Hb, when done,
results in values higher than they should be), and over-adjustment for those residing at
higher altitudes (their adjusted Hb values are lower than they should be) [30]. Because WHO
is updating their recommended adjustment method in 2023, we advise practitioners to search
for the most up-to-date guidance provided by WHO when they analyze Hb data. In the
interim, the 2001 recommendations can be used.

Other sources of variability in Hb measurements—\Venous or capillary blood
samples can be used for Hb determination, and the method of blood collection can influence
the Hb measurement [31-36]. Although the use of a single drop of capillary blood from a
finger or heel stick is common in both clinical and public health settings, venous blood is
preferable because of the large variation in Hb concentrations from the same individuals
and human measurement error when using capillary blood [4-6]. A capillary blood sample
can lead to erroneous results if there is a mixture of tissue fluid and skin, so phlebotomists
should use standard practices that include quick, continuous, and deliberate skin puncture
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for a good flow of blood; wiping away the first drop of blood; and avoiding squeezing or
milking the finger or heel [37]. A recent study in Mexico found as much as 20-30 g/L
variation in capillary Hb estimates using HemoCue© compared with venous blood measured
in a clinical hemocounter [38]. The Mexican study also found that a pool of capillary

blood (several drops of blood collected by finger or heel pricks) may produce results

similar to venous blood using HemoCue®. Further research to determine the appropriate
methodologies for the collection, handling, and processing of pools of capillary blood is
ongoing. Meanwhile, venous blood is preferred to have reliable results of Hb concentration
unless it is confirmed that pools of capillary blood can produce reliable results.

The above-described results complement findings of other studies that have reported
discrepancies in Hb concentration within individuals that are mainly due to factors such

as the use of capillary (single drop and pooled) compared with venous blood [31,32,39-44]
or the use of different HemoCue® models [45]. Other preanalytical factors that can influence
the measurement of Hb concentration with a HemoCue® include ) deterioration of the
microcuvette’s reagent because of humidity (especially in the HemoCue® 201+ model),

2) operational factors such as length of time lapse between loading the blood into the
microcuvette and taking a reading with the equipment (HemoCue® 301 model), and 3) the
care with which the cuvette is filled and loaded into the device [46,47].

Current cutoffs and challenges in interpreting Hb concentrations—Clinicians
and other health practitioners diagnose anemia by applying different cutoffs to the measured
concentration of Hb based on age, sex, and physiological status. WHO thresholds are widely
applied to define anemia and its severity for various age and population groups [48]. The
current cutoffs to define anemia in various age and population groups are as follows:

. children 6-59 mo: <110 g/L

. children 5-11y: <115 g/L

. children 12-14 y: <120 g/L

. nonpregnant women of reproductive age (15-49 y): <120 g/L
. pregnant women: <110 g/L

. men (15 y and above): <130 g/L

A limitation of the current Hb thresholds that WHO uses to define anemia is that they are
based on data from North America using statistical cutoffs (for example, the expectation
that the lowest 5% of the population Hb distribution was abnormal, or representative of
anemia) [13]. The need for separate cutoffs based on race has been proposed [49-52], as
have revisions to the cutoffs for key age groups (for example, children younger than 24 mo
of age) [53]. However, there is the concern that by applying different cutoffs for anemia
by race, which is considered a social construct, it will exacerbate health inequities, and
therefore it is not advisable [54]. Furthermore, it would not be feasible to systematically
operationalize.

Sachdev et al. recently reported age and sex-specific Hb cutoffs to define anemia in children
in India 1-19 y of age using data from the 2016 India Comprehensive National Nutrition
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Survey and applying a similar approach as current WHO Hb cutoffs using the lowest 5%
of Hb distribution in a presumably healthy subpopulation of those sampled. This resulted in
lower cutoffs than currently recommended by WHO [55]. Although these lower proposed
Hb thresholds may be more appropriate for the Indian population, it is difficult to assess
the validity of lower thresholds based solely on statistical cutoffs that have not been linked
to physiologic or other health outcomes. Moreover, the use of country-specific cutoffs
undermines the ability to compare data across countries.

Recent analyses from the International Fetal and Newborn Growth Consortium for the 21st
Century and Biomarkers Reflecting Inflammation and Nutritional Determinants of Anemia
(BRINDA) group also report Hb distributions where the 5th percentile was lower than the
current WHO cutoffs to define anemia in apparently healthy pregnant women, children, and
nonpregnant women of reproductive age [56,57]. Using data from 79,950 Hb observations
from 30 population-based surveys covering all WHO geographic regions, the BRINDA team
found that the WHO Hb cutoffs for defining anemia were higher than the 5th percentile

of Hb distributions of all countries except the United States. This finding was held for
children 6-59 mo and nonpregnant women 15-49 y and was reinforced using a physiologic
biomarker of increased RBC production (soluble transferrin receptor). The Hb thresholds are
currently under review by WHO based on the available data sources and the understanding
that anemia would best be defined by clinical outcomes rather than population distributions
[10].

In summary, the best practices for anemia assessment include the use of venous (or
potentially pooled capillary) blood, Hb analysis by an automated analyzer or point-of-care
HemoCue® device using appropriate quality controls, Hb adjustment for altitude and
smoking using updated WHO recommendations, and application of global age- and sex-
specific and physiologically validated cutoffs for anemia. Application of the existing WHO
Hb cutoffs is deemed to be the best alternative pending release of new recommendations.

Approaches to Assess the Causes of Anemia

Non-nutritional and nutrition-specific causes of anemia, and their interaction

Anemia will not be resolved unless its underlying causes are understood. In general, the
causes of anemia can be categorized as non-nutritional or nutrition-specific and grouped

by the mechanisms that produce anemia which include blood loss, increased hemolysis,
decreased erythropoiesis, and micronutrient deficiencies (Table 1) [7]. Micronutrient
deficiencies can be caused by insufficient dietary intake, impaired absorption, or increased
losses. Factors that can influence nutrient absorption, such as celiac disease, loss of stomach
acidification from advanced age, Helicobacter pyloriinfection or proton pump inhibitor or
antacid use, are important to take into consideration when assessing anemia [7]. However, it
is beyond the scope of this paper to detail all influencers of nutrient malabsorption.

It is important to recognize the reciprocal relationships among nutritional and non-
nutritional causes of anemia as each cause may affect, and can be affected by, the other.

For example, an individual may have acute inflammation because of an illness that could
lead to functional iron deficiency, which is when the body may have sufficient iron, but it is
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sequestered because of elevated hepcidin from the inflammation. This individual would most
likely be unable to absorb iron adequately from their diet or supplementation/fortification
before the resolution of the inflammation. Similarly, overweight or obese individuals are

at a greater risk for iron deficiency [58,59] because inflammation associated with obesity
can reduce iron absorption and may increase iron sequestration [60,61]. In a recent trial,
compared with infants born to normal weight women, infants born to overweight mothers
had lower body iron stores because of decreased iron absorption late in pregnancy because
of inflammation [62].

Clinical assessment of anemia etiology

Clinical settings are convenient sites for determining the cause(s) of anemia in an individual,
as the patient can be seen multiple times before and after initiating any treatments to
alleviate the anemia. Once a clinician diagnoses a patient with anemia, most clinical
algorithms start with evaluating the RBC indices from a CBC, which describe the size,
shape, and Hb content of RBCs (Figure 1). For example, the mean corpuscular volume is
the average size of the patient’s RBCs and can be low (microcytic), normal (normocytic),
or high (macrocytic). The mean corpuscular hemoglobin is the average Hb content in
RBCs and when low, can indicate iron deficiency or certain inherited blood disorders.
Red cell distribution width (RDW) is a measure of the variation in RBC size, and a high
RDW indicates a large variation in RBC sizes, as occurs with iron deficiency and with
megaloblastic anemia. Nutritional causes of anemia can be ascertained using nutritional
biomarkers, which are described in later sections.

Reticulocyte counts are also useful for establishing the general type of anemia. During

the process of erythropoiesis, the bone marrow produces reticulocytes or immature RBCs.
Under normal conditions, the rate of RBC production equals the rate of RBC loss, so
reticulocytes make up ~1% of the circulating RBCs. However, after blood loss, with
hemolytic anemias, or shortly after successful initiation of treatment for nutritional anemias,
the reticulocyte count is elevated. Automated blood counters can count reticulocytes (Figure
1). Examination of a peripheral blood smear may also be helpful to assess RBC morphology
and diagnose an inherited blood disorder, such as sickle cell anemia. Anemia because

of underlying diseases, such as peptic ulcers, chronic kidney disease, uterine fibroids, or
coeliac disease, may require additional workup and clinical referral to treat the root cause
of the anemia. Figure 1 presents a proposed framework for anemia assessment in clinical
settings.

Population-based assessment of anemia etiology

We can use population-based surveys to estimate anemia prevalence and the strength

of association between anemia and its causes. Decisions around which biomarkers to
include in a survey depend on geographic locations (malaria compared with nonmalaria
zone); available information on other underlying diseases (for example, selected parasites
and genetic disorders); and financial and technical resources. The Micronutrient Survey
Manual & Toolkit, produced by CDC, UNICEF, Nutrition International, and WHO, is

a valuable resource covering multiple aspects of planning cross-sectional micronutrient
surveys (available from https://mnsurvey.nutritionintl.org) [63].
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Examples of population-based surveys and surveillance systems that collect Hb data include

1. Demographic and Health Surveys (DHS) report on anemia prevalence in low-
and middle-income countries and provide information on socio-demographic and
geographic risk factors for anemia [64-67] and trend analyses [68,69].

2. The Guatemalan Epidemiological Health and Nutrition Surveillance System
[70].

The Uganda National Panel Survey [71].
The Indian Comprehensive National Nutrition Survey [72].
The United States NHANES [73].

Malaria Indicator Surveys [74].

N o g &~ w

Population-based HIV Impact Assessment surveys [75-77].

National nutrition surveys can collect individual-level information on the non-nutritional
and nutritional causes of anemia, which provides the necessary data to model associations
between anemia and its causes in populations [78-81]. One limitation of cross-sectional data
interpretation is the inability to assign causal attribution. Intervention trials, cohort studies,
or longitudinal population-based surveillance may be preferred for this purpose. However,
to better understand the ecology of anemia within a population it may be prudent to look
across multiple existing data sources to determine what the most likely underlying causes

of anemia may be. This collation of data would also identify if future surveys could fill

gaps in knowledge to better understand the ecology of anemia within a population. Figure 2
provides a conceptual framework that can be used to guide conversations and aid in decision
making to determine what data to consider including in population-based surveys to better
understand anemia ecologies within populations. This framework is meant to draw attention
to the causes of anemia in addition to iron and the micronutrients that are commonly
considered when discussing anemia. It is not a prescriptive one-size fits all formula.

In addition to these immediate causes of anemia, it is important to consider underlying
structural and social determinants, such as economic stability; education access and quality;
racism, discrimination, and violence; language and literacy skills; food security; and climate
change and polluted environment [1,82].

Planning a population-based survey or setting up a health surveillance system that includes
anemia and its underlying causes is a large undertaking. Several factors influence survey
design, including the tools used for data collection and the specific biomarker(s) used to
detect a particular condition. Sampling strategies, survey tools, and information to guide

the selection of appropriate biomarkers of nutritional status are available online in the
Micronutrient Survey Manual and Toolkit [63]. Table 2 provides a high-level overview of
considerations for including items in a survey to assess anemia ecology, including feasibility
of collection. Box 1 summarizes the anemia etiology components to consider in population
surveys or surveillance.

J Nutr. Author manuscript; available in PMC 2024 April 09.
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Considerations for assessing status of iron and other relevant micronutrients
—Although multiple indicators for iron status exist, WHO recommends assessing ferritin
and inflammatory proteins to estimate the prevalence of iron deficiency in populations [83].
Additional micronutrient data, including vitamin A, vitamin B12, folate, and riboflavin, are
useful for understanding the underlying causes of anemia in populations, as deficiencies

in multiple micronutrients are common and can contribute to anemia. Dietary patterns that
capture the intake of iron-rich food [84], iron inhibitors such as phytates and tannins, and
other relevant micronutrients are also important to measure [85]. However, practitioners
should not collect dietary data in place of nutritional biomarker data, but rather use it in
conjunction with such data [86].

The list of causes of anemia to consider during survey planning may be sizable and will
differ based on the infectious disease burden or environmental conditions of the setting.
For example, groundwater iron may be important to assess [87,88]. If the infectious disease
burden is high in a population, then a clear understanding of the disease interaction with the
anemia ecology will be imperative, given the known downregulation of iron absorption and
metabolic mobilization during bouts of infection or inflammation. Populations with lower
infectious disease burden have been found to have a higher proportion of iron deficiency
anemia [78,79,89], likely because infections are responsible for a larger proportion of
anemia among populations with higher infectious disease burdens. We considered the
BRINDA project and Global Burden of Disease (GBD) project, which estimated the global
prevalence of anemia by cause [90, 91] when developing a decision-making framework to
understand anemia causes at the population level (Figure 2).

In 2010, 4 of the 5 highest-ranking causes of anemia were non-nutritional: hookworm
disease, sickle cell disorders, thalassemias, and malaria. Nevertheless, the GBD ranked iron
deficiency as the leading cause of anemia, although the causal attribution model did not
incorporate iron status data; researchers assigned it as the residual cause of anemia after
identifying other causes [90]. Therefore, we emphasize the assessment of inherited blood
disorders, infections, and iron status to understand the ecology of anemia (Figure 2).

Utilizing survey data to inform programmatic decision making

Loechl et al. [92] in another paper (in this supplement) present a framework for how to use
surveillance data to inform intervention choice. Here we present a brief discussion of the
implications of how anemia survey data can inform programmatic decision making.

After the collection of Hb data alongside conditions known to cause anemia, it is useful to
interpret the data and apply the results to inform public health anemia control programs.
We use data from a national micronutrient survey in Malawi as an illustration of how to
quantify the contributions of multiple anemias causes that often overlap with one another.
Data from this survey were selected because they are unique in 2 ways: 7) the data are
publicly available and were collected in tandem (that is, linkable) with the DHS and 2)
the survey collected a wide variety of risk factors for anemia (for example, inherited
blood disorders, infectious diseases, and multiple micronutrient deficiencies). Examining
prevalence estimates of conditions known to cause anemia is a first step in understanding
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the ecology of the anemia. A common next step is to examine the univariate associations
between risk factors and anemia (the outcome), and then build multivariable models
predicting likely causes of anemia controlling for the overlap and interrelation between
these conditions. The prevalence of conditions known to cause anemia, and the estimates
of anemia among those with or without the conditions are presented in Table 3 using
publicly available data from the 2015-2016 national micronutrient survey in Malawi. In
unadjusted weighted univariate analyses, there was a significant association between any
inflammation and anemia (prevalence ratio of 1.6, Table 3), but after controlling for iron
deficiency, malaria and other covariates, the association between anemia and inflammation
was attenuated (adjusted prevalence ratio of 1.2) given the overlapping of iron deficiency,
malaria, and inflammation. The adjusted prevalence ratios indicate a stronger association
between anemia and malaria than iron deficiency (Table 3). Similarly, in a cohort of children
in Zambia, researchers attributed more anemia to malaria than iron deficiency in the high
malaria season [93].

A national survey in Azerbaijan similarly used Poisson regression to calculate risk ratios
and estimated that 17.6% of anemia was attributable to iron deficiency among children
[94]. Therefore, Azerbaijan may potentially reduce <17.6% of the anemia burden if
officials could eliminate iron deficiency among children. A recent comparative analysis
of methods for estimating attributable fractions concluded that Poisson regression was
the most accessible method for quantifying attribution using cross-sectional data [95].
Accounting for confounding and correlation among exposure variables is important to
prevent overestimation of attribution of risk factors in regression models; therefore,
measurement of multiple underlying risk factors for anemia within surveys is useful.

It is known that attributable fractions likely overestimate the benefit of iron interventions on
anemia in settings where multiple causes of anemia overlap [96]. Furthermore, estimating
attributable fractions from cross-sectional data is unconventional because you cannot
calculate risk without a time component, and the attributable fraction percentages can

total to over 100%. We show an illustrative example of the overestimation of attributable
fractions using data from Malawi without accounting for the overlap of conditions (for
example, malaria + iron deficiency + inflammation) within individuals. We calculated

the maximum expected effect by dividing the prevalence of anemia and the condition

(for example, iron deficiency) by the prevalence of anemia. The attributable fraction was
calculated as the proportion exposed * (RR — 1) / [1 + proportion exposed * (RR — 1)],
where the adjusted prevalence ratio is substituted for the relative risk (RR). This simplistic
approach overestimates the effect that removing single conditions would have on the anemia
prevalence. For example, among complete cases with no missing data for covariates,
dividing the prevalence of children with anemia and malaria (15%) by the prevalence of
children with anemia (29%) results in 51.5%, which suggests that eliminating malaria
among children could reduce more than half of child anemia. However, we know that some
children concurrently have malaria, iron deficiency, and inflammation (as well as inherited
blood disorders or other micronutrient deficiencies). If we use the adjusted prevalence ratio
representing the influence of malaria on anemia (3.1) to estimate RR in an attributable
fraction equation, then the percent of anemia amenable to the elimination of malaria among
children would decrease to 35% (Figure 3). Although these analytic methods are imperfect,
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they inform the relative contribution of population characteristics to the ecology of anemia
and highlight the importance of malaria elimination, for example, to achieve progress in
anemia reduction.

Evidence Gaps

We summarize the research needs for diagnosing anemia and determining its causes in

Table 4. Key questions are categorized as follows: 7) assessing Hb and anemia etiologies
and 2) population anemia etiology assessment. Essential to both sets of questions is the
feasibility and cost-effectiveness of assessment tools. As researchers develop new methods
for measuring Hb and novel biomarkers of anemia etiology, they will need to be assessed for
both their sensitivity and specificity with respect to existing methods or markers as well as
their suitability for population assessment. Criteria for assessing their utility include—

. relative ease of specimen collection, processing, and analysis;

. accuracy and precision of the test results;

. cost of the instrument or the laboratory analysis;

. acceptability of the method for the individuals being assessed [1].

Priority research questions on anemia assessment tools include procedures and
methodologies to improve the reliability of results with point-of-care and noninvasive

Hb instruments (for example, assessing venous compared with pools of capillary blood,
validating the calibration and comparability use of devices in different settings, and
developing approaches to account for preanalytical factors when possible). Development

of point-of-care assessment tools that can simultaneously measure Hb as well as key anemia
risk factors (for example, inflammation, iron deficiency, malaria, and hemoglobinopathies) is
needed.

There are also important research questions related to population-based assessment of the
ecology of anemia. For example, is it feasible logistically and would it be more cost-efficient
to do a CBC and reticulocyte count on all survey participants and assess underlying causes
of macrocytic or microcytic anemia purposefully rather than measure all possible causes of
all forms of anemia in everyone? This could reduce the number of laboratory analyses

(for example, assessing for iron status only among those with microcytosis or causes

of hemolytic anemias only in those with elevated reticulocyte count), but may increase
complexity, and the cost of that trade-off is unknown. This selective measurement of
biomarkers may, however, have the unintended consequence of overlooking public health
problems (for example, high prevalence of micronutrient deficiency) among segments of the
population that do not have anemia. Finally, how to best measure underlying structural and
social determinants of health and assess their impact on anemia burden remains a research

gap.

In conclusion, the persistence of anemia within populations increasingly perplexes public
health professionals. Our goal is to encourage the assessment of non-nutritional causes of
anemia, as well as the role of nutrients in addition to iron, to better understand the ecology
of anemia (Box 2). Population-based surveys that take an ecological approach to collecting
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data on infections such as malaria and hookworm, inflammation, inherited blood disorders,
and iron status offer an opportunity to assess the relative contributions of non-nutritional and
nutritional etiologies of anemia. Such survey results can be used to prioritize interventions
that would ostensibly reduce the anemia burden.

Funding

This article is published as part of a supplement sponsored by JSI Research & Training Institute, Inc. This
manuscript was developed by the USAID Advancing Nutrition Anemia Task Force (ATF), which is supported by
the United States Agency for International Development. The reviewed manuscript was prepared under the terms
of contract 7200AA18C00070 awarded to JSI Research & Training Institute, Inc. (JSI). USAID staff participated
in the ATF meetings and working groups in their capacity as anemia experts and serve as a co-author of the review
papers.

Abbreviations:

BRINDA Biomarkers Reflecting Inflammation and Nutritional Determinants of
Anemia

CBC complete blood count

DHS Demographic and Health Surveys

GBD Global Burden of Disease

Hct Hematocrit

Hb hemoglobin

RDW red cell distribution width

RBC red blood cell

RR relative risk

References

[1]. Chaparro CM, Suchdev PS, Anemia epidemiology, pathophysiology, and etiology in low- and
middle-income countries, Ann. N. Y. Acad. Sci 1450 (1) (2019) 15-31. [PubMed: 31008520]

[2]. Raiten DJ, Combs GF, Steiber AL, Bremer AA, Perspective: nutritional status as a biological
variable (NABV): integrating nutrition science into basic and clinical research and care, Adv.
Nutr 12 (2021) 1599-1609. [PubMed: 34009250]

[3]. Stevens GA, Paciorek CJ, Flores-Urrutia MC, Borghi E, Namaste S, Wirth JP, et al. , National,
regional, and global estimates of anaemia by severity in women and children for 2000-19: a
pooled analysis of population-representative data, Lancet Glob. Health 10 (2022) e627-e639.
[PubMed: 35427520]

[4]. Conway AM, Hinchliffe RF, Earland J, Anderson LM, Measurement of haemoglobin using
single drops of skin puncture blood: is precision acceptable? J. Clin. Pathol 51 (1998) 248-250.
[PubMed: 9659272]

[5]. Bond MM, Richards-Kortum RR, Drop-to-drop variation in the cellular components of fingerprick
blood: Implications for point-of-care diagnostic development, Am. J. Clin. Pathol 144 (2015)
885-894. [PubMed: 26572995]

[6]. Neufeld LM, Larson LM, Kurpad A, Mburu S, Martorell R, Brown KH, Hemoglobin
concentration and anemia diagnosis in venous and capillary blood: biological basis and policy
implications, Ann. N. Y. Acad. Sci 1450 (2019) 172-189. [PubMed: 31231815]

J Nutr. Author manuscript; available in PMC 2024 April 09.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 14

[7]. Brittenham GM, Moir-Meyer G, Abuga KM, Mitra AD, Cerami C, Green R, et al. , Biology of

anemia: a public health perspective, J. Nutr (2023).

[8]. Raiten D, Combs G, Directions in nutritional assessment: biomarkers and bio-indicators:

providing clarity in the face of complexity [Internet], Sight & Life Magazine, 2015 [cited
November 29, 2022]; 29. Available from: https://sightandlife.org/wp-content/uploads/2015/11/
SAL_Mag_Frontiers_In_Nutrition_2015_Directions_in_Nutritional_Assessment.pdf.

[9]. Mayeux R, Biomarkers: potential uses and limitations, NeuroRx 1 (2004) 182-188. [PubMed:

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

15717018]
Garcia-Casal MN, Pasricha S-R, Sharma AJ, Pefia-Rosas JP, Use and interpretation of

hemoglobin concentrations for assessing anemia status in individuals and populations: results
from a WHO technical meeting, Ann. N. Y. Acad. Sci 1450 (2019) 5-14. [PubMed: 31006883]

Baker RD, Greer FR, Diagnosis and prevention of iron deficiency and iron-deficiency anemia in
infants and young children (0-3 years of age), Pediatrics 126 (2010) 1040. [PubMed: 20923825]
Hafan J, Shaw J, Duncan P (Eds.), Bright Futures: Guidelines for Health Supervision of Infants,
Children, and Adolescents, 3rd ed, American Academy of Pediatrics, EIk Grove Village, IL,
2008.

Centers for Disease Control (CDC), CDC criteria for anemia in children and childbearing-aged
women, MMWR Morb. Mortal Wkly Rep 38 (1989) 400-404. [PubMed: 2542755]

Siu AL, U.S. Preventive Services Task Force, Screening for iron deficiency anemia and iron
supplementation in pregnant women to improve maternal health and birth outcomes: U.S.
preventive services task force recommendation statement, Ann. Intern. Med 163 (2015) 529-536.
[PubMed: 26344176]

American College of Obstetricians and Gynecologists, ACOG Practice Bulletin No. 95: anemia
in pregnancy, Obstet. Gynecol 112 (2008) 201-207. [PubMed: 18591330]

WHO, WHO | WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience
[Internet], WHO, 2016 [cited November 16, 2016]. Available from: http://www.who.int/nutrition/
publications/guidelines/antenatalcare-pregnancy-positive-experience/en/.

Cusick SE, Georgieff MK, The role of nutrition in brain development: the golden opportunity of
the “First 1000 Days”, J. Pediatr 175 (2016) 16-21. [PubMed: 27266965]

B.M.J. Best Practice, Evaluation of Anemia—Differential Diagnosis of Symptoms [Internet],
2020 [cited November 15, 2020]. Available from: https://bestpractice.bmj.com/topics/en-us/93.

Adamson JW, Longo DL, Anemia and polycythemia, in: Jameson J, Fauci AS,

Kasper DL, Hauser SL, Longo DL, Loscalzo J (Eds.), Harrison’s Principles of Internal
Medicine, 20e, McGraw Hill, 2018. https://accessmedicine.mhmedical.com/content.aspx?
bookid=2129&sectionid=192014145.

Marn H, Critchley JA, Accuracy of the WHO Haemoglobin Colour Scale for the diagnosis

of anaemia in primary health care settings in low-income countries: a systematic review and
meta-analysis, Lancet Glob. Health 4 (2016) e251-e265. [PubMed: 26905314]

Stoltzfus RJ, Edward-Raj A, Dreyfuss ML, Albonico M, Montresor A, Dhoj Thapa M, et al. ,
Clinical pallor is useful to detect severe anemia in populations where anemia is prevalent and
severe, J. Nutr 129 (1999) 1675-1681. [PubMed: 10460203]

Whitehead RD, Mei Z, Mapango C, Jefferds MED, Methods and analyzers for hemoglobin
measurement in clinical laboratories and field settings, Ann. N. Y. Acad. Sci 1450 (2019) 147-
171. [PubMed: 31162693]

Mannino RG, Myers DR, Tyburski EA, Caruso C, Boudreaux J, Leong T, et al. , Smartphone app
for non-invasive detection of anemia using only patient-sourced photos, Nat. Commun 9 (2018)
4924. [PubMed: 30514831]

Young MF, Raines K, Jameel F, Sidi M, Oliveira-Streiff S, Nwajei P, et al. , Non-invasive
hemoglobin measurement devices require refinement to match diagnostic performance with their
high level of usability and acceptability, PLOS ONE 16 (2021) e0254629. [PubMed: 34270591]
Wang EJ, Li W, Zhu J, Rana R, Patel SN, Noninvasive hemoglobin measurement using
unmodified smartphone camera and white flash, Annu. Int. Conf. IEEE Eng. Med. Biol. Soc.
(2017) 2333-2336, 2017.

J Nutr. Author manuscript; available in PMC 2024 April 09.


https://sightandlife.org/wp-content/uploads/2015/11/SAL_Mag_Frontiers_In_Nutrition_2015_Directions_in_Nutritional_Assessment.pdf
https://sightandlife.org/wp-content/uploads/2015/11/SAL_Mag_Frontiers_In_Nutrition_2015_Directions_in_Nutritional_Assessment.pdf
http://www.who.int/nutrition/publications/guidelines/antenatalcare-pregnancy-positive-experience/en/
http://www.who.int/nutrition/publications/guidelines/antenatalcare-pregnancy-positive-experience/en/
https://bestpractice.bmj.com/topics/en-us/93
https://accessmedicine.mhmedical.com/content.aspx?bookid=2129&sectionid=192014145
https://accessmedicine.mhmedical.com/content.aspx?bookid=2129&sectionid=192014145

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

[26].

[27].

[28].

Page 15

Centers for Disease Control and Prevention, World Health Organization, Nutrition International,
UNICEF, Micronutrient Survey Manual and Toolkit [Internet], World Health Organization,
2020 [date updated March 31 2022; date cited Feb 16 2023]. Available from: https://
mnsurvey.nutritionintl.org/.

Karakochuk CD, Hess SY, Moorthy D, Namaste S, Parker ME, Rappaport AL, et al. ,
Measurement and interpretation of hemoglobin concentration in clinical and field settings: a
narrative review, Ann. N. Y. Acad. Sci 1450 (2019) 126-146. [PubMed: 30652320]

Billett HH, Hemoglobin and hematocrit, in: Walker HK, Hall HD, Hurst JW (Eds.), Clinical
Methods: The History, Physical, and Laboratory Examinations [Internet], 3rd ed., Butterworths,
Boston, MA, 1990 [cited November 15, 2020]. Available from: http://www.ncbi.nIm.nih.gov/
books/NBK259/.

[29]. WHO, Iron Deficiency Anaemia: Assessment, Prevention and Control. A Guide for

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

Programme Managers [Internet], World Health Organization. WHO/NHD/01.3, 2001 [cited
February 19, 2015]. Available from: http://www.who.int/nutrition/publications/micronutrients/
anaemia_iron_deficiency/WHO_NHD_01.3/en/.

Sharma AJ, Addo OY, Mei Z, Suchdev PS, Reexamination of hemoglobin adjustments to define
anemia: altitude and smoking, Ann. N. Y. Acad. Sci 1450 (2019) 190-203. [PubMed: 31231812]

Karakochuk CD, Janmohamed A, Whitfield KC, Barr Sl, Vercauteren SM, Kroeun H, et al. ,
Evaluation of two methods to measure hemoglobin concentration among women with genetic
hemoglobin disorders in Cambodia: a method-comparison study, Clin. Chim. Acta 441 (2015)
148-155. [PubMed: 25542983]

Neufeld L, Garcia-Guerra A, Sanchez-Francia D, Newton-Sanchez O, Ramirez-Villalobos MD,
Rivera-Dommarco J, Hemoglobin measured by Hemocue and a reference method in venous and
capillary blood: a validation study, Salud Publica Mex 44 (2002) 219-227. [PubMed: 12132319]
Gwetu TP, Chhagan MK, Evaluation of the diagnostic accuracy of the HemoCue device for
detecting anaemia in healthy school-aged children in KwaZulu-Natal, South Africa, S, Afr. Med.
J 105 (2015) 596-599. [PubMed: 26428759]

Boghani S, Mei Z, Perry GS, Brittenham GM, Cogswell ME, Accuracy of capillary hemoglobin
measurements for the detection of anemia among U.S. low-income toddlers and pregnant women,
Nutrients 9 (2017) 253. [PubMed: 28282926]

Hruschka DJ, Williams AM, Mei Z, Leidman E, Suchdev PS, Young MF, et al. , Comparing
hemoglobin distributions between population-based surveys matched by country and time, BMC
Public Health 20 (2020) 422. [PubMed: 32228513]

Rappaport Al, Karakochuk CD, Hess SY, Whitehead RD, Namaste SML, Dary O, et al. ,
Variability in haemoglobin concentration by measurement tool and blood source: an analysis
from seven countries, J. Clin. Pathol 74 (2021) 657-663. [PubMed: 33023940]

WHO, Capillary Sampling. WHO Guidelines on Drawing Blood: Best Practices in

Phlebotomy [Internet], WHO, Geneva, 2010 [cited November 15, 2020]. Available from: https://
www.nchi.nlm.nih.gov/books/NBK138654/.

De la Cruz-Gongora V, Méndez-Goémez-Humaréan |, Gaona-Pineda EB, Shamah-Levy T, Dary
O, Drops of capillary blood are not appropriate for hemoglobin measurement with HemoCue: a
comparative study using drop capillary, pooled capillary, and venous blood samples, Nutrients 14
(24) (2022 Dec 16) 5346, 10.3390/nul14245346. [PubMed: 36558505]

Chen PP, Short TG, Leung DH, Oh TE, A clinical evaluation of the Hemocue
haemoglobinometer using capillary, venous and arterial samples, Anaesth. Intensive Care 20
(1992) 497-500. [PubMed: 1463181]

Patel AJ, Wesley R, Leitman SF, Bryant BJ, Capillary versus venous haemoglobin determination
in the assessment of healthy blood donors, Vox Sang 104 (2013) 317-323. [PubMed: 23294266]
Adam I, Ahmed S, Mahmoud MH, Yassin MI, Comparison of HemoCue® hemoglobin-meter
and automated hematology analyzer in measurement of hemoglobin levels in pregnant women at
Khartoum hospital, Sudan, Diagn. Pathol 7 (2012) 30. [PubMed: 22436620]

Sari M, De Pee S, Martini E, Herman S, Sugiatmi, Bloem MW, et al. , Estimating the prevalence
of anaemia: a comparison of three methods, Bull. World Health Organ 79 (2001) 506-511.
[PubMed: 11436471]

J Nutr. Author manuscript; available in PMC 2024 April 09.


https://mnsurvey.nutritionintl.org/
https://mnsurvey.nutritionintl.org/
http://www.ncbi.nlm.nih.gov/books/NBK259/
http://www.ncbi.nlm.nih.gov/books/NBK259/
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
https://www.ncbi.nlm.nih.gov/books/NBK138654/
https://www.ncbi.nlm.nih.gov/books/NBK138654/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 16

[43]. Paiva A de A, Rondo PHC, Silva SS de B, Latorre M do RDO, Comparison between the
HemoCue and an automated counter for measuring haemoglobin, Rev. Saude Publica 38 (2004)
585-587. [PubMed: 15311302]

[44]. Wendt A, Waid J, Miller-Hauser A, Kyei N, Sobhan S, Gabrysch S, Do hemoglobin
concentration and anemia prevalence differ between capillary and venous blood and between
analysis methods? Curr. Dev. Nutr 4 (2020) 922.

[45]. Hinnouho G-M, Barffour MA, Wessells KR, Brown KH, Kounnavong S, Chanhthavong B, et
al. , Comparison of haemoglobin assessments by HemoCue and two automated haematology
analysers in young Laotian children, J. Clin. Pathol 71 (2018) 532-538. [PubMed: 29197856]

[46]. Whitehead RD, Zhang M, Sternberg MR, Schleicher RL, Drammeh B, Mapango C, et al. ,
Effects of preanalytical factors on hemoglobin measurement: a comparison of two HemoCue
point-of-care analyzers, Clin. Biochem 50 (2017) 513-520. [PubMed: 28412284]

[47]. Henderson MA, Irwin MG, High humitidity affects HemoCue microcuvette function, Anaesth
Intensive Care 23 (1995) 407.

[48]. WHO, Guideline: Intermittent Iron and Folic Acid Supplementation in Menstruating Women
[Internet], World Health Organization, Geneva, 2011 [cited March 1, 2021]. Available from:
https://apps.who.int/iris/bitstream/handle/10665/44649/9789241502023_eng.pdf?sequence=1.

[49]. Johnson-Spear MA, Yip R, Hemoglobin difference between black and white women with
comparable iron status: justification for race-specific anemia criteria, Am. J. Clin. Nutr 60 (1994)
117-121. [PubMed: 8017324]

[50]. Himes JH, Walker SP, Williams S, Bennett F, Grantham-McGregor SM, A method to estimate
prevalence of iron deficiency and iron deficiency anemia in adolescent Jamaican girls, Am. J.
Clin. Nutr 65 (1997) 831-836. [PubMed: 9062536]

[51]. Dallman PR, Barr GD, Allen CM, Shinefield HR, Hemoglobin concentration in white, black, and
Oriental children: is there a need for separate criteria in screening for anemia? Am. J. Clin. Nutr
31 (1978) 377-380. [PubMed: 629213]

[52]. Varghese JS, Thomas T, Kurpad AV, Evaluation of haemoglobin cutoff for mild anaemia in
Asians—analysis of multiple rounds of two national nutrition surveys, Indian J. Med. Res 150
(2019) 385-389. [PubMed: 31823920]

[53]. Jorgensen JM, Crespo-Bellido M, Dewey KG, Variation in hemoglobin across the life cycle and
between males and females, Ann. N. Y. Acad. Sci 1450 (2019) 105-125. [PubMed: 31074518]

[54]. Vyas DA, Eisenstein LG, Jones DS, Hidden in plain sight—reconsidering the use of race
correction in clinical algorithms, N. Engl J. Med 383 (2020) 874-882. [PubMed: 32853499]

[55]. Sachdev HS, Porwal A, Acharya R, Ashraf S, Ramesh S, Khan N, et al. , Haemoglobin
thresholds to define anaemia in a national sample of healthy children and adolescents aged 1-19
years in India: a population-based study, Lancet Glob. Health 9 (2021) e822—e831. [PubMed:
33872581]

[56]. Ohuma EO, Young MF, Martorell R, Ismail LC, Pefia-Rosas JP, Purwar M, et al. , International
values for haemoglobin distributions in healthy pregnant women, EClinicalMedicine 29-30
(2020) 100660.

[57]. Addo OY, Yu EX, Williams AM, Young MF, Sharma AJ, Mei Z, et al. , Evaluation of hemoglobin
cutoff levels to define anemia among healthy individuals, JAMA Netw. Open 4 (2021) e2119123.
[PubMed: 34357395]

[58]. Zimmermann MB, Zeder C, Muthayya S, Winichagoon P, Chaouki N, Aeberli |, et al. ,
Adiposity in women and children from transition countries predicts decreased iron absorption,
iron deficiency and a reduced response to iron fortification, Int. J. Obes. (Lond) 32 (2008) 1098—
1104. [PubMed: 18427564]

[59]. Cepeda-Lopez AC, Aeberli I, Zimmermann MB, Does obesity increase risk for iron deficiency?
A review of the literature and the potential mechanisms, Int. J. Vitam. Nutr. Res 80 (2010)
263-270. [PubMed: 21462109]

[60]. Stoffel NU, EI-Mallah C, Herter-Aeberli I, Bissani N, Wehbe N, Obeid O, et al. , The effect of
central obesity on inflammation, hepcidin, and iron metabolism in young women, Int. J. Obes.
(Lond) 44 (2020) 1291-1300. [PubMed: 31974407]

®

J Nutr. Author manuscript; available in PMC 2024 April 09.


https://apps.who.int/iris/bitstream/handle/10665/44649/9789241502023_eng.pdf?sequence=1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

[61].

[62].

[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

Page 17

Davis JN, Williams A, Arnold CD, Rohner F, Wirth JP, Addo Y, et al. , The relationship between
ferritin and BMI is mediated by inflammation among women in higher-income countries, but not
in most lower-income countries nor among young children: a multi-country analysis, Curr. Dev.
Nutr 6 (2022) nzac139. [PubMed: 36475018]

Stoffel NU, Zimmermann MB, Cepeda-Lopez AC, Cervantes-Gracia K, Llanas-Cornejo D, Zeder
C, etal., Maternal iron kinetics and maternal-fetal iron transfer in normal-weight and overweight
pregnancy, Am. J. Clin. Nutr 115 (2022) 1166-1679. [PubMed: 34910118]

Centers for Disease Control and Prevention (CDC), Micronutrient Survey Toolkit [Internet], 2020
[cited March 15, 2020]. Available from: https://mnsurvey.nutritionintl.org/.

Harding KL, Aguayo VM, Namirembe G, Wehb P, Determinants of anemia among women and
children in Nepal and Pakistan: an analysis of recent national survey data, Matern. Child Nutr 14
(Suppl 4) (2018) e12478. [PubMed: 28857410]

Gautam S, Min H, Kim H, Jeong H-S, Determining factors for the prevalence of anemia in
women of reproductive age in Nepal: evidence from recent national survey data, PLOS ONE 14
(2019) e0218288. [PubMed: 31188883]

Hakizimana D, Nisingizwe MP, Logan J, Wong R, Identifying risk factors of anemia among
women of reproductive age in Rwanda—a cross-sectional study using secondary data from

the Rwanda demographic and health survey 2014/2015, BMC Public Health 19 (2019) 1662.
[PubMed: 31829161]

Khulu C, Ramroop S, Key determinants of anemia among youngsters under five years in Senegal,
Malawi, and Angola, Int. J. Environ. Res. Public Health 17 (2020) 8538. [PubMed: 33217900]

Greffeuille V, Sophonneary P, Laillou A, Gauthier L, Hong R, Hong R, et al. , Inequalities in
nutrition between cambodian women over the last 15 years (2000-2014), Nutrients 8 (2016) 224.
[PubMed: 27104556]

Yang F, Liu X, Zha P, Trends in socioeconomic inequalities and prevalence of anemia among
children and nonpregnant women in low- and middle-income countries, JAMA Netw. Open 1
(2018) €182899. [PubMed: 30646183]

Palmieri M, Flores-Ayala R, Mesarina K, Mazariegos DI, Martinez C, Lépez B, et al. ,
Experiences and lessons learned in developing and implementing a population-based nutrition
and health surveillance system in Guatemala 2011-2021, Curr. Dev. Nutr 6 (2022) nzac027.
[PubMed: 35475139]

Sekabira H, Nansubuga Z, Ddungu SP, Nazziwa L, Farm production diversity, household dietary
diversity, and nutrition: evidence from Uganda’s national panel survey, PLOS ONE 17 (2022)
€0279358. [PubMed: 36525440]

Ministry of Health and Family Welfare (MoHFW), Government of India, UNICEF, Population
Council, Comprehensive National Nutrition Survey (CNNS) National Report [Internet]. New
Delhi, 2019 [date updated October 31 2019; date cited Feb 16 2023]. Available from: https://
www.popcouncil.org/uploads/pdfs/2019RH_CNNSreport.pdf.

Gupta PM, Perrine CG, Mei Z, Scanlon KS, Iron, anemia, and iron deficiency anemia among
young children in the United States, Nutrients 8 (2016) 330. [PubMed: 27249004]

Cassy A, Chicumbe S, Saifodine A, Zulliger R, Factors associated with malaria care seeking
among children under 5 years of age in Mozambique: a secondary analysis of the 2018 Malaria
Indicator Survey, Malar. J 21 (2022) 100. [PubMed: 35331247]

Justman J, Reed JB, Bicego G, Donnell D, Li K, Bock N, et al. , Swaziland HIV Incidence
Measurement Survey (SHIMS): a prospective national cohort study, Lancet HIV 4 (2017) e83-
€92. [PubMed: 27863998]

Nsanzimana S, Remera E, Kanters S, Mulindabigwi A, Suthar AB, Uwizihiwe JP, et al. ,
Household survey of HIV incidence in Rwanda: a national observational cohort study, Lancet
HIV 4 (2017) e457, e64. [PubMed: 28801191]

Low A, Thin K, Davia S, Mantell J, Koto M, McCracken S, et al. , Correlates of HIV infection
in adolescent girls and young women in Lesotho: results from a population-based survey, Lancet
HIV 6 (2019) e613-e622. [PubMed: 31422056]

J Nutr. Author manuscript; available in PMC 2024 April 09.


https://mnsurvey.nutritionintl.org/
https://www.popcouncil.org/uploads/pdfs/2019RH_CNNSreport.pdf
https://www.popcouncil.org/uploads/pdfs/2019RH_CNNSreport.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[36].

[87].

[88].

[89].

[90].

[91].

[92].

[93].

[94].

Page 18

Engle-Stone R, Aaron GJ, Huang J, Wirth JP, Namaste SM, Williams AM, et al. , Predictors of
anemia in preschool children: biomarkers reflecting inflammation and nutritional determinants of
anemia (BRINDA) project, Am. J. Clin. Nutr 106 (2017) 402S-415S. [PubMed: 28615260]

Wirth JP, Woodruff BA, Engle-Stone R, Namaste SM, Temple VJ, Petry N, et al. , Predictors

of anemia in women of reproductive age: biomarkers reflecting inflammation and nutritional
determinants of anemia (BRINDA) project, Am. J. Clin. Nutr 106 (2017) 416S-427S. [PubMed:
28615262]

Petry N, Jallow B, Sawo Y, Darboe MK, Barrow S, Sarr A, et al. , Micronutrient deficiencies,
nutritional status and the determinants of anemia in children 0-59 months of age and non-
pregnant women of reproductive age in The Gambia, Nutrients 11 (2019) 2275. [PubMed:
31547543]

Ford ND, Bichha RP, Parajuli KR, Paudyal N, Joshi N, Whitehead RD, et al. , Factors associated
with anaemia in a nationally representative sample of nonpregnant women of reproductive age in
Nepal, Matern, Child Nutr 18 (2020) e12953. [PubMed: 32153098]

Healthy People 2030, U.S. Department of Health and Human Services, Office of Disease
Prevention and Health Promotion. Retrieved from: May 2022 [date updated March 21 2023; date
cited May 15 2022] https://health.gov/healthypeople/objectives-and-data/social-determinants-
health.

World Health Organization, WHO Guideline on Use of Ferritin Concentrations to Assess lron
Status in Individuals and Populations [Internet], World Health Organization, Geneva, 2020 [cited
March 1, 2021]. p. 72. Available from: https://www.who.int/publications/i/item/9789240000124.

Mohammed SH, Taye H, Sissay TA, Larijani B, Esmaillzadeh A, Teff consumption and anemia
in pregnant Ethiopian women: a case-control study, Eur. J. Nutr 58 (2019) 2011-2018. [PubMed:
29936535]

Gegios A, Amthor R, Maziya-Dixon B, Egesi C, Mallowa S, Nungo R, et al., Children
consuming cassava as a staple food are at risk for inadequate zinc, iron, and vitamin A intake,
Plant Foods Hum. Nutr 65 (2010) 64—70. [PubMed: 20165984]

Brown KH, Moore SE, Hess SY, McDonald CM, Jones KS, Meadows SR, et al. , Increasing the
availability and utilization of reliable data on population micronutrient (MN) status globally: the
MN Data Generation Initiative, Am. J. Clin. Nutr 114 (2021) 862-870. [PubMed: 34036318]
Merrill RD, Shamim AA, Ali H, Jahan N, Labrique AB, Schulze K, et al. , Iron status of women
is associated with the iron concentration of potable groundwater in rural Bangladesh, J. Nutr 141
(2011) 944-949. [PubMed: 21451130]

Wendt AS, Waid JL, Gabrysch S, Dietary factors moderate the relation between groundwater
iron and anemia in women and children in rural Bangladesh, Curr. Dev. Nutr 3 (2019) nzz093.
[PubMed: 31620671]

Petry N, Olofin I, Hurrell RF, Boy E, Wirth JP, Moursi M, et al. , The proportion of anemia
associated with iron deficiency in low, medium, and high human development index countries: a
systematic analysis of national surveys, Nutrients 8 (2016) 693. [PubMed: 27827838]
Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al. , A systematic
analysis of global anemia burden from 1990 to 2010, Blood 123 (2014) 615-624. [PubMed:
24297872]

Kassebaum NJ, GBD 2013 Anemia Collaborators, The global burden of anemia, Hematol. Oncol.
Clin. North Am 30 (2016) 247-308. [PubMed: 27040955]

Loechl CU, Datta-Mitra A, Fenlason L, Green R, Hackl LS, Koso-Thoman M, et al. , Approaches
to address the anemia challenge, J. Nutr 153 (2023) S42-S59, 10.1016/j.tjnut.2023.07.017.
[PubMed: 37714779]

Barffour MA, Schulze KJ, Kalungwana N, Moss WJ, West KP, Chileshe J, et al. , Relative
contributions of malaria, inflammation, and deficiencies of iron and vitamin A to the burden of
anemia during low and high malaria seasons in rural Zambian children, J. Pediatr 213 (2019)
74-81.el. [PubMed: 31402145]

Wirth JP, Rajabov T, Petry N, Woodruff BA, Shafique NB, Mustafa R, et al. , Micronutrient
deficiencies, over- and undernutrition, and their contribution to anemia in azerbaijani preschool

J Nutr. Author manuscript; available in PMC 2024 April 09.


https://health.gov/healthypeople/objectives-and-data/social-determinants-health
https://health.gov/healthypeople/objectives-and-data/social-determinants-health
https://www.who.int/publications/i/item/9789240000124

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Williams et al.

[95].

[96].

Page 19

children and non-pregnant women of reproductive age, Nutrients 10 (2018) 1483. [PubMed:
30314363]

Ko Y-A, Williams A, Peerson J, Luo H, Flores-Ayala R, Wirth J, et al. , Approaches to quantify
the contribution of multiple anemia risk factors in children and women from cross-sectional
national surveys, PLOS Glob. Public Health 2 (2022) e0001071. [PubMed: 36962596]
Ruckinger S, von Kries R, Toschke AM, An illustration of and programs estimating attributable
fractions in large scale surveys considering multiple risk factors, BMC Med. Res. Methodol 9
(2009) 7. [PubMed: 19166593]

J Nutr. Author manuscript; available in PMC 2024 April 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 20

BOX 1

Assessment Considerations for Anemia Etiology Surveillance or
Population Surveys

If most anemia is NOT iron deficiency anemia, it will be more important to assess other
causes of anemia (e.g., infections, inherited blood disorders, and blood loss) than iron
alone. However, to determine how much of the anemia is IDA, an iron biomarker will
need to be measured with Hb.

. Infections (e.g., important parasitic, viral, and bacterial disease burdens of the
target population) especially malaria in malaria-endemic regions.

. Inflammation (C-reactive protein, alpha-1-acid glycoprotein) for its
independent role in anemia.

. Inherited blood disorders

- Alpha-thalassemia, which can cause mild anemia (Gahutu et al.
2012; McGann et al. 2018).

- Other inherited blood disorders, including sickle cell hemoglobin
and G6PD deficiency, may mitigate malarial infection and therefore
influence anemia (Mockenhaupt et al. 2004; Uyoga et al. 2015).

. Blood loss: In settings where the underlying prevalence of blood disorders
is unknown it is important to assess blood loss, by asking women of
reproductive age about—

- heavy menses, uterine fibroids

- use of hormonal contraceptives that would reduce blood loss during
the menstrual cycle, could also inform intervention strategies to
mitigate anemia.

. Nutritional status including—
- dietary intake

- biomarkers of specific nutrients including iron and other relevant
micronutrients.
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BOX 2

Key Take-Home Messages

Anemia is itself not a disease, but a condition with diverse and overlapping
causes.

Broadening the focus from predominately iron to a better understanding of
nutritional and non-nutritional anemia determinants would inform clinical
care and anemia control programs.

Adopting a practical, systematic approach to anemia assessment is essential
to address data gaps and make progress on reducing the global burden of
anemia.
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FIGURE 1.
Clinical assessment of anemia etiology in individuals. Adapted from BMJ Best Practice

2019.
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STEP 1 - Review anemia situation at national and sub-national levels. Engage with anemia stakeholders to assess data availability and gaps.

v

STEP 2 — Are data available to estimate what proportion of anemia is iron
deficiency anemia (IDA)?

YES

=1

STEP 3 — Are data available to contextualize IDA data to determine why iron
interventions may have been (or have not been) successful? For example,

* Does iron program intervention data suggest challenges faced with
supply, distribution, acceptability, or uptake?

What is known about the populations’ underlying infection burden
(specifically malaria) or inflammation status?

Are inherited blood disorders common in the population?

YES

MEASURE CHARACTERISTICS TO BE ABLE TO ESTIMATE IDA:

Iron (ferritin)
Inflammation (C-reactive protein, alpha-1-acid glycoprotein)

MEASURE CHARACTERISTICS TO BE ABLE TO ESTIMATE HOW RESPONSIVE A
POPULATION MAY BE TO IRON INTERVENTION:

Iron program data (coverage)

Infections (parasitic — malaria; bacterial; viral)

Inherited blood disorders

Environmental causes of inflammation (unimproved water or sanitation)

STEP 4 — Are data available to estimate the proportion of anemia due to
blood loss (e.g., helminths or heavy menses among women)?

=

YES

MEASURE COMMON CAUSES OF BLOOD LOSS WITHIN THE POPULATION:

Hookworm and schistosomiasis infections
Uterine fibroids and heavy menses among women
Hormonal contraception use (because it can prevent heavy menses)

STEP 5 — Are data available to characterize non-iron micronutrient (e.g.,
vitamin A) or other nutrition-specific (e.g., phytate-rich diet) causes of
anemia? |

v

MEASURE OTHER NUTRITIONAL CAUSES OF ANEMIA:

Additional micronutrients (vitamin A, folate, vitamin B12, riboflavin)
Cooking and consumption patterns that influence micronutrient content,
bioavailability, and absorption

YES! With these available data, program planners will be equipped to determine what are the most likely underlying causes of anemia within their populations and respond accordingly.

FIGURE 2.

Conceptual framework to inform what information on the underlying causes of anemia
to consider including in population-based surveys. Population assessment of the causes of

anemia.

J Nutr. Author manuscript; available in PMC 2024 April 09.




1duosnuey Joyiny

1duosnuely Joyiny

Williams et al. Page 24

70%

W Maximum Effect

60%

50%
40%
30%
20%
10%
. AN ] H_

Iron deficiency Malaria Inflammation a-thalassemia Low vitamin B12

M Attributable Fraction

Estimated anemia attributable to underlying
etiologic characteristic

Underlying etiologic characteristics

FIGURE 3.
An illustrative example of overestimation of attribution to anemia when not accounting

for multiple underlying characteristics: national survey data children 6-59 mo, Malawi
2015-2016 (n=819). The maximum effect is an illustrative overestimation of how much
anemia might be removed if the condition was ameliorated from the population. The
maximum effect was calculated by dividing the prevalence of anemia and the condition

(for example, iron deficiency anemia) by the prevalence of anemia. The attributable fraction
was calculated as the proportion exposed * (RR — 1) / [1 + proportion exposed * (RR — 1)],
where the adjusted prevalence ratio was substituted for the RR. Iron deficiency was defined
as inflammation-adjusted serum ferritin using the Biomarkers Reflecting Inflammation and
Nutritional Determinants of Anemia method; inflammation was defined as CRP >5 mg/L or
AGP >1 g/L; alpha-thalassemia is the presence of 1 or 2 deletions; and low vitamin B12
was defined as <220 pmol/L. AGP, alpha-1-acid glycoprotein; CRP, C-reactive protein; RR,
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