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Executive summary

Anaemia is a global public health concern, especially afflicting adolescent girls, women 15-49 years of age,
pregnant women, and children in low- and middle-income countries. WHO estimates that in 2019 30%
(571 million) of women aged 15-49 years, 37% (32 million) of pregnant women, and 40% (269 million) of
children 6-59 months of age were affected by anaemia, with the WHO African Region and South-East Asia
Region being most affected (1).

Accurate characterization of anaemia is critical to understand the burden and epidemiology of this problem,
for planning public health interventions, and for the clinical care of people across the life course (2). Multiple
interventions are aimed at alleviating the burden of anaemia in many low-, middle-, and high-income
countries worldwide, and decisions around the choice of intervention and their implementation and
monitoring is founded on measuring the prevalence and distribution of anaemia in different segments of the
population, notably the most vulnerable groups (3).

Purpose of the guideline

This guideline aims to help Member States and their partners in their efforts to make informed decisions on the
appropriate tools to support assessing and reducing the global burden of anaemia as an important public health
priority. The WHO Global nutrition targets 2025 include a 50% reduction in the prevalence of anaemia in women of
reproductive age (4). The 2030 Sustainable Development Goals (SDGs) (5), in particular, Goal 2: End hunger, achieve
food security and improved nutrition and promote sustainable agriculture and Goal 3: Ensure healthy lives and
promote well-being for all at all ages, encompass alleviation of anaemia (6). This guideline will also support Member
States in their efforts to achieve the global targets of the Comprehensive implementation plan on maternal, infant
and young child nutrition (7) and the Global strategy for women’s, children’s and adolescents’ health (2016-2030) (8).

Appropriate guidelines for measuring haemoglobin and defining anaemia are crucial for both clinical and
public health medicine but require consideration of a range of complexities across different populations.

The normative statements in this guideline are intended for a wide audience, including policy-makers,

their expert advisers, and technical and programme staff at ministries and organizations involved in the
design, implementation, and scaling-up of actions for addressing anaemia. Other end-users of the guideline
include nongovernmental and other organizations and professional societies involved in the planning and
management of anaemia actions, as well as health professionals including clinicians, managers of nutrition
and health programmes, national blood services, and public health policy-makers in all settings.

The objective of this guideline is to provide updated, locally adaptable, clear, evidence-informed normative
statements on the use of haemoglobin concentrations to assess anaemia and on best approaches in its
measurement in individuals and populations. The purpose of the guideline is to improve the diagnosis of
anaemia, grounded in gender, equity and human rights approaches, with the aim of leaving no one behind,
thereby informing the development of nutrition and health policies.

Guideline development methodology

WHO developed the present evidence-informed normative statements using the procedures outlined in

the WHO handbook for guideline development (9). The evidence that informed haemoglobin cutoffs to

define anaemia in individuals and populations was based on a commissioned analysis of haemoglobin
concentrations from healthy populations and systematic reviews. When possible, the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)! methodology was followed to prepare
evidence profiles related to preselected topics, based on up-to-date systematic reviews and other narrative
syntheses of the evidence.

1 The GRADE approach defines the overall rating of confidence in the body of evidence from systematic reviews as the extent to which one can be confident of the effect estimates
across all outcomes considered critical to the recommendation. Each of the critical outcomes had a confidence rating based on certainty of evidence - high, moderate, low, or very
low. High-certainty evidence indicates that we are very confident that the true effect lies close to that of the estimate of the effect. Moderate-certainty evidence indicates that we
are moderately confident in the effect estimate and that the true estimate is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low-certainty evidence indicates that our confidence in the effect estimate is limited, and the true effect may be substantially different from the estimate of the effect. Very low-cer-
tainty evidence indicates that we have very little confidence in the effect estimate and the true effect is likely to be substantially different from the estimate of effect.
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The GDG consisted of content experts, clinicians, and public health specialists. After consideration of topics
generated by a via a two-stage international consultation on priority areas, the GDG developed five questions
in the PICO (population, intervention, comparator, outcome) format.

Ateam of systematic reviewers, acting as resource persons, participated in the guideline development
process by presenting evidence and identifying research priorities. The GDG considered additional factors
for the implementation of revised haemoglobin cutoffs to diagnose anaemia at both the individual and the
public health level, including equitable access to health care. Four technical experts peer-reviewed the draft
guideline.

This guideline updates and complements previous recommendations contained in five WHO documents,
published between 1968 and 2005, which are summarized in the 2011 WHO publication Haemoglobin
concentrations for the diagnosis of anaemia and assessment of severity (10). Briefly, haemoglobin cutoffs
were first presented in a 1968 WHO document and were based on four published references and one set

of unpublished observations. Definitions for mild, moderate, and severe anaemia were first published in
1989 (11). These were slightly modified in a subsequent publication on nutrition in emergencies, which also
proposed a classification to determine the public health significance of anaemia in populations (12). Finally,
a 2001 guide for programme managers split the age group for children 5-14 years of age and applied a new,
lower haemoglobin cutoff for children 5-11 years based on data from the National Health and Nutrition
Examination Survey Il (NHANES II) of the United States of America (13). The 2001 document also provided
haemoglobin adjustments for those residing or working at elevation and for smoking (13).

This publication partially updates and consolidates information from the previous WHO documents. There is
still additional valuable information within those documents that has not yet been updated because it was
out-of-scope for the current guideline.

Haemoglobin cutoffs and adjustments

The outcome considered by the GDG to be critical for decision-making was the accurate diagnosis of
anaemia, considering:

1. the use of anaemia cutoffs at the individual level established using a statistical approach or based on
outcomes-related clinical symptoms/functional impairment;

2. the use of adjustments to haemoglobin concentrations to account for elevation of residence/work,
smoking, infections (especially malaria), and/or genetic ancestry/ethnicity/race;

3. the comparability of haemoglobin determinations by type of blood sample, methods of analysis,
measurement instruments, and international standard materials used at the clinical and public health
levels;

4. changes in haemoglobin concentrations in response to interventions that address the direct causes of
anaemia; and

5. the anaemia prevalence at population level indicative of a public health problem of mild, moderate, or
severe magnitude.

The evidence that informed haemoglobin cutoffs to define anaemia in individuals and populations was
based on an analysis of haemoglobin data from healthy populations, general population databases, and
systematic reviews. The analysis data from healthy populations has been accepted for publication (14).



1. Haemoglobin cutoffs to define anaemia

What should be the haemoglobin cutoffs to define anaemia in individuals and in populations?

1.a How should the cutoffs be defined?

Should they be based on statistical cutoffs, such as percentile-based cutoffs or a reference range of
haemoglobin concentrations in apparently healthy populations, or based on outcomes related to
clinical symptoms or functional impairment?

1.b How should mild, moderate, and severe anaemia be defined at individual level?

Use of statistical and/or clinical outcomes

Establishing haemoglobin cutoffs for defining anaemia based on outcomes related to clinical symptoms
or functional impairment was preferred but not possible for all age groups and trimesters of pregnancy.
The evidence of an association between haemoglobin concentration and maternal and newborn health
outcomes has been repeatedly reported, but the most relevant outcomes and precise cutoffs are still in
development; therefore, the statistical approach was used. The outputs of the statistical approach were
haemoglobin values below which only a limited number of healthy individuals would be expected to have
anaemia. This approach informed the evaluation and update of current cutoffs.

A key consideration was whether to select the 5th or 2.5th percentile for the haemoglobin concentration
cutoffs. The choice of percentile entails trade-offs. For this recommendation, the 5th percentile was selected,
which is consistent with original WHO guidance for defining anaemia. The 5th percentile implies that 95% of
healthy individuals would have a higher haemoglobin value, and 5% of healthy individuals would still have

a lower haemoglobin value than the cutoff and be falsely diagnosed as anaemic. Selecting the higher of

the two percentiles is expected to provide more sensitivity to detect individuals with underlying conditions
associated with anaemia (e.g. nutritional deficiency, genetic conditions, inflammation, infection), thereby
promoting intervention.

Normative statement 1.a Haemoglobin cutoffs to define any anaemia

Analysis of the evidence suggested modification of the current haemoglobin cutoffs for defining anaemia
for one population group (children 6-23 months of age) and use of the existing cutoff for pregnant women in
the second trimester.

Table 2. Haemoglobin cutoffs to define anaemia in individuals and populations

Population Haemoglobin concentration (g/L)*
Children, 6-23 months <105
Children, 24-59 months <110
Children, 5-11 years <115
Children, 12-14 years, nonpregnant girls <120
Children, 12-14 years, boys <120
Adults, 15-65 years, nonpregnant women <120
Adults, 15-65 years, men <130
Pregnancy

First trimester <110

Second trimester <105

Third trimester <110

2 Based on 5th percentile.
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Normative statement 1.b Anaemia severity

Changes to current methodology for establishing cutoffs to indicate the severity of anaemia based on
haemoglobin concentrations in individuals are not recommended, due to insufficient evidence.

WHO guidance published in 1989 (11) was applied to the updated haemoglobin cutoffs presented in Table 2 to
indicate anaemia severity (Table 3). The 1989 guidance considered anaemia to be mild, moderate, or severe
when haemoglobin concentrations are above 80%, between 80% and 60%, or less than 60% of the cutoff
levels, respectively (Table 3). However, after reviewing and recalculating the previous WHO cutoffs for anaemia
severity, it was found that the percentages were in general broader (between 85 and 92% of the cutoff value for
mild anaemia and between 62 and 70% for severe anaemia).

Therefore, considering: (i) the ample ranges used in previous calculations; (ii) the implications for treatment
initiation based on anaemia severity; and (iii) the GDG comments about implications for implementation, the
cutoffs for severe anaemia in children aged 6-23 months and for women in the second trimester pregnancy
was retained at <70 g/L.

Table 3. Haemoglobin cutoffs to define anaemia severity in individuals

Haemoglobin concentration (g/L)

Population No anaemia Mild anaemia Moderate anaemia Severe anaemia
Children, 6-23 months >105 95-104 70-94 <70
Children, 24-59 months =110 100-109 70-99 <70
Children, 5-11 years =115 110-114 80-109 <80
Children, 12-14 years, >120 110-119 80-109 <80
nonpregnant girls
Children, 12-14 years, boys 2120 110-119 80-109 <80
Adults, 15-65

urs, years, >120 110-119 80-109 <80
nonpregnant women
Adults, 15-65, years men =130 110-129 80-109 <80
Pregnancy

First trimester =110 100-109 70-99 <70

Second trimester >105 95-104 70-94 <70

Third trimester =110 100-109 70-99 <70

Remarks

The remarks in this and the following sections are suggestions intended to provide some considerations for
implementation, based on discussions of the GDG.

o The cutoffs in Table 2 were primarily informed by a WHO commissioned analysis aimed at analysing
international databases containing data on haemoglobin and other biochemical and clinical indicators
which would enable application of consistent, rigorous criteria to define a healthy individual. These
analyses calculated the 5th percentiles of haemoglobin distributions derived from apparently healthy,
ethnically diverse populations predominantly from higher-income settings across Australia, China,
Europe, North America, and South America.

» Additional data collected in lower-income settings reported heterogeneous, but generally lower, values
for 5th percentiles in participants without biochemical evidence of iron and/or vitamin A deficiencies or
inflammation (c-reactive protein or a-1-acid glycoprotein). Considering the backdrop of a high burden
of infections and inflammation in these settings, with no definitive evidence to exclude their residual
effects on haemoglobin concentration, these data were not included in the pooled analysis.



« Datain adult men may suggest a higher haemoglobin cutoff (i.e. 135 g/L) but there was uncertainty in
the evidence. The GDG decided to retain the cutoff of 130 g/L for men after considering concerns about:
iron therapy implications for males; the limited evidence; and the potential unintended consequences
of changing the cutoff, such as initiation of iron supplementation programmes in men.

 In developing these cutoffs, a high value was placed on avoidance of harm, given the uncertainty of the
evidence and the conflicting results of available proposals.

» The management for individuals with mild, moderate, or severe anaemia could vary depending on the
clinical scenario and the underlying cause(s) of the anaemia.

 Aclear association between severity of anaemia with clinical or statistical outcomes could be of great value
for classifying anaemia severity at clinical/individual level and would help to prevent and treat anaemia.

2. Adjustments for external factors

Should haemoglobin cutoffs be adjusted for exposure to external factors or settings known to affect
haemoglobin?

2.a Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence and/or
smoking?

2.b Should haemoglobin cutoffs to define anaemia be adjusted by inflammation/infection, particularly
in malaria endemic settings?

2.c Should haemoglobin cutoffs to define anaemia be adjusted by genetic ancestry/ethnicity/race?

Question 2.a.1 Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence?

Normative statement 2.a.1 Elevation of residence

Adjustments of haemoglobin concentrations are recommended to diagnose anaemia in individuals and
populations to account for the effect of elevation of place of residency on haemoglobin concentrations.

Table 4 presents a common set of adjustments for use across population groups as an appropriate and
practical approach for adjusting haemoglobin concentrations to account for the effect of living at elevations
above sea level, especially below 2500 m, where more than 98% of the world’s population resides.

Table 4. Adjustments to haemoglobin concentration (g/L) in 500 m increments in elevation®

Elevation range (metres above sea level) Adjustments in haemoglobin concentration (g/L)°
1-499 0
500-999 4
1000-1499 8
1500-1999 11
2000-2499 14
2500-2999 18
3000-3499 21
3500-3999 25
4000-4499 29
4500-4999 33

2 Adjustments are the amount subtracted from an individual’s observed haemoglobin level or added to the haemoglobin cutoff defining anaemia (in g/L).

-

Proposed adjustments for all population groups based on the equation: Haemoglobin adjustment (g/L) = (0.0056384 x elevation) + (0.0000003 x elevation?).
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Remarks

» Adjustments for very high elevations >3000 m in Table 4 are based on data primarily derived from
Central and South America.

« Adjustments provided are to be applied by:
- subtracting the amount recommended from an individual’s observed haemoglobin level; or
- adding the amount recommended to the existing haemoglobin cutoff defining anaemia in g/L.

« When specific information is known about the elevation at the place of residence, use of the formulae
provided would enhance precision and accuracy.

» At especially high elevations (2500 m), tailored adjustments by region and/or ethnicity may be
warranted.

Question 2.a.2 Should haemoglobin cutoffs to define anaemia be adjusted for smoking?

Normative statement 2.a.2 Smoking

Haemoglobin concentrations should be adjusted to diagnose anaemia in individuals and populations to
account for the effect of smoking on haemoglobin concentrations.

Adjustments to account for smoking are presented in Table 5.

Table 5. Adjustments to haemoglobin for smoking status and cigarettes per day®

Cigarettes per day Haemoglobin adjustment (g/L)
Smoker, quantity unknown 3
<10 3
10-19 5
>20 6

2 The adjustment consists in the corresponding value in the table added to the haemoglobin cutoff defining anaemia, or subtracted from an individual’s observed haemoglobin level.

b Adjustments based on haemoglobin adjustment (g/L) = (0.4565 x cigarette_number) + (-0.0078 x cigarette_number?), solved for the <10 cigarettes/day category using cigarette_
number =9 and for the 10-19 category cigarettes/day using cigarette_number = 19. The adjustment for the >20 cigarettes/day category was solved using cigarette_number = 30.
The formula provided may be used in place of the categorical adjustments.

Remarks

« Data on smoking are self-reported and susceptible to inaccuracies. Carbon monoxide exposure may be
better addressed using pulse carbon monoxide oximetry for carboxyhaemoglobin to assess all carbon
monoxide exposures and eliminate self-reporting biases.

« The largest differences in haemoglobin concentrations between smokers and non-smokers were
found in women, who have significantly lower rates of smoking than men, although this may be due to
underreporting of smoking quantities. By 30 cigarettes/day the effect size was the same among men
and women (6 g/L).

o Attheindividual level it is unclear whether the difference in haemoglobin with and without adjustment
for smoking is physiologically relevant, particularly because the effect of smoking on haemoglobin is
complex and, in addition to acute hypoxia, includes chronic hypoxia and end-organ damage. However,
corrections at the population level are important in order to accurately report anaemia prevalence
rates and efficiently apply health interventions.



Question 2.b Should haemoglobin cutoffs to define anaemia be adjusted by inflammation/infection,
particularly in malaria endemic settings?

Normative statement 2.b Infection and inflammation

Haemoglobin concentrations should not be adjusted to diagnose anaemia in individuals and populations to
account for the effect of infection and inflammation on haemoglobin concentrations.

Remarks

 Bacterial, viral, and parasitic infections causing inflammation (e.g. malaria, tuberculosis, HIV,
hookworm) affect large segments of the population and produce anaemia of various severity. Markers
of inflammation (e.g. c-reactive protein and al-acid glycoprotein) have been used to adjust biomarkers
related to iron metabolism, such as serum ferritin and serum transferrin receptor, although is not the
case for haemoglobin adjustments.

» The role of chronic low-grade inflammation in the context of noncommunicable diseases, such
as obesity, has been linked to altered iron metabolism and anaemia. However, adjustment of
haemoglobin concentration by low-grade inflammation was determined as not the right approach for
chronic diseases where anaemia may be a consequence of the condition.

« Additional indicators are required for establishing the underlying cause and magnitude of infection and
inflammation, and for determining the course of treatment.

Question 2.c Should haemoglobin cutoffs to define anaemia be adjusted by genetic ancestry/ethnicity/race?

Normative statement 2.c Genetic ancestry/ethnicity/race

Haemoglobin concentrations should not be adjusted to diagnose anaemia in populations to account for the
effect of genetic ancestry/ethnicity/race due to insufficient evidence to change current adjustments and the
complexity of operationalization.

Remarks

« Among apparently healthy populations, there are observed differences in haemoglobin concentrations
across age and population groups. Some of these differences may reflect changes in genes related
to haemoglobin production or other aspects of red blood cell production or function. A lower mean
haemoglobin concentration (10 g/L difference) has been reported in Black individuals compared
to White individuals. When anaemia is diagnosed, the underlying genetic, nutritional, infectious/
inflammatory influences, and social determinants of health relevant for the individual or populations
should be considered.

» There are concerns about the applicability of existing research due to ubiquitous mixed genetic
ancestry worldwide.

XV



3. Measurement of haemoglobin concentrations

How should haemoglobin concentration be measured?

3.a What are the acceptable alternative methods for assessing haemoglobin concentration compared to
the reference standard (i.e. automated haematology analysers), particularly for population-based or
field-based surveys?

3.b What are the key quality control issues pertinent to accurate diagnosis of anaemia?

3.c What blood source(s) are acceptable? How do results vary in capillary blood (finger, heel, ear, single
drop, pooled drops) or arterial blood as compared to venous blood (reference)?

Normative statement 3 Haemoglobin measurement

Use of venous blood, automated haematology analysers and high-quality control measures are
recommended to measure haemoglobin concentration in individuals and populations.

Remarks

o There is clear variation in haemoglobin concentrations assessed from capillary and venous blood
samples; however, the magnitude of variation has not been confirmed. It is therefore not possible
to provide adjustments to haemoglobin concentrations measured in capillary blood to make them
comparable with venous blood.

« When well maintained in accordance with quality management principles, all accredited instruments
should provide acceptably similar results.

 Stakeholders should take into consideration the blood source and type of analyser used during data
collection and when tracking changes in haemoglobin concentrations and the prevalence of anaemia
over time or comparing between different settings, particularly where the use of venous blood and/or
automated analysers are not always feasible.

» Pooling drops of blood from a single capillary prick could be an option for minimizing variability due
to blood sampling technique. Also, the effect of sample handling on different analytical methods, for
example, length of time between collection and processing, needs to be taken into consideration.

» Where application of the recommendation on using an automated haematology analyser is not
possible, consideration could be given to the measurement of haemoglobin using an approved point-
of-care blood testing device which has been verified to be calibrated against international reference
standards.

« The use of international standards, commutable standards, and calibration materials to achieve
appropriate quality control is desirable.

» Quality control points at pre-analytical, analytical and postanalytical levels should be carefully
established. Some of them include patient characteristics/disposition/preparation, personnel training,
use of international calibration standards, method and frequency of equipment calibration (or
validation of the calibration), blood collection, monitoring data collection, recording and analysing
results, reproducibility of results, laboratory quality control assessments, and possibly haemoglobin
adjustments for elevation and smoking, when warranted.

» The blood source, analytical device, and sample collection protocols should be included in any report
of anaemia prevalence.
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4. Haemoglobin concentrations to assess impact of interventions

Is haemoglobin concentration an adequate marker for assessing the impact of iron interventions?

Normative statement 4 Assessing impact of interventions

Haemoglobin concentrations should be used as one of the markers to assess the impact of iron
interventions (e.g. iron supplementation and staple food fortification with iron and other vitamins and
minerals) for preventing and treating iron deficiency anaemia throughout the life cycle.

Remarks

When deciding on the specific interventions to implement for iron deficiency anaemia
(supplementation, fortification, nutrition education and combinations of them), policy-makers,
programme implementers and clinicians should take into consideration micronutrient status and
regional and local variations in the diet, different cultural practices, different methods of food
processing and meal preparation, and economic constraints.

Attention should be paid to the possible adverse effects of excessive iron intakes, especially when
considering or implementing iron interventions in malaria-endemic regions or settings where
haemoglobinopathies are common.

Understanding the causes of anaemia will help inform the proper interventions to treat, prevent and/
or reduce anaemia. Policy-makers seeking to reduce the prevalence of anaemia should understand

and address the local context and intervene through a broad range of pertinent interventions (e.g. iron
interventions, malaria prevention) that address this complexity. This comprehensive response will aid
in achieving the desired outcomes, avoiding adverse effects and ensuring a tolerable upper level of iron
intake is not exceeded from all sources of intake.

In addition to haemoglobin concentrations, data on programme implementation and the use of
biomarkers of iron status (e.g. ferritin, serum transferrin receptor), along with markers of inflammation,
are also important for the robust assessment of the response to iron interventions.

The use of haemoglobin concentration to assess the impact of iron interventions is potentially simple,
although implementation may be challenging due to limited access and resources for programmes.

In addition, assessing anaemia alone will miss changes in earlier stages of iron deficiency and only
capture the more severe stage of iron deficiency anaemia. Considering measuring other biomarkers to
address the causes of anaemia is advisable.
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5. Cutoffs to define the public health significance of anaemia

What should be the population cutoffs to define the public health significance of anaemia?

5.a Whatanaemia prevalence is indicative of a mild, moderate, or severe (or low, medium, high) problem
of public health concern?

5.b Should this classification of anaemia be based on total anaemia alone or should the proportion of
mild, moderate, and/or severe anaemia be considered (weighted?) to determine that categorization?

Normative statement 5 Public health significance of anaemia

The current classification of public health significance of anaemia prevalence in populations should be
maintained (Table 6). There is a lack of evidence showing a clear association between the severity of the public
health burden of anaemia with clinical and/or demographic outcomes. The current expert-based classification
has been in use since 2000 and this should be maintained until new evidence becomes available.

Table 6. Classification of public health significance of anaemia in populations based on prevalence
estimated from blood levels of haemoglobin

Category of public health significance Prevalence of anaemia (%)
Severe 40 or higher
Moderate 20.0-39.9

Mild 5.0-19.9

Normal 4.9 or lower

Source: Nutritional anaemias: tools for effective prevention and control. Geneva: World Health Organization; 2017 (2).
Remarks

« The current classification of the public health significance of anaemia is based on expert opinion alone.
There was not enough evidence to change the methodology or the current classification.

+ The classification of the public health significance of anaemia is based on the total prevalence of
anaemia, a sum of the prevalence of mild, moderate, and severe anaemia in a country, and includes all
age groups available for analysis.

+ Aclear association between the public health significance of anaemia with clinical and/or demographic
outcomes has been used for planning, initiating, implementing, and evaluating country or regional
plans to address anaemia.

» The association between the public health significance of anaemia and clinical outcomes seems clear
for moderate and severe anaemia. Associations with social, economic and health indicators are less
clear for mild anaemia.

» Countries should consider whether anaemia programmes should be launched based on their national
or subnational prevalence of anaemia in a particular age group (e.g. in children, women of reproductive
age), physiological status (pregnant women), or severity of anaemia (considering moderate and/or
severe anaemia only).

« Countries should have a good understanding of the leading context-specific causes of anaemia (e.g.
malaria, other infections, inflammation, iron deficiency) to inform strategies to address the root causes.

 The public health significance of anaemia alone should not be linked to specific interventions.
Additional country information (e.g., health, nutrition, economic, social, and political data) should be
taken into consideration.

« Countries with limited resources may consider prioritizing strategies to address the causes of moderate and
severe anaemia, which have more severe outcomes and lead to higher rates of years lived with disability,
while monitoring prevalence to ensure that mild cases are not transitioning to moderate anaemia.
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Background

Anaemia exists when circulating red blood cells are insufficient to meet physiological oxygen-carrying needs.
Anaemia is conventionally identified when the haemoglobin concentration falls below a defined cutoff.
Accurate case definition of anaemia is crucial for clinical patient care, understanding the epidemiology,

and for planning and monitoring of public health interventions. Anaemia has implications at individual and
public health levels.

In the clinic, diagnosis of anaemia and assessment of its underlying causes are routine across almost every
field of primary care and hospital practice. Anaemia might present symptomatically (e.g. with fatigue,
dizziness, exertional breathlessness, palpitations, exacerbations of cardiac failure, and angina) or be
detected incidentally during routine screening or as part of an evaluation of almost any medical condition.
Anaemia can have long-term consequences: in pregnancy, anaemia is associated with increased risk of
caesarean section and maternal mortality, and may contribute to adverse newborn outcomes, including
reduced birthweight and gestational duration. Anaemia in children has been linked to impairments in short-
term and longer-term cognitive development, which can be irreversible.

Anaemia is a global public health concern, especially afflicting adolescent girls, women 15-49 years of
age, pregnant women, and children in low- and middle-income countries. WHO estimates that in 2019
30% (571 million) of women aged 15-49 years, 37% (32 million) of pregnant women, and 40% (269 million)
of children 6-59 months of age were affected by anaemia, with the WHO African Region and South-East
Asia Region being most affected (1).

The main determinants of anaemia include nutritional deficiencies, genetic haemoglobin disorders,
infections (e.g. malaria, schistosomiasis, hookworm), and various conditions (e.g. gynaecological conditions
in women, gastrointestinal disease, frequent blood donation and chronic diseases) that lead to blood loss
or the destruction of red blood cells. Some reports indicate that iron deficiency anaemia accounts for about
60% of the total global cases of anaemia and is the most significant cause of anaemia-related disability.
Infection is also a common cause of anaemia, accounting for about 10-15% of total anaemia cases, with
variations by setting and disease burden. An estimated 5% of the global population carry a gene variant

of haemoglobin causing a severe disorder, including sickle cell disease or a form of thalassemia, with the
percentage being higher in populations in Africa (18%) and Asia (7%). a-thalassaemia carriage might partly
explain low haemoglobin concentrations identified in otherwise healthy and well-nourished populations

of African Americans. Glucose-6-phosphate dehydrogenase deficiency is another inherited genetic disorder
that causes red blood cells to break down prematurely, which can lead to anaemia. This deficiency is one

of the most common inherited enzyme abnormalities in humans, and its distribution tends to overlap with
areas where malaria is endemic. The proportion of anaemia due to genetic disorders in low- and middle-
income countries is likely to rise as other causes (e.g. nutritional deficiencies, infectious diseases) become
progressively better controlled (2, 3).

Socioeconomic status, education, and gender inequality are tightly linked to anaemia and affect its
prevalence through several pathways. Poverty and low educational attainment are associated with
unhealthy living and working conditions—including poor water quality, sanitation, hygiene, and
infrastructure—leading to increased disease. Further, the three main contributors to anaemia (nutrition,
genetic haemoglobin disorders, and infections) are all fundamentally linked to poverty. In some settings,
gender inequality and cultural practices related to marriage and pregnancy increase the risk for developing
anaemia. Women and adolescent girls have an especially increased risk of anaemia when their access to
health care, education, and household resources is limited (2, 4).

Multiple interventions are aimed at alleviating the burden of anaemia in many low-, middle-, and high-
income countries worldwide, and decisions around the choice of intervention and their implementation and
monitoring is founded on measuring the prevalence of anaemia and its distribution in different segments

of the population, notably the most vulnerable groups such as menstruating women and adolescent girls,
pregnant and postpartum women, and young children (4). A reduced prevalence of anaemia may also
indicate success of infection control programmes, such as malaria prevention (5) or long-term effects of
deworming, in areas where these conditions are endemic.



Emerging, unexpected situations that affect health, food safety or trade can have a profound impact on
micronutrient status and anaemia, especially for vulnerable populations including children, women, and
older people. The COVID-19 pandemic worsened the already high prevalence of micronutrient deficiencies
worldwide. For children, the pandemic also resulted in higher food insecurity and disruption to access to
health care and nutrition-related programmes from schools; this situation has been more pronounced in
low- and middle-income countries (6).

Scope and purpose

WHO is committed to driving public health impact in every country, ensuring healthy lives and promoting
well-being for all at all ages. Through its unique normative function in health, WHO aims to provide global,
evidence-informed recommendations on the measurement of haemoglobin and cutoffs to define anaemia
in individuals and populations. This Guideline on haemoglobin cutoffs to define anaemia in individuals and
populations will support the work of WHO regional and country offices and will help Member States and
their partners to make evidence-informed decisions to improve access to quality essential health services,
support countries’ preparedness for health emergencies and address the determinants of health. This
guideline will also help in increasing the capacity of countries to tackle anaemia and to prioritize essential
actions in national health policies, strategies, and plans.!

This guideline aims to help Member States and their partners in their efforts to make informed decisions

on the appropriate tools to support assessing and reducing the global burden of anaemia as an important
public health priority. The WHO Global nutrition targets 2025 include a 50% reduction in the prevalence

of anaemia in women of reproductive age (7). The 2030 Sustainable Development Goals (SDGs) (8), in
particular, Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable
agriculture and Goal 3: Ensure healthy lives and promote well-being for all at all ages, encompass alleviation
of anaemia (9). This guideline will also support Member States in their efforts to achieve the global targets
of the Comprehensive implementation plan on maternal, infant and young child nutrition (10) and the Global
strategy for women’s, children’s and adolescents’ health (2016-2030) (11).

Appropriate guidelines for measuring haemoglobin and defining anaemia are crucial for both clinical and
public health medicine but require consideration of a range of complexities across different populations.
Decisions to implement and monitor programmes that integrate nutrition-specific and nutrition-sensitive
interventions are often informed by the prevalence and distribution of anaemia across groups within a
population, complemented by considerations of the accessibility, availability, acceptability, and quality of
the interventions.

The normative statements in this guideline are intended for a wide audience, including policy-makers,

their expert advisers, and technical and programme staff at ministries and organizations involved in the
design, implementation, and scaling-up of actions for addressing anaemia. Other end-users of the guideline
include nongovernmental and other organizations and professional societies involved in the planning and
management of anaemia actions, as well as health professionals including clinicians, managers of nutrition
and health programmes, national blood services, and public health policy-makers in all settings.

This guideline is intended to contribute to discussions among stakeholders when selecting or prioritizing
interventions to be undertaken in their specific context. The document presents the key normative
statements and a summary of the supporting evidence. Further details of the evidence base are provided
in Annex 1, the sections on summary of evidence for each question, and other documents listed in the
references.

1 This publication is a WHO guideline. AWHO guideline is any document, whatever its title, containing WHO recommendations about health interventions, whether they be clinical,
public health or policy interventions. A recommendation provides information about what policymakers, health-care providers or patients should do. It implies a choice between
different interventions that have an impact on health and that have ramifications for the use of resources. All publications containing WHO recommendations are approved by the
WHO Guidelines Review Committee.
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Objectives

The objective of this guideline is to provide updated, locally adaptable, clear, evidence-informed normative
statements on the use of haemoglobin concentrations to assess anaemia and on best approaches in its
measurement in individuals and populations. The purpose of the guideline is to improve the diagnosis of
anaemia, grounded in gender, equity and human rights approaches, with the aim of leaving no one behind,
thereby informing the development of nutrition and health policies.

This guideline is aligned with WHO’s Thirteenth General Programme of Work 2019-2023,* endorsed by the
World Health Assembly in May 2018, specifically enabling countries to provide high-quality, people-centred
health services based on primary health care strategies and comprehensive essential service packages
through collaboration and coordination among diverse sectors.

History of this guideline

WHO first proposed haemoglobin cutoffs to define anaemia in 1959. The current cutoffs for men, women,
young children, and pregnant women recommended by WHO were first proposed in 1968 after technical
meetings of clinical and public health experts working with data from five studies of populations in Europe
and North America with predominantly European ancestry. Data from other countries, a wider range of races,
and for certain age groups (i.e. infants, young children, adolescents, and elderly people) were not available
at the time (Table 1). These studies were done in an era when laboratory and epidemiological methods were
less developed than today.

Table 1. Previous haemoglobin levels (g/L) to diagnose anaemia at sea level

Anaemia
Population No anaemia Mild Moderate Severe
Children, 6-59 months =110 100-109 70-99 <70
Children, 5-11 years =115 110-114 80-109 <80
Children, 12-14 years =120 110-119 80-109 <80
;\':ar:;efgzgwsmen’ 1> >120 110-119 80-109 <80
Pregnant women =110 100-109 70-99 <70
Men, 15 years of age and >130 110-129 80-109 <80

above

Source: Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity. Geneva: World Health Organization; 2011 (12).

1 Thirteenth General Programme of Work 2019-2023. Geneva: World Health Organization; 2019 (https://www.who.int/about/what-we-do/thirteenth-general-pro-
gramme-of-work-2019-2023, accessed 14 January 2023).
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Existing WHO documents related to this new guideline

This guideline updates and complements previous information contained in five WHO documents, published
between 1968 and 2005, which are summarized in the 2011 WHO document Haemoglobin concentrations for
the diagnosis of anaemia and assessment of severity (12). Briefly, haemoglobin cutoffs were first presented

in a 1968 WHO document (13) and were based on four published references and one set of unpublished
observations. Definitions for mild, moderate, and severe anaemia were first published in 1989 (14). These
were slightly modified in a subsequent publication on nutrition in emergencies, which also proposed a
classification to determine the public health significance of anaemia in populations (15). Finally, a 2001
guide for programme managers split the age group for children 5-14 years of age and applied a new, lower
haemoglobin cutoff for children 5-11 years based on NHANES Il data (16). The 2001 document also provided
haemoglobin adjustments for those residing or working at elevation and for smoking (16).

This guideline partially updates and consolidates information from the previous WHO documents. There is
still additional valuable information within those documents that has not yet been updated because it was
out-of-scope for the current guideline.

 Nutritional anaemias is a report of an international group of experts convened by WHO in Geneva,
Switzerland from 13-17 March 1967 (13). The consultation was called 3 years after the start of a
worldwide multicountry collaborative study in India, Israel, Mexico, Poland, South Africa, the United
Kingdom of Great Britain and Northern Ireland, the United States of America, and Venezuela (Bolivarian
Republic of). The study investigated iron metabolism in pregnancy as well as the role of hookworm in
anaemia during pregnancy, and further tested the procedures for examining whole blood and serum.

» Preventing and controlling anaemia through primary health care (14) was published after a May
1987 meeting of the International Nutritional Anaemia Consultative Group in Quito, Ecuador. This
publication aimed to help health administrators and programme managers to develop and implement
suitable strategies for preventing and controlling iron deficiency anaemia.

« The management of nutrition in major emergencies (15) was published by WHO in response to the
World Declaration and Plan for Action in Nutrition that urged governments to provide sustainable
assistance to refugees, displaced and war-affected populations where high rates of malnutrition and
micronutrient deficiencies occur.

« [ron deficiency anaemia: assessment, prevention and control, a guide for programme managers (16),
a document published in 2001, is mainly based on a consultation organized by WHO, the United
Nations Childrens Fund (UNICEF), and the United Nations University held in Geneva, Switzerland,
6-10 December 1993. The purpose of this consultation was to provide scientists and national
authorities with a timely and authoritative review of iron deficiency anaemia, and to help managers of
national micronutrient malnutrition prevention and control programmes to identify effective measures
for fighting iron deficiency anaemia.

» Assessing the iron status of populations (17) is a report of a joint technical consultation by WHO and
the United States Centers for Disease Control and Prevention (CDC) held in Geneva, Switzerland,
6-8 April 2004, with the participation of 34 experts. The objectives were: to review the indicators
currently available to assess iron status; to select the best indicators for assessing the iron status of
populations and for evaluating the impact of interventions to control iron deficiency in populations;
and to identify priorities for research related to assessing the iron status of populations.



Technical meetings convened for developing this guideline

WHO started this project for updating haemoglobin cutoffs to define anaemia in individuals and populations
by convening a prioritization exercise via a two-stage international consultation in 2015. Six subtopics were
established, including the physiology of anaemia, haemoglobin thresholds for different population groups,
definition of anaemia across clinical and environmental contexts, approach to development of anaemia
cutoffs, laboratory, equipment, regulatory and diagnostic considerations, and guidance for implementation.
After input from the WHO Steering Committee, to advise and support this normative work, and based on the
identified subtopics and the normative needs identified at various technical meetings organized by WHO, the
available evidence was presented to the GDG. Three GDG meetings were held.

 First meeting: 6-8 November 2019.
» Second meetings: 1-3 June 2022, 15-17 June 2022, and 29 June-1 July 2022.
o Third meeting: 8 June 2023.

The first GDG meeting developed and prioritised five key questions and identified topics for further
discussions, technical meetings, or research. The questions are detailed in Annex 2 and mainly relate to the
review of cutoffs and haemoglobin adjustment factors to diagnose anaemia. The manner of the questions
made them difficult to formulate in the PICO format. Preparation of the evidence-to-decision frameworks
was therefore more complex than developing standard WHO recommendations, since the questions did not
always fit the PICO format or cover all domains of evidence-to-decision frameworks.

Certain technical questions needed consideration before haemoglobin cutoffs could be addressed. The
questions related to the review of adjustments in haemoglobin concentrations to account for differences
in settings and populations such as elevation above sea level of the place of residence, smoking, genetic
background, and infection and inflammation. They also encompassed the type of blood sample and the
method of haemoglobin concentration determination. These topics were addressed in three technical
meetings of experts from those fields.

The objectives of the second GDG meetings were to: discuss the results and conclusions from the three
technical meetings; formulate normative statements on the use and interpretation of haemoglobin
concentrations for assessing anaemia status in individuals and populations and determining their strength
taking into account benefits, harms, values and preferences, feasibility, equity, ethics, acceptability, resource
requirements, and other factors, as appropriate; define implications for further research and gaps; and
discuss implementation and evaluation considerations of the guideline.

The third GDG meeting discussed the rationale of a WHO proposal to separate haemoglobin cutoffs for
children aged 6-59 months into two groups (6-23 months and 24-59 months). This proposal differed from
the output in the previous meeting in July 2022, where the GDG voted for a single cutoff for the age range
from 6 to 59 months. The rationale for this proposal was: (i) to maintain consistency in the criteria used for
defining the other age groups; (ii) the consistent differences in haemoglobin concentrations (5-9 g/L) of
children 6-23 months versus 24-59 months reported in additional publications reviewed during the series of
second GDG meetings (18-20); (iii) notable differences in growth and nutrient requirements between the two
age groups; and (iv) additional analysis obtained after the GDG meeting in July 2022, which supported the
separation of the age groups. The same health inclusion criteria were applied to the data in both the original
and additional analyses.



Summary of the evidence

Although anaemia remains one of the most common laboratory diagnoses, consensus on the haemoglobin
cutoffs below which it should be defined and the cutoffs to establish its severity is limited. Defining cutoffs
for anaemia requires estimation in a reference population of healthy individuals. This entails a detailed
consideration of factors which influence haemoglobin concentration in apparently healthy individuals of
diverse genetic backgrounds as they pass through the life course and live in different environments. An
apparently healthy individual may be defined as an individual with physical well-being for their age and
physiological status, without detectable diseases or infirmities.

Physiological, environmental, and genetic factors might need to be considered when defining haemoglobin
cutoffs. Variations in haemoglobin across the lifecycle (particularly in early life, during pregnancy, and

with age) are not always considered in laboratory practice. In response to hypoxia, such as from elevation
above sea level or smoking, haemoglobin concentrations increase. Additionally, about 5% of the world’s
population carries a clinically relevant haemoglobinopathy or thalassaemia mutation.

In modern clinical laboratories, haemoglobin is conventionally measured photometrically using variations
of the cyanmethaemoglobin method across several automated platforms. International reference standards
ensure validation and calibration of these approaches. Non-invasive techniques for measurement

of haemoglobin concentration are emerging. Ensuring appropriate standardization of haemoglobin
measurements across this range of methods is essential to ensure high-quality detection of anaemia in all
settings.

The outcome considered by the GDG to be critical for decision-making was the accurate diagnosis of
anaemia, considering:

1. the use of anaemia cutoffs at individual level established using a statistical approach or based on
outcomes-related clinical symptom/functional impairment;

2. the use of adjustments to account for elevation of residence, smoking, infections (especially
malaria), inflammation, and/or genetic ancestry/ethnicity/race;

3. the comparability of haemoglobin determinations by type of blood sample, methods of analysis,
measurement instruments, and international standard materials used at the clinical and public
health levels;

4. the changesin haemoglobin concentrations in response to interventions that address the direct
causes of anaemia; and

5. the anaemia prevalence at population level indicative of a public health problem of mild, moderate,
or severe magnitude.

The evidence that informed haemoglobin cutoffs to define anaemia in individuals and populations was
based on an analysis of haemoglobin data from healthy populations, general population databases, and
systematic reviews. The section Scoping the guideline, evidence appraisal and decision-making details
the methodology used. The key questions and outcomes guiding the evidence review and synthesis are
listed in Annex 2.

In addition to the direct and indirect evidence and its overall certainty, other considerations were discussed
by the GDG. Guideline users may wish to refer to the remarks within the evidence summaries, including the
considerations on implementation.



What should be the haemoglobin cutoffs to define anaemia in individuals and in populations?

1.a How should the cutoffs be defined?

Should they be based on statistical cutoffs, such as percentile-based cutoffs or a reference range
of haemoglobin concentrations in apparently healthy populations, or based on outcomes related
to clinical symptoms or functional impairment?

1.b How should mild, moderate, and severe anaemia be defined at the individual level?

Braat et al. (18) from the Walter and Eliza Hall Institute of Medical Research, Australia, a WHO collaborating
centre, proposed haemoglobin cutoffs to define anaemia through the lifecycle. These cutoffs were based on
analysis of data from national surveys and population and cohort studies, including: the Australian Health
Survey; the Benefits and Risks of Iron intervention in Children randomized controlled trial, Bangladesh; the
China Health and Nutrition Survey; the Generation R cohort study, Netherlands (Kingdom of the); the Health
Survey for England; NHANES II, United States of America; the National Health and Nutrition Survey, Ecuador;
and the Applied Research Group for Kids, Canada.

The large-scale datasets in ethnically diverse populations included sufficient clinical and laboratory
information on individuals to allow selection of a healthy reference sample. The reference population of
healthy individuals was defined as people:

« without reported underlying medical conditions; recent clinical illness; biochemical evidence of iron
deficiency or inflammation, other nutrient deficiencies, or renal/hepatic impairment (where available); and

« with normal body mass index and taking no medications other than non-iron nutritional supplements.

Although the data on health indicators varied among the surveys, this was a rigorous and conservative
approach with a high number of exclusions resulting in an apparently healthy reference population. The
underlying populations were generally multi-ethnic.

For estimating the anaemia cutoffs and the confidence interval around this estimate, either a parametric
(normal distribution) or non-parametric (distribution-free) approach can be taken. Since the reference
distribution appeared reasonably normal for all studies with a simple random sample design, the parametric
method was employed as the preferred method. Data were pooled using both a fixed and random effects
model. The fixed effect model was preferred as authors propose that cutoffs across these studies represent
an estimate of the same underlying value (18).

Braat et al. (18) also presents a proposal for haemoglobin cutoffs to define anaemia in pregnant women in
the first and second trimesters. Data were insufficient to inform setting cutoffs for pregnant women in the
third trimester, due to limitations in sample sizes from NHANES II.

For all but one of the surveys included in Braat et al., venous blood samples were used to assess
haemoglobin concentrations using an automated analyser. The one exception is the Benefits and Risks of
Iron intervention in Children project, which used venous samples analysed on a HemoCue 301+ point-of-care
device (HemoCue AB, Angelholm, Sweden).

Although the criteria for a healthy population in the Braat et al. analysis was the basis for the GDG
discussions, other evidence was also presented. This additional evidence included studies from which
selection of participants was based on different inclusion criteria, which are described below.

Sachdev et al. (19) examined data from the large-scale, nationally representative Comprehensive National
Nutrition Survey of children and adolescents aged 0-19 years in India, to assess the age-specific and sex-
specific percentiles of haemoglobin and cutoffs to define anaemia in a healthy population. To obtain a
healthy population, participants with iron, folate, vitamin B,,, and retinol deficiencies; inflammation; variant
haemoglobins (haemoglobin A2 and haemoglobin S); and a history of smoking were excluded. Age-specific
and sex-specific haemoglobin 5th percentiles derived for this healthy population were compared with
current WHO cutoffs. The Comprehensive National Nutrition Survey collected venous blood samples from



49 486 individuals; 41 210 participants had a haemoglobin value, 8087 of whom were included. Compared
with existing WHO cutoffs, the study cutoffs for haemoglobin were lower at all ages, usually by 10-20 g/L, but
more so in children of both sexes aged 1-2 years and in girls aged 10 years or older.

Addo et al. (20), evaluated and analysed data collected from 30 household, population-based nutrition surveys
of children aged 6 to 59 months and nonpregnant women aged 15 to 49 years during 2005 to 2016 across 25
countries. To define a healthy population, persons with iron deficiency (ferritin <12 pug/L for children or <15
pg/L for women), vitamin A deficiency (retinol-binding protein or retinol <20.1 pg/dL), inflammation (c-reactive
protein >5 mg/L or a-1-acid glycoprotein >1 g/L), or known malaria were excluded. Survey-specific, pooled
haemoglobin 5th percentile cutoffs were estimated. A total of 79 950 individuals were included in the original
surveys. The final healthy sample was 13 445 children (39.9% of the original sample of 33 699 children: 6750
[50.2%] boys, mean [standard deviation, SD] age 32.9 [16.0] months) and 25 880 women (56.0% of the original
sample of 46 251 women, mean [SD] age 31.0 [9.5] years). Survey-specific haemoglobin 5th percentiles among
children ranged from 79.0 g/L (95% Cl = 75.4-82.6 g/L in Pakistan) to 112.3 g/L (95% Cl =111.4-113.3 g/Lin

the United States of America), and among women from 88.3 g/L (95% Cl = 77.7-98.8 g/L in Gujarat, India)
t0120.9 g/L (95% Cl =120.0-121.7 g/L in the United States of America). Inter-survey variance around the
haemoglobin 5th percentile was low (3.5% for women and 3.6% for children). Pooled 5th percentile estimates
were 96.5 g/L (95% Cl =92.6-100.4 g/L) for children and 108.1 g/dL (95% Cl = 103.5-112.7 g/L) for women. The
authors concluded that current WHO cutoffs to define anaemia are higher than the pooled 5th percentile of
haemoglobin among the biochemically healthy individuals in this study.

In addition to data from Braat et al., data from the International Fetal and Newborn Growth Consortium for
the 21st Century (INTERGROWTH-21st) study and from INTERBIO-21st, an extension aimed at improving
the characterization of the fetal growth restriction, were analysed to propose haemoglobin cutoffs for
pregnancy by trimester (21, 22). The INTERGROWTH-21st project was carried out between 2009 and 2016
across eight diverse, geographically delimited, urban areas. At each visit, information was collected about
the pregnancy, as well as the results of blood tests taken as part of routine antenatal care. All study sites
assessed haemoglobin concentration from venous blood samples using commercially available methods
(23). Measurement of ferritin and other iron biomarkers were not available. The gestational age-specific
percentiles for maternal haemoglobin proposed were based on prospective study throughout pregnancy of
3502 healthy, well-nourished women from eight countries, whose healthy babies were followed up to 2 years
of age. The highest median maternal haemoglobin concentration was at 14 weeks of gestation (121.4 g/L)
and the lowest was between 31 and 32 weeks of gestation (114.6 g/L), but values rose progressively
thereafter to a median concentration of 118.7 g/L at 40 weeks of gestation.

The INTERBIO-21st study comprised two components: fetal study and neonatal study. The fetal component
monitored fetal growth from early pregnancy (14 weeks) up to delivery, whereas the neonatal component
monitored these infants up to 2 years. Among the variables collected were detailed biological parameters
(e.g. haemoglobin) of the mothers and documentation of maternal and fetal outcomes (24). The authors
concluded that, when compared to a reference value of 110 g/L, women with haemoglobin levels below

95 g/L had an increased risk of adverse neonatal outcomes, which doubled with haemoglobin values below
80 g/L. A U-shaped relationship between maternal haemoglobin and adverse neonatal outcomes was also
demonstrated, with an increased risk of adverse neonatal outcomes among women with haemoglobin
concentrations of 140 g/L or more (22).

The limitations of the INTERGROWTH project are the lack of haemoglobin data collected at <14 weeks of
gestation and the lack of data on ferritin, which gives rise to the possibility that women with iron deficiency
may have been included in the sample. Also, most of the included women received iron and folic acid
supplementation as standard care.

As noted by the WHO guidance published in 1989, although anaemia is often graded as mild, moderate, and
severe, the haemoglobin values for these three categories vary and are arbitrary (14). The 1989 guidance
considered anaemia to be mild, moderate, or severe when haemoglobin concentrations were above 80%,
between 80% and 60%, or less than 60% of the cutoffs, respectively. According to the 1989 guidance, given the
relatively small differences between age and sex groups, mild anaemia was diagnosed when the haemoglobin
concentration was above 100 g/L but below the cutoff, moderate anaemia when the concentration was



70-100 g/L, and severe anaemia when it was below 70 g/L. Similar severity limits were presented in the WHO
document from the year 2000 on the management of nutrition in major emergencies (15).

Use of statistical and/or clinical outcomes

Establishing haemoglobin cutoffs for defining anaemia based on outcomes related to clinical symptoms
or functional impairment was preferred but not possible for all age groups and trimesters of pregnancy.
The evidence of an association between haemoglobin concentration and maternal and newborn health
outcomes has been repeatedly reported, but the most relevant outcomes and precise cutoffs are still

in development (22, 25-28); therefore, the statistical approach was used. The outputs of the statistical
approach were haemoglobin values below which only a limited number of healthy individuals would be
expected to have anaemia. This approach informed the evaluation and update of current cutoffs.

A key consideration was whether to select the 5th or 2.5th percentile for the haemoglobin concentration
cutoffs. The choice of percentile entails trade-offs. For this recommendation, the 5th percentile was selected,
which is consistent with original WHO guidance for defining anaemia. The 5th percentile implies that 95% of
healthy individuals would have a higher haemoglobin value, and 5% of healthy individuals would still have

a lower haemoglobin value than the cutoff and be falsely diagnosed as anaemic. Selecting the higher of

the two percentiles is expected to provide more sensitivity to detect individuals with underlying conditions
associated with anaemia (e.g. nutritional deficiency, genetic conditions, inflammation, infection), thereby
promoting intervention.

Normative statement 1.a Haemoglobin cutoffs to define any anaemia

Analysis of the evidence suggested modification of the current haemoglobin cutoffs for defining anaemia
for one population group (children 6-23 months of age) and use of the existing cutoff for pregnant women in
the second trimester.

The updated cutoffs to define anaemia in individuals and populations are presented in Table 2.

Table 2. Haemoglobin cutoffs to define anaemia in individuals and populations?

Population Haemoglobin concentration (g/L)
Children, 6-23 months <105
Children, 24-59 months <110
Children, 5-11 years <115
Children, 12-14 years, nonpregnant girls <120
Children, 12-14 years, boys <120
Adults, 15-65 years, nonpregnant women <120
Adults, 15-65 years, men <130
Pregnancy

First trimester <110

Second trimester <105

Third trimester <110

2 Based on the 5th percentile.
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Normative statement 1.b Anaemia severity

Changes to current methodology for establishing cutoffs to indicate the severity of anaemia based on
haemoglobin concentrations in individuals are not recommended, due to insufficient evidence.

WHO guidance published in 1989 (14) was applied to the updated haemoglobin cutoffs presented in Table 2 to
indicate anaemia severity (Table 3). The 1989 guidance considered anaemia to be mild, moderate, or severe
when haemoglobin concentrations are above 80%, between 80% and 60%, or less than 60% of the cutoff levels,
respectively (Table 3) (3). However, after reviewing and recalculating the previous WHO cutoffs for anaemia
severity, it was found that the percentages were in general broader - between 85 and 92% of the cutoff value
for mild anaemia and between 62 and 70% for severe anaemia.

Therefore, considering: (i) the ample ranges used in previous calculations; (ii) the implications for treatment
initiation based on anaemia severity; and (iii) the GDG comments about implications for implementation,
the cutoffs for severe anaemia in children aged 6-23 months and for women in the second trimester
pregnancy was retained at <70 g/L.

For severe anaemia, 70 g/L is 67% of the cutoff (105 g/L) for defining any anaemia in children 6-23 months,
which compares well with the percentage used in other age groups (e.g. 80 g/L for the group of girls 12-17
years old is 67% of the cutoff of 120 g/L). Likewise, the use of 70 g/L in pregnant women in the second
trimester represents 67% of the cutoff (105 g/L), which compares well with the use of 70 g/L for pregnant
women in the first and third trimesters, which is 64% of the cutoff of 110 g/L. For mild anaemia, 95 g/L is 90%
of the cutoff of 105 g/L.

Table 3. Haemoglobin cutoffs to define anaemia severity in individuals

Haemoglobin concentration (g/L)

Population No anaemia Mild anaemia Moderate anaemia Severe anaemia
Children, 6-23 months >105 95-104 70-94 <70
Children, 24-59 months =110 100-109 70-99 <70
Children, 5-11 years =115 110-114 80-109 <80
Children, 12-14 years,
. 2120 110-119 80-109 <80

nonpregnant girls
Children, 12-14 years, boys =120 110-119 80-109 <80
Adults, 15-65

Ui, years, >120 110-119 80-109 <80
nonpregnant women
Adults, 15-65 years, men =130 110-129 80-109 <80
Pregnancy

First trimester =110 100-109 70-99 <70

Second trimester =105 95-104 70-94 <70

Third trimester =110 100-109 70-99 <70

Remarks

The remarks in this and the following sections are suggestions on considerations for implementation based
on the discussion of the GDG.

» The cutoffs in Table 2 were primarily informed by a WHO commissioned analysis aimed at analysing
international databases containing data on haemoglobin and other biochemical and clinical indicators
which would enable application of consistent, rigorous criteria to define a healthy individual. These
analyses calculated the 5th percentiles of haemoglobin distributions derived from apparently healthy,
ethnically diverse populations predominantly from higher-income settings across Australia, China,
Europe, North America, and South America.



» Additional data collected in lower-income settings reported heterogeneous, but generally lower, values
for 5th percentiles in participants without biochemical evidence of iron and/or vitamin A deficiencies or
inflammation (c-reactive protein or a-1-acid glycoprotein). Considering the backdrop of a high burden
of infections and inflammation in these settings, with no definitive evidence to exclude their residual
effects on haemoglobin concentration, these data were not included in the pooled analysis.

« Datain adult men may suggest a higher haemoglobin cutoff (i.e. 135 g/L) but there was uncertainty in
the evidence. The GDG decided to retain the cutoff of 130 g/L for men after considering concerns about
iron therapy implications for males, the limited evidence, and the potential unintended consequences
of changing the cutoff, such as initiation of iron supplementation programmes in men.

« In developing these cutoffs, a high value was placed on avoidance of harm, given the uncertainty of the
evidence and the conflicting results of available proposals.

» The management for individuals with mild, moderate, or severe anaemia could vary depending on the
clinical scenario and the underlying cause(s) of the anaemia.

 Aclear association between severity of anaemia with clinical or statistical outcomes could be of great value
for classifying anaemia severity at clinical/individual level and would help to prevent and treat anaemia.

Research gaps

« To enable the definition of functional thresholds, research is needed on the haemoglobin
concentrations below which clinical symptoms, increased risk of mortality, increased risk of morbidity,
developmental impairment (cognitive, psychomotor, language, physical), and/or other conditions
requiring further clinical investigation (e.g. genetic condition, nutritional deficiency, chronic bleeding)
are observed to occur.

 Further consideration should be given to establishing the optimal criteria to define a healthy
population using the statistical approach.

« Future studies should prospectively define 5th percentiles in healthy populations across all
geographical regions, including infants, and men and women aged >65 years.

Summary of judgements

The GDG considered there were large desirable effects and trivial undesirable effects related to reviewing
the cutoffs, although there were no studies specifically designed to address the need for review. They based
their judgement on the importance of correct diagnoses of anaemia at both the clinical and public health
levels and because current cutoffs were established in the 1960s and 1980s based on limited evidence.

The GDG felt that reviewing cutoffs to define anaemia and its severity could improve decisions about
implementation of public health interventions and treatment of anaemia at the individual level.

A further advantage of reviewing anaemia cutoffs is a positive impact on equity. The GDG felt that
harmonized, evidence-based guidelines for haemoglobin cutoffs to define anaemia would ensure all people
in the world have access to the same definition. No studies were available to address costs, acceptability,
and feasibility implications, but the group considered that reviewing haemoglobin concentration cutoffs

to define anaemia in individuals and populations was acceptable and feasible to key stakeholders since,

in general, improved anaemia cutoffs would benefit patients across the world, including a broad range of
clinical, laboratory, public health and research settings.
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Should haemoglobin cutoffs be adjusted for exposure to external factors or settings known to affect
haemoglobin?

2.a Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence and/or
smoking?

2.b Should haemoglobin cutoffs to define anaemia be adjusted by inflammation/infection, particularly
in malaria-endemic settings?

2.c Should haemoglobin cutoffs to define anaemia be adjusted by genetic ancestry/ethnicity/race?

Question 2.a Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence and/
or smoking?

Evidence-to-decision frameworks for these questions (elevation of residence and smoking) were based on
data prepared by the CDC Division of Nutrition, Physical Activity, and Obesity, a technical partner of this
project (29, 30). The CDC presented this work for consideration by the GDG as part of the WHO process of
guideline development but were not involved in decision-making.

Question 2.a.1 Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence?

In 2019, Sharma et al. (29) proposed updated haemoglobin adjustments for elevation above sea level and
smoking based on an analysis using data derived from a large dataset comprising the Biomarkers Reflecting
Inflammation and Nutritional Determinants of Anemia project and additional region-specific surveys.

The analyses included 13 population-based surveys and one cohort study, all conducted after 2000. All WHO
regions except the WHO South-East Asia Region were represented. The dataset included 68 193 observations
among preschool-aged children (6-59 months) and nonpregnant women of reproductive age (15-49 years)
with data on haemoglobin and elevation (-28 m to 4000 m).

Generalized linear models were used to assess the robustness of associations under varying conditions,
including controlling for inflammation-corrected iron and vitamin A deficiency, or restricting to an
apparently healthy population with no evidence of iron and vitamin A deficiency. Results were consistent
across model specifications. Models were also adjusted for age, sex (preschool-aged children only),

and survey to account for potential unmeasured confounding and the underlying difference in mean
haemoglobin associated with each location.

The study confirmed that haemoglobin should be adjusted for elevation and that current cutoffs may
under-adjust haemoglobin for those residing at lower elevations and over-adjust haemoglobin for those
residing at higher elevations. Haemoglobin adjustment concentrations among preschool-aged children and
nonpregnant women of reproductive age differed by 1 g/L for all elevations above sea level.

A second analysis by the same group examined the relationship between haemoglobin and elevation
(ranging from -6 m to 3834 m) among school-aged children (5-14 years) using nine population-based
surveys (n =26 518) (30). Generalized linear models were used to assess the robustness of associations
adjusting for potential confounders and varying conditions including controlling for iron and vitamin
A deficiency. The haemoglobin adjustments among school-aged children were consistent with the
adjustments proposed for preschool-aged children and nonpregnant women of reproductive age.

To assess the consistency of the previous findings, the group performed a third analysis of population-based
data from preschool-aged children, nonpregnant women of reproductive age, and infants aged 1-5 months
residing at a range of higher elevations (Dr Laura Pompano, CDC, unpublished data, December 2023).

This work included data from six population-based surveys from Guatemala (four surveys), Nepal, and
Peru, together with 5 years of data from the Nutritional State Information System in Peru on infants and



preschool-aged children who attended health centres as part of the Growth and Development Programme.
This analysis included a total of 170 971 infants, 3 134 207 preschool-aged children, and 41 034 nonpregnant
women of reproductive age residing at elevations ranging from 0 m to 5012 m. Generalized linear models
were used to assess the relationship between haemoglobin and elevation; models controlled for age, sex,
and survey.

These findings were consistent with elevation adjustments previously proposed. At elevations above 2500 m,
adjustments may vary more by region due to known epigenetic differences. Data at elevations above 2500 m
were limited primarily to countries in Central and South America, where the nonlinear association between
haemoglobin and elevation tended to become stronger at higher elevations compared with Nepal. Nearly all
data from locations >4000 m elevation were from Peru.

An ad hog, all-ages, analysis was done that combined the population-based data from the three analyses
to maximize representation across all regions and age groups (n = 3 440 932). Generalized linear models
were adjusted for age, sex, and survey. Data were weighted to equalize country representation. A slight age
gradient in the association between haemoglobin and elevation was noted. Preschool-aged children had

a 25% lower change in haemoglobin concentration by elevation than nonpregnant women of reproductive
age. However, the difference in haemoglobin adjustments in the age-group-specific models compared to
the all-ages model was 3 g/L or less at any elevation. A common set of haemoglobin adjustments across
age groups is likely to be an appropriate and practical approach for adjusting haemoglobin for elevation,
especially at elevations below 2500 m (Dr Andrea Sharma, CDC, personal communication, December 2023).

Normative statement 2.a.1 Elevation of residence
Adjustments of haemoglobin concentrations are recommended to diagnose anaemia in individuals and
populations to account for the effect of elevation of place of residency on haemoglobin concentrations.

Table 4 presents a common set of adjustments for use across population groups as an appropriate and
practical approach for adjusting haemoglobin concentrations to account for the effect of living at elevations
above sea level, especially below 2500 m where more than 98% of the world’s population resides.

Table 4. Adjustments to haemoglobin concentration (g/L) in 500 m increments in elevation?

Elevation range (m above sea level) Adjustments in haemoglobin concentration (g/L)®
1-499 0
500-999 4
1000-1499 8
1500-1999 11
2000-2499 14
2500-2999 18
3000-3499 21
3500-3999 25
4000-4499 29
4500-4999 33

2 Adjustments are the amount subtracted from an individual’s observed haemoglobin level or added to the haemoglobin cutoff defining anaemia (in g/L).

b Proposed adjustments for all population groups based on the equation: Haemoglobin adjustment (g/L) = (0.0056384 x elevation) + (0.0000003 x elevation?).
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Remarks

» Adjustments for very high elevations >3000 m in Table 4 are based on data primarily derived from
Central and South America.

» Preschool-aged children were found to have a 25% lower change in haemoglobin concentration by
elevation than nonpregnant women of reproductive age. However, the difference in haemoglobin
adjustments in the age-group-specific models compared to the all-ages model was 3 g/L or less at any
elevation.

» Adjustments provided are to be applied by:
- subtracting the amount recommended from an individual’s observed haemoglobin level, or
- by adding the amount recommended to the existing haemoglobin cutoff defining anaemia in g/L.

« When specific information is known about the elevation at the place of residence, use of the formulae
provided would enhance precision and accuracy.

« At especially high elevations (2500 m), tailored adjustments by region and/or ethnicity may be
warranted.

Research gaps

« Given the growing body of evidence showing differences between populations living at very high
elevation (>2500 m) in different regions, future analyses should include data from a greater number of
countries and population groups (such as infants, pregnant women, men, and older individuals) to help
confirm whether and to what extent adjustments are required that are specific to that region and/or
genetic background.

 Further research is needed to understand differences in observed haemoglobin concentrations among
populations with gene variants limiting haemoglobin concentrations (production or maintenance)
or those with epigenetic adaptations to living at very high elevation (>2500 m) and the nuances of
adjusting haemoglobin for elevation between different ethnicities within a region.

o There were limited elevation data for some age groups. These gaps are important from the perspective
of iron regulation at elevation because infants and pregnant women have particularly high iron
requirements.

» There are several research groups worldwide working on the regional, genetic, and environmental
reasons for the differences among populations living at the same high elevations. This work should also
address aspects related to acceptability and equity of haemoglobin adjustments by populations.

Summary of judgements

The GDG considered the current evidence on the effects of adjusting haemoglobin concentrations by
elevation of place of residence is of moderate quality since data and modelling for elevations above 3000~
3500 m were obtained from limited samples, mainly from Central and South America.

The GDG members agreed on the value and on the positive effects of adjustments although they recognized
that there may be costs associated with having to revise and implement new adjustments. The group
considered that the haemoglobin adjustments by elevation are acceptable to stakeholders, cost-effective,
and have a positive impact in equity. The adjustments were considered feasible to implement especially
because adjustments for elevation have been in use since 2001 and also because an accurate definition of
anaemiais critical to understand its incidence and distribution, to apply effective health interventions, and
to improve the health and nutrition status of individuals and populations.



Question 2.a.2 Should haemoglobin cutoffs to define anaemia be adjusted for smoking?

The same data sources used for analysis of adjustments by elevation (29) were also analysed to explore

the effect of smoking on haemoglobin concentrations, covering a broad range of age groups and
geographical regions. Analyses included 19 826 observations among women of reproductive age with data
on haemoglobin and smoking (status or daily cigarette quantity). Adjustments for smoking and elevation
were additive and overall, mean haemoglobin was 3.3 g/L (95% Cl 2.5-4.0) higher among smokers than in
non-smokers across all surveys. The association between smoking and haemoglobin concentration was
stronger in women than in men. For example, female smokers aged 15-49 years had an average of 2.6 g/L
higher haemoglobin than non-smokers while male smokers had an average increase of 1.1 g/L (adjusted for
elevation, age, survey, and iron deficiency).

In the WHO technical meeting on considerations for adjustments of haemoglobin concentrations to
define anaemia by elevation above sea level and smoking in October 2020, attendees discussed whether
adjustments for cigarette smoking should be made. Experts expressed concern that the mean differences
between smokers’ and non-smokers’ haemoglobin levels were relatively small and also that, despite
smoking increasing haemoglobin concentration via carbon monoxide exposure, there are additional
physiological consequences which also affect haemoglobin, particularly in heavy and long-term smokers.
The experts considered it important to prioritize the need for improved carboxyhaemoglobin measures to
account for self-reporting errors and to adjust for other carbon monoxide exposures.

Normative statement 2.a.2 Smoking

Haemoglobin concentrations should be adjusted to diagnose anaemia in individuals and populations to
account for the effect of smoking on haemoglobin concentrations.

Adjustments to account for smoking are presented in Table 5.

Table 5. Adjustments to haemoglobin for smoking status and cigarettes per day®

Number of cigarettes per day Haemoglobin adjustment (g/L)*
Smoker, quantity unknown 3
<10 3
10-19 5
>20 6

The adjustment consists in the corresponding value in the table added to the haemoglobin cutoff defining anaemia, or subtracted from an individual’s observed haemoglobin level.

o

Adjustments based on haemoglobin adjustment (g/L) = (0.4565 x cigarette_number) + (-0.0078 x cigarette_number?), solved for the <10 cigarettes/day category using cigarette_
number =9, and for the 10-19 category cigarettes/day using cigarette_number = 19. The adjustment for the >20 cigarettes/day category was solved using cigarette_number =30. The
formula provided may be used in place of the categorical adjustments.

Remarks

« Data on smoking are self-reported and susceptible to inaccuracies. Carbon monoxide exposure may be
better addressed using pulse carbon monoxide oximetry for carboxyhaemoglobin to assess all carbon
monoxide exposures and eliminate self-reporting biases.

 The largest differences in haemoglobin concentrations between smokers and non-smokers were found in
women, who have significantly lower rates of smoking than men, although this may be due to underreporting
of smoking quantities. By 30 cigarettes/day the effect size was the same among men and women (6 g/L).

» Attheindividual level it is unclear whether the difference in haemoglobin with and without adjustment
for smoking is physiologically relevant, particularly because the effect of smoking on haemoglobin is
complex and, in addition to acute hypoxia, includes chronic hypoxia and end-organ damage. However,
corrections at the population level are important in order to accurately report anaemia prevalence
rates and efficiently apply health interventions.
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Research gaps

» The relative impact of different carbon monoxide sources including smoking, second-hand smoke, air
pollution, and indoor cooking smoke still needs to be defined.

» Future studies might benefit from using biochemical assessments of carbon monoxide exposure such
as carbon monoxide oximetry to measure carboxyhaemoglobin levels.

» Implementation research is needed on when and how to collect information on smoking habits and
exposure.

 Further studies are needed on the effect of e-cigarette use and exposure on haemoglobin
concentrations.

Summary of judgements

The GDG had moderate certainty about the desirable effects of adjusting haemoglobin concentrations by
smoking, since the quality of the evidence was very low. They considered that there are positive effects in
adjusting haemoglobin concentrations by smoking, although at the individual level it is unclear whether
the difference in haemoglobin with and without adjustment for smoking is physiologically relevant. The
group agreed on the value and positive effects of adjustments, although they were unsure about the

costs associated with the implementation of new adjustments or about the equity of such adjustments,
especially for certain cultures, for women, and for elderly people. Adjustments for smoking were considered
acceptable to stakeholders, cost-effective, and feasible to implement since they have been in use since 2001
in some settings.

Question 2.b Should haemoglobin cutoffs to define anaemia be adjusted by inflammation/infection,
particularly in malaria-endemic settings?

The December 2021 WHO technical meeting on the role of infections, inflammation, and genetic ancestry as
determinants for adjusting haemoglobin cutoffs to define anaemia, included discussion on the high number
of illnesses and conditions known to affect haemoglobin concentration via multiple mechanisms, which
poses a challenge to determining the feasibility of adjusting haemoglobin concentrations for inflammation
and infection. Regarding malaria, there is a strong association between severe malarial anaemia and
mortality in locations with varying degrees of endemicity, with substantial increases in mortality at
haemoglobin concentrations below 40 g/L (31, 32).

Bacterial, viral, and parasitic infections causing inflammation (e.g. malaria, tuberculosis, HIV, hookworm)
affect large segments of the population and produce anaemia of various severities (33-37). Markers of
inflammation (e.g. c-reactive protein and al-acid glycoprotein) have been used to adjust biomarkers related
to iron metabolism such as serum ferritin and serum transferrin receptor.

Chronic low-grade inflammation in the context of noncommunicable diseases, such as obesity, has been
linked to altered iron metabolism and anaemia. However, adjustment of haemoglobin concentration by
low-grade inflammation may not be the right approach for chronic diseases where anaemia may be a
consequence.

Experts felt that due to vast differences in the origins and severities of infection and inflammation, and in
the pathways that lead to reduced haemoglobin concentrations, it is not feasible to establish an adjustment
factor for haemoglobin concentrations to account for the role of infection and inflammation.

Normative statement 2.b Infection and inflammation

Haemoglobin concentrations should not be adjusted to diagnose anaemia in individuals and populations to
account for the effect of infection and inflammation on haemoglobin concentrations.



Remarks

» Bacterial, viral, and parasitic infections causing inflammation (e.g. malaria, tuberculosis, HIV,
hookworm) affect large segments of the population and produce anaemia of various severity. Markers
of inflammation (e.g. c-reactive protein and al-acid glycoprotein) have been used to adjust biomarkers
related to iron metabolism, such as serum ferritin and serum transferrin receptor, although is not the
case for haemoglobin adjustments.

» The role of chronic low-grade inflammation in the context of noncommunicable diseases, such
as obesity, has been linked to altered iron metabolism and anaemia. However, adjustment of
haemoglobin concentration by low-grade inflammation was determined as not the right approach for
chronic diseases where anaemia may be a consequence of the condition.

« Additional indicators are required for establishing the underlying cause and magnitude of infection and
inflammation, and for determining the course of treatment.

Research gaps

» Cost-effectiveness data are needed to determine the convenience of establishing adjustments in
haemoglobin concentration by infection/inflammation.

« Studies on the health equity implications of accurate adjustments for infection/inflammation are needed.

» There is a need for improvements in accurate, field-friendly measurement of inflammation to
determine its contribution to anaemia or its role in haemoglobin concentration.

Summary of judgements

The evidence on desirable effects of no adjustments of haemoglobin concentration by infection/inflammation
was considered large, with small undesirable effects, since a high number of illnesses and conditions are known
to affect haemoglobin concentration via multiple mechanisms, which complicates the determination of the
appropriateness and feasibility of adjustments. The group considered that there is no important uncertainty
around not adjusting haemoglobin concentrations by infection/inflammation. The GDG considered that the
balance of benefits/harms of adjusting haemoglobin concentrations is not clear since the effect of infection/
inflammation on haemoglobin is complex and the mechanisms causing anaemia might not warrant adjustment,
leading to the undesirable effect of introducing error in the interpretation of haemoglobin concentrations.
However, for individuals and populations, it is necessary to determine whether anaemia is caused by infection/
inflammation, although adjustments are not required. Determining the cause of anaemia is critical to plan,
implement, monitor, and evaluate nutrition interventions. No adjustments of haemoglobin concentrations by
infection/inflammation were considered to be acceptable, feasible, and with a clear impact on health equity.

Question 2.c Should haemoglobin cutoffs to define anaemia be adjusted by genetic ancestry/ethnicity/race?

Although race/ethnicity correlates with genetic ancestry, it captures different information. Race and ethnicity
are self-ascribed or socially ascribed identities and are often assigned to people by police, hospital staff, or
others based on physical characteristics. Genetic ancestry is the genetic origin of one’s population. Genetic
exchange among people from different ancestries is an important characteristic of many populations and
may correlate with an individual’s risk for certain genetic diseases.

There is evidence showing differences in haemoglobin concentration by genetic background. For a 2019
multivariate analysis of 23 657 haemograms from 7318 pregnancies and 6870 pregnant women in Italy, the
authors categorized the women’s ethnicity as African, Asian, Caucasian, or Other. They found that women

in the African and Asian categories had lower haemoglobin and haematocrit concentrations than women in
the Caucasian category. Compared with women in the Caucasian category, those in the African category had
mean haemoglobin and haematocrit values that were 2.4 (95% Cl 3-1.7) g/L and 0.7 (95% CI 0.8-0.5)% lower,
respectively; women in the Asian category had values that were 1.1 (95% Cl 1.9-0.3) g/L and 0.3 (95% CI 0.5-0.1)%
lower, respectively (38).
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In 2019, Varghese et al. (39) used standard statistical methods to assess the haemoglobin distributions of
healthy nonpregnant women of who self-identified as Asian, Black, Hispanic, or White. Data were obtained
from nine rounds of NHANES, United States of America, and two rounds of the National Diet and Nutrition
Survey, United Kingdom of Great Britain and Northern Ireland. The mean haemoglobin concentrations of
women identifying as Black, Hispanic, or Asian were lower than those identifying as White. The authors
calculated a cutoff for mild anaemia in Asian women at 112.2 g/L and noted that use of this cutoff in place of
the WHO cutoff of 120 g/L would result in a 17.9% decrease in the prevalence of anaemia in India (39).

In 2015, Lim (40) investigated racial/ethnic differences in reference intervals of common biochemical and
haematological laboratory tests using NHANES 2011-2012 data and included 3077 participants aged 18-65
years who reported their race/ethnicity as Asian, Black, Hispanic, or White. Quantile regression analyses
adjusted for sex showed that in the Asian, Black, and Hispanic populations, the lower or upper percentile
for all except five laboratory tests (glucose, phosphorus, potassium, total bilirubin, and uric acid) differed
from the values in the White population. For example, the normal range for people who reported their

race as Asian was significantly shifted to higher values in globulin and total protein and to lower values in
creatinine, haematocrit, haemoglobin, mean cell haemoglobin, mean cell haemoglobin concentration, and
mean platelet volume. The authors concluded that race/ethnicity may need to be incorporated into the
development of reference intervals for biochemical and haematological laboratory tests (40).

In 2021, Weyand and McGann argued that the inclusion of separate thresholds for different races validates
the common misperception that there are physiological differences between Black and White people (41).

In 2020, Jallow at al. reported a disproportionately high genetic diversity in African populations that,
coupled with a high prevalence of iron deficiency, indicates the need for further investigations on the genetic
influences of low iron status in sub-Saharan Africa (42).

Kang et al. described consistently lower haemoglobin concentrations in people whose ethnicity was
categorized as African American than those categorized as European, as well as consistently higher
proportions of African American women identified as anaemic based on current thresholds (43). The
authors constructed linear mixed-effects models to explore ethnic differences in iron status biomarkers in
population-based data from the published literature. People categorized in the original studies as East Asian
had significantly higher concentrations of iron status indicators (serum ferritin, transferrin saturation, and
haemoglobin) than those who were categorized as African American, European, or South Asian (43).

The 2001 WHO document Iron deficiency anaemia: assessment, prevention and control, a guide for
programme managers states: “For populations of African extraction, recent analysis indicates that achieving
a similar screening performance (sensitivity and specificity) requires a haemoglobin criterion that is 10 g/L
(0.62 mmol/L) lower than current cutoffs” (16).

The 2017 WHO document: Nutritional anaemias: tools for effective prevention and control, indicates that
individuals of African heritage have haemoglobin concentrations that are significantly lower than those of
individuals of European descent, and that it has been suggested to include adjustments for ethnicity to the

WHO thresholds for determining anaemia (2). The suggested adjustments are the subtraction of 6-10 g/L,
depending on genetic background. The same document indicates that Black individuals have lower haemoglobin
concentrations than White individuals; these differences are not explained by health, nutrition, or socioeconomic
status, and are observed across the age spectrum. Even after accounting for iron status and known gene
mutations such as a-thalassaemia, glucose-6-phosphate deficiency, and sickle-cell trait, which occur more
commonly in populations of African descent, differences in haemoglobin by race still existed in one study of more
than 32 000 individuals (2).

Normative statement 2.c Genetic ancestry/ethnicity/race

Haemoglobin concentrations should not be adjusted to diagnose anaemia in populations to account for the
effect of genetic ancestry/ethnicity/race due to insufficient evidence to change current adjustments and the
complexity of operationalization.



Remarks

» Among apparently healthy populations, there are observed differences in haemoglobin concentrations
across age and population groups. Some of these differences may reflect changes in genes related
to haemoglobin production or other aspects of red blood cell production or function. A lower mean
haemoglobin concentration (10 g/L difference) has been reported in Black individuals compared
to White individuals. When anaemia is diagnosed, the underlying genetic, nutritional, infectious/
inflammatory influences, and social determinants of health relevant for the individual or populations
should be considered.

» There are concerns about the applicability of existing research due to ubiquitous mixed genetic
ancestry worldwide.

Research gaps

» Further research is needed on single nucleotide polymorphisms, novel variants or altered effects of
known single nucleotide polymorphisms in iron or haemoglobin regulation.

 Further studies of the genetic basis for ethnic differences in iron metabolism and its effect on
disease susceptibility among different ethnic groups are needed to inform population-specific
recommendations and personalized nutrition interventions for iron-related disorders.

o Further global health research is needed that looks not only at the prevalence but also at the causes
of anaemia (e.g. additional testing for markers of iron, infection/inflammation, and potentially genetic
haemoglobin disorders) to inform the choice of intervention.

Summary of judgements

There was a high uncertainty about the desirable and undesirable effects of adjustments of haemoglobin
concentration by genetic ancestry and the GDG considered the evidence as very low quality. The group noted
that there is no new evidence base from which to set/update haemoglobin reference ranges for different
genetic groups. The balance of effects, and cost-effectiveness, favours no adjustments of haemoglobin
concentrations by genetic ancestry, since it seems unfeasible to generate other adjustments to cutoffs based
on genetic backgrounds due to the complexity of genetic testing.

Another point of discussion was the substantial research needs in the race/ethnicity/genetic ancestry field in the
context of discussion of haemoglobin cutoffs adjusted by race/ethnicity/genetic ancestry, especially recognizing
how underrepresented some genetic backgrounds have been in the literature thus far. The group also considered
that generating the data necessary to update current adjustments is not feasible for most Member States.

How should haemoglobin concentration be measured?

3.a What are the acceptable alternative methods for assessing haemoglobin concentration compared
to reference standard (i.e. automated haematology analysers) particularly for population-based or
field-based surveys?

3.b What are the key quality control issues pertinent to accurate diagnosis of anaemia?

3.c What blood source(s) are acceptable? How do results vary in capillary blood (finger, heel, ear, single
drop, pooled drops), or arterial blood as compared to venous blood (reference)?

Blood sample collection site, measurement device, methodological errors, individual variations, and
other factors have been reported to influence haemoglobin concentration. There is evidence supporting
a biological variability between capillary and venous blood after accounting for device and sampling
variability and/or error, the magnitude of which is likely to vary by sex, possibly age, and other factors.
Although it is easier to control all potential factors influencing the quality of the measurement and
interpretation in more controlled settings than in less controlled field settings, high-quality data could be
obtained in all settings (44-47).
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Automated analysers are optimal for measuring haemoglobin for clinical laboratories. Non-invasive and
invasive point-of-care analysers are considered feasible for field settings because of their portability, cost,
and weight, but have variable comparability to the reference. Most studies have compared the point-of-
care analysers developed by HemoCue (Angelholm, Sweden) to the reference, as these are frequently used
to measure haemoglobin in public health population-based surveys in field settings and other settings
requiring low technological solutions that provide immediate haemoglobin results (e.g. blood donation).
Studies with HemoCue show high variability in results depending on the model, blood source, and field
conditions (47).

Normative statement 3 Haemoglobin measurement

Use of venous blood, automated haematology analysers and high-quality control measures are
recommended for the assessment of haemoglobin concentration in individuals and populations.

Remarks

« Thereis clear variation in haemoglobin concentrations assessed from capillary and venous blood
samples; however, the magnitude of variation has not been confirmed. It is therefore not possible
to provide adjustments to haemoglobin concentrations measured in capillary blood to make them
comparable with venous blood.

» When well maintained in accordance with quality management principles, all accredited instruments
should provide acceptably similar results.

« Stakeholders should take into consideration the blood source and type of analyser used during data
collection when tracking changes in haemoglobin concentrations and the prevalence of anaemia
over time or comparing between different settings, particularly where the use of venous blood and/or
automated analysers are not always feasible.

» Pooling drops of blood from a single capillary prick could be an option for minimizing variability due
to blood sampling technique. Also, the effect of sample handling on different analytical methods, for
example, length of time between collection and processing, needs to be taken into consideration.

» Where application of the recommendation on using an automated haematology analyser is not
possible, consideration could be given to the measurement of haemoglobin using an approved point-
of-care blood testing device which has been verified to be calibrated against international reference
standards.

« The use of international standards, commutable standards, and calibration materials to achieve
appropriate quality control is desirable.

« Quality control points at pre-analytical, analytical, and postanalytical levels should be carefully
established. Examples include patient characteristics/disposition/preparation, personnel training,
use of international calibration standards, method, and frequency of equipment calibration (or
validation of the calibration), blood collection, monitoring data collection, recording and analysing
results, reproducibility of results, laboratory quality control assessments, and possibly haemoglobin
adjustments for elevation and smoking, when warranted.

« The blood source, analytical device, and sample collection protocols should be included in any report
of anaemia prevalence.

Research gaps

« Validation of the comparability of pooled capillary drops and venous blood is needed. If validated,
standard operating procedures to optimize methods for collection and processing of pooled capillary
drops should be developed.

» High-quality studies are needed to determine variations in haemoglobin concentrations from the same
individuals based on different blood specimen types, body positions, collection methods, training and
supervision of staff, and quality of data collection.



« Further investigation is needed on the effect of hydration status and fasting on haemoglobin
concentrations, especially in hot climates.

« The clinical implications of the difference in haemoglobin concentration between venous and capillary
blood in otherwise healthy individuals requires investigation.

« New quantitative methods and analysers practical in field settings are needed, with consideration of
performance and their ability to be portable and field friendly.

« Approaches are needed for the integration of data from different surveys where there is variation
in blood sources and analysis methods. This will aid tracking progress towards global and country
anaemia reduction goals.

» Continued development, validation, and testing of non-invasive methods for haemoglobin
measurement is needed.

Summary of judgements

The GDG considered that there is substantial evidence on the desirable effects of using venous blood,
automated haematology analysers, and high-quality control standards for assessing haemoglobin
concentration or adjusting haemoglobin values.

There is value in using the gold standard practice for haemoglobin determination, and the positive effects of
clear knowledge of comparable methodologies to measure haemoglobin and correct diagnosis of anaemia
atindividual and at population levels are clear. Harmonized, evidence-based guidelines validating the

use of venous blood, automated haematology analysers and high-quality control standards for assessing
haemoglobin concentration would have a positive impact on health equity and would help ensure that the
same definition of anaemia is available to all. The use of best practices for haemoglobin determinations were
considered acceptable to stakeholders, cost-effective and feasible to implement.

Is haemoglobin concentration an adequate marker for assessing the impact of iron interventions?

A WHO-commissioned overview of reviews focused on nutrition-specific interventions to control
micronutrient malnutrition and increase the intake of micronutrients through supplementation, food
fortification, and enhancement of food diversity and quality (48). The objective was to summarize the
evidence from systematic reviews of randomized controlled trials, regarding the benefits or harms of
nutrition-specific interventions for preventing and controlling anaemia in anaemic or non-anaemic,
apparently healthy, populations throughout the life cycle.

The nutrition-specific interventions considered for this overview of reviews included: (i) supplementation
(daily or intermittent oral iron, vitamins, or any other mineral); (ii) fortification (iron alone or other vitamins
and minerals, multiple micronutrient powders, lipid-based nutrient supplementation, complementary
foods, fortified staple foods, and biofortified foods); and (iii) dietary diversity and quality improvement
(increasing food variety through education and provision of foods rich in minerals and vitamins, use of iron-
containing cooking pots and fish-shaped iron ingots, general nutrition education and counselling).

The primary outcomes were haemoglobin concentration, anaemia, and iron deficiency anaemia; secondary
outcomes were iron deficiency, severe anaemia, and adverse effects (e.g. diarrhoea, vomiting).

This overview included 75 systematic reviews; half were rated as being of high methodological quality and
the remainder were rated as medium quality. The number of trials included in these systematic reviews
ranged from two to 90 trials, and the number of participants ranged from 52 to over 310 000. At least 67 of
the reviews were conducted in low- and middle-income countries, with populations from different cultural
and economic backgrounds.

The authors concluded that, compared to no treatment, daily iron supplementation may increase
haemoglobin levels and reduce the risk of anaemia and iron deficiency anaemia in infants, preschool and
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school-aged children, and pregnant and nonpregnant women. For infants, iron fortification of foods and for
children, use of iron-containing cooking pots may have prophylactic benefits for malaria endemicity low-risk
populations. In any age group, only a limited number of reviews assessed interventions to improve dietary
diversity and quality (48).

Normative statement 4 Assessing impact of interventions

Haemoglobin concentrations should be used as one of the markers to assess the impact of iron
interventions (e.g. iron supplementation and staple food fortification with iron and other vitamins and
minerals) for preventing and treating iron deficiency anaemia throughout the life cycle.

Remarks

When deciding on the specific interventions to implement for iron deficiency anaemia
(supplementation, fortification, nutrition education and combinations of them), policy-makers,
programme implementers and clinicians should take into consideration micronutrient status and
regional and local variations in the diet, different cultural practices, different methods of food
processing and meal preparation, and economic constraints.

Attention should be paid to the possible adverse effects of excessive iron intakes, especially when
considering or implementing iron interventions in malaria-endemic regions or settings where
haemoglobinopathies are common.

Understanding the causes of anaemia will help inform the proper interventions to treat, prevent and/
or reduce anaemia. Policy-makers seeking to reduce the prevalence of anaemia should understand
and address the local context and intervene through a broad range of pertinent interventions (e.g. iron
interventions, malaria prevention) that address this complexity. This comprehensive response will aid
in achieving the desired outcomes, avoiding adverse effects, and ensuring a tolerable upper level of
iron intake is not exceeded from all sources of intake.

In addition to haemoglobin concentrations, data on programme implementation and the use of
additional biomarkers of iron status (e.g. ferritin, serum transferrin receptor) along with markers of
inflammation are also important for the robust assessment of the response to iron interventions.

The use of haemoglobin concentration to assess the impact of iron interventions is potentially simple,
although implementation may be challenging due to limited access and resources for programmes.

In addition, assessing anaemia alone will miss changes in earlier stages of iron deficiency and only
capture the more severe stage of iron deficiency anaemia. Considering measuring other biomarkers to
address the causes of anaemia is advisable.

Research gaps

Due to the scarcity of data, future trials should focus on infants <6 months of age, adolescents, women
aged 50 to 65 years, men aged 19 to 65 years, and older persons.

The evidence reviewed predominantly included nutrition-specific interventions in apparently healthy
populations. Studies are needed on the effect of these interventions in populations at higher risk

of anaemia due to acute or chronic infections, acquired bone marrow disorders, inflammation, or
inherited anaemia.

Studies on haemoglobin response in iron replete individuals that receive iron interventions, by
iron dose and status, are needed to determine whether there are associated adverse risks with iron
supplementation in these populations.

Iron biomarkers and measurement of other functional outcomes may be required to evaluate
interventions, which is more expensive than determining haemoglobin concentrations alone. There is
a need for accurate, accessible, and affordable assays for measuring iron status and inflammation.



Summary of judgements

When reviewing and voting on the evidence-to-decision framework for this question, all GDG members
found substantial evidence supporting the desirable effects of using haemoglobin concentration to assess
the impact of iron interventions, with undesirable effects being moderate to small, with a moderate certainty
of evidence. GDG members also considered that there is value and clear benefits from using haemoglobin
concentration to assess the impact of iron intervention, although the cost/resources required to implement
the measurement of haemoglobin could be variable. The group considered that iron supplementation and
food fortification have increased impact on equity and acceptability and are feasible to implement.

What should be the population cutoffs to define the public health significance of anaemia?

5.a Whatanaemia prevalenceisindicative of a mild, moderate, or severe (or low, medium, high) problem
of public health concern?

5.b Should this classification of anaemia be based on total anaemia alone or should the proportion of
mild, moderate, and/or severe anaemia be considered (weighted?) to determine that categorization?

Accurate characterization of the prevalence of anaemia and its severity at the public health level is critical
to understand the burden and epidemiology of this problem and for planning public health interventions.
Current classification of the public health significance of anaemia in populations indicates there is a mild,
moderate, or severe public health problem when anaemia prevalence is 5.0-19.9, 20.0-39.9, and =40%,
respectively (5, 6). This categorization was proposed in 2000 as part of a manual on the management of
nutrition in major emergencies. It was further stated that interventions should be seriously considered if the
prevalence exceeds 20%. The methodology for deriving these ranges was not provided and it is assumed
they were established through expert consensus.

There is no new evidence to support or change this categorization. The group was presented with
demographic and socioeconomic evidence showing that, for example, in 2013 anaemia was responsible
for 8% of all non-fatal health loss for all diseases, lower than the total disability caused by low back and
neck pain (106 million years lived with disability [YLD]), but similar to disability due to asthma, diabetes,
and cardiovascular disease combined (61.3 million YLD) (49). The Global Burden of Disease Study of 2017
identified iron deficiency anaemia as one of the five greatest causes of YLD, accounting for 34.7 million
YLD (50). The Global Burden of Disease Study of 2019 indicated that the burden of anaemia was lower in
regions with higher socioeconomic development. Globally, most cases were attributable to dietary iron
deficiency, as well as to haemoglobinopathies and haemolytic anaemias (51). This sociodemographic
approach highlights the importance of defining the public health burden of anaemia in order to catalyse
public health policies. As a reference for the investment needed to address anaemia, it has been suggested
that: interventions with an incremental cost of US$ 200 or less per disability-adjusted life-year averted could
be considered for publicly funded health care in low-income countries; interventions costing US$ 200-500
could be considered in lower-middle-income countries; and interventions costing US$500-1000 could be
considered in upper-middle-income countries (52).

Normative statement 5 Public health significance of anaemia

The current classification of public health significance of anaemia prevalence in populations should be
maintained (Table 6). There is a lack of evidence showing a clear association between the severity of the
public health burden of anaemia with clinical and/or demographic outcomes. The current expert-based
classification has been in use since 2000 and this should be maintained until new evidence becomes
available.
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Table 6. Classification of public health significance of anaemia in populations based on prevalence
estimated from blood levels of haemoglobin

Category of public health significance Prevalence of anaemia (%)
Severe 40 or higher
Moderate 20.0-39.9

Mild 5.0-19.9

Normal 4.9 or lower

Source: Nutritional anaemias: tools for effective prevention and control. Geneva: World Health Organization; 2017 (2).

Remarks

The current classification of the public health significance of anaemia is based on expert opinion alone.
There was not enough evidence to change the methodology or the current classification.

The classification of the public health significance of anaemia is based on the total prevalence of
anaemia, a sum of the prevalence of mild, moderate, and severe anaemia in a country, and includes all
age groups available for analysis.

A clear association between the public health significance of anaemia with clinical and/or demographic
outcomes has been used for planning, initiating, implementing, and evaluating country or regional
plans to address anaemia.

The association between the public health significance of anaemia and clinical outcomes seems clear
for moderate and severe anaemia. Associations with social, economic, and health indicators are less
clear for mild anaemia.

Countries should consider whether anaemia programmes should be launched based on their
national or subnational prevalence of anaemia in a particular age group (e.g. in children, women
of reproductive age), physiological status (pregnant women), or severity of anaemia (considering
moderate and/or severe anaemia only).

Countries should have a good understanding of the leading context-specific causes of anaemia (e.g.
malaria, other infections, inflammation, iron deficiency) to inform strategies to address the root
causes.

The public health significance of anaemia alone should not be linked to specific interventions.
Additional country information (e.g. health, nutrition, economic, and social data) should be taken into
consideration.

Countries with limited resources may consider prioritizing strategies to address the causes of moderate
and severe anaemia, which have more severe outcomes and lead to higher rates of YLD, while
monitoring prevalence to ensure that mild cases are not transitioning to moderate anaemia.

Research gaps

24

Further global health research is needed focus not only on the presence or absence of anaemia, but
also on its causes and severity.

There is a need to identify and measure the social determinants of clinical and/or sociodemographic
indicators to base the public health of significance of anaemia classification.

A definition of the severity of the public health problem of anaemia prevalence based on clinical and/or
sociodemographic outcomes is needed.



Summary of judgements

The group decided to maintain the current classification of the public health significance of anaemia based

on the lack of new evidence to analyse desirable or undesirable effects of changing the current classification.

From the global and national perspectives, this could help countries to gauge whether they need an
intervention, and global organizations to know where the priority countries/areas for intervention are. The
decision was also based on the acceptability by stakeholders, low cost, and feasibility of continuing with the
current expert-based classification, which has been in use since 2000.

The GDG decided that the current classification could have a high value for stakeholders to prioritize
countries in need of assistance and for countries to plan, implement, monitor, and evaluate nutrition
interventions in their populations. Also, the group considered that keeping the current classification will
probably help to increase equity, although they were not sure about the cost-effectiveness or the balance of
desirable and undesirable effects, because more robust data are needed to make an informed decision.

25



26

Dissemination, implementation, and
ethical considerations

Dissemination

This guideline will be disseminated through electronic media such as webinars, slide presentations and the
World Wide Web, through the WHO Nutrition mailing lists, social media, the WHO nutrition website (53),
and the WHO e-Library of Evidence for Nutrition Actions (54). eLENA compiles and displays WHO guidelines
related to nutrition, along with complementary documents such as: systematic reviews and other evidence
that informed the guidelines; biological and behavioural rationales; and additional resources produced

by Member States and global partners. In addition, the guideline will be disseminated through a broad
network of international partners, including WHO country and regional offices, ministries of health, WHO
collaborating centres, universities, other United Nations agencies and nongovernmental organizations.
Derivative products that are useful for end-users, such as summaries and collation of normative statements
related to implementation of haemoglobin cutoffs to define anaemia in individuals and populations, may be
developed.

Particular attention will be given to improving access to these guidelines for stakeholders that face more,
or specific, barriers in access to information, or to those that play a crucial role in implementation, for
example, policy-makers and decision-makers at subnational level that disseminate the contents of the
guideline. Disseminated information may emphasize the benefits of a correct anaemia diagnosis in
individuals, populations, or regions where anaemia and its consequences are of public health significance.
This is particularly important in rural communities or highly isolated settings where access to facilities for
haemoglobin measurement and anaemia diagnosis is often limited or difficult.

The executive summary of the guideline may be translated into the other five United Nations languages and
disseminated through the WHO regional offices. Specialized technical assistance will be provided to any
WHO regional office willing to translate the full guidelines into any of these languages and support countries
in implementation for impact.

Equity, human rights, and implementation considerations

This guideline is intended to help Member States and their partners make informed decisions about what
interventions are best suited to their context, needs, resources and ongoing programmes, observing existing
human rights standards and pursuing health equity.! If Member States decide to adopt the normative statements
contained in this guideline at either the national or subnational level, a thorough assessment of the policy
implications concerning this decision is needed. The following considerations seek to support Member States

to adopt/use the haemoglobin cutoffs and measurement practices that will lead to correct anaemia diagnoses,
which will help in the prevention and control of anaemia at the individual and population levels.

As this is a global guideline, it should be adapted to the context of each Member State. Prior to
implementation, a public health programme should have well-defined objectives that take into account
available resources, existing policies, suitable delivery platforms and suppliers, communication channels,
and potential stakeholders. Ideally, the normative statements on assessing anaemia should be implemented
as part of an integrated programme on health and nutrition.

The adoption and adaptation of these normative statements should be framed under the existing national
strategy on prevention and control of anaemia. The adoption of the cutoffs and best practices to measure
haemoglobin as part of interventions aimed at preventing and treating anaemia should be considered in the
context of that strategy, including consideration of the costs, feasibility, accessibility, and acceptability. Such
considerations should include the various stakeholders, such as decision-makers, law-makers, programme
managers, users’ organizations, and organizations with opposing views. A mapping exercise of the different
stakeholders and their interests and forms of involvement in the intervention is a useful practice (55).

* Equity in health refers to the absence of unjust differences in health, which are avoidable by reasonable action (57). Thus, the implementation of the interventions informed by this
guideline should contribute to preventing or mitigating systematic differences in haemoglobin measurement and anaemia diagnosis across populations, including health inequities
that may be exacerbated or created as a result of their implementation.


http://www.who.int/nutrition/en/
https://www.who.int/health-topics/nutrition
https://www.who.int/tools/elena/overview

Sound data obtained under the best quality standards and methods and a robust baseline or database on
the prevalence of anaemia across the population is the optimal foundation for any programme. Data should
be disaggregated as much as possible, in order to identify health inequities across population groups. Some
of the most useful and common stratifiers include those grouped under the acronym PROGRESS-Plus: Place
of residence; Race, ethnicity, culture and language; Occupation; Gender and sex; Religion; Socioeconomic
status; and Social capital; plus other relevant social determinants (e.g. age, disability status, migration
status, health-system configuration, political environment) (56). The disaggregation of data is also useful
for monitoring and evaluation of programmes. WHO has developed guidance on health equity in order to
support Member States in this respect: the WHO Handbook on health inequality monitoring with a special
focus on low- and middle-income countries (57) and the WHO Health equity assessment toolkit software
application (58). These resources will assist Member States in the assessment of within-country health
inequalities and can inform the process of adaptation for Member States adopting this guideline.

Access to and availability of an accurate anaemia diagnostics should be promoted when the need is
identified, irrespective of geographical, cultural, or economic factors. In addition to socioeconomic barriers,
context-specific gender and social norms within households may affect women’s and adolescent girls’ ability
to seek health services and consume sufficient, safe, and nutritious food to meet their dietary needs. In the
context of haemoglobin measurement, even slight changes in geographical placement, in culturally adapted
communication strategies, and in the price of the test could affect accessibility. Concurrent measures can
contribute to prevent and mitigate health inequities that are produced as a result of differential access to an
accurate anaemia diagnosis.

To help prevent misconceptions, culturally appropriate communication strategies should be developed to
disseminate accurate and evidence-based information on anaemia diagnosis and why it is important for
health and development. Likewise, programmes at national and subnational levels should be culturally
appropriate to the target populations, in order to increase the acceptability, adoption, and sustainability.
Such approaches should also identify any resistance, via actions or behaviours based on well-established
practices or social beliefs, which affect adoption of and adherence to the proposed cutoffs, adjustments, and
methods. The involvement of local leaders and use of local languages and culturally relevant representations
is a reasonable strategy.

Acceptability and adoption are better achieved if they are accompanied by simple and easy-to-access information
that can be understood by different population groups. Information must be disseminated in a manner that aims
to ensure that these normative statements are perceived as appropriate by all actors involved.

Ideally, anaemia diagnosis should be part of a coordinated and comprehensive programme aiming to
prevent and control anaemia. A coordinated and comprehensive anaemia detection programme may
include several aspects, including appropriate cutoffs for all sex, age, pregnancy status, ethnic groups,

and populations living in different settings. It should also include the best practices for haemoglobin
measurement. The programme should have well-defined objectives that take into account available
resources, existing policies, suitable delivery platforms and suppliers, communication channels, and
potential stakeholders. Anaemia prevention and control programmes, including haemoglobin measurement
and anaemia diagnosis, should be coordinated with antenatal care programmes, malaria prevention and
treatment programmes, and nutrition-specific and nutrition-sensitive programmes to be effective. They
should also be coupled programmes on community involvement, education, and sanitation In order to
achieve this coordination, policy-makers need to determine the multisectoral approaches that represent
the most appropriate allocation of resources, produce the greatest benefits, and optimize the results of the
programme objectives.

Regulatory considerations

A general legislation framework for technical specifications, including standards and regulations, could be
placed at different levels of anaemia prevention and control programmes. Competent authorities should
determine whether the standards and methods for haemoglobin determinations should be mandatory

or voluntary. This decision may be based on the severity and extent of public health need. Input from all
involved sectors when developing the regulations and standards, including public institutions, academia,
research organizations and communities, will help to ensure a realistic approach.


http://apps.who.int/iris/bitstream/10665/85345/1/9789241548632_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/85345/1/9789241548632_eng.pdf?ua=1
https://www.who.int/data/inequality-monitor/assessment_toolkit
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For implementing a standardized programme for anaemia diagnosis, a well-designed monitoring system

is an essential component to ensure that cutoffs, samples, equipment, quality, and safety standards are
followed as set out in the regulations and standards. National authorities should establish procedures,
methodologies, and reporting requirements to evaluate programmes; allocation of responsibilities between
the different actors; and a monitoring mechanism.

Ethical considerations

Ethics refers to standards of what is right or wrong and fair or unfair, which can advise people on what to do
and not do in terms of rights, obligations and benefits to society and individuals. Ethics is central to science,
research, policy-making, and implementation. Every field of human action, including public health nutrition,
is subject to facing ethical challenges.

Ethical principles lead to consideration of whether an intervention is: producing benefits to individuals and
communities; preventing harms, also at the individual and societal levels; distributing health benefits across
social groups (i.e. how much an intervention is contributing to health equity); and respecting and promoting
the exercise of human rights.

An assessment of the accessibility and acceptability of an anaemia control programme or survey can inform
programme design and development, in order to increase therapeutic adherence to iron supplementation
and the understanding and acceptance of haemoglobin determinations to evaluate the impact of the
programme. This is particularly relevant in settings where the prevailing social norms and determinants

may set unequal conditions and opportunities for different groups. In some settings, for example, gender
norms may create unequal opportunities for girls and boys at any age, both within and out of school; in other
settings, social perceptions around ethnicity and race intervene in how certain population groups access and
use an intervention.

The correct diagnosis of anaemia and the process involved to achieve it, must be informed by the right
to health, and duty-bearers should take into account the corresponding human rights instruments when
designing the intervention and also during its implementation. Anaemia diagnosis and control may raise
ethical challenges about how to best benefit populations, avoid unintended harms, and promote the
principles of equity and social justice.

Sound implementation of this guideline, as informed by these considerations, can contribute to systematic
detection of facilitators and barriers to achieving the programme goals, and to better design any scaling-up
strategy (59).



Monitoring and evaluation of guideline
implementation

A plan for monitoring and evaluation with appropriate indicators, including equity-oriented indicators, is
encouraged at all stages (57). The impact of this guideline can be evaluated within countries (i.e. monitoring
and evaluation of the programmes implemented at national or regional scale) and across countries (i.e. the
adoption and adaptation of the guideline globally).

WHO is committed to supporting countries to reduce anaemia and has recently developed a comprehensive
framework for action to prevent, diagnose and manage anaemia through a multisectoral approach (60).
The framework sets forth ways to address the direct causes, risk factors, and broad social inequities that
are fundamental drivers for anaemia. It describes the necessarily comprehensive approach that brings
together multiple sectors and actors and identifies key action areas to improve the diagnosis, prevention,
and management of anaemia, driving progress towards national and global targets. This guideline is key for
supporting countries in the initial, and monitoring, phases of anaemia prevention and control programmes.
WHO and UNICEF have also established an Anaemia Action Alliance (61), bringing partners across sectors
together to support implementation of this guideline and the framework at the country level. A dedicated
section of the WHO Global Health Observatory contains up-to-date global, regional, and country data on
anaemia for the areas of maternal, newborn, child, and adolescent health and ageing (62). Since 1991, WHO
has hosted the Micronutrients Database as part of the Vitamin and Mineral Nutrition Information System
(VMNIS) (63). Part of WHO’s mandate is to assess the micronutrient status of populations, monitor and
evaluate the impact of strategies for the prevention and control of micronutrient malnutrition, and track
related trends over time. The Department of Nutrition and Food Safety manages the VMNIS Micronutrient
Database through a network of regional and country offices, and in close collaboration with national health
authorities.

For evaluation at the global level, the WHO Department of Nutrition for Health and Development has
developed a web-based Global targets tracking tool (64) that allows users to explore scenarios to achieve
the rates of progress required to meet the WHO Global nutrition targets 2025, including target 2 of a 50%
reduction of anaemia in women of reproductive age (7). The tool also serves as a central platform for sharing
information on nutrition actions in public health practice implemented around the world (64). By sharing
programmatic details, specific country adaptations and lessons learned, this platform will provide examples
of how guidelines are being translated into actions. The Global database on the Implementation of Nutrition
Actions (GINA) (65) provides valuable information on the implementation of numerous nutrition policies and
interventions.

An efficient system for the routine collection of relevant data, including relevant determinants of health,
therapeutic adherence, and measures of programme performance, is critical to ensure programmes are
effective and sustained and drivers to the achievement of the right to health for all population groups.
Monitoring differences across groups in terms of the accessibility, availability, acceptability, and quality of
the interventions contributes to the design of better public health programmes. Creation of indicators for
monitoring can be informed by social determinants of health approaches, so that inequities can be identified
and tackled. It is particularly important to design sound implementation strategies to serve as the basis

for scaling-up efforts. Appropriate monitoring requires suitable data, so attempts towards collecting and
organizing information on the implementation are also fundamental.
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Guideline development process

This guideline was developed in accordance with the WHO evidence-informed guideline development
procedures outlined in the WHO handbook for quideline development (66). The steps in this process
included: (i) identification of priority questions and outcomes; (ii) retrieval of the evidence; (iii) assessment
and synthesis of the evidence; (iv) formulation of normative statements, including research priorities;

(v) planning for dissemination; (vi) equity, human rights, implementation, regulatory, and ethical
considerations; and (vii) impact evaluation and updating of the guideline.

In 2015, WHO initiated a review of global guidelines on haemoglobin cutoffs to define anaemia. The activities
included retrieving, summarizing, and assessing the currently available evidence to inform updated WHO
normative statements on the use and interpretation of haemoglobin concentrations for assessing anaemia

in individuals and in populations.

A WHO Steering Committee (Annex 4), led by the Department of Nutrition and Food Safety, was established
with representatives from relevant WHO departments with an interest in the provision of scientific nutrition
advice. Advisers from the WHO regions participated in the meetings of the GDG as part of the Steering
Committee. The Steering Committee guided and provided overall supervision of this guideline development
process. Two additional groups were formed: the GDG and a systematic reviews team.

The GDG was established in 2019 (Annex 5) and comprised 14 experts with a range of technical skills, diverse
perspectives, wide geographical representation, and gender balance. They consisted of content experts,
methodologists, and representatives of potential stakeholder and beneficiaries. The list of members of

the GDG came from suggestions from all WHO departments with an interest in the provision of scientific
nutrition advice; WHO expert advisory panels (67); members of previous guideline development groups; and
those identified through a call for experts published on the WHO Nutrition website and distributed to the
WHO Nutrition mailing list.

The GDG consisted of experts in nutrition, micronutrients, maternal and child nutrition, public

health, epidemiology, clinical practice, malaria, infectious diseases, health equity, behaviour science,
programme evaluation, haematology, diagnostic methods, biomarkers for anaemia, bioethics, genetics,
haemoglobinopathies, blood donation, transfusion, and blood safety. Its role was to advise WHO on: (i) the
scope of the guidelines and priority questions for which systematic reviews of evidence were commissioned;
(ii) the choice of important outcomes for decision-making; (iii) the interpretation of evidence with explicit
consideration of the overall balance of risks and benefits; and (iv) the formulation of final drafting of the
normative statements, taking into account existing evidence as well as diverse values and preferences.

As resource persons, the systematic reviews team members, participated in the guideline development process
by presenting evidence and identifying research priorities. They participated only in the open meetings and were
informed that they were not allowed to participate in the decision-making process (Annex 6).

Five technical experts were invited to peer-review the draft guideline. The final draft guideline was peer-
reviewed by four content experts, who provided technical feedback (Annex 7). These peer-reviewers were
identified through various expert panels within and outside WHO. Peer-reviewers are not involved in the
guideline development process (66) and are only asked to provide comments on the final draft guideline.
Their role is to identify any errors or missing data and to comment on clarity, setting-specific issues, and
implications for implementation, not to change the normative statements formulated by the GDG. Reviews
from such individuals or organizations on a draft guideline may be helpful in anticipating and dealing with
controversy, improving the clarity of the final document, and promoting engagement with all stakeholders.

This document is a WHO guideline and, after executive clearance, represents the decisions, policy, or views
of WHO.


file:https://iris.who.int/handle/10665/145714

Scoping the guideline, evidence appraisal, and decision-making

WHO started this project for updating haemoglobin cutoffs to define anaemia in individuals and populations
by convening a prioritization exercise via a two-stage international consultation. Six subtopics were
established: physiology of anaemia; haemoglobin cutoffs for different population groups; definition

of anaemia across clinical and environmental contexts; approach to development of anaemia cutoffs;
laboratory, equipment, regulatory, and diagnostic considerations; and implementation of WHO’s
haemoglobin threshold guidelines.

Based on the identified subtopics and the normative needs identified at various technical meetings
organized by WHO, 17 background papers were commissioned (3, 26-29, 46, 68-79), and the available
evidence was presented to the GDG, after input from the WHO Steering Committee to advise and support this
normative work.

The first GDG meeting, held in Spain on 6-8 November 2019, developed and prioritized PICO questions and
identified topics for further discussions, technical meetings, or research.

The PICO questions were drafted by technical staff at the Department of Nutrition and Food Safety, based
on the policy and programme guidance needs of Member States and their partners, although the questions
related to the review of haemoglobin cutoffs and adjustment factors to diagnose anaemia did not always fit
the format or cover all domains of the evidence-to-decision frameworks.

The evidence was searched systematically for all PICO questions. WHO documents and databases
(Cumulative Index to Nursing and Allied Health Literature, Cochrane Library, Google Scholar, Medline, Ovid,
PubMed, ScienceDirect, and Scopus) were searched. Databases of clinical trials and WHO databases were
searched for ongoing studies, and the grey literature was also reviewed. The search was performed without
time or language limitations and snowballing was used with selected reviews and systematic reviews

to identify additional references. Due to the nature of the PICO questions and the guideline objective of
reviewing cutoffs to define anaemia in individuals and populations, the identification of geographically
diverse datasets of raw data for setting cutoffs and reviewing adjustments was prioritized.

The questions were discussed and reviewed by the WHO Steering Committee and the GDG and were
modified as needed. The GDG scored the relative importance of each outcome from one to nine (where a
score of seven, eight, or nine indicated that the outcome was critical for a decision; a score of four, five, or
six indicated that it was important; and a score of three, two, or one indicated that it was not important). A
special issue of 17 papers in the Annals of the New York Academy of Sciences, including systematic or desk
reviews on the priority questions, was the basis for developing the final PICO questions after the first GDG
meeting (3, 26-29, 46, 68-79). The key questions, along with the outcomes that were identified as critical for
decision-making, are listed in PICO format in Annex 2.

WHO convened three technical meetings after the first GDG meeting in 2019 to address several key issues
that had been identified as needing addressing before the need for adjustments to account for differences in
settings and populations could be considered.

+ In October 2020, a technical meeting on considered adjustments of haemoglobin concentrations to
define anaemia by elevation above sea level and smoking.

o InApril 2021, a technical meeting was held on considerations to determine haemoglobin
concentrations to define anaemia in the lifecycle, particularly during pregnancy and to discuss the
basis for the revision of the cutoffs to define anaemia focusing on a statistical approach and/or a
functional/clinical outcomes approach.

« In December 2021, a third technical meeting considered the role of infection, inflammation, and
genetic ancestry as potential determinants for adjustments of haemoglobin concentrations to define
anaemia, especially at the population level. This meeting also addressed considerations about blood
sampling and analytical methods used for haemoglobin determinations.

Participants of these technical meetings were instructed to declare any interest relevant to the meeting, prior
to their participation. At the beginning of each meeting, conflicts of interest were addressed and publicly
declared, with no significant conflicts recorded.
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The series of second GDG meetings was held virtually on 1-3 June, 15-17 June, and 29 June-1 July 2022.
The objectives were to:

» formulate normative statements on the use and interpretation of haemoglobin concentrations for
assessing anaemia status in individuals and populations and determine their strength, taking into
account benefits, harms, values and preferences, feasibility, equity, ethics, acceptability, resource
requirements, and other factors, as appropriate;

« define implications for further research and gaps; and
« discuss implementation and evaluation considerations of the guideline.

The evidence that informed the haemoglobin cutoffs to define anaemia in individuals and populations

was based on a commissioned haemoglobin concentration analysis of healthy population databases

(18), general population databases (18-22), and systematic reviews (48). For identification of unpublished
studies or studies still in progress, a standard procedure was followed to contact more than 10 international
organizations working on anaemia prevention and control interventions. In addition, the ClinicalTrials.gov
online database of the National Library of Medicine, United States of America (80), and the International
Clinical Trials Registry Platform (81), which is hosted by WHO, were systematically searched for trials in
progress. No language restrictions were applied in the search.

When possible, since some of the questions did not apply to this format due to their intrinsic nature,
evidence summaries and profiles were prepared according to the GRADE approach, to assess the overall
certainty of the evidence (82, 83). GRADE considers: the study design; the limitations of the studies in terms
of their conduct and analysis; the consistency of the results across the available studies; the directness

(or applicability and external validity) of the evidence with respect to the populations, interventions, and
settings where the proposed intervention may be used; and the precision of the summary estimate of the
effect. The GRADE approach could only be used for a subsection of the questions.

The GDG interpreted the evidence, taking in consideration the Developing and Evaluating Communication
Strategies to support Informed Decisions and Practice based on Evidence (DECIDE) framework (84). DECIDE
is an evidence-to-decision tool that includes intervention effects, values, resources, equity, acceptability,
and feasibility criteria to guide the formulation of the normative statements (85, 86).

The certainty of the direct evidence for the critical outcomes was moderate, and for three of the questions
was considered very low. The GRADE summary of findings table for the response of haemoglobin
concentrations to nutrition interventions in infants, children and adolescents is shown in Annex 1. Readers
are directed to the overview of reviews (48) for other tables on interventions and population groups.

The draft normative statements were discussed and voted on at the second GDG meetings, including
judgements on harms and benefits and taking into account: (i) desirable and undesirable effects; (ii) the
certainty of the available evidence; (iii) values and preferences related to the intervention in different
settings; and (iv) the cost and feasibility of the intervention in different settings (Annex 3). The WHO
Secretariat (Annex 8) gathered and circulated a summary of the results to the GDG.

If there was no unanimous consensus (primary decision rule), more time was given for deliberations and

a second round of online balloting took place. If no unanimous agreement was reached, a two thirds vote

of the GDG was required for approval of the proposed normative statements (secondary decision rule).
Divergent opinions could be recorded in the guideline. The results from voting forms are kept on file by WHO
for up to 5 years. WHO staff present at the meeting, as well as the systematic reviews teams involved in the
collection and grading of the evidence, did not participate in the consensus-building process. Two co-chairs
with expertise in managing group processes and interpreting evidence were nominated at the opening of
each consultation, and the GDG approved their nomination. Members of the WHO Secretariat were available
at all times, to help guide the overall meeting process, but did not vote and did not have veto power.


https://clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
https://www.who.int/clinical-trials-registry-platform
https://www.gradeworkinggroup.org/

Deliberations on haemoglobin cutoffs for infants and children aged 6-59 months

During the series of second GDG meetings, while addressing the cutoffs to define anaemia in individuals
(Table 2), there was discussion about cutoffs for infants and children 6-59 months and a proposal from some
members of the GDG was presented. The GDG voted in favour of this new proposal of having a single cutoff

of <105 g/dL for the whole 6-59-month age group. This differed from the WHO proposal of separate cutoffs

for the age groups 6-23 months and 24-59 months, which was based on there being a consistent difference

in haemoglobin concentrations between the two age groups. This raised concerns from some GDG members
because: the proposed single cutoff was based on a completely unsupported and separate analysis from Braat
et al. (18); the evidence was mixed; and the criteria for the definition health were unclear and inconsistent.

During the drafting of this guideline, and after discussions within the WHO Nutrition and Food Safety
Department, it was found that in the analysis of the evidence in Braat et al. (18) and in other publications (19, 20),
there is indeed a consistent difference in haemoglobin concentrations between the two age groups. In the data
from the Comprehensive National Nutrition Survey in India (19), the difference between the two age groups is

9 g/L, under the assumptions that: (i) the number of boys and girls is the same; (ii) the data children aged 1 year
and 2 years can be averaged to represent 6-23 months; and (jii) the data for children aged 3 years, 4 years, and 5
years can be averaged to represent 24-59 months. For the data in Addo et al. (20), the difference between the two
age groups is 5 g/L, under the assumption that the sample size for the 22 surveys is one third for 6-23 months
age group and two thirds for the 24-59 months age group. These findings were supported by the analysis of an
additional database from Ecuador by the Braat et al. authors, which was obtained after the GDG meeting in July
2023. These new data were held to the same health inclusion criteria as the other databases in the original Braat
et al. analysis (18).

Within WHO, there was also discussion about the significance and implications of a single haemoglobin cutoff
for infants and children from 6 months to 5 years of age, when there are noted differences in growth and nutrient
requirements. The relatively large increase (10 g/L) in cutoffs (i.e. from <105 to <115 d/L between the ages of from
59 months and 5 years was also noted. It was felt that the current evidence and physiological changes occurring
in these children supported separation cutoffs for infants and children 6-23 months, 24-59 months, allowing for
changes in cutoffs to occur in a transitioned manner. The WHO proposed cutoff presents a gradual increase from
105 g/L at 23 months, to 110 g/L at 59 months, and to 115 g/L from 5 years of age. By contrast, with the original
GDG proposal, the cutoff for a 4.5-year-old child would be 105 g/L and would increase to 115 g/L (10 g/L increase)
6 months later when the child reaches 5 years of age.

Athird GDG meeting was convened on 8 June 2023 to discuss the rationale of the WHO proposal to separate
haemoglobin cutoffs for children from 6 to 59 months of age into two groups (6-23 months, and 24-59 months).
The rationale was: (i) to maintain consistency with the health criteria used for defining the other age groups;

(ii) analysis of other publications reviewed during the second GDG meeting (18-20) also showed consistent
differences in haemoglobin concentrations between children 6-23 months and 24-59 months, ranging between
5g/Land 9 g/L; (iii) there are noted differences in growth and nutrient requirements between those two age
groups; and (iv) additional analysis by Braat and colleagues obtained after the GDG meeting in July 2022
supported the separation of the age groups.

Seven GDG members participated in the online meeting and voted. The proposal and presentations were
sent to the four members unable to attend the meeting, along with a request to vote. The result was: yes,
eight votes; no, one vote; no answer, two votes.
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Management of competing interests

According to the processes recommended in the WHO handbook for guideline development (66), all experts
participating in WHO meetings must declare any interest relevant to the meeting, prior to their participation. The
responsible technical officer and the WHO Steering Committee reviewed the declarations-of-interest statements
for all GDG members, before finalization of the group composition and invitation to attend a GDG meeting.

All participants, members of the GDG, and systematic reviews teams of the guideline development
meetings, submitted a declaration-of-interests form, along with their curriculum vitae, before each
meeting. Participants of these meetings participated in their individual capacity and not as institutional
representatives. In addition, they verbally declared any interests that could be perceived to affect their
objectivity and independence in providing advice to WHO at the beginning of each meeting. The procedures
for management of competing interests strictly followed the Guidelines for declaration of interests (WHO
experts) (87). The management of the perceived or real conflicts of interest declared by the members of the
GDG that are relevant to this guideline was as follows.*

Dr Rachel Hammonds declared she has worked as a consultant for UNICEF in Kenya to highlight the
importance of testing and treating women of reproductive age for anaemia. She was asked to verbally
disclose this to the other participants at the start of the GDG meetings.

Dr Crystal Karakochuck declared she has worked as a consultant for WHO in themes related to anaemia.
She was asked to verbally disclose this to the other participants at the start of the GDG meetings.

Dr Harshpal Singh Sachdev declared he has done research and published substantially on anaemia,
including a recent publication on haemoglobin thresholds in Indian children and adolescents. He was asked
to verbally disclose this to the other participants at the start of the GDG meetings.

Dr Melissa F. Young declared she has received funding for research on anaemia. She was asked to verbally
disclose this to the other participants at the start of the GDG meetings.

The names of the GDG members, along with a description of the objectives of the meeting, were published
on the WHO website prior to the first GDG meeting (88), for public notice and comment. No additional
information on any interests or biases relating to the individuals being considered for membership of the
GDG were brought to light from the public notice.

Plans for updating the guideline

The WHO Secretariat will continue to follow research developments in the area of anaemia detection,
diagnosis and control, particularly for areas in which the evidence was limited and the quality of evidence
was found to be very low. If the guideline merits an update, or if there are concerns about the validity of the
guideline, the Department of Nutrition and Food Safety, in collaboration with other WHO departments or
programmes, will coordinate the guideline update, following the formal procedures of the WHO handbook for
guideline development (66).

1 Aconflict-of-interest analysis must be performed whenever WHO relies on the independent advice of an expert in order to take a decision or to provide recommendations to Member
States or other stakeholders. The term “conflict of interest” means any interest declared by an expert that may affect or be reasonably perceived to affect the expert’s objectivity and
independence in providing advice to WHO. WHO’s conflict-of-interest rules are designed to avoid potentially compromising situations that could undermine or otherwise affect the
work of the expert, the committee, or the activity in which the expert is involved, or WHO as a whole. Consequently, the scope of the inquiry is any interest that could reasonably be
perceived to affect the functions that the expert is performing.


http://apps.who.int/medicinedocs/en/d/Js22083en/
https://www.emro.who.int/images/stories/polio/doi-guidelines.pdf?ua=1
https://www.emro.who.int/images/stories/polio/doi-guidelines.pdf?ua=1
https://iris.who.int/handle/10665/145714
https://iris.who.int/handle/10665/145714
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Annex 1.

The GRADE summary of findings tables in Annex 1 refer only to question 4: Is haemoglobin concentration an adequate marker for assessing the impact of iron interventions?

Table Al.1. Daily oral supplementation containing iron compared to the same supplementation without iron for prevention or treatment of iron deficiency anaemia
in infants, children, and adolescents

Patient or population: Infants, children, and adolescents

Setting: Any country

Intervention: Iron supplementation

Comparison: Daily oral supplementation containing iron compared to the same supplementation without iron for prevention or treatment of iron deficiency anaemia in infants, children,
and adolescents

Certainty assessment Number of patients Effect
i Certaint
Number of Study design Risk of bias Inconsistency Indirectness Imprecision Other su Dlaelrll:’e%rtaaltion su les:1:1:tation Relative Absolute (GRADE;,
studies y g y P considerations PP e . "'? . (95% ClI) (95% ClI)
containing iron withoutiron
12 Randomized Not serious Serious? Not serious Not serious None 1042/3083 1474/3032 (48.6%) ORO0.40 212 fewer per DODO
trials (33.8%) (0.29to 1000 Moderate
0.54) (from 271 fewer
to 148 fewer)
52 Randomized  Serious® Very serious  Notserious  Not serious Publication 6852 6698 - MD 8.1 higher PO
trials bias strongly (6.59 higherto  Very low
suspected 9.6 higher)

9 Randomized Serious® Seriousf Not serious  Not serious Publication 693 724 - MD 24.15 higher ©O0BO0O
trials bias strongly (18.99 higherto  Very low

suspecteds 29.31 higher)
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Certainty assessment Number of patients Effect

Daily oral Same . Certainty
Number of Study design Risk of bias Inconsistency Indirectness Imprecision Other supplementation supplementation Relative Absolute (GRADE)
studies considerations e . L R (95% ClI) (95% CI)
containing iron withoutiron

8 Randomized Notserious  Not serious Not serious  Not serious Publication 17/1098 (1.5%) 184/975 (18.9%) ORO0.07 173 fewerper @OHDOO
trials bias strongly (0.04 to 1000 Moderate

suspecteds 0.12) (from 179 fewer

to 162 fewer)
6 Randomized Not serious Serious" Not serious  Not serious Publication 416/1340 620/1293 (48.0%) ORO0.39 215fewerper @OOO
trials bias strongly (31.0%) (0.32to 1000 Low
suspecteds 0.47) (from 252 fewer

to 177 fewer)

Cl: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MD: mean difference; OR: odds ratio.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

2 Downgraded by one level as the direction is consistent. The substantial heterogeneity (I squared = 83%) is probably driven by the variation in the magnitude of the effect.

® Downgraded by one level as there is not sufficient information on the random sequence generation and allocation concealment. Further, although many studies were identified as high risk for blinding of participants, most of these studies were identified as low bias for outcome detection.
Therefore, not a significant concern. Selective reporting bias was noted for some studies.

¢ Downgraded by two levels as both direction and magnitude appear to be inconsistent. Further, there is considerable heterogeneity (I squared = 97%).

4 There appears to be publication bias with most studies concentrated to the left of the funnel plot.

¢ There appears to be concerns about random sequence generation and allocation concealment in most studies. In addition, some studies report concerns of attrition bias as well as selective reporting bias.
Downgraded by one level as the direction is consistent. The substantial heterogeneity (I squared = 79%) is probably driven by the variation in the magnitude of the effect.

¢ There appears to be publication bias for studies with smaller sample size.

" Downgraded by one level as there is substantial heterogeneity and some inconsistency in direction as well.
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Table Al.2. Daily oral supplementation with iron alone compared to no treatment or placebo for prevention or treatment of iron deficiency anaemia in infants,
children, and adolescents

Patient or population: Infants, children, and adolescents

Setting: Any country

Intervention: Iron supplementation

Comparison: Daily oral supplementation with iron alone compared to no treatment or placebo for prevention or treatment of iron deficiency anaemia in infants, children, and adolescents

Certainty assessment Number of patients Effect
i Certaint
Number of Study design Risk of bias Inconsistency Indirectness Imprecision Other su Dlaelr:ze‘:nrl:tion No treatment or Relative Absolute (GRADE;,
studies v g y P considerations |?p . placebo (95% Cl) (95% ClI)
with iron alone
11 Randomized Not Not serious  Not serious Not serious Publication 685/2246 991/2155 (46.0%) OR0.50 161 fewerper OODO
trials serious bias strongly (30.5%) (0.44 to 1000 Moderate
suspected? 0.56) (from 187 fewer
to 137 fewer)
9 Randomized Not Serious® Not serious Serious® None 11/755 (1.5%) 102/744 (13.7%) ORO0.10 121 fewerper OHOO
trials serious (0.05 to 1000 Low
0.18) (from 129 fewer
to 109 fewer)
48 Randomized  Serious® Serious® Not serious Serious® Publication 5370 5209 - MD 9.75 higher @®O©0O
trials bias strongly (9.57 higherto  Very low
suspected’ 9.93 higher)
5 Randomized Not Serious® Not serious Serious® None 396/1041 529/1006 (52.6%) OR0.46 188 fewerper @OOO
trials serious (38.0%) (0.38to 1000 Low

0.57) (from 229 fewer
to 139 fewer)
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Certainty assessment Number of patients Effect
i Certaint
Number of Study design Risk of bias Inconsistency Indirectness Imprecision Other su Dlaelrlri,e‘:raltion No treatment or Relative Absolute (GRADE;’
studies y g y P considerations rfp . placebo (95% ClI) (95% CI)
with iron alone
9 Randomized  Serious? Not serious Not serious Not serious Publication 521 518 - MD 23.59 higher @©®OO
trials bias strongly (19.95 higher to Low
suspecteds 27.23 higher)

Cl: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MD: mean difference; OR: odds ratio.

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

@ Publication bias appears to be present for studies with smaller sample size. further, the rest are all concentrated to the right side of the funnel.

° Inconsistency observed for both magnitude and direction.
< Several studies report both benefit and harm.

4 Several studies report some concerns about random sequence generation and allocation concealment. Further, selective reporting bias detected in several studies too.

¢ Inconsistency observed for magnitude but not direction.
' Most studies scattered to the left.

& Some studies fell outside of the funnel plot and the distribution does not appear to be uniform within the funnel plot.
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Table A1.3 Daily oral supplementation with iron plus folic acid compared to no treatment or placebo for prevention or treatment of iron deficiency anaemia in
infants, children, and adolescents

Patient or population: Infants, children, and adolescents

Setting: Any country

Intervention: Iron supplementation

Comparison: Daily oral supplementation with iron plus folic acid compared to no treatment or placebo for prevention or treatment of iron deficiency anaemia in infants, children, and
adolescents

Certainty assessment Number of patients Effect
i Certaint
Number Study Risk of Inconsistency Indirectness Imprecision Other su leI:;Zt::?;n with trealr:mnt Relative Absolute (GRADE{
of studies design bias y P considerations p? .. (95% ClI) (95% ClI)
iron + folic acid or placebo
2 Randomized  Serious? Not serious Not serious Not serious None 22/120 (18.3%) 87/122 OR0.09 530 fewer per DODO
trials (71.3%) (0.05 to 1000 Moderate
0.17) (from 603 fewer
to 416 fewer)
1 Randomized Not Not serious Not serious Not serious Publication 6/146 (4.1%) 42/159 ORO0.12 223 fewer per DODO
trials serious bias strongly (26.4%) (0.05to 1000 Moderate
suspected® 0.29) (from 247 fewer
to 170 fewer)
4 Randomized Not Not serious Not serious Not serious Publication 279 285 - MD 13.4 higher @®®®O
trials serious bias strongly (11.09 higherto  Moderate
suspected® 15.72 higher)
1 Randomized Not Not serious Not serious Not serious Publication 146 159 - MD 33.99 higher @®®®O
trials serious bias strongly (27.66 higherto  Moderate
suspected® 40.32 higher)

Cl: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MD: mean difference; OR: odds ratio.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

2 There are some concerns with random sequence generation and allocation concealment. Further, risk of bias is high for blinding of participants and providers but this does not seem to influence outcome assessment and attrition.
° Only one study has been reported.

< All the data points lie on the central line of the funnel plot and are not distributed on either side.
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Table Al1.4 Daily oral supplementation with iron plus vitamins and minerals compared to the same vitamins and minerals without iron supplementation for
prevention or treatment of iron deficiency anaemia in infants, children, and adolescents

Patient or population: Infants, children, and adolescents
Setting: any country
Intervention: iron supplementation

Comparison: Daily oral supplementation with iron plus vitamins and minerals compared to the same vitamins and minerals without iron supplementation for prevention or treatment of
iron deficiency anaemia in infants, children, and adolescents

Certainty assessment Number of patients Effect
Daily oral Same vitamins Certainty
Number of Study . . . . . . Other supplementation and minerals Relative Absolute GRADE
studies design Risk of bias Inconsistency  Indirectness Imprecision considerations with iron +vitamins  withoutiron (95% ClI) (95% ClI) ( )
and minerals supplementation
4 Randomized Not Serious? Not serious  Not serious Publication 100/499 (20.0%) 195/537 (36.3%) ORO0.44 163fewerper @OOO
trials serious bias strongly (0.33to 1000 Low
suspected® 0.59) (from 205 fewer
to 111 fewer)
3 Randomized Not Not serious Not serious  Not serious Publication 7/300 (2.3%) 76/336 (22.6%) ORO0.08 203 fewerper @ODO
trials serious bias strongly (0.04to 1000 Moderate
suspected® 0.18) (from 215 fewer
to 176 fewer)
12 Randomized  Serious? Serious® Not serious  Not serious Publication 927 922 - MD 1.35higher ©OO00O6
trials bias strongly (1.14 higherto ~ Very low
suspected’ 1.56 higher)
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Certainty assessment Number of patients Effect

Number of Stud Ooth Dlaily ortalt' Sa“:le V'itamilns Relati Absolut Certainty

umber o udy . . . . . . er supplementation and minerals elative solute GRADE
studies design Risk of bias Inconsistency  Indirectness Imprecision considerations with iron +vitamins  withoutiron (95% Cl) (95% Cl) ( )

and minerals supplementation

2 Randomized  Serious® Serious" Not serious Serious' None 17/217 (7.8%) 80/217 (36.9%) ORO0.15 288fewerper ®OOO

trials (0.08 to 1000 Very low
0.26) (from 324 fewer
to 237 fewer)
3 Randomized Not Not serious Not serious  Not serious None 162 193 - MD 16.9 higher ~ ©OO®
trials serious (13.59 higher to High

20.2 higher)

Cl: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MD: mean difference; OR: odds ratio.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

There appears to be inconsistency in magnitude but not direction. There appears to be substantial heterogeneity between studies (I squared = 79%).

Points representing studies with smaller sample size (greater standard error) were to the left of the funnel plot and those representing studies with larger sample size (smaller standard error) were to the right side.

Points are not randomly scattered, but instead appear to be linear.

Multiple studies have a high a risk of bias for one or more domains. Further, several studies have some concerns for random sequence generation and allocation concealment.

There appears to be substantial heterogeneity (I squared = 90%) and there appears to be inconsistency in both direction and magnitude.

All points appear on the central line of the funnel plot, not randomly scattered.

o

There appear to be some concerns for random sequence generation and allocation concealment.

There appears to be significant heterogeneity (I squared = 67%) and inconsistency in both direction and magnitude.

Studies report both benefit and harm.



Annex 2.

What should be the haemoglobin cutoffs to define anaemia in individuals and in populations?

1.a How should the cutoffs be defined?

Should they be based on statistical cutoffs, such as percentile-based cutoffs or a reference range of
haemoglobin concentrations in apparently healthy populations, or based on outcomes related to
clinical symptoms or functional impairment?

1.b How should mild, moderate, and severe anaemia be defined at individual level?

Table A2.1. Question 1 in PICO format

Population » Apparently healthy individuals/populations (anaemic or non-anaemic) of any sex, age (i.e.
infants, children, adults) and pregnancy status in any country

Indicator

Haemoglobin concentrations

Comparator Haemoglobin cutoff for anaemia defined by:

1. statistical aberration below the norm for the group of interest (e.g. using 2.5th percentiles or
2 standard deviations below the mean), or

2. assessment of cutoffs below which clinical symptoms or functional impairments are noted
to occur in populations of interest

Anaemia defined by the haemoglobin concentration below a set cutoff based on age and/or sex
to define overall and/or mild, moderate, and severe anaemia

Outcomes

Accurate diagnosis of anaemia using cutoff defined by:

1. Statistical aberration below the norm for the defined group (e.g. using 2.5th percentiles, or 2
standard deviations below the mean); or

2. Assessment of thresholds below which clinical symptoms or functional impairments are
noted to occur in populations of interest

Haemoglobin cutoffs below which clinical symptoms, increased risk of mortality,
developmental impairment (cognitive, psychomotor, language, physical), and/or other
conditions requiring further clinical investigation (e.g. genetic condition, nutritional deficiency,
chronic bleeding) are noted to occur in populations of interest. Haemoglobin concentrations
below which physical/neurological development, social interactions, and growth in children
are affected. Maternal haemoglobin concentrations below which fetal development (e.g. fetal
brain development) and pregnancy outcomes are affected

Haemoglobin cutoffs outside the population statistical reference range by age and sex, or
below which clinical symptoms or functional impairments are noted to occur in populations of
interest, to define overall and/or mild, moderate, and severe anaemia.

Clinical outputs: morbidity (e.g. cardiovascular, respiratory); mortality, growth, and
developmental/behavioural/social outcomes (depending on age group, including older
persons); productivity (physical, e.g. maximal oxygen uptake [VO, max] or educational;
pregnancy/birth outcomes; quality of life (daily/usual activity); transfusion

Statistical outputs: 2.5, 5th, 10th percentiles
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Should haemoglobin cutoffs be adjusted by exposure to external factors or settings known to affect
haemoglobin?

2.a Should haemoglobin cutoffs to define anaemia be adjusted for elevation of residence and/or
smoking?

2.b  Should haemoglobin cutoffs to define anaemia be adjusted by inflammation/infection, particularly
in malaria-endemic settings?

2.c  Should haemoglobin cutoffs to define anaemia be adjusted by genetic ancestry/ethnicity/race?

Table A2.2. Question 2 in PICO format

Population » Apparently healthy individuals/populations (anaemic or non-anaemic) of any sex, age
(i.e. infants, children, adults) and pregnancy status in any country

Indicator » Haemoglobin concentrations
» Acute phase proteins (c-reactive protein and/or al-acid glycoprotein)

o Other biomarkers

Comparator » Anaemia defined by the haemoglobin concentration below a set cutoff based on elevation of
residence/work, smoking, infections (especially malaria), genetic ancestry/ethnicity/race

» Haemoglobin concentrations in seasons of low and high infection burden

Outcomes » Accurate diagnosis of anaemia using cutoff adjustments appropriate for population elevation of
residence/work, smoking, infections (especially malaria), genetic ancestry/ethnicity/race

» Haemoglobin cutoffs outside the population statistical reference range by elevation of
residence, smoking, genetic ancestry/ethnicity/race, and malaria endemicity.

» Haemoglobin cutoffs below which clinical symptoms or increased risk of mortality are noted
to occur by elevation of residence, smoking, genetic ancestry/ethnicity/race, and malaria
endemicity.

« Clinical outputs: morbidity (e.g. cardiovascular, respiratory); mortality, growth, and
developmental/behavioural/social outcomes (depending on age group, including older
persons); productivity (physical, e.g. maximal oxygen uptake [VO, max] or educational);
pregnancy/birth outcomes; quality of life (daily/usual activity); transfusion

o Statistical outputs: 2.5th, 5th, 10th percentiles




How should haemoglobin concentration be measured?

3.a  What are the acceptable alternative methods for assessing haemoglobin concentration compared
to reference standard (e.g. automated haematology analyser) particularly for population-based or
field-based surveys?

3.b  What are the key quality control issues pertinent to accurate diagnosis of anaemia?

3.c  What blood source(s) are acceptable? How do results vary in capillary blood (finger, heel, ear, single
drop, pooled drops) or arterial blood as compared to venous blood (reference)?

Table A2.3. Question 3 in PICO format

Population » Apparently healthy individuals/populations (anaemic or non-anaemic) of any sex, age
(i.e. infants, children, adults) and pregnancy status in any country

Index test » Haemoglobin concentrations measured by any available test

» Anaemia diagnosis - any available test

Comparator » Haemoglobin concentration determinations by cyanmethaemoglobin method, copper sulfate
gravimetric method, haemoglobin colour scale method, spun microhematocrit method

» Automated, manual, point-of-care testing, quantitative and semiquantitative (Sahli) methods

« Use of international standards, commutable standards and calibration materials to achieve
quality control

Outcomes « Comparability of blood samples to be used at clinical and public health levels for accurate
haemoglobin determinations: capillary samples (finger, heel, ear, single drop, pooled drops) to
venous blood (reference)

» Haemoglobin method/equipment to use at clinical and public health levels comparable to
reference standard (automated haematology analyser)

» Source and handling of blood
« Use of international standard materials

« Outputs: sensitivity, specificity, predictive value (negative, positive), cost/financial feasibility,
limit of detection
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Is haemoglobin concentration an adequate marker for assessing the impact of iron interventions?

Table A2.4. Question 4 in PICO format

Population Apparently healthy individuals/populations (anaemic or non-anaemic) of any sex, age (i.e.
infants, children, adults) and pregnancy status in any country
Indicator/ Haemoglobin concentrations before and after receiving an intervention that increases iron

intervention

intake or decreases iron loss

Nutrition-specific interventions that have a direct impact on the immediate causes of
anaemia

Comparison Haemoglobin concentrations before and after receiving placebo or a similar intervention
without an iron-related component
Outcomes Change in haemoglobin concentrations

Change in prevalence of anaemia, iron deficiency anaemia, iron deficiency (as defined by
trialist)

Changes in anaemia severity (mild, moderate, and severe)

What should be the population cutoffs to define the public health burden of anaemia?

5.a  What anaemia prevalence is indicative of a mild, moderate, or severe (or low, medium, high)
problem of public health concern?

5.b  Should this classification of anaemia be based on total anaemia alone or should the proportion of
mild, moderate, and/or severe anaemia be considered (weighted?) to determine that
categorization?

Table A2.5. Question 5 in PICO format

Population Apparently healthy individuals/populations (anaemic or non-anaemic) of any sex, age (i.e.
infants, children, adults) and pregnancy status in any country; or
Particular age/vulnerable groups: infants and young children 6-59 months of age/
nonpregnant women of reproductive age 15-49 years

Indicator Prevalence of low haemoglobin concentrations (subgrouping by anaemia severity if possible)

Comparator Social, economic, and health indicators (gross domestic product, infant mortality rate,
maternal mortality rate, anaemia, stunting)

Outcomes Prevalence of total anaemia in a population higher than a certain level.

Proportion of the total anaemia that is severe (and/or moderate)
Correlation coefficients

Disability-adjusted life-years attributable to anaemia - absolute number, ranking within a
country/ population

YLD attributable to anaemia - absolute number, ranking within a country/ population

YLD: years lived with disability.



Annex 3.

Certainty of

« Thereis a lack of good quality evidence from the systematic reviews in haemoglobin cutoffs

evidence to define anaemia and its severity at individual and public health level.
Values and « The GDG agreed on the value and on the positive effects of reviewing haemoglobin
preferences concentrations to diagnose anaemia, and other possible adjustments by other

determinants, but recognized that there may be costs associated with having to revise and
implement new adjustments.

» The group considered that the haemoglobin adjustments are acceptable to stakeholders,
cost-effective, and have a positive impact in equity.

« Correct diagnosis at the individual and population levels is important in order to accurately
report anaemia prevalence rates and efficiently apply health interventions.

Trade-off between
benefits and harms

» Benefits of reviewing haemoglobin cutoffs to define anaemia clearly outweigh harms.

» The GDG considered that there is a high value and a clear benefit from reviewing cutoffs
to define anaemia and its severity because such a review would improve decisions about
implementation of public health interventions and decision-making on whether to treat
anaemia at the individual level.

« Considerations of the balance of effects and cost-effectiveness favour no adjustments of
haemoglobin concentrations by genetic ancestry, since the complexity of genetic testing
makes adjustments to cutoffs based on genetic background unfeasible.

« The GDG found that there was positive value in using the gold-standard practice for
haemoglobin determination (using venous blood, automated haematology analysers,
and high-quality control standards), and that the positive effects of a clear knowledge of
comparable methodologies to measure haemoglobin and the correct diagnosis of anaemia
atindividual and at population levels were clear.

Equity and
human rights

« The differences between urban and rural areas, different levels of educational attainment,
and the decision-making level at which community groups operate were considered.

« The group concluded that effective interventions to improve nutrition in disadvantaged
populations could help to reduce health inequalities.

« In general, effective nutrition interventions would be more likely to decrease health
inequities only if they are accompanied by concurrent interventions that address the root
cause of the anaemia.

« In contexts of extended poverty and lack of opportunities, guaranteeing access to anaemia
diagnosis and treatment requires addressing the factors that allow for the continuation of
exclusion and poverty, which are socially determined and thus modifiable.

 Research is needed to set haemoglobin cutoffs adjusted by race/ethnicity/genetic ancestry,
especially recognizing how underrepresented some genetic backgrounds have been in the
genetic literature thus far.

Costs and
feasibility

Costs

» The presumed benefits are worth the cost.

Feasibility

« No studies were available to address cost, acceptability, or feasibility implications, but the
group considered that reviewing haemoglobin concentration cutoffs to define anaemia
in individuals and populations was acceptable and feasible to key stakeholders, since in

general, improved anaemia cutoffs would benefit patients across the world, including a
broad range of clinical, laboratory, public health, and research settings.
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