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Angola is one of the southern African countries with the highest prevalence of anemia, and despite the high geographic heterogeneity
of its distribution across the country, it was reported to be indicative of a severe public health problem in some areas, mainly in
children. Despite the relevance of this condition in the country there is still an important gap regarding scientiﬁc evidences and
knowledge systematization in the indexed literature, that could be used to inform and optimize national public health policies willing to
address it. Furthermore, the changes in anemia epidemiology among African preschool children and the late updates in nutritionspeciﬁc and nutrition-sensitive preventive strategies in the continent are of imperative relevance, as they could contribute to design
context-speciﬁc national approaches to reduce anemia’s morbidity and mortality. In this study we intent to perform a systematic
review regarding the sparse evidence available on the country regarding the prevalence of anemia, its associated factors, the
prevention, and/or control strategies with potential to reduce anemia that were implemented, and to discuss interventions targeting
infections and/or nutrition conducted in other African countries.
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speciﬁc variabilities.2–5 For instance, the number of countries
with prevalence’s >50% decreased signiﬁcantly between 1990
and 2010, decreasing more for males and having negative trends
in children younger than 5 years.6–9
Consistently, this prevalence variability is also followed by
variations in the morbidity associated to this condition. For
instance, age-adjusted analysis in studies conducted in 2013,
showed that the burden of anemia was more concentrated in
western and central sub-Saharan Africa, possibly indicating a
greater severity of disease and higher prevalence of its etiologies
in those regions.6 Kassebaum et al,9 2014 reported that areas
where the prevalence of anemia is high, may also have higher
burden of anemia related to infectious and iron-related etiologies.
In accordance, the achievements reported for the Eastern subSaharan Africa in 2013 may possibly be also attributed to the
implementation of programs that have likely reduced the causes
of anemia, such as improvements in health, poverty, and living
conditions (unrelated to the health system).6,9 Nevertheless, the
combination of improvements leading to those changes still need
further clariﬁcation. Also, the context-speciﬁc etiologic proﬁle of
anemia was also suggested to be a crucial factor, inﬂuencing
anemia’s associated mortality.10–15 For instance, in Kenia,
malaria, bacteremia, and chronic diarrhea were reported to be
responsible for 12.2%, 8.7%, and 32% of the anemia-related
deaths, contrasting with Ghana where nutritional anemia, severe
malaria, and sickle cell anemia caused respectively, 52.1%,
21.6%, and 10.8% of those deaths.11–14 Furthermore, in Zaire,
severe anemia caused by iron deﬁciency was reported to be the
second greatest cause of death in children younger than 5 years,
and in Gambia, the seasonal variations of malaria and anemia
were similar, with the peak mortality in young children occurring
when both were most prevalent.11,15–17
In Angola, the southern African country with the highest
prevalence rate in 1990, Kassebaum et al6,9 2016 reported a
similar tendency of decreasing prevalence (from 50%–60% to
40%–50% for all ages). However, the availability of holistic and
public health-relevant data concerning the anemia associated
factors, that could in turn be used to design adequate and

Introduction
The prevalence of anemia in 2011 for 6- to 59-month children
from the WHO’s African region, was 62%, presenting a
substantial geographic variability.1 For instance, in that year,
Tunisia, Libya, Algeria, Morocco, Seychelles, and Rwanda had
the lowest prevalence’s in Africa (29%–38%), followed by South
Africa, Botswana, Djibouti, Mauritius, Swaziland, Egypt, Kenya,
Burundi, Lesotho, Namibia, Ethiopia, and Madagascar (41%–
50%); Comoros, Angola, Uganda, Somalia, Zambia, Eritrea, Sao
Tome and Principe, Sudan, Zimbabwe, Cabo Verde, and Gabon
(51%–60%); Tanzania, Cameron, Benin, Congo, Gambia,
Malawi, Mozambique, and Democratic Republic of Congo
(61%–67%); and the remaining countries of the continent having
the highest prevalence’s (71%–86%).1 Temporal variations were
also observed among those countries, presenting sex- and ageMB and HB Equivalent co-senior authors.
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addition, concerning is the fact that (as far as we know) there are
no published studies speciﬁcally targeting the prevention or
control of anemia. In this study, the data on what is causing
anemia are almost inexistent, as also the available data on
preventive and control strategies implemented within national
territory. The results of studies that include prevalence of anemia
and/or their etiologies and studies of interventions impacting the
anemia’s occurrence are presented here.

context-speciﬁc interventions, is inexistent. In this study we intent
to (1) perform a systematic review regarding the sparse evidence
available on the prevalence and factors associated with the
occurrence of anemia in the country and regarding prevention
and/or control strategies that were implemented in national
territory with potential to reduce anemia and (2) to discusses
interventions targeting infections and/or nutrition conducted in
other African countries.

Prevalence and associated factors in Angola. It was reported
that in 1992 there was a high proportion (approximately 39%) of
children aging between 3 months and 13 years with hemoglobin
<6.8 mmol/L, occurring mainly in children from low social and
economic state (in which the anemia frequency was in turn
associated with physical development).18 Later, reports from the
WHO mentioned that the prevalence for Angolan preschool
children between 1998 and 1999 was 29.7%, representative of a
moderate public health problem.19 In 2011, the strong relationship between anemia and malaria was evidenced nationally by
the Malaria Indicators Survey conducted in the country,
suggesting that malaria-infected children were at a higher risk
of anemia, and that areas with the highest prevalence of malaria
had higher proportion of severe anemia (4% of the children in the
hyperendemic region had hemoglobin lower than 8.0 g/dL,
whereas 2% of the children living in the hipoendemic region of
Luanda had it). Furthermore, associations between the occurrence of anemia and lower social strata were reinforced.20
Between 2015 and 2016, the national multiple indicators survey,
reported alarming prevalence in children younger than 5 years
(65%).21 In that age group, the prevalence was reported to be
higher in 6 to 11 months children (83% in 6–8 months and 82%
in 9–11 months children) and to have higher severity in 12–17
months children with 9% of moderate-to-severe anemia.21 In
addition, geographic heterogeneity was documented, with the
prevalence ranging from 50% in Lunda Sul and 77% in Cuando
Cubango.
Regionally, comprehensive studies conducted within the
Dande municipality of the Bengo’s province in 2010 reported
that the prevalence of anemia in children younger than 5 years
was 57% and that malaria and schistosomiasis were responsible
for 16% and 10% of anemia cases, whereas ascariasis was
associated with undernutrition (in turn responsible for 13% of
anemia cases).22,23 In that area, the distribution of anemia was
found to be heterogeneous and to be inﬂuenced by the
distribution of malaria. Between 2012 and 2013, Lemos
et al24 tested a therapeutic intervention in children (with 2–15
years) from a highly Schistosoma haematobium endemic setting
of that province in which the prevalence of anemia at the baseline
was very high (76%). In the studied children, 76% had S
haematobium, 31% had at least 1 soil-transmitted helminth,
10% had Hymenolepis nana, and 6.7% had Plasmodium
falciparum. The study also reports that, among the children
followed, all anemia cases were infected with S haematobium.24

Methods
The MESH terms were deﬁned according to the research
question. In general, they were introduced in the PubMed to
screen for scientiﬁc papers, whereas Google search was used to
screen for relevant reports. After introducing the MESH terms in
the databases and research engines, the abstracts returned from
the search were inspected for eligibility. Furthermore, studies
were considered eligible if they reported in the abstract the
prevalence of anemia, its related factors, and associations or
interventions conducted. Studies conducted in animals, population older than 4 years, outside of Africa, regarding hereditary or
acquired hemolytic or aplastic anemia, nontarget infections
(HIV, etc) or in other language than English were excluded. After
selecting the review papers for complete reading, the data
relevant to each research question was extracted and resumed for
integration in the respective section of this article. Back and
forward cross references were conducted whenever found
relevant.
Research question: prevalence of anemia and its
associated factors in children younger than 5 years in
Angola
Pubmed search. To investigate all studies related to anemia
conducted in Angola we used the MESH “(“anaemia”[All Fields]
OR “anemia”[MeSH Terms] OR “anemia”[All Fields]) AND
(“Angola”[MeSH Terms] OR “Angola”[All Fields])”, from this
search resulted 54 papers. After considering the exclusion
criteria, 46 papers were excluded: 35 for comprehending
unrelated diseases, condition, or scope (mainly hemolytic
hereditary anemia), 2 studies for unsuitable design (study
protocol or laboratory methodological research), 5 studies due
to noninclusion of under 5 years old, 3 for unavailable abstract
and 1 conducted outside Angola. The full texts of the remainder 9
papers were then critically reviewed. From those, 2 policy papers
and 1 reporting results from another paper already reviewed were
excluded. The remaining papers were resumed in a table.
Google search. For this search we used the keywords: “Anemia
em Angola” plus “Anemia in Angola,” to include both results in
Portuguese and English. Furthermore, only pdf ﬁles resulting
from the search were inspected for eligibility. This search resulted
in 12 pdf ﬁles, 11 in Portuguese and 1 in English. After full text
inspection, 9 documents were excluded because their main scope
was unrelated to anemia or associated etiologies, and data
regarding the prevalence of anemia in preschool children was
extracted from the remaining 3 ﬁles.

Interventions with potential two reduce anemia implemented
in Angola. Using the described methodology, we have documented only to interventional studies. Lemos et al,24 tested a
therapeutic intervention in children (with 2–15 years) from a
highly S haematobium endemic setting of that province in the
Bengo province, between 2012 and 2013. In sum, authors
reported low effectiveness in reducing infections when a mass
administration of praziquantel was conjugated with albendazole
and an antimalarial test-and-treat approach to malaria-infected
children, describing that prevalence reductions 1 month after

Results
Review of evidence—anemia in Angola
There is lack of evidence in Angola regarding the prevalence of
anemia and the determinants that inﬂuence its occurrence. In
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their own diets and are reported as being sustainable for
preventing anemia (mainly Iron Deﬁciency Anemia) or related
micronutrient deﬁciencies.8,27,31,32 These approaches can be
delivered through education, communication, social marketing,
and behavior changing programs to target speciﬁc groups, and in
young children they are frequently oriented to improve ageadequate breastfeeding, dietary diversity (frequently accounting
for increasing micronutrient bioavailability), and feeding frequency.7,16,31,33–43 Considering its relevance, the diet diversiﬁcation and micronutrient bioavailability strategies are brieﬂy
discussed below.
Diets in rural areas from developing countries were reported to
be based mainly in cereals, starchy roots, and/or tubers and
legumes, having normally less frequent consumption of dairy
products and ﬂesh foods (which are rich sources of readily
available heme-iron, zinc, and vitamin A as retinol, probably
associated to disadvantaged dynamics of anemia-related determinants mentioned above.44,45 Plant-based diets are reported to
have high content in phytic acid, dietary ﬁbers, and polyphenol,
components that may inhibit the absorption of important trace
minerals (mainly nonheme iron and zinc), and unsurprisingly,
that pattern was reported not to provide the daily needs of
calcium, iron, and zinc.28,29,46–49 In addition, they frequently
have low fat content, which further limit the absorption of lipidsoluble vitamins. When considering dietary diversiﬁcation to
tackle micronutrient deﬁciency in those settings, it should be
considered that the simultaneous consumption of nonheme ironrich foods, and enhancers of iron absorption (citric, malic, or
ascorbic acid) or heme iron-rich foods (such as meat, poultry, or
ﬁsh) may improve iron absorption by limiting the effect of iron
inhibitors.50 Furthermore, it should also be taken into account
that the consumption of legumes, green leafy vegetables, whole
grains, and fruits/fruit juices may potentially increase folate levels
naturally, the consumption of green leafy vegetables, orange and/
or yellow fruits, vegetables, dairy products, eggs, and ﬁsh may
increase vitamin A levels, and animal-source foods (such as
shellﬁsh, meats, ﬁsh, poultry) and dairy products may increase
the levels of vitamin B12.16 Furthermore, some methods of food
processing (soaking, fermentation, germination, or thermal or
mechanical processing) may also alter the bioavailability and
absorption of micronutrients.16,28

treatment were relevant for urogenital schistosomiasis and
intestinal parasites, but that 6 months later the prevalences were
similar to the ones at the baseline.24 In addition, the variation in
the prevalence of P falciparum was postulated to have been
biased by the seasonality of malaria (which increased 1 month
after treatment but decreased 6 months after), whereas the very
high prevalence of anemia was observed to have nonsigniﬁcant
reduction.24 Those results reiterate the high prevalence of
infections and anemia in Angola and suggest that the beneﬁcial
effect of exclusively therapeutic interventions may not be
sustained in our setting, possibly due to heavy contaminated
environments. On the contrary, the effectiveness of nutritionspeciﬁc interventions needs also to be further investigated. The
second study reported that anemia was reduced from 54.1% to
13.4% in malaria-infected children treated and from 53.1% to
15.9% in children treated with Artesunate-Amodiaquine, and
followed by 28 days.25

Discussion
Main strategies to reduce anemia
Resulting from the review of the evidence available in Angola that
was mentioned above, the prevalence suggests the occurrence of
anemia in children younger than 5 years as a severe public health
problem, in turn associated with either proximal or distal
determinants. The main immediate determinants reported are
infections, mainly malaria and schistosomiasis. Furthermore,
malnutrition has been regionally associated, but data available
are very scarce. In fact, designing strategies to reduce anemia
requires previous baseline characterization that includes determining the context-speciﬁc proﬁle, composed by documentation
of anemia’s frequency, spatial distribution, risk groups affected,
and the contribution of its determinants. This review was unable
to provide the necessary data due to scarce and/or publicly
unavailable results.
Nevertheless, based on general knowledge, nutrition-speciﬁc
approach, targeting mainly the immediate determinants of
anemia, a nutrition-sensitive approach, targeting fundamental/
basic, underlying and intermediate determinants, or a combination of both should be considered.26 Although deﬁning the
immediate determinants (nutritional, infectious, and/or genetic)
would allow designing short-term control strategies, and
determining the relevance of fundamental/basic, underlying,
and intermediate determinants would allow designing mediumto-long term prevention strategies, a combination of both would
comprehend control and preventive dimensions and could tackle
anemia more comprehensively.8,16,27 For the purpose of guiding
future strategies targeting nutritional anemia in Angola, the
rational for some nutrition-speciﬁc and nutrition-sensitive
approaches are resumed bellow as also the results from some
interventional African studies.

Nutrition-sensitive approach—preventing and reducing infection-related anemia. Infections can cause anemia indirectly
by causing malabsorption of nutrients or anorexia, but also
directly through hemoglobin loss (by blood loss in urine and
stool, hemolysis) or impaired red blood cell production (through
inﬂammatory response).51–53 Hookworms (Necator americanus
and Ancylostoma duodenale) and schistosomes (particularly S
haematobium) were reported to be the largest direct contributions to anemia through blood loss.1,5,54–56 For instance,
published report estimates that one half of moderate-to-severe
cases of anemia in children may occur due to hookworm
infection.7,16,57 Nevertheless, the intensity of infection, and
coinfection with multiple parasites determine the severity of
blood loss.16,57 In addition, schistosomiasis may also contribute
to anemia through splenic sequestration of erythrocytes,
increased hemolysis, or inﬂammation due to chronic disease.16
Besides leading to a less severe blood loss, Ascaris lumbricoides
infection also inﬂuences the iron status through gastric and
intestinal ulceration and others such as Trichuris trichiura or
Giardia lamblia are associated with malabsorption of micronutrients. Malaria associates with severe anemia by causing acute

Nutrition-speciﬁc approach: food-based interventions. Foodbased interventions can aim at (1) increasing the production,
availability, and access to micronutrient rich foods, (2) increasing
the consumption of micronutrient-rich foods (improving either
the overall quantity or quality of multiple erythropoietic
micronutrient), (3) increasing the bioavailability of micronutrients in the diet (by increasing the consumption of enhancers
and decreasing the consumption of inhibitors of nonheme iron
absorption), or (4) combining some of those aspects.8,28–30 Their
overall goal is to empower individuals to improve the quality of
3
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children, and whose control in endemic areas was reported to
greatly reduce anemia and severe anemia (by >25% and by 60%,
respectively).16,23,25,77–81 When prevention is to be considered,
chemoprevention and vector control are frequently planned.
Intermittent preventive treatment comprehends the administration of sulfoxide-pyrimethamine, designed to protect children
against clinical malaria and anemia in the ﬁrst year of life,
whereas vector control is the key intervention for global malaria
control, aiming mainly at increasing the use of long-lasting
insecticidal nets and indoor residual spraying to decrease
transmission (among other less frequently used strategies).7,16,77
The increased use of insecticide-treated nets has been reported to
be successfully followed by signiﬁcant decrease in the moderateto-severe anemia among children aging between 6 and 23 months
of age.77
Soil-transmitted helminths, schistosomiasis, and environmental/tropical enteropathy (caused by the ingestion of high amount
of fecal bacteria), should also be considered, as they are
associated to anemia (mainly IDA) as previously
reported.16,82–85 Therapeutic approaches, aiming at reducing
the burden of soil-transmitted helminths infections and the
intensity of infections, include single-dose, large-scale mass
deworming, periodic preventive chemotherapy, or repeated
large-scale administration of anthelminthic drugs to at-risk
populations (preschool, school-aged children, and women of
childbearing age).86,87 For schistosomiasis, control includes
large-scale drug treatment of at-risk populations (with praziquantel), snail control, improved sanitation, and health and
hygiene education. Until recently, target populations included
school-aged children and adults (with occupations involving
contact with infested water) considered to be at risk or entire
communities in endemic areas. New evidences of high prevalence
among preschool children has, however, highlighted the need to
include them in control strategies.88–92 Furthermore, multisectoral strategies, targeting adequate water, sanitation, and
hygiene practices may maximize and sustain the beneﬁts of a
decreased burden of those infections. For instance, promoting
improvements in key hygiene behaviors (such as hand washing),
treatment, and use of safe water, and using hygienic methods of
disposal of feces and urine can be incorporated into health-sector
activities, such as nutrition counseling, promotion, and assessments, as well as health visits.

and chronic hemolysis, subsequent suppression of erythropoiesis,
and possibly secondary folate deﬁciency.8,16,58,59 Because enteric
nematodes, cestodes, trematodes, and protozoans are often coendemic, polyparasitism has been suggested to have interactive
effects, potentially altering the pathology of anemia.51,60–63 For
instance, coinfection between Plasmodium and Schistosoma was
reported to have a multiplicative protective effects on anemia (in
5–18 years participants), with coinfected children having higher
hemoglobin levels than children only infected with P falciparum.62,64 Several other infections were also associated with
anemia, namely viral and bacterial infections.65
It is also important to keep in mind that, while some parasites
are the cause of micronutrient deﬁciencies, the nutritional status
of the host can also inﬂuence the establishment of the infection
itself and inﬂuence the pathway by which they will lead to anemia
(dependent on the micronutrient that is lacking).58,59,66 For
instance, when facing a malaria infection, pre-established vitamin
A deﬁciency may contribute to anemia by increasing the
susceptibility to parasitemia, modulating iron metabolism, and
impairing immune function, whereas vitamin E deﬁciency may
lead to oxidant damage and consequent hemolysis. Moreover,
folate and iron deﬁciency may impair erythrocyte synthesis,
whereas riboﬂavin deﬁciency may decrease iron absorption and
increase erythrocyte fragility, and zinc deﬁciency may impair
immune function, increasing parasitemia, and leading to
oxidative damage.58 Interestingly micronutrient deﬁciencies
can also protect against malarial anemia, speciﬁcally, vitamin
E deﬁciency may protect from anemia by preventing antioxidant
activity which increases the susceptibility of malaria parasites to
oxygen radicals, whereas riboﬂavin deﬁciency may reduce
parasite multiplication and growth, folate deﬁciency may impair
the parasite metabolism, and iron deﬁciency may impair parasite
multiplication.58
Nutrition-sensitive approach address mainly underlying and
basic causes of anemia from a wide range of sectors, including
disease control, water, sanitation, and hygiene and intersectoral
strategies that address root causes (eg, poverty, lack of education,
and gender norms). The control of parasitic infections aim both at
stopping transmission (by treating infection) and also at reducing
the morbidity that they cause (such as anemia). Anemia
evaluation is suggested to be used as additional indicators to
monitor population response to interventions in settings with
high infection transmission due to relevant infection-anemia
relationship.53 In order to achieve the nutrition-sensitive
approach aims, generally 3 main strategies are adopted: (1)
pathogen-targeted chemotherapy that can bring direct relief from
disease, promote child development, and help slow transmission;
(2) long-term programs such as vector control; Water, Sanitation,
and Hygiene (WASH) measures; or health education to change
behavior that will help to prevent transmission; (3) a combination
of both strategies.7,53,67 The plausibility of those interventions is
based on the assumption that in poor settings, where high
prevalence, intensity, reinfection, incidence, and co-endemicity of
anemia-related infections occur, there is an important contribution of micronutrient deﬁciency anemia related to infections,
potentially refractory to supplementation and requiring multicausal resolution approaches.7,23,68–71 In addition, in setting with
a highly infectious proﬁle, the screening and treatment of
infections must be provided (especially in the case of malaria), to
further prevent supplementation to adversely affect the infectionassociated morbidity and mortality in children.27,72–76
One of the ﬁrst infection to be considered is malaria,
responsible for approximately 35% of anemia in African

Combining strategies to reduce anemia. Integrating therapeutic (deworming) and preventive (either food-based or WASH/
malaria education) strategies can simultaneously treat infections
and increase hematopoietic micronutrient intake or reduce
disease transmission, which could result in the reduction of
malnutrition and anemia.7,31,33–40,69,86,87,93–97 For instance,
deworming plus nutrition education has been reported to reduce
anemia from 82.0% to 55.4%, while increasing green leafy
vegetables consumption from 44.7% to 60.6%.40 Furthermore,
exclusive educational interventions targeting nutrition improvement; increased ability of mothers to identify malnutrition (from
15% to 99%); exclusive breastfeeding (79% vs 48% in control);
weight gain (0.86 vs 0.77 kg in control); vegetables feeding;
nutrient-dense foods at lunch (11% of difference between
intervention and control groups); dietary requirements for
energy, iron, and zinc; complementary feeding; and signiﬁcantly
reduced rates of stunting.33–37,41,98 On the contrary, exclusive
WASH educational interventions, health education on soiltransmitted helminths and schistosomiasis, signiﬁcantly increased knowledge, reduced the prevalence of A lumbricoides
4
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and S mansoni, and reduced the incidence of hookworms and the
intensity of trichuriasis, ascaridiasis, and hookworms.87,93 When
deworming is added to WASH education, prevalence and
intensity of soil transmitted helminths decrease and school
children scored higher than control on their knowledge.86,93
Studies evaluating educational approaches to malaria prevention
showed improved knowledge regarding breeding sites, bed-net
use and indoor spraying, increased windows and door net
use and practice of maintaining clean environment and, a
reduced number of reported malaria episodes and fever
incidence,94,95,99,100
As mentioned, several comprehensive intervention strategies have
correspondingly been tested. They, however, frequently evaluate the
impact of education on nutrition or on infectious etiologies (whether
or not combined with drug therapy) separately.33–40,86,87,93–96
Thus, differences in their designs and methodologies hinder the face
to face comparison and evaluation of results, rendering it difﬁcult to
deﬁne the best approach to reduce anemia. For instance, differences
on the target population (adult or children), dimensions of the
learning package (eg, for sanitation: stool disposal, water quality, or
supply), the deliverers (community promoters/volunteers, teachers,
local health workers, community leaders), the place where education
occurs (at health center or at the communities), the number of
intervention contacts, type of contacts (group meetings and/or
individual contacts), and duration of the intervention/observation
and mainly the combination with other strategies (micronutrient
supplementation, construction of latrines, and hand-washing
mechanisms, etc) can be observed.33–40,86,87,93–96 Furthermore,
one of the most inclusive studies, published recently by Humphrey
et al101 2019, investigated the effect of 2 WASH interventions, either
alone or combined with improved Infant and Young Child Feeding,
concluding that education in nutrition reduce anemia and stunting,
but adding WASH to the intervention had no major improvements
on those effects. Similar results were reported by Null et al102 2018
within a cluster-randomized trial using interventive groups with
several WASH and nutrition combinations. Neither study investigated the effect of combining deworming, nor was the impact of
malaria preventive actions included.

On the contrary, quantitative alterations in globin gene
expression may result in thalassemia. Hereditary RBC-enzymopathies can also cause anemia.105–107 One of the more prevalent
worldwide is glucose-6-phosphate dehydrogenase (G6PD)
deﬁciency.108–110 More than 300 genetic variants of G6PD
have been described. Most of the mutations are, however,
rare.111 Hemolysis due to G6PD deﬁciency leads to decreased
hemoglobin levels, and it is dependent on the class of the
enzyme deﬁciency state and the magnitude of the oxidant
impact.26 The G6PD deﬁciency presents a geographic pattern,
with the Class 3 variants (which are associated with mild to
moderate enzyme deﬁcit) being prevalent in populations of
African ancestry.26
Physiologic and biologic aspects associated with anemia.
The proportion of anemia attributable to the nutritional,
infectious, and genetic causes discussed above may vary
according to several physiologic and biologic aspects. In groups
at high risk, multiple factors are frequently acting simultaneously
to affect the risk of anemia. For instance, an imbalance between
the nutrients needed for erythropoiesis and the higher nutrient
demands for rapid growth, place children younger than 5 years at
high risk for developing IDA.16,112,113 Healthy-term infants are
reported to be generally born with adequate iron stores which can
last approximately 6 months, depending on maternal iron status
during pregnancy.8,26,114 It was reported that infants of anemic
mothers were almost 6 times more likely to become anemic by the
ﬁrst year of life, even after adjusting for several confounding
factors such as socioeconomic status, feeding practices, and
morbidity.8 However, while generally considered adequate for
the ﬁrst 4 to 6 months of life, it should be considered that the
amount of iron in breast milk may decrease through the course of
breastfeeding period and may not be absorbed as efﬁciently as
predicted.8,115–117 Sequentially, the introduction of complementary foods should have appropriate quantity and bioavailability
of iron and low levels of inhibitors of iron absorption, which
could reduce the absorption.42,115,118,119 On the contrary, male
infants may be at greater risk of lower hemoglobin concentrations and/or poor iron status as compared to female
infants.16,120,121 An assessment of iron stores in infants during
the ﬁrst year of life found that male infants had consistently lower
iron stores and estimated body iron, and higher rates of iron
deﬁciency than female infants.120,122,123 It was suggested that in
utero factors (potentially hormonal), could be inﬂuencing the
status of iron at birth and also the erythropoietic activity.16
Furthermore, there are reports of high heterogeneity regarding
the hemoglobin levels that should deﬁne anemia among different
countries, particularly in tropical regions.124–126

Other aspects that need to be considered when designing
interventions
Genetic causes of anemia. The normal adult hemoglobin
molecule is composed of 4 globin subunits (2 a and 2 b), 1 heme
pigment (bound to each globin chain) including 1 iron (II) atom in
each heme pigment. Furthermore, >1000 human hemoglobin
variants have been described in the literature, a number of which
are abnormal types of hemoglobin.27,103,104 These abnormalities
may result from mutation in the globin structural genes (with
consequent qualitatively or quantitatively abnormal hemoglobin), or from mutations in globin gene regulatory genes (with
consequent production of lower quantity of hemoglobin). One of
the most frequent variants is a single nucleotide A-to-T mutation
in the structural b-globin gene resulting in sickle cell hemoglobin,
named hemoglobin S, which arises from the glutamic acid-tovaline substitution at position 6 in the b subunit of hemoglobin.26
Generally, individuals with 1 hemoglobin S gene are phenotypically normal (sickle cell trait) and people who inherit 2
hemoglobin S genes have sickle cell (or Hb SS) disease.26
Sickle cell disease is associated with low hemoglobin values (7 or
8 g/dL), vaso-occlusive crises (which cause impaired blood ﬂow
and consequent local tissue hypoxia and even tissue/organ
ischemia), long-term organ damage, and decreased survival.26

Health determinants of anemia. The prevalence and distribution of anemia (particularly IDA) is considered to have (1)
fundamental, (2) underlying, (3) intermediate, and (4) immediate
determinants, involving a complex interplay of factors. (1)
Fundamental determinants involve socioeconomic, political,
climatic, and environmental conditions; (2) underlying determinants relate to agricultural factors (food/cash ﬂow, crop yields,
livestock), economic circumstances (regional/local wealth, equity/equality, literacy/education), and health policies (health
coverage/insurance, control programs, fortiﬁcation policies);
(3) intermediate determinants relate to food availability (food
security, household income/allocation/wealth, access to cereals/
vegetables/meat, food fortiﬁcation, access to fortiﬁed complementary foods, meal/dietary patterns) and health care (access
to health care, access to supplementations, health worker
5

Fançony et al. Porto Biomed. J. (2020) 5:1

Porto Biomedical Journal

Conﬂicts of interest

knowledge, sanitation and hygiene); (4) immediate determinants
relates to nutritional micronutrient intake (iron content of food,
iron availability, heme/nonheme content, consumption of
inhibitors and enhancers), blood loss due to infections, and
genetics.27,52
From a general perspective, socioeconomic, behavioral, and
environmental determinants can put some individuals and
population groups at a higher risk of anemia.7,27,52 Socioeconomic status affects the prevalence of anemia through several
pathways. For instance, poverty is associated with poor housing,
water, sanitation and hygiene, and inadequate infrastructure that
may lead to increased disease risk, adverse nutrition behaviors
(such as poor dietary practices and poor dietary quality), and
inadequate access to anemia prevention and treatment services
(such as iron supplements, deworming, and insecticide treated
bed nets). Women and children in the lowest wealth quintiles
were found to have 25% and 21% higher risk of anemia, than
those in the highest wealth quintiles.16 On the contrary, the low
maternal education level may affect mother’s ability to access and
understand health and nutrition information, negatively affecting
their children’s quality of diet, or inﬂuence decision-making and
compliance with recommended health and caretaking practices,
being frequently associated with anemia.5,83,127 It has been also
reported that some populations belonging to speciﬁc settings or
ethnic, cultural, or religious groups may be at a greater risk of
anemia due to having less opportunities for generating income,
accessing education, health care, social services, water, sanitation, and hygiene, but also to being differentially exposed to
infectious, having different dietary patterns, or a different genetic
background.8,16 Gender inequality and cultural practices may
also play a role in the development of anemia in children,
occurring either when mothers face increased physiological risk
(in turn associated with the factors mentioned above) or when the
child feeding practices lead to differential risk of anemia between
boys and girls.16
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