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ABSTRACT

Anemia is a multifactorial condition arising from inadequate nutrition, infection, chronic disease, and genetic-related etiologies. Our aim was
to assess the impact of nutrition-sensitive and nutrition-specific interventions on hemoglobin (Hb) concentrations and anemia to inform the
prioritization and scale-up of interventions to address the multiple causes of anemia. We performed a meta-review synthesis of information by
searching multiple databases for reviews published between 1990 and 2017 and used standard methods for conducting a meta-review of reviews,
including double independent screening, extraction, and quality assessment. Quantitative pooling and narrative syntheses were used to summarize
information. Hb concentration and anemia outcomes were pooled in specific population groups (children aged <5 y, school-age children, and
pregnant women). Methodological quality of the systematic reviews was assessed using Assessing the Methodological Quality of Systematic
Reviews (AMSTAR) criteria. Of the 15,444 records screened, we identified 118 systematic reviews that met inclusion criteria. Reviews focused on
nutrition-specific interventions (96%). Daily and intermittent iron supplementation, micronutrient powders, malaria treatment, use of insecticide-
treated nets (ITNs), and delayed cord clamping were associated with increased Hb concentration in children aged <5 y. Among children older than
5 y, daily and intermittent iron supplementation and deworming, and in pregnant women, daily iron-folic acid supplementation, use of ITNs, and
delayed cord clamping, were associated with increased Hb concentration. Similar results were obtained for the reduced risk of anemia outcome.
This meta-review suggests the importance of nutrition-specific interventions for anemia and highlights the lack of evidence to understand the
influence of nutrition-sensitive and multifaceted interventions on the condition. Adv Nutr 2020;11:1631–1645.
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Introduction
Anemia is one of the world’s most common public health
problems. Globally, 43% of children aged <5 y, 38% of
pregnant women, and 29% of women of reproductive age
are anemic, and relatively little progress has been made in
reducing prevalence since 1995 (1). Anemia is associated
with negative health consequences at every stage of the
life cycle. Anemia in women of reproductive age increases
the risk of having low-birthweight infants, preterm delivery,
and newborn and maternal mortality (2, 3). Among chil-
dren, anemia is associated with delayed physical, cognitive,
and socioemotional development and general poor health.
Iron deficiency anemia has been shown to account for a
substantial portion of disability-adjusted life years lost, and
there can be negative societal impacts arising from anemia

burden, such as increased health care costs and lost economic
productivity (3).

Anemia is a multifactorial condition arising from in-
adequate nutrition, infection, chronic disease, and genetic-
related etiologies. Globally, the most important causes of
anemia are iron deficiency, hookworm infestation, sickle-
cell disorders, thalassemia, schistosomiasis, and malaria, al-
though the contribution of the causal factor varies according
to context (4). Given the complexity of the anemic condition,
a range of interventions can be required. The Lancet’s Mater-
nal and Child Nutrition Study Group defined 2 categories of
nutritional interventions: nutrition-sensitive and nutrition-
specific (5). Nutrition-specific interventions are those di-
rected at the immediate causes of anemia, like diet and
infection, whereas nutrition-sensitive interventions address

Copyright C© The Author(s) on behalf of the American Society for Nutrition 2020. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com Adv Nutr 2020;11:1631–1645; doi: https://doi.org/10.1093/advances/nmaa070. 1631

http://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com
https://doi.org/10.1093/advances/nmaa070


underlying determinants of hemoglobin (Hb) concentration
and anemia, such as food insecurity and insufficient maternal
and child health care services. By considering both types
of nutrition interventions, we identify the current state of
the evidence on the impact of interventions that address
the immediate and underlying determinants of anemia. To
inform our search, we used a framework for the causal
factors of anemia that was developed by the Biomarkers
Reflecting Inflammation and Nutritional Determinants of
Anemia (BRINDA) project and adapted by the Strengthening
Partnerships, Results, and Innovations in Nutrition Globally
(SPRING) project (Figure 1).

A meta-review collates information from systematic
reviews and synthesizes the results, with the intention
of facilitating evidence-based decision-making by policy
makers and other practitioners (6, 7). This meta-review aims
to determine the effects of nutrition-specific and nutrition-
sensitive interventions on the outcomes of Hb concentrations
and anemia in the general population. This resource, which
synthesizes the impact of nutrition interventions over nearly
3 decades, can be used by public health and nutrition
program and policy practitioners to inform more effective
interventions to reduce the burden of anemia among children
and women.

Methods
Inclusion criteria
We performed a meta-review of systematic reviews to
assess the effects of nutrition-specific and nutrition-sensitive
interventions on Hb concentration or anemia. The cri-
teria for inclusion were as follows: systematic reviews of
randomized and nonrandomized controlled comparative
studies that enrolled generally healthy target populations,
included people aged 6 mo to 49 y, and measured Hb
concentration or anemia as primary outcomes. We included
studies of newborn children related to reviews on delayed
cord clamping, because the outcomes are studied in this age
group. We included studies published from 1990 to April
2017. We excluded all primary research studies, systematic
reviews where a full text was not available, commentaries,
and narrative reviews. As a starting point, we used an
anemia causal framework to identify interventions targeting
micronutrient deficiencies, infection, and genetic blood
disorders (Figure 1). Classification of the interventions into
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the categories of nutrition-specific or nutrition-sensitive was
based on definitions from the Lancet series on maternal
and child nutrition applied to the causes in the anemia
framework (5). Nutrition-specific interventions are targeted
at immediate factors affecting micronutrient status and
anemia: supplementation, fortification, infant and young
child feeding, promotion of dietary diversity, delayed cord
clamping, deworming, and malaria prevention and treatment
[insecticide-treated nets (ITNs), indoor residual spraying
(IRS), and treatment]. Nutrition-sensitive interventions are
targeted at underlying factors and include agriculture, biofor-
tification, child development, child protection, conditional
cash transfers, education, family planning, maternal mental
health, social safety nets, water, sanitation, and hygiene
(WASH), and women’s empowerment. The study arms with
the above-listed interventions were compared with study
arms that included control and accepted standards of care.

Search strategy
Keywords for the nutrition-specific and nutrition-sensitive
interventions were identified and used for searching the
following databases: MEDLINE (OVID), Embase, Cochrane
Library, CINAHL, Global Health, and Scopus. A complete
report of the search strategy, including databases, keywords,
and dates, is available (Supplemental Table 1).

Data collection
We conducted double independent abstract screening using
Abstrackr (8). Titles and abstracts were assigned to all
coauthors, ensuring that 2 coauthors screened each title and
abstract to assess its eligibility for inclusion in the review. We
subsequently conducted a double independent screening of
the full text of the articles for those screened-in titles. In both
stages, all disagreements were resolved by consensus between
the 2 authors or, if required, a third.

After full-text screening, we extracted data from the
reviews into a template that included study identification de-
tails (review authors, title, journal, and year), study aims and
design elements (systematic search strategy used, number of
studies included, sample size, descriptions of intervention
and comparison groups, and summary outcomes), and any
subgroup analyses (age, sex, and population, among others).
We used the standardized methods outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (9).

Data synthesis and analyses
Quantitative pooling and narrative syntheses were used to
summarize information from reviews (6). For each prede-
fined intervention, we listed the systematic reviews providing
information on the impact on Hb concentration and anemia.
Unique trials (and summary effect sizes) included in the
reviews that qualified for quantitative pooling were then
listed to ensure they were not double counted across multiple
reviews. Studies that shared similarities across populations,
interventions, comparators, and outcomes qualified for
quantitative pooling. We did not use the unit less effect size
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FIGURE 1 Anemia causal framework.

metric to pool studies. The unit less effect size is useful
for comparison across different settings, especially when
there exists a possibility of the outcomes being measured
using different methods. This is not the case with Hb
concentration and anemia. The measurement of Hb is usually
reliable, and the conversion of Hb concentration to anemia
prevalence uses standardized metrics proposed by the WHO.
Our rationale for not using the metric was the limitation
in the translation of the practical significance of the effect
size (Cohen d, Hedges g, etc.). Whereas many authors
have proposed classification schemes that use cutoffs to
interpreting effect sizes, in our case, the mean difference in
Hb for different interventions was a more useful measure to
evaluate practical impact of the interventions (10). Another
limitation in calculating effect sizes was the unavailability of
pooled SDs in the studies—the articles reported sample SDs,
which can lead to bias if the samples are not representative
of the general population. In the interest of interpretation,
we decided to maintain the outcome metrics of mean
difference.

The pooled analysis was conducted using random-effects
modeling in OpenMeta[Analyst] software (11). Primary data
from individual studies were extracted from reviews to
avoid double-counting from studies included in >1 review,
and to align outcome metrics and populations. Effect sizes
using mean difference (MD) in Hb concentration (grams
per deciliter) were pooled separately, as were those report-
ing RR for anemia between the intervention and control
groups.

We carried out subgroup analyses by age defined by
children aged 6–59 mo and those aged >5 y. Among women,
we included those of reproductive age, who were pregnant, at
or near term (37 wk), and those who were 6 wk postpartum.
We performed our search with no limitation on sex of the
population; however, reviews that included men did not
meet the inclusion criteria. When it was not possible to
pool the reviews quantitatively due to heterogeneity between
studies, we synthesized them qualitatively in a narrative
review. We judged the comprehensiveness of each review by
examining included studies and noting overlaps of studies
in other reviews evaluating the same intervention. We
identified data gaps in the systematic reviews for the various
interventions.

We evaluated the methodological quality of the included
systematic reviews using Assessing the Methodological
Quality of Systematic Reviews (AMSTAR) criteria (9). This
approach facilitates evaluating each review as “yes” or “no”
for 11 criteria: a priori design, duplicate study selection and
data extraction, comprehensive literature search, status of
publication used as inclusion criteria, list of studies pro-
vided, characteristics of included studies, scientific quality
of included studies assessed and documented, scientific
quality of included studies used appropriately for formulating
conclusions, methods used to combine appropriate findings,
likelihood of publication bias assessed, and conflict of interest
stated.

The protocol for this meta-review was registered on
PROSPERO and can be accessed at http://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID=CRD42016044120.s

Results
Search results
The search identified 15,444 records, each screened by title
and abstract. After the first stage of review, 370 abstracts
were selected for full-text screening (Figure 2). Of these,
252 articles were excluded. The remaining 118 reviews were
extracted and provide the data for this analysis. Reviews were
categorized into nutrition-specific (n = 113) or nutrition-
sensitive (n = 5) interventions. Total numbers for each
intervention type exceeded total reviews, because some
systematic reviews provided information on >1 intervention
(Supplemental Table 2).

Quality of included studies (AMSTAR criteria)
All 118 systematic reviews met some or all of the AMSTAR
criteria (Table 1). Those criteria met by >90% of the system-
atic reviews were: #3 (comprehensive literature search); #6
(characteristics of included studies); and #9 (methods used to
combine findings appropriate). Those less frequently (<60%)
met by the group of reviews we examined were: #5 (list of
studies provided, both included and excluded); #8 (scientific
quality of included studies used appropriately for formulating
conclusions); #10 (likelihood of publication bias assessed);
and #11 (conflict of interest stated) (Table 1). The complete

Intervention impacts on hemoglobin and anemia 1633

http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016044120.s


FIGURE 2 Flow diagram.

quality rating for all the domains for all included studies is
found in Supplemental Table 3.

Quantitative pooling
Iron supplementation.
Daily iron supplementation compared with control increased
Hb concentration by 1.7g/ dL in children aged <5 y, and by
0.8g/ dL in children aged >5 y (Table 2, Figures 3 and 4).
It decreased the risk of anemia by 41% in children <5 y
(Table 2, Figures 3 and 4). Trials comparing intermittent iron
supplementation with a placebo in children <5 y and >5 y
showed increases in Hb concentration but reported lower Hb
concentrations when compared with children who received
daily iron supplementation (Table 2, Figures 3 and 4).
In daily iron supplementation studies, we found that Hb
concentration showed larger increases if the children were
anemic at baseline, compared with when their anemia status
at baseline was unknown (Supplemental Table 4). There was

only 1 age group—that of children between 6 and 23 mo of
age—in which we could pool and compare outcomes between
anemic children (n = 18) and nonanemic children (n = 3)
and found that the increase in Hb concentration in anemic
children at baseline was much larger than in nonanemic
children (Supplemental Table 4). There were not enough
studies on intermittent iron supplementation with baseline
anemic status to draw any comparative conclusions (Table 2,
Supplemental Table 4). There were no systematic reviews on
providing iron without any other micronutrients in pregnant
women that had baseline anemia status.

Iron-folic acid or folate alone.
Iron-folic acid (IFA) supplementation in pregnant women at
34 wks and mothers through 6 wk postpartum increased Hb
concentration in the range 1.0–1.6 g/dL and decreased the
risk of anemia by 66–69% (Table 2, Figures 3 and 4). Dosing
was not provided for all studies, but in 1 study in a review (12)
of IFA supplementation interventions the mean dosage was
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TABLE 1 Rating of included studies according to AMSTAR quality criteria1

Criterion # AMSTAR quality criteria Yes n (%) No n (%)

1 A priori design 105 (89) 13 (11)
2 Duplicate study selection and data extraction 86 (73) 32 (27)
3 Comprehensive literature search 108 (92) 10 (8)
4 Status of publication used as inclusion criteria (gray literature included) 89 (75) 29 (25)
5 List of studies provided, both included and excluded 68 (58) 50 (42)
6 Characteristics of included studies 107 (91) 11 (9)
7 Scientific quality of included studies assessed and documented 88 (75) 30 (25)
8 Scientific quality of included studies used appropriately for formulating conclusions 69 (58) 49 (42)
9 Methods used to combine findings appropriate 109 (92) 9 (8)
10 Likelihood of publication bias assessed 63 (53) 55 (47)
11 Conflict of interest stated 49 (42) 69 (58)
1AMSTAR, Assessing the Methodological Quality of Systematic Reviews.

124 mg. Daily folic acid supplementation (with or without
iron) in pregnancy did not have an impact on predelivery
anemia or mean Hb concentration, but it did reduce the
incidence of megaloblastic anemia by 79% (Table 2, Figures 3
and 4). There were no systematic reviews on providing IFA or
folic acid alone for children aged <5 y and >5 y.

Micronutrient powders.
Micronutrient powders (MNPs) have been most frequently
reviewed in children aged 6–23 mo, though there are reviews
that include other age groups. MNP use in children aged
<5 y is associated with increases in Hb concentration and
reduction in the risk of anemia (Table 2, Figures 3 and 4).

Interventions for malaria.
Treatment for malaria across all ages was associated with in-
creases in Hb but showed no impact on anemia (Table 2). Use
of intermittent preventive malaria treatment in pregnancy
increased Hb concentration by 0.4 g/dL and reduced the
risk of anemia by 10% (Table 2). Sleeping under ITNs was
associated with increased Hb concentration in children <5
y (Table 2, Figures 3 and 4). ITN use did not reduce risk of
anemia across any age group (Table 2, Figures 3 and 4). We
did not have studies with baseline data to examine the impact
of malaria prevention and treatment in anemic or nonanemic
populations.

Helminth infection.
Deworming did not increase Hb concentrations in children
<5 y but it did reduce anemia in school-age children (Table 2,
Figures 3 and 4). We did not have studies with baseline
data on anemia status to examine the impact deworming in
anemic or nonanemic populations.

Delayed cord clamping.
The practice of delayed cord clamping increased Hb con-
centrations at birth and from 4 to 48 h after birth but
not at 3–6 mo, when compared with those without delayed
cord clamping (Table 2, Figures 3 and 4). The studies on
delayed cord clamping also reported on hematocrit—which
represents the proportion of RBCs in blood—in full-term
and preterm newborns. In full-term newborns, those who

received delayed cord clamping showed increased hematocrit
at 48 h by 6% (95% CI: 1.8, 10.6%; P = 0.006); and at day 5 by
12% (95% CI: 8.5, 15.5%; P < 0.001). In preterm newborns,
delayed cord clamping was associated with a hematocrit
increase of 3.2% (95% CI: 1.8, 4.7%; P < 0.001) at birth; of
5.4% (95% CI: 3.3, 7.4%; P < 0.001) at 4 h; and of 3.3% (95%
CI: 1.3, 5.2%; P < 0.001) at 24 h.

Narrative syntheses
Iron and other micronutrient supplementation.
One review evaluating the impact of iron and other mi-
cronutrient supplementation on adolescent anemia included
13 studies. This review found a 31% reduction in anemia
associated with IFA supplementation with or without other
micronutrients (RR: 0.69; 95% CI: 0.62, 0.76). In a literature
review, Fishman et al. (13) concluded that although provision
of multivitamins across age groups (preschool and school
children including adolescents) reported increases in Hb
concentration and reductions in anemia, these effects were
indistinguishable from those seen with iron alone. Allen et
al. (14) reported similar increases in Hb concentrations when
either multiple micronutrient supplements or iron (with or
without folic acid) were given to pregnant women. Another
review showed only small increases in Hb concentration
with iron and micronutrient supplementation compared with
iron supplementation alone in children aged from 5 mo
to 19 y [weighted mean difference (WMD) = 0.14 g/dL;
95% CI: 0, 0.28 g/dL] (15). When iron and micronutrient
supplements were compared with placebo in children aged
5 mo to 19 y, larger changes in Hb concentration were
seen (WMD = 0.65 g/dL; 95% CI: 0.5, 0.8 g/dL). Haider
and Bhutta (16) found no reduction in the risk of anemia
associated with multiple micronutrient supplementation in
pregnancy (RR = 0.98; 95% CI: 0.86, 1.11).

One review of neonatal vitamin A supplementation
compared with placebo reported no impact on the risk
of anemia (RR = 0.97; 95% CI: 0.87, 1.07) (17); an-
other comparing pregnant women who received vitamin
A supplementation with those who did not showing that
vitamin A supplementation during pregnancy was associated
with a reduced risk of anemia (RR = 0.64; 95% CI: 0.43,
0.94) (18).

Intervention impacts on hemoglobin and anemia 1635
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FIGURE 3 Forest plots of intervention effects (and 95% CI) on hemoglobin concentration, by age groups: <5 y, ≥5 y, and pregnant
women. DCC, delayed cord clamping; Hb, hemoglobin; IFA, iron-folic acid; ITN, insecticide-treated nets; MD, mean difference; MNP,
micronutrient powders.

We also included reviews that described results from
supplementation trials with other micronutrients. In 1
review of vitamin B-12 supplementation with 3 studies
(88), the authors reported an increase in Hb concentra-
tion in women and children who received a vitamin B-
12 supplement compared with those who did not. One
systematic review concluded that vitamin C supplementation
increased Hb concentrations in children and nonpregnant
women, but not in pregnant women (13). Vitamin E supple-
mentation increased Hb concentrations in preterm infants
(WMD = 0.46 g/dL; 95% CI: 0.24, 0.69 g/dL) and infants
with very low birthweight (WMD = 0.43 g/dL; 95% CI: 0.09,
0.77 g/dL) (89). One review reported no difference in Hb
concentrations in pregnant women given zinc supplements in

pregnancy (44), which was also reported from another review
of the effect of zinc supplementation on Hb in children ≤15
y of age (90) and children aged 6 mo to 12 y (91).

Food fortification.
There was heterogeneity in reviews included for fortified
food trials. Whereas all reported associated increases in Hb
concentration, effects on anemia varied. Shah et al. (92)
reviewed the effects of staples and commonly consumed
foods fortified with a mix of micronutrients including iron,
folic acid, and vitamin A, compared with similar unfortified
foods and found no impact on anemia (RR = 0.89; 95% CI:
0.35, 2.28). A 2014 report showed that the Hb concentration
of children who consumed fortified foods was higher than
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FIGURE 4 Forest plots of intervention effects (and 95% CI) on anemia, by age groups: <5 y, ≥5 y, and pregnant women. DCC, delayed
cord clamping; IFA, iron-folic acid; ITN, insecticide-treated nets; MNP, micronutrient powders.

it was in those who did not, by 0.5 g/dL (95% CI: 0.3,
0.7 g/dL) (93). A similar finding was reported by Das et al.
(94) when consumption of various iron-, zinc-, and vitamin
A–fortified foods was compared with diets comprising
unfortified foods (standardized mean difference = 0.5; 95%
CI: 0.34, 0.76). Gera et al. in 2012 (95) reported an increase
in Hb concentration (0.42 g/dL; 95% CI: 0.28, 0.56 g/dL) and
a reduction in anemia (RR = 0.59; 95% CI: 0.48, 0.71) in
the general population associated with iron-fortified foods.
Eichler et al. (96) showed that the multiple micronutrient
fortification of formula milk and cereals increased Hb
concentration (weighted mean difference= 0.87 g/dL; 95%
CI: 0.57, 1.16 g/dL) and reduced anemia (RR = 0.43; 95%
CI: 0.26, 0.71) compared with iron fortification alone. In
other reviews, Assuncao and Santos (97) and Hurrell et
al. (98) presented individual results from their studies and
reported that food fortification increased Hb concentration
and reduced the risk of anemia. The authors did not present
pooled results.

Malaria prevention and treatment.
One review reported a pooled summary in which the risk
of anemia was reduced by 21.3% (95% CI: 8.2, 32.5%) with
intermittent malaria prophylaxis in infants (99). Another
review of 24 studies on chemoprophylaxis in children aged
≤19 y reported increased Hb concentration (maximum
change of 1 g/dL) and reduced risk of anemia, although
anemia results were inconsistent across the included studies
(100). The most recent review of IPTc did not report any
difference in the risk of anemia (RR = 0.82; 95% CI: 0.65,
1.04) or in Hb concentration (MD = 0.03 g/dL; 95% CI:
0.08, 0.14 g/dL) when comparing children who received
controls (101). One review did not report summary effects
according to intervention category, but did report that
multiple interventions, including ITNs, chemoprophylaxis,
or a combination of the two increased Hb concentration
(MD = 0.76 g/dL; 95% CI: 0.61, 0.91 g/dL) and reduced
the risk of anemia (RR = 0.73; 95% CI: 0.27, 1.00) in
children aged <5 y (102). Two groups of investigators,
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Pluess et al. (103) and Korenromp et al. (102) evaluated
the effect of indoor residual spraying (IRS) in children 1
to 15 y of age. Korenromp et al. reported a change in
mean Hb concentration of 1.6 g/dL in a 2-group assessment
performed before and after spraying. Pluess et al. reported
on 2 comparisons from randomized trials—IRS with no
intervention and IRS with ITNs. In the former comparison
they reported an increase of 0.85 g/dL with IRS, and an
increase of 0.06 g/dL with IRS in the latter.

Feeding of infants and young children.
A review that examined the promotion of complementary
feeding behaviors (104) reported that nutrition education
for parents of children aged <5 y had limited impact on
anemia (increase of 0.4 g/dL in Hb and reduction of 5
percentage points in the prevalence of anemia), whereas
the provision of fortified complementary foods resulted in
13–21% reduced risk of anemia. Another review looked at
the timing of introduction of complementary feeding and
concluded that infants who started feeding at 4 mo showed an
average increase in Hb concentration that was 0.5 g/dL higher
than it was among those who started feeding at 6 mo (105).
A third review that evaluated the effect of supplementary
feeding reported higher Hb concentrations and a reduced
risk of anemia among infants and children aged <5 y who
received supplementary food with standard care, compared
with children who received only standard care (106).

Dietary diversity.
Of the 7 studies cited in the 2 reviews that reported on
change in Hb values from programs of dietary diversification
targeted at families with children aged 0–17 y, 2 reported
decreases in the prevalence of anemia in the intervention
group that practiced any form of dietary diversification
or modification compared with the control group (107).
Among them were 2 animal-source food interventions with
a decrease in anemia—one in nonpregnant women in Peru
after development of dietary diverse recipes and meals, and
the other in 4–12-mo-old children in China after a program
of nutrition education, and counseling on breastfeeding
and diverse complementary feeding. One review of studies
examining the association between consumption of animal-
source foods and the outcome of Hb concentration or anemia
identified 8 experimental and 41 observational studies in
adults aged >18 y (108). The review reported a positive
association between animal-source food intake (85–300 g/d)
and Hb concentrations.

Agriculture and food security.
A 2011 review included 3 studies that evaluated the effect
on anemia prevalence of agricultural interventions, which
included home gardens, aquaculture and small fisheries,
dairy development, and raising of livestock (109). Only 1 of 3
homestead food production studies in 4 different countries
showed lower anemia prevalence in children in 2 of the 4
study sites. Among the 2 studies that were not statistically
significant, one assessed anemia in women and children and

the other only assessed anemia in children. A 2012 review of
2 studies that were not included in the 2011 review did not
report any differences in rates of anemia in women and in
children aged <5 y who had and had not been exposed to
agricultural interventions (110).

Family planning.
Two reviews assessed the impact of birth spacing on maternal
anemia (111, 112). Two of the 5 studies in these reviews
reported an increased risk of maternal anemia if the birth
interval was either <6 mo (as evaluated in 1 study) or <24 mo
(as in the second study). The other 3 studies did not report a
significant association between birth interval—ranging from
<6 mo to >75 mo—and maternal anemia.

Conditional cash transfers.
A review evaluated the impact of 3 conditional cash
programs/transfers (PROSPERA in Mexico, Bolsa Família
in Brazil, and Más Familias en Acción in Colombia) on
nutrition in young children, focusing on but not limited to
children <5 y of age (113). The 2 studies of PROSPERA
found that providing mothers with income support for
health and education led to higher Hb concentrations (mean
difference = 0.37 g/dL) and a 25% reduction in the likelihood
of anemia in their children. The review of the effects of Bolsa
Família did not find any difference regarding these same
measures in the children of families comparing those who did
or did not receive income support. The Colombian program
did not report on Hb concentration or anemia.

Discussion
Key findings
Our meta-review of 118 systematic reviews summarizing
the influence of interventions on Hb concentrations and
anemia in children and pregnant women showed that a
variety of nutrition-specific and nutrition-sensitive pro-
grams are associated with a positive impact. We found the
greatest number of reviews summarized interventions with
iron and other micronutrient supplementation (52%) and
malaria prevention and treatment strategies (24%), with
a limited number of reviews describing nutrition-sensitive
interventions (4%). Quantitative pooling of data showed
increases in Hb concentration with in children <5y daily
and intermittent iron supplementation, ITNs, and delayed
cord clamping in children aged <5 y seen on first 2 days of
birth; and with daily and intermittent IFA supplementation,
ITNs, and delayed cord clamping in pregnant women.
Similarly, reduced risk of anemia was seen with daily and
intermittent iron supplementation, MNPs, ITNs, and delayed
cord clamping in children aged <5 y (as measured by
risk of transfusion); intermittent iron supplementation and
deworming in children aged >5 y; and daily IFA and folate
supplementation and ITNs in pregnant women. We did see
that the direction of change in the quantitative pooling was
in line with the reported direction of effect in the narrative
syntheses for iron supplementation. Owing to heterogeneity
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across studies, we were not able to quantitatively pool
findings from trials of supplementation of vitamin A or
other micronutrients, delivered without the inclusion of
iron in the formulation. The findings from analyses of
systematic reviews of MNPs and fortified foods also suggest
the advantage of confronting nutrient anemias beyond iron
deficiency anemia.

World Health Assembly nutrition targets.
Anemia persists as a leading public health problem globally,
and there has been limited progress in achieving reduction
targets (114). Globally, of the 185 countries included in the
World Health Assembly goal of reducing anemia in women
of reproductive age by 50% by 2025, only 3 are on target
(114). In view of anemia’s long-term individual-level health
implications and its impact on society more broadly, inter-
ventions to overcome this public health problem need to be
identified. When considering the priority interventions, pro-
gram managers should also consider the cost-effectiveness
of the intervention on Hb: if expected changes in Hb from
an intervention are smaller, we will need a larger investment
of resources compared with interventions that generate large
changes in Hb. In our review, change in Hb across a wide
array of interventions ranged from 0.12 g/dL for treatment of
malaria across all ages to 1.7 g/dL for iron supplementation
in children were among the interventions that showed a
statistically significant impact. These findings indicate that
nutrition-specific interventions remain the most important
set of interventions to improve Hb concentrations, with daily
iron being more effective than intermittent iron for supple-
mentation. Although MNPs were not found to nor reduce Hb
concentration, this could potentially be because the types of
studies that we included reflected the real-world conditions
of multiple comorbidities challenges in the implementation
of MNP programs; nevertheless, MNPs were still found
to reduce anemia. Nutrition-sensitive interventions that
were found to effectively contribute to sustained increases
in Hb concentrations were malaria interventions but not
deworming or delayed cord clamping (beyond the first two
days of life). Additionally, although some reviews studied
formula feeding and early introduction of complementary
foods, they were constrained by methodological limitations
and small effect sizes, with limited external validity. Similarly,
iron and malaria prevention and treatment interventions
were effective at increasing Hb concentrations in pregnant
women when compared with standard of care, but with
higher effect sizes. With the reported positive impact on
anemia from a range of interventions in our review, the
benefit of broadening the portfolio of nutrition interventions
and tailoring to context when designing programs is evident.

Meta-review and methods.
We conducted a meta-review of reviews, considered one of
the higher-order methods of study designs for synthesizing
results on intervention efficacy (115, 116). Anemia has been
studied extensively, thereby the use of this type of analysis
allows for synthesis of a broader range of interventions,

which would normally take much longer when compared
with conducting a systematic review of primary studies
for each intervention. To our knowledge, this is the first
time evidence on the impact of nutrition-specific and
nutrition-sensitive interventions to address anemia has been
synthesized using a systematic review of reviews approach.
We were able to quantitatively synthesize the effects on the
outcome not only for nutrition-specific supplementation but
also for malaria prevention and treatment and deworming—
both of which address key anemia causal factors. Regrettably,
there were limited systematic reviews on other nutrition-
sensitive interventions (e.g., agriculture-based) highlighting
that knowledge in this area is lacking.

The meta-review can serve as an important tool for
decision-makers in the design of programs and can present
information to assist in the allocation of resources. Findings
synthesize and integrate information about different inter-
vention options for a single health outcome like anemia.
When we examined the evidence using the AMSTAR criteria,
however, many reviews fell short in terms of dissemination
and translation into programs and policies. For example, only
58% of the reviews used results for appropriately formulating
conclusions (6).

There were limitations in our meta-review. Importantly,
meta-reviews are reliant on the studies included in the
systematic reviews, which can introduce reporting and
selection biases. Deworming trials, for example, were under-
represented relative to reviews of nutrient supplementation
or malaria prevention and treatment. There could also have
been an imbalance in the age group studied or context. These
are 2 crucial factors driving Hb concentration and risk of
anemia. External validity can be compromised as a result of
this limitation. We also found that only 53% of the reviews
assessed the likelihood of publication bias.

Another challenge posed by the meta-review design and
the evidence base for anemia is heterogeneity in the primary
studies in the individual systematic reviews. For example,
there were differences in the use of outcome metrics like
standardized mean difference and mean difference. These
had to be assessed separately. There could be other differ-
ences between the reviews, apart from those variables that we
attempted to control, such as population, intervention, and
comparator variables that we used to assess qualifications for
pooling. We found that anemia was a secondary outcome in
a small subset of studies within reviews, which could present
problems for interpretation. We were also unable to assess
the effect of intervention duration on outcomes. Finally, as is
the case with systematic reviews, the retrospective analysis in
meta-reviews presents limitations in terms of the directness
and relevance of research questions and the availability of
required data.

It is widely established that anemia is a condition that
arises from multiple etiologies related to nutrition, infection,
chronic disease, and genetics. Our review demonstrated
the relative abundance of reviews and studies focused
on supplementation with iron and other micronutrients,
followed by the treatment of malaria and helminth infection.
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By contrast, those falling into the nutrition-sensitive category
were few. This could be due to the diminished attention
given to these interventions and the logistics of conducting
nutrition-sensitive interventions in experimental trials.

Future research
We identified several areas for future research in anemia
while conducting our review. First, there is a need to build the
evidence base for the contribution of hemoglobinopathies
and other genetic conditions to anemia globally, and to de-
sign and test public health interventions for these problems.
Second, we did not identify any reviews examining anemia
in men, which could similarly be contributing significantly to
the global burden of anemia. Finally, although we identified
nutrition-specific and nutrition-sensitive interventions, we
did not identify integrated approaches that deliver both types
as a package.

Conceptually using a multisectoral approach to address
anemia is appealing but there remains little empirical
evidence to support this approach. Qualitative research
on the use of a multisectoral approach has demonstrated
opportunities for building political will and enacting change
but also has highlighted challenges, such as disparate in-
stitutional mandates and the potential for ineffective time
management (117–119). More research is needed on the
extent to which anemia reduction will benefit from such
an approach. Perhaps even more important is to better
understand how interventions interact to have synergistic or
antagonistic effects on anemia. Unfortunately, because most
studies have focused on a single intervention, it hinders the
use of a systematic review approach to generate evidence on
multisectoral interventions. Evidence in this area is especially
needed because there are concerns about the safe delivery
of anemia reduction interventions exemplified by excessive
amounts of micronutrients delivered through multiple chan-
nels or negative interactions between infections and iron
in the absence of disease control. Thus, this demonstrates
the need to consider multiple interventions delivered in
combination (120, 121). Our study group conducted a series
of trials in Haiti that provided evidence of the potential for
integrated approaches to anemia reduction. The first trial
showed that a fortified peanut butter paste had reduced the
odds of anemia by 28% (adjusted OR: 0.72; 95% CI: 0.57,
0.91; P < 0.001) and had no effect on Hb concentration
(122). In a subsequent trial that used the same fortified
paste delivered along with systematic deworming in both the
control and intervention groups, Hb concentration increased
by 0.62 ± 0.27 g/dL (P = 0.001) and the odds of anemia
decreased by 88% (P = 0.02) (123). In summary, in view of
the multidimensionality of anemia, more research is needed
for integrated approaches.

Conclusions
This comprehensive meta-review of 118 systematic reviews
suggests the ongoing importance of nutrition-specific in-
terventions, especially iron supplementation, for addressing
anemia. It also points to the need for more research on

nutrition-sensitive interventions that address underlying,
systemic causes of anemia. This could require impact
pathway analyses to examine intervention effects. Anemia
remains an intractable public health problem globally,
contributing markedly to problems of maternal mortality;
low birth weight and poor growth and development among
young children; and lost economic productivity. This compi-
lation of information reinforces the need for more support
to develop and evaluate multiple interventions to reduce
anemia.
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