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Iron and zinc deficiencies are some of the most widespread micronutrient deficiencies in low- and middle-income countries (LMIC). Dietary
diversification, food fortification, nutrition education, and supplementation can be used to control micronutrient deficiencies. Legumes are
important staple foods in most households in LMIC. Legumes are highly nutritious (good sources of essential minerals, fiber, and low glycemic index)
and offer potential benefits in addressing nutrition insecurity in LMIC. Several efforts have been made to increase micronutrient intake by use of
improved legumes. Improved legumes have a higher nutrient bioavailability, lower phytate, or reduced hard-to-cook (HTC) defect. We hypothesize
that consumption of improved legumes leads to optimization of zinc and iron status and associated health outcomes. Therefore, the objective of
this review is to examine the evidence on the efficacy of interventions using improved legumes. Nine relevant studies are included in the review.
Consumption of improved legumes resulted in a >1.5-fold increase in iron intake. Several studies noted modest improvements in biomarkers of
iron status [hemoglobin (Hb), serum ferritin (SF), and transferrin receptor] associated with consumption of improved legumes. Currently, no efficacy
studies assessing the relation between consumption of improved legumes and zinc status are available in the literature. Evidence shows that, in
addition to repletion of biomarkers of iron status, consumption of improved legumes is associated with both clinical and functional outcomes. The
prevalence of iron deficiency (ID) decreases with consumption of improved legumes, with increases of <3.0 g/L in Hb concentrations. Improvement
in cognition and brain function in women has been reported as well. However, further research is necessary in more at-risk groups and also to show
if the reported improvements in status markers translate to improved health outcomes. Evidence from the included studies shows potential from
consumption of improved legumes suggesting them to be a sustainable solution to improve iron status. Adv Nutr 2020;11:1315-1324.
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Introduction Micronutrient deficiency increases morbidity and mortality
Global data indicate widespread prevalence of chronic rates and has long-lasting effects on physical and mental
micronutrient deficiencies in many low- and middle-income  growth and consequently on the development of populations.
countries (LMIC). Co-occurrence of multiple micronutrient Iron and zinc deficiencies are some of the main deficiencies of
deficiencies in the same population is not uncommon (1).  public health concern in LMIC (2, 3). Iron deficiency results
in microcytic anemia, reduced work capacity, and impaired
immune and endocrine function (4). Zinc is essential for
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culturally well-accepted food category, such as legumes.
Legumes form a major part of the traditional diet in LMIC
(6). They are characterized as a good source of protein, fiber,
resistant starch, polyphenols, and a variety of micronutrients
and thus have a huge potential to meet nutrition-related
health goals (7). In several cultures, the positive character-
istics of legumes have been ignored because legumes are
associated with prolonged cooking time leading to loss of
nutrients (8) and high demand for charcoal, firewood, or gas.
Phytic acid and polyphenols inhibit iron and zinc absorption
from legumes in the gut (9). These negative characteristics
have stimulated researchers to develop improved varieties
with a focus on increased micronutrient content (10, 11),
reduced hard-to-cook (HTC) defect (8), or low phytic acid
content (9, 12). The average concentrations of iron, zinc,
and phytic acid in nonimproved beans are 5.5 mg/100 g,
3.5mg/100 g (13), and 1000 mg/100 g (14), respectively. The
HTC defect is a hardening phenomenon that occurs in the
cotyledon. Adverse conditions during storage, such as high
temperatures (>25°C) and high relative humidity (>65%),
predispose beans to the HTC phenomenon. Beans with the
HTC defect are characterized by extended cooking times (3),
loss of flavor and color, and lower nutritive value (due to
leaching of soluble solids and electrolytes) (4, 5).

Promoting and incorporating (improved and nonim-
proved) legumes in the traditional diet is part of the
diversification strategy to tackle micronutrient deficiencies.
For instance, various efforts to promote legume consumption
have been made in various regions in Asia (15), Africa
(14, 15), and Latin America (16, 17). The incorporation
of improved legumes in the daily diet should result in
improved nutrition status and associated health outcomes.
Use of randomized controlled efficacy trials to demonstrate
the effect of improved foods on status and health indicators is
afirst step to inform and support the continuation of research
to examine effectiveness of programs in noncontrolled
conditions. Such information is important for evaluation of
interventions aimed at promoting legumes for mitigating
micronutrient malnutrition and associated health outcomes.
Currently, there is a lack of integration of available evidence
on the impact of consumption of improved legume varieties
in LMIC. This article aims to evaluate the efficacy of
improved legume interventions on iron and zinc status and
associated health outcomes.

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were used to report this
systematic review. An internal protocol for the review process
was developed.

Search methods

A database search was first conducted in PubMed, Embase,
and the Cochrane Library (Supplemental Methods). The
general search strategy was developed following the Pop-
ulation, Intervention, Comparison, and Outcome model:
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population (people living in LMIC), intervention (consump-
tion of improved legumes), comparator (not applicable),
and outcome (improvement in zinc and iron status based
on established indicators of body stores and clinical/health
outcomes). The search string was developed for use in
the different databases (Supplemental Methods). References
from the identified publications were then screened for
additional relevant studies. Google Scholar was also used to
search for pertinent documents based on key words. The last
search was performed on February 22, 2019.

Eligibility criteria

The review included only papers published in English.
There were no restrictions imposed on date of publication.
Randomized controlled trials in humans living in LMIC were
included. Studies assessing the efficacy of improved legumes
on intake, status, and health outcomes were included. Studies
conducted in populations with specific clinical diagnoses
related to severe zinc- and iron-related deficiencies or severe
illnesses were excluded. The primary outcomes considered
in this review are biomarkers of zinc and iron status,
and clinical/health outcomes (Table 1). Measurement of
iron status was preferably through combination of different
biomarkers—hemoglobin (Hb), serum transferrin receptor
(sTFR), serum ferritin (SF), and body iron (BI)—to increase
specificity and sensitivity (18). The search for a reliable
biomarker of zinc has been challenging because there is no
functional reserve or body store of available zinc, and also
because zinc homeostasis is complex (19). Additionally, zinc
deficiency is characterized by very general signs and symp-
toms such as lowered immunity and growth impairment,
which can also have many other causes and thus might not
specifically point to zinc deficiency (20). For zinc status,
serum, plasma, hair, or urinary zinc can be used. Plasma zinc
is, however, the most useful biomarker because it responds to
increases and decreases in zinc intake (21). Some limitations
in the use of plasma zinc concentration include lack of
sensitivity to detect marginal zinc deficiency, diurnal varia-
tions, fluctuations influenced by recent meal consumption,
confounding by inflammation, and contamination from skin
and collection materials during sample collection (18, 19).
Health outcomes associated with iron and zinc intakes are as
described in the intervention studies, and from public health
and nutrition reports (Table 1). Adverse side effects (if any)
were considered to be secondary outcomes.

Identification of studies

Identified studies were screened according to the inclusion
criteria to select relevant ones (LM and CM). Prior to
this, duplicates were removed. One reviewer (LM) screened
the titles. Abstracts of selected studies were then reviewed
independently by LM, FK, and CM. If insufficient infor-
mation was provided in the title and abstract, the full text
was read by 1 reviewer (LM) to determine whether the
article met the inclusion criteria. Reasons for the exclusion
of studies were described using the PRISMA flowchart
(Figure 1).



TABLE1 Summary of intake, status, and health indicators for zinc and iron
Nutrient Intake indicators Status markers Health outcomes
Iron' Intake from legumes (improved Hemoglobin (Hb) Iron deficiency anemia
and nonimproved) Serum ferritin (SF) Impaired brain function
Soluble transferrin receptor (sTFR) Reduced cognitive function
Body iron (BI): gives a quantitative estimate of the size  Reduced learning and work capacity
of the body iron store and is estimated as the ratio  Increased risk of mortality
of sTFR and SF using Cook equation?
Zinc? Intake from legumes (improved Serum/plasma zinc Delayed growth; stunting

and nonimproved)

Urinary zinc
Hair zinc

Delayed sexual maturation

Impaired immunity; recurrent infections
Diarrhea

Dermatitis

Dementia

TSource: Lynch et al. (4).
2Source: Cook et al. (22).
3Source: King et al. (21).

Data collection

First, a standardized form was developed and piloted on
3 papers to assess usability in the included studies (LM,
CM). Information extracted from the included studies
comprised of: study information [author(s), title, journal,
year of publication]; study location; sample size; study

]

design; participant description (age, gender, characteristics
of participants); intervention (description of legume food-
based intervention); study duration; status and/or clini-
cal/health outcomes. Extraction was done by 1 reviewer (LM)
(Tables 2 and 3). Extracted data were then scrutinized by 2

reviewers (FK and CM).

Records identified through
database searching
(n=154)

Additional records identified
through other sources
(n=5)

Identification

[

J

Eligibility Screening

Included

FIGURE 1 Flowchart of literature search.

Records after duplicates removed
(n=155)

Y

Abstracts screened

A 4

Abstracts excluded (n = 143)

1. Study type n =15
2. Study population n = 1

4. Different scope n =136

(n=155) 3. Language n =1
A4
Full-text articles >
assessed for eligibility
(n=12)
country n =1

A4

Full-text articles excluded,
with reasons (n = 3)

1. Measurement was not
conducted in a developing

2. Different scope n =1
3. Study type n =1

Studies included in
qualitative synthesis
(n=9)
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(Continued)

TABLE 2

Duration
128 d

Intervention

Sample characteristics

Age,y

Design

Study location

Reference

2 daily portions of test-meal beans, each

195 WRA Double-blind 18-27 Apparently healthy, nonpregnant,

Rwanda

Haas et al, 2016

150-175 g cooked weight, made from: 1)
biofortified carioca beans (CIAT SMC;
86.1 ppm Fe); or 2) conventional carioca

beans (control; G4825; 50.1 ppm Fe)
Standard starch and vegetable portions were

nonlactating women with depleted

iron stores (SF <20 ug/L)
Excluded ages <18 or >27y; BMI <16;

randomized
efficacy trial

@7)

Hb <90 g/L; SF >20 wg/L; any major

medical conditions; use of Fe

used as accompaniments

supplements; use of medication,

pregnancy, lactation
As described in Haas et al., 2016 (27)

128d

Composition of the test meals is described in

150 WRA Double-blind 18-27

Rwanda

Murray-Kolb et

S/N6

randomized

al, 2017 (28)

intervention study

Double-blind

128d

Composition of the test meals is described in

As described in Haas et al., 2016 (27)

18-27

55 WRA

Rwanda

Wenger et al,,

S/IN6

randomized
efficacy trial
Double-blind

2019 (29)

6 mo

2 daily portions of test-meal beans, each

Children in schools with >15%

5-12

574 children

Mexico

Finkelstein et al.,,

100 g cooked weight, made from: 1)

prevalence of anemia

cluster-randomized
controlled trial (at
school level)

2019 (30)

iron-biofortified beans, 9.5 mg/100g
(Phaseolus vulgaris L. MIB465); or 2) P

vulgaris L. Jamapa variety, 5.5 mg/100 g

CIAT, International Center for Tropical Agriculture; Hb, hemoglobin; PF, plasma ferritin; SF, serum ferritin; SMC, code used to identify a CIAT bean line [colored drought tolerant bean with high zinc and iron content (not red or black)]; WRA, women

of reproductive age.

Risk of bias

Domain-based risk of bias was assessed using a standardized
quality assessment tool by 2 authors (CM and LM) as
described in the Cochrane Handbook for Systematic Reviews
of Interventions (Supplemental Tables 1 and 2). The final
manuscript was read by all the authors.

Results

Figure 1 shows the flowchart of the literature search and study
selection. Nine studies were included in the final review.
The studies were from rural communities in countries in
sub-Saharan Africa (n = 6) and Latin America (n = 3).
All studies used improved legume varieties based on the
following strategies: fortification [n = 2, fortified with either
ferric sodium ethylenediaminetetraacetic acid (NaFeEDTA)
or ferrous sulphate, FeSO,], biofortification (n = 4, focus on
iron), modification (n = 1, low phytate content), and 1 study
combining different strategies (Table 2).

In all trials, iron intake (grams per day) was higher
in participants who consumed meals prepared using the
improved legumes compared with those in the control group.
Consumption of improved legumes resulted in a >1.5-
fold increase in daily iron intake (Table 2). The higher
iron concentration in the improved bean groups resulted
in significant differences in iron intake (27), fractional iron
absorption (9), and total amount of iron absorbed (9, 31)
when compared with nonimproved beans. Difference in
iron concentration in meals made from improved beans
and nonimproved beans was nonsignificant in the study by
Pachon et al. (25).

Different markers (or a combination thereof) were used to
measure iron status: Hb (n = 6); SF (n = 5); plasma ferritin
(PF; n = 1); BI (n = 4); and sTFR (n = 4). Improvements
in iron status outcomes by use of improved legumes were
reported as increases in Hb (19, 32), SF (19, 27, 32), PF
(9), BI (19, 27, 32), and sTFR (23) concentrations (Table
4). Figure 2 shows the change in Hb, SE, sTFR, and BI from
4 studies (20, 26, 27, 32). In each of the 4 studies, participants
consumed varied amounts of iron from both improved and
nonimproved legumes during the study period (Figure 2,
Table 4). Some studies reported on clinical and functional
outcomes associated with the reported improvement in iron
biomarker status: for instance, reduction in the prevalence of
iron deficiency (ID), and iron deficiency anemia (IDA) (23);
improvement in cognitive performance (28); and changes in
brain activity (29) (Table 3).

Specific nutrient-related health outcomes were assessed
in 4 studies. Consumption of cowpea flour with a high iron
content (11.5 mg Fe/100 g) resulted in a 30% and 47% sig-
nificant decrease in prevalence of ID and IDA, respectively,
in children aged 5-12 y (23). One study used an array of
tests to assess cognitive outcomes in women of reproductive
age (28). Changes in status outcomes (Hb, SE, sTFR, and BI)
were used to predict changes in cognitive performance. The
study results showed cognitive improvement with increases
in SF concentrations after consumption of improved beans.
SF concentrations increased by a mean of 2.4 ug/L and
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TABLE3 Summary of study results of the legume food-based iron intervention studies conducted in low- and middle-income countries'

Author

Outcome indicators

Results

Abizari et al,, 2012 (23)

Schiimann et al., 2005 (24)

Haas et al,, 2016 (27)

Murray-Kolb et al,, 2017 (28)

Wenger et al,, 2019 (29)

Petry et al, 2014 (9)

Petry et al, 2016 (26)

Finkelstein et al., 2019 (30)

STFR, Hb, SF
Prevalence of ID and IDA

Hb, SF

Hb, SF, CRP, AGP, Bl

Hb, SF, sTFR, Bl

Cogpnitive tests

Concurrent EEG
Hb, PF, CRP

Fractional iron absorption, Hb, PF,
CRP, isotopic composition

Hb, SF, sTFR, Bl

Prevalence of inflammation in both groups reduced from baseline by 80%

Significant increases in Hb*, SF***, sTFR*** and BI*** stores reported in improved
compared with nonimproved legume group

30% and 47% reduction in ID and IDA prevalence, respectively, in improved
relative to nonimproved legume group (P < 0.05) at the end of the intervention

No differences between increases in Hb and SF concentrations in the bean
intervention groups (P > 0.05) from baseline to 5 wk, and from baseline to
10 wk

Significant changes in Ho***, ferritin*, log serum ferritin*, and BI* were observed
from baseline to endline over 128 d

No significant effect on change in untransformed serum ferritin and sTFR
concentration

Higher increases in mean Hb*** concentration over time, SF™ concentration, and
increase in BI* in improved bean group were seen at the end of the 128-d
intervention

Significant main effect for improved bean group seen for all outcomes from
memory-related CRT and SMS

Improvements in iron status produced changes in brain activity

No treatment effects were seen for Hb, CRP, and BMI

Both bean variety and PA had an impact on Fe biocavailability

Significant differences in mean fractional iron absorption*** and iron absorption*
between improved and nonimproved bean groups

Fractional iron absorption and total amount of iron did not differ between the
improved bean groups (high iron content and low phytic acid)

Total amount of iron absorbed** was significantly higher in improved compared
with nonimproved bean groups

Hb, CRP, PF, and BMI did not change during the study

Gastrointestinal side effects in the first 2 d of consumption in improved bean
group

STFRT and BI* improved in all groups from baseline to endline

No significant improved bean effects on Hb, SF, anemia, ID, or inflammation
outcomes

7P < 0.1;*P < 0.05;**P < 0.01; **P < 0.001. AGP, a 1-acid glycoprotein; Bl, body iron; CRP, C-reactive protein; CRT, cued recognition task; EEG, electroencephalography; Hb,
hemoglobin; ID, iron deficiency; IDA, iron deficiency anemia; PF, plasma ferritin; SF, serum ferritin; SMS, Sternberg memory search; sTFR, soluble transferrin receptor.

5.3 pg/L in participants consuming nonimproved and
improved beans, respectively. The increase in SF in the
women consuming improved beans was associated with a
>2-fold increase in both speed and efficiency of memory
relative to those consuming nonimproved beans. Another

study assessed iron bioavailability from meals cooked with
differing phytate content (26). Iron bioavailability from
meals cooked with low phytic acid (lpa) beans, iron-
biofortified beans, and conventional beans was compared.
The observed iron absorption from both the improved beans

TABLE 4 Relative difference in Hb, SF, sTFR, and Bl status from 4 legume food-based iron intervention studies conducted in low- and

middle-income countries’

Improved bean

Nonimproved bean

No. of Intake, mg Intake, mg
intervention  Fe/d from Diff. Hb, Diff.SF,  Diff. sTFR, Diff. B, Fe/d from Diff. Hb, Diff. SF,  Diff.sTFR,  Diff.BI,
Study days bean meal g/L mg/L ng/L mg/kg bean meal g/L mg/L ng/L mg/kg
Haas et al, 2016 (27) 128 14.5 257 54+ —-25 —2143* 86 —-08 36 0 —1429
Abizari et al, 2012 210 17.25 10.1%* — 32,6 — 31.5%* — 4.7 1035 73 —46.0 —200 —36.8
(23)
Finkelstein et al,, 180 19 0 9.1 —1.2* 70* 1 20 217 26 83
2019 (30)
Schiimannetal, 70 35 73 —158 n/a n/a 37 6.4 —306 n/a n/a
2005 (24)

' Difference (Diff.) in iron biomarker status is obtained by (endline reading minus baseline reading/baseline reading) x 100. n/a indicates that a particular biomarker was not
assessed. Effect of legume food-based interventions on iron biomarker status (Hb, SF, sTFR, and Bl): TP < 0.1; *P < 0.05; **P < 0.01; ***P < 0.001 shows significance of differences
in baseline and endline measurements between the improved and nonimproved legume groups. Bl, body iron; Hb, hemoglobin; SF, serum ferritin; sTFR, soluble transferrin

receptor.
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FIGURE 2 Change in iron biomarker status from consumption of improved and nonimproved legumes. The graphs illustrate the change
in iron biomarker status: (A) Hb; (B) SF; (C) sTFR, and (D) BI, from baseline and endline assessments associated with consumption of
improved and nonimproved legumes from 4 studies: Haas et al,, 2016 (27); Abizari et al,, 2012 (23); Finkelstein et al,, 2019 (30); and
Schiimann et al,, 2005 (24). The number of intervention days for each study was 128 (27), 210 (23), 180 (30), and 70 (24) d. Total iron intake
from improved legumes was 1856 mg (27); 3622.5 mg (23); 3420 mg (30); and 2450 mg (24). Total iron intake from nonimproved legumes
was 1040 mg (27); 2173.5 mg (23); 1980 mg (30); and 259 mg (24). B, body iron; Hb, hemoglobin; SF, serum ferritin; STFR, soluble transferrin

receptor.

[ie., Ipa beans (8.6%; 421 ug)] and iron-biofortified beans
(7.3%; 431 pg) was ~1.5 times higher than that from the
conventional beans (8.0%; 278 ng). The same study also
reported gastrointestinal disturbances (vomiting, loose stool,
nausea, stomach discomfort, and flatulence) in ~95% of the
participants consuming meals made from the Ipa beans. Food
analysis revealed the presence of phytohemagglutinin (PHA-
L) in the cooked lpa beans, which was associated with the
observed side effects. The iron-biofortified beans and control
beans were not associated with these adverse effects.

Discussion

The review summarizes the available evidence for the efficacy
of improved legumes with regard to iron and zinc intake,
hematological indicators, and health outcomes. No studies

assessing the efficacy of zinc were found, emphasizing the
high need for randomized controlled trials to evaluate
the effect of improved legumes on zinc status and related
health outcomes. Biofortified bean varieties rich in zinc were
released in Colombia in 2016 (33) and Tanzania in 2018 (34).

Most of the available information is for the iron-
biofortified beans in women of reproductive age (WRA) from
sub-Saharan Africa. These studies focusing on WRA were
conducted in Rwanda (19, 24, 27, 31, 35). Their findings
suggest that the use of improved legumes as a food-based
intervention results in improved iron status. Incorporation
of improved beans in the daily diet met <75% of daily
iron requirements in WRA. If embraced, the improved
beans show potential to address ID and IDA in vulnerable
population groups in LMIC. ID, and specifically IDA,
remains one of the most important and severe deficiencies of
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public health concern in LMIC. All age groups are vulnerable
(36). The most vulnerable population groups for ID and IDA
are children aged <5 vy, pregnant women, and WRA. The
increased risk is attributed to increased iron needs during
growth, pregnancy, and childbirth and iron losses during
menstruation (37, 38). Findings from the Rwandan bean
studies were consistent with a study using iron-biofortified
pearl millet in iron-deficient Indian children to resolve
deficiency (38).

Improvements in cognitive performance and brain activ-
ity have been linked to improvements in iron status after con-
suming improved beans with additional iron (24, 27). Based
on past research, ID leads to delayed brain development
in children, with possibilities of affected neural functioning
beyond childhood (39). Changes in functional (cognitive
or affective) outcomes associated with changes in systemic
iron result from changes in neural function. Various iron-
dependent mechanisms have been linked with changes in
neural function. Hemoglobin and ferritin concentrations in-
fluence the magnitude of cognitive demand and subsequently
performance behavior (29). Ferritin has been linked with
the integrity of neurotransmitter systems, and hemoglobin
associated with energy provision for expressing information
processing results (29). The findings on improvements in
cognitive performance and brain activity (24, 27) are in line
with evidence on the effects of ID on different learning
domains and mediation of changes in the brain reported
elsewhere (40).

An absorption study assessing the potential of beans as
a vehicle of iron biofortification reported higher absorption
rates in nonimproved beans (12). Fractional iron absorption
for improved beans and nonimproved beans was reported
to be 7.3% and 9.2%, respectively. Higher phytic acid
concentration in the improved beans was suggested to be
responsible. Phytic acid is a major inhibitor of zinc and iron
absorption from beans (12). Positive correlations between
phytic acid and iron concentrations have been found in
improved beans (12, 21, 41). Phytic acid concentrations
increase with increase in iron concentrations in improved
(biofortified) beans. Absorption rates in improved beans
(7.3%) and nonimproved beans (9.2%) were used to estimate
iron absorption rates in other studies that used similar
beans (19, 21, 24, 27, 31). Consumption of these improved
beans resulted in higher iron intake (14.5 mg/d compared
with 8.6 mg/d from nonimproved beans) and higher total
absorption (1.06 mg/d compared with 0.79 mg/d from
nonimproved beans) (19, 21, 27).

In an effort to further improve iron bioavailability
from improved beans, the efficacy of improved beans with
varied iron and phytic acid concentrations was assessed.
Studies have reported on the proportion of additional iron
(as influenced by phytate concentration) absorbed from
improved bean meals compared with nonimproved bean
meals (21, 31). In 1 study, the high phytic acid concentration
associated with improved beans limited their effectiveness
(41). Dephytinization resulted in higher quantities of iron
absorbed from the improved beans compared with the
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nonimproved beans. The negative influence of phytic acid
on iron bioavailability informed development of improved
beans’ Ipa content (42). The reduction in phytic acid content
in these improved (Ipa) beans by ~90% improved iron
bioavailability. A study using the improved (Ipa) beans
showed lower than expected iron bioavailability (26). The
low fractional iron absorption was hypothesized to be due
to the incomplete hydrolysis (during cooking) of PHA-L
resulting in residues in the cooked beans. Hemagglutinins
have been associated with irritation in the digestive tract
(43) and reduction in iron bioavailability (44). Following
this, to conclusively report on the efficacy of lpa beans used
for the study, the HTC defect and cooking times that affect
hydrolysis of PHA-L need to be studied.

Overall, the evidence shown in the current review
warrants the continuation of research to assess efficacy of
both improved legumes and legume-based meals. Consump-
tion of iron-biofortified beans has been shown to result
in positive changes in iron status and consequently ID.
Findings also show the potential of improved beans to
increase cognitive performance, though further studies in
different subgroups of the population are needed to provide
more conclusive evidence. Evidence also suggests that to
optimize iron bioavailability from beans, agriculturalists
should target phytic acid in the improved varieties as an
additional trait. Food processing technologies have been
reported to improve the bioavailability of iron and zinc by
reducing phytate concentrations through soaking, sprouting,
phytase enzymatic treatment, and fermentation (37, 38). Iron
absorption from meals has also been shown to be enhanced
by mineral chelating peptides (45), vitamins A and C, and
saccharides (46). Nevertheless, the majority of the improved
legumes in this review are based on agricultural breeding
techniques. Additionally considering use of food processing
technologies to augment research on legumes improved
through agricultural techniques would be an innovative
approach. All in all, use of improved legumes could be a
promising long-term approach to improve iron (and possibly
even other micronutrients) status and remedy deficiency-
related health outcomes. More specifically, comparison of
improved beans alongside other improved grains (e.g., pearl
millet and rice) suggests strong evidence on the efficacy of
improved beans in repletion and maintenance of iron status
and some functional outcomes (47).

The strengths of this review lie in the included studies,
which are randomized controlled studies conducted over
sufficient duration to assess changes in iron status indicators.
We acknowledge the paucity of randomized controlled trials
in the literature. We recommend further research aimed at
conducting efficacy trials of zinc-biofortified legume foods to
assess if they support the present findings and exhibit intake-
status-health relations in target populations. Additionally the
findings of this review cannot be generalized because of the
heterogeneity of methodology in the different trials. The
findings suggest improved legumes to be a viable intervention
to improve iron biomarker status thus addressing IDA.
Further research is needed in diverse age groups and



regions. Additional health outcomes such as physical activity
related to improved legume consumption should also be
studied. This will allow evidence-based recommendations to
enable large-scale adoption of improved legumes to address
micronutrient deficiencies.
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