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A B S T R A C T

Vitamin A deficiency (VAD) increases risk for morbidity and mortality. Food-based approaches offer one strategy to improve vitamin A
status. This systematic review assessed evidence of the effects of food-based approaches on the vitamin A status of women and children
under 5 y. VAD was defined as clinical ocular symptoms, such as loss of vision, and/or retinol plasma or serum concentration <0.70 μmol/L.
Searches on food-based approaches to improve vitamin A status were conducted for the period 2011–2022 on PubMed, CINHAL, Web of
Science, and Google Scholar using PRISMA guidelines. English-language publications were included. Case studies, unpublished disserta-
tions, and non-peer-reviewed studies were excluded. This review comprises 24 of 27,322 identified studies; 23 included studies focused on
provitamin A carotenoids. There were 17,214 participants across the 24 studies with sample sizes ranging from 8 to 3571 individuals.
Intervention studies spanned from 3 wk to 2 y. Fifteen (63%) studies were randomized control trials, 7 were cross-sectional, and 2 were
longitudinal studies. Most studies (N ¼ 21) used biochemical measurements, for example, serum retinol, to assess vitamin A status; other
studies used clinical symptoms (for example, xerophtalmia) or dietary intake. Thirteen (54%) studies reported a statistically significant
effect of food-based interventions (N ¼ 8) or an association of diet (N ¼ 5) on vitamin A status. This systematic review indicated that some
food-based interventions improved vitamin A status, thus offering a safe and effective delivery mechanism for vitamin A. There appeared to
be significant association between vitamin A status and consumption of foods with high concentrations of preformed vitamin A and pro-
vitamin A carotenoids. Differences across studies in regard to the period of evaluation, food approaches used, and statistical power may
explain the lack of effectiveness of food-based approaches on vitamin A status in some studies.
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Statement of Significance
A plethora of research on the effectiveness of vitamin A interventions exists; however, there is limited evidence on associations between

dietary intake and vitamin A status, as well as the effectiveness of food-based interventions on vitamin A status. This systematic review fills a
critical gap in the literature given that there is no recent review that documents and evaluates the effectiveness of the various food-based ap-
proaches in improving vitamin A status among women and children under 5 y.
Abbreviations: AGP, α1-acid glycoprotein; BC, ß-carotene; BOFSP, boiled orange-fleshed sweet potato; C-RID, C-retinol Isotope dilution; CRP, C-reactive protein; CSS,
cross-sectional study or cross-sectional survey design; DRI, daily recommended intake; EAR, estimated average requirement; FFQ, food frequency questionnaire; LNG,
longitudinal study design; LMIC, low- and middle-income country; NPNLW, nonpregnant nonlactating women; NS, not significant; OFSP, orange-fleshed sweet potato;
OM, orange maize; PCS, prospective cohort design or study; RAE, retinoic acid equivalent; RBP, retinol binding protein; RCT, randomized control trial; RID, retinol isotope
dilution; TAG, triacyl glycerol; TBVA, total body vitamin A; VA, vitamin A; VAC, vitamin A capsule; VAD, vitamin A deficiency; WM, white maize; WFSP, white-fleshed
sweet potato.
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Introduction

Vitamin A is an essential micronutrient for the normal func-
tioning of the visual system, growth, development, and mainte-
nance of epithelial cellular integrity, immune function, and
reproduction [1]. Vitamin A regulates cellular differentiation,
which is highly responsive to changes in vitamin A status of
rapidly dividing cells. Indicators based on the measurement of
status in such cell systems may be expected to reflect vitamin A
status [2]. Vitamin A deficiency is defined as clinical ocular
symptoms of vitamin A deficiency, such as night blindness to
permanent loss of vision, and/or retinol plasma or serum con-
centration <0.70 μmol/L [2].

Globally, over 127 million children, inclusive of more than
one-third of children in sub-Saharan Africa, are affected by VAD
[3,4]. An estimated 3 million children have clinical manifesta-
tions of xeropthalmia; a third of these cases were in Africa [5].
Between 1995 and 2005, an estimated 19 million pregnant
women were affected by VAD [2,5]. VAD can occur in in-
dividuals of any age, with higher susceptibility among women
and children [2,6]. Women are particularly vulnerable to VAD
during pregnancy and lactation, evidenced by reports of night
blindness and low vitamin A levels in breast milk [7]. VAD
presents a disabling and potentially fatal public health problem
for children under 6 y of age [8,9] with a high prevalence of
blindness in children under 3 y [5].

In addition to the clinical manifestations of xeropthalmia and
risk of irreversible blindness, nonspecific symptoms include
increased morbidity and mortality, poor reproductive health,
increased risk of anemia, and delayed growth and development
[2]. However, the actual number of subclinical deficiencies
based on the prevalence of low serum retinol levels remains
uncertain because of the confounding and poorly quantified role
of infections [2]. Furthermore, many nonspecific adverse effects
of VAD may also be caused by other nutrient deficiencies
including deficiencies in iron, zinc, and the B-vitamins [10],
making it difficult to attribute nonocular symptoms to VAD alone
in the absence of biochemical measurements [11,12].

Preformed vitamin A is found in fish, organ meats (for
example, liver), eggs, and dairy products, whereas provitamin A
carotenoids (mainly ß-carotene) can be found in plant products
such as dark leafy greens, and red, orange, and yellow fruits and
vegetables like sweet potatoes, pumpkins, carrots and mangos.
There is a high efficiency of metabolization, absorption, and
storage of preformed vitamin A. In contrast, provitamin A ca-
rotenoids, like ß-carotene, have to be converted into active
vitamin A, retinol, and other retinoids in the human body and are
less bioavailable. VAD prevention efforts primarily occur
through vitamin A intervention approaches, including direct
increase in vitamin A intake through consumption of foods with
naturally high concentrations of preformed vitamin A or provi-
tamin A, vitamin A (or ß-carotene) supplements, food bio-
fortification, and indirect public health measures to control
disease frequency [13,14]. Biofortification refers to the process
of improving the nutrient quality of food through plant breeding,
biotechnology, or agronomic initiatives [15]. Efforts promoting
homestead food production of both biofortified and nonfortified
crops can directly reduce the prevalence of vitamin A deficiency
by increasing intake of food sources with high concentrations of
preformed vitamin A and provitamin A [16]. Adequate intake of
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fruits and vegetables that are rich in provitamin A is a sustainable
alternative to the provision of vitamin A supplements or fortified
food [17].

Although a plethora of research on the effectiveness of
vitamin A interventions exists, there is limited evidence on the
effectiveness of food-based interventions such as increasing di-
etary intake of foods with high concentrations of preformed or
provitamin A, traditional food fortification, or food bio-
fortification on vitamin A status. Food-based interventions offer
an opportunity for effective and catalytic programming to ach-
ieve global development targets, eradicate malnutrition, and
improve health outcomes at scale [18–20]. Considerable efforts
have been made in low- and middle-income countries (LMIC) to
promote vitamin A intake through increased production and
consumption of affordable provitamin A plant sources, mainly
containing ß-carotene and ß-cryptoxanthin [21]. Food-based
approaches, including supplementation, increased dietary di-
versity, and biofortification, have been identified as a key
strategy in improving multi-micronutrient deficiencies [22].

This systematic review documents the scientific evidence on
the effectiveness of food-based approaches on addressing VAD or
improving the vitamin A status of women and children under 5 y.
This review fills a critical gap in the literature base given that
there is no recent review on the effectiveness of food-based ap-
proaches in combating VAD.
Methods

The authors followed the systematic review process reported
by Crowther et al. [23] and adhered to the PRISMA guidelines
[24]. Systematic searches and extractions were used to map the
nutrition, agriculture, and public health literature and identify
key concepts and primary research. A literature search was
conducted using 4 large databases, including PubMed, CINHAL,
Web of Science, and Google Scholar. The search strategy was
developed in consultation with the University of Massachusetts
Amherst Health Science librarian until we achieved saturation in
the results.

Two authors, JN and KO, independently abstracted all studies
in this review using a search strategy of text words, index,
truncation, and Boolean operators [25]. The framework
employed the following search terms in PubMed, CHNHAL, Web
of Science, and Google Scholar: (“Food-based approach*” OR
“strateg*” OR “program*” OR “intervention*” OR “trial” OR
experiment*”) AND (“vitamin A status” OR ‘’vitamin A
deficienc*”) AND (“women” OR “young child*” OR “infant*” OR
“toddler*”). The * symbol serves as a wildcat that stands in for
any letters to finish the word. Additional searches were con-
ducted manually by looking at citations of full-text reviews, thus
serving as a reference list search (that is, backward reference
search) and cited reference search (that is, forward reference
search). All searches were conducted and logged from May 2021
to March 2022.
Eligibility and exclusion criteria
Studies with publication dates between 2011 and 2022 were

included in this empirical study. This time period reflects the last
decade during which no systematic reviews were found on this
topic. We included primary research studies that were 1)
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English-language publications in peer-reviewed journals; 2)
focused on interventions or programs of food-based approaches
aimed at improving vitamin A status or VAD of women and
children under the age of 5 y; and 3) cross-sectional studies that
explored the association between diet and vitamin A status of
women and children. Studies were excluded if they were single
case studies, unpublished theses or dissertations, not published
in peer-reviewed journals, or not relevant to the objective of this
review. We considered including articles in languages other than
English but omitted these from this systematic review due to
limited resources for translation of documents.
Study selection
Detailed information about the study selection process is

provided in the PRISMA flow diagram (Figure 1).
Quality assessment
Each of the studies under review was independently assessed

for quality by 2 authors, and reassessed by a third author. The
team assessed risk of bias in each of the studies following rec-
ommendations of the Agency for Healthcare Research and
Quality which provided evidence-based guidelines for assessing
comparative effectiveness and risk of bias reviews of individual
studies [26]. Recommendations applicable to this review
FIGURE 1. PRISMA flow diagram detailing the database searches, record
full-text articles included.
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included using a tool that is specific to the study design being
evaluated, transparency in how assessments were made, and
avoiding the presentation of risk of bias assessment as a nu-
merical score. For cross-sectional studies, we used the AXIS tool
as described by Downes et al. [27]. Developed in 2016, AXIS is a
critical appraisal tool that addresses study design, reporting
quality, and risk of bias in cross-sectional studies [27–29]. The
AXIS tool includes 20 items that focus on study quality including
justification of the sample, representativeness of the sample, use
of validated measures, description of statistical methods, dis-
cussion of no response bias, funding statement, and conflict of
interest disclosures [27]. For intervention studies, we deter-
mined risk of bias in randomized control trials using a tool that
assessed study quality including trial design, conduct, and
reporting [30]. For each domain, a series of questions elicited
information about features of the trial that could result in risk of
bias [31].
Data extraction
The research team used a standard form to extract informa-

tion from each article on authors, year of publication, study
design, study objective, sample size, recruitment method(s),
sample eligibility criteria, geographical location, measures of
vitamin A status and/or VAD, type of food-based approach,
s screened and excluded, full-text articles retrieved and reviewed, and
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sociodemographic characteristics, statistical methods, and the
effects on or relationship of the food-based approach to vitamin
A status/VAD. Data were independently extracted from articles
by 2 authors and later reconciled by the same authors by
comparing extracted data with the original research articles.
Discrepancies that arose between the 2 primary readers were
resolved through review and discussion with a third author until
consensus was reached. A protocol was not prepared for this
review and this review was not registered.
Results

A total of 27,322 studies were identified and screened for this
systematic review (PubMed: 918 articles; CINAHL: 1330; Web of
Science: 3674; Google Scholar: 21,400 articles). After all titles
and abstracts were examined, 26,780 studies did not meet the
inclusion criteria. An additional 115 studies were excluded
because of duplication and 5 were excluded because they were
solely abstracts. Consequently, a total of 422 studies were
screened. Of these, 2323 studies were excluded due to being
irrelevant to the main subject (n ¼ 313), single case reports (n ¼
2), duplication (n¼ 2), not English-language articles (n¼ 4), and
because the same study was published in 2 different journals (n¼
2) (Figure 1). Ninety-nine full-text articles were assessed further
and of these, 71 records were excluded for not pertaining to the
review of interest. Twenty-eight full-text articles were consid-
ered for inclusion and after excluding 4 articles, 24 empirical
studies were included for the final systematic review (Figure 1).

General characteristics and main methodological properties
of the 24 studies included in this systematic review are described
in Table 1. Twenty-three studies focused on plant-based foods as
sources of provitamin A/beta carotene and one study examined
micronutrient-fortified milk, a source of preformed vitamin A.
Interventions featured in this review spanned from 3 wk to 2 y.
One study was conducted in each of the following countries:
Uganda [32], Tanzania [33], Cameroon [34], Mozambique [35],
Mexico [36], Philippines [37], Indonesia [38] and Thailand
[39]. Two studies were conducted in each of the following
countries: Kenya [40,41] Nigeria [42,43], Zambia [44,45], India
[46,47], and United States [48,49]. Three studies were con-
ducted in Bangladesh [50–52] and 3 studies were conducted in
Brazil [53–55].
Participant characteristics
In total, there were 17,214 participants across the 24 studies

in the final analytical sample. The number of participants ranged
from 8 [49] to 3571 [47]. Four studies recruited less than 100
participants with a range from 8 to 70 participants [39,48,49,
56]. All other studies (N ¼ 20) recruited more than 100 partic-
ipants [32–35,37,38,40–47,50–55]. Two studies recruited par-
ticipants that were well-nourished with adequate vitamin A
intake [48,49], whereas 9 studies reported that the participants
had mild to moderate or marginal VAD [32,37,39,42–45,50,51].
Three studies indicated lower baseline vitamin A breast milk
concentrations [34,44,51].

Eight studies recruited only women [33,39,40,48–51,53], 8
studies included only children [37,41,42,45–47,54,57], and 8
studies included both women and children [32,34,35,38,43,44,
52,55]. Women included in the studies were in the reproductive
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age group ranging from 15 to 49 y, with a mean of 34.0 � 0.5 y.
Fourteen studies included children [32,34,35,37,38,41–43,
45–47,52,54,55,57], most (n ¼ 12) of which included children
�60mo [32,34,35,37,38,42,43,46,47,52,54,55]. The lowest and
highest reported mean ages for children were 20.8 � 0.5 mo and
8.9 � 2.4 y, respectively.
Risk of bias in individual studies
Eligible studies were assessed for risk of bias (Table 2). Most

studies explicitly stated the study objective as food-based ap-
proaches and vitamin A status or VAD; the population of interest;
and the exposure and outcome of the study [32,34,37,39,40,42,
44,45,48–51,54,57]. In the process of assessment, studies were
identified as having a risk for sampling bias if they had loss to
follow-up [32,39–41]. We noted 3 studies where measuring the
exposure or the outcome was based on participant recall which
increases bias [43,44,51]. Studies with stringent inclusion
criteria or greater than 15% loss to follow-up were considered to
have a higher risk of sampling bias [32,37,39,40,56]. One study
explicitly reported a high risk of measurement bias as one of its
limitations [46].
Methodological features of the studies
All studies reviewed were empirical and quantitative. Of the

24 studies, 14 studies (58.3%) were experimental studies [32,35,
37,39–42,44,45,48–51,56]. Ten of the experimental studies
were randomized control trials with 2 arms or groups [32,35,
39–44,51,56]; 2 studies had 3 arms [41,44] and 2 studies had 4
arms [50,51]. Two randomized crossover trials [48,49], with a
minimum of 2 wk between food-based treatments, and one pre-
and post-evaluation study were also included [38]. Ten studies
(41.7%) were nonexperimental [33,34,38,43,46,47,52–55],
with one study being a prospective cohort study [53] and one
with a longitudinal design that had an intended intervention
[33]. The remaining were cross-sectional studies [34,38,43,46,
47,52,54,55].
Sampling techniques
The reviewed studies employed various sampling techniques

at different stages of the design including multistage cluster
sampling [34,43,45,52], cluster sampling [32,35,46], simple
sampling at the village or household level [38,44,51], and simple
random sampling of participants [37,39,51]. Other studies
employed purposive sampling of participants [33,41,42,48,49,
53,55] or the sampling techniques were not clearly articulated in
the articles [40,50,54,57]. All 14 experimental studies employed
randomization of participants to the study arms. Among the
nonexperimental studies, 4 studies purposively selected women
who met the inclusion criteria [37,40,47,50]. In 7 studies, only
children under the age of 5 y were included in the study [37,42,
45–47,54,57].
Food-based approaches
Food-based approaches identified in this review included

examination of tubers, citrus, rice, maize, fruit, oil, peanuts, and
milk. Biofortified foods included orange-fleshed sweet potatoes
(600 μg) [32,35,40,50,51], provitamin A-fortified cassava (1mg
ß-carotene) [41–43,48,49], tangerines (13 RAE/100g) [51],
vitamin A fortified rice (6–31 μg/g) [39], and orange maize



TABLE 1
Characteristics of the studies included in the review of food-based approaches on vitamin A status of women and children under 5 y

Study Country Study design Sample size Age range and mean
age

Exposure/intervention Outcome

RCT Hotz et al., 2012 [32] Uganda � Randomized
control trial with 2
arms

� 2-y intervention

N ¼ 1416 children
843, women 573

Children 6–35 mo,
mean age 20.8 � 0.5
mo; 3–5 y, mean age
51.4 � 0.4 mo;
women 13–45 y,
mean age 34.0 � 0.5 y

OFSP distribution and
consumption

Serum retinol adjusted for
inflammation/infection

RCT Mason et al., 2011
[37]

Philippines � Randomized
control study with 3
groups

� 18 mo intervention

N ¼ 342 children Children 1–5 y, mean
age 32.4 � 9.8 mo

3-monthly and 6-monthly
VAC dosing vs. vitamin A
fortified coconut oil
promotion (3-mo and 9-
mo) plus 6-monthly VACs

Serum retinol

RCT Pinkaew et al., 2021
[39]

Thailand � Randomized
control trial

� 70-d intervention

N ¼ 70 lactating
women recruited
during pregnancy; 35
women in each group

Women 20–40 y,
mean age 28.9 � 5.2

Rice consumption (50 μg
RAE/50g) with other
foods vs. unfortified rice

Change in vitamin A
status measured using the
C-RID [4] test

RCT Girard et al., 2017
[40]

Kenya � Intervention study
with control

� 1-y intervention

N ¼ 505 women. 250
intervention arm and
255 control arm

Women, mean age
24.3 � 5.5 y Prime
gravidity at 30%

Distribution of OFSP
vines, enhanced nutrition
education about OFSP
and vitamin A vs. clinic-
based nutrition only

Serum retinol adjusted for
infection

RCT Talsma et al., 2016
[41]

Kenya � Randomized
control trial with 3
arms, 6/d for 18 mo

� 5-wk intervention

N ¼ 342 children Children 5–13 y,
mean age 8.9 � 2.4 y

Yellow cassava vs. ß-
carotene supplement vs.
white cassava

Serum retinol level

RCT Palmer et al., 2016
[44]

Zambia � Randomized
control trial, with 3
arms

� 6-wk intervention

N ¼ 149 lactating
women with children
aged 4–12 mo

Women 20–30 y,
mean age 22 y

White maize and placebo
verses orange maize
(600μg RAE/d) vs.
Vitamin A capsule
(600ug) retinyl palmitate

Milk retinol concentration
adjusted for CRP and AGP

RCT Palmer et al., 2016
[45]

Zambia � Randomized
control trial, with 2
arms

� 6-mo intervention

N ¼ 1024 children Children 4–8 y, mean
age 5.7 � 1.3 y

Biofortified orange maize
verses white maize

Serum retinol, response to
grade light stimuli

RCT La Frano et al., 2013
[48]

United States � Randomized, single
blind crossover
study

� 3 meals with 2 wk
washout period

� 6 sample collection
between 0.5 and 9.5
h

N ¼ 12 nonpregnant
women

Women 21–44 y,
mean age 29.3 � 8.8 y

Biofortified cassava, each
participant consumed 3
randomized cassava
porridges, 3 meals
separated by 2 wk wash
out

Post prandial plasma
triacylglycerols retinol
lipoprotein

RCT Zhu et al., 2015 [49] United States � Randomized
crossover trial

� Three gari
preparations
separated by 2 wk
washout periods

N ¼ 8 women Women 19–43 y,
mean age 27.1 � 2.9 y

Three gari preparations
separated by 2-wk
washout periods;
treatments (containing
200–225.9 g gari) were
biofortified gari
(containing 1 mg ß-

Post-ingestion
Triacylglycerol-rich
plasma and drawn 6 times
from 0.5 to 9.5 h

(continued on next page)

J.N
ankum

biet
al.

A
dvances

in
N
utrition

14
(2023)

1436
–1452

1440



TABLE 1 (continued )

Study Country Study design Sample size Age range and mean
age

Exposure/intervention Outcome

� 6 sample collection
between 0.5 and 9.5
h

carotene), red palm oil-
fortified gari (1 mg ß-
carotene), and unfortified
gari with a 0.3 mg retinyl
palmitate reference dose

RCT Jamil et al., 2012 [50] Bangladesh � Randomized
control trial, with 4
arms

� 10-wk intervention

N ¼ 120 nonpregnant,
nonlactating women

Women 18–45 y,
mean age 28.4 � 6.5 y

WFSP þ a corn oil
capsule, 600ug of boiled
OFSP þ capsule 150 uL
corn oil (BOFSP); boiled
WFSP þ a capsule
containing 600 ug RAE of
retinyl palmitate; 600 ug
as boiled and fried OFSP
and a corn oil capsule
(FOFSP)

Plasma retinol
concentrations

RCT Turner et al., 2013
[51]

Bangladesh � Randomized
placebo-controlled
trial with 4 arms

� 3-wk intervention

N ¼ 136 lactating
women; 34 women in
each of the 4 groups

Women 18–45 y,
mean age 24.0 � 5 y

Vitamin A capsule þ
white-fleshed sweet
potatoes vs. tangerine þ
placebo capsule vs. OFSP
þ placebo capsule vs.
white-fleshed sweet
potatoes þ placebo
capsule; assessed using
FFQ

Serum retinol level

RCT Lopez-Teros et al.,
2013 [57]

Mexico � Randomized
control trial

� 3-mo intervention

N ¼ 27 children Children 3–6 y, mean
age 5.5 y

Daily consumption of 250
mL of VA fortified milk
providing 196 RAE/d

TBVA; serum retinol

RCT Afolami et al., 2020
[42]

Nigeria � Randomized
control trial

� 93-d intervention

N ¼ 176 preschool
children

Children 36–60 mo,
mean age 49 � 12.4
mo

Children were fed on
either yellow or white
cassava twice a day, 6 d a
week for 93 d providing
221 RAE/d of the yellow
cassava vs. 74 RAE/mcg
of the white cassava

Serum retinol adjusted for
inflammation

RCT Hotz et al., 2012 [35] Mozambique � Randomized
control trial

� 2.5 y intervention

N ¼ 432 women and
children

Children 6–35 mo;
3–5.5 y, mean 22.4 �
0.4 mo, pregnant and
women, mean age
28.9 � 0.5 y

Distribution of OFSP vine,
intake of vitamin A foods
including OFSP

OFSP consumption and
vitamin A intake by
children and women

LNG Ndau et al., 2016 [33] Tanzania Longitudinal
intervention design

N ¼ 569 lactating
women

Lactating women
15–49 y

Consumption of vitamin A
rich foods, knowledge
about vitamin A and
fortified oil

Serum retinol

CSS and PCS Jus’at et al., 2014
[38]

Indonesia Cross-sectional
survey, pre-post
design with
independent samples.
Study also collected
semi-weekly oil

N ¼1518 women and
children

Lactating mothers,
mean age 28.9 � 6.7
y; children 12–23 mo,
mean age 17.1 � 3.8
mo; 24–59 mo, mean
age 38.3� 10; women

Dietary intake of vitamin
A and consumption of
vitamin A fortified
cooking oil

Serum retinol adjusted for
subclinical infection of
women and children

(continued on next page)
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TABLE 1 (continued )

Study Country Study design Sample size Age range and mean
age

Exposure/intervention Outcome

samples from 2
cohorts, 1) children
(5–9 y) and 2) women
(15–29 y), between
surveys

15–29 y, mean age
23.0 � 6.6 y

CSS De Moura et al., 2015
[43]

Nigeria Cross-sectional survey N ¼ 578 Mother-child
dyads

Women 18–49 y mean
age 28.2 � 7.9 y;
children 6–59 mo
mean age 32.5 � 14.9
mo

Dietary intake including
consumption of
provitamin A biofortified
cassava, assessed using
multiple 24-h recall

Serum retinol adjusted for
inflammation/ infection

CSS Sachdeva et al., 2011
[47]

India Cross-sectional survey N ¼ 3571 children Children 0–60 mo,
mean age 36.0 � 21
mo

Dietary intake and
Vitamin containing foods

Xeropthalmia; ocular
examination and proxy
report from mothers

CSS Suri et al., 2017 [46] India Cross-sectional survey N ¼ 750 children Children 12–60 mo,
mean age 33.45 �
12.7 mo

Dietary intake assessed
using the Hellen Keller
FFQ

VAD as deduced from the
dietary intake

RCT Rahman et al., 2017
[52]

Bangladesh Cross-sectional survey N¼ 1176 women and
children

Children 6–59 mo,
Children 6–14 y,
NPNLW 15–49 y

Dietary intake was
assessed using the FFQ

serum retinol levels
adjusted for CRP and AGP

LNG Neves et al., 2018
[53]

Brazil Prospective cohort
study

N ¼ 442 pregnant
women

Women, mean age
24.7 � 6.4 y

Dietary intake including
Amazon fruits

Serum retinol

CSS Lira et al., 2018 [55] Brazil Cross-sectional study N ¼ 134 pairs of
mother-infant dyad,
lactating women

Women 18–40 y 24.9
� 6.6 y
Children <1 y

Dietary intake in the last 3
mo using an FFQ

Serum retinol and ß-
carotene

CSS Lima et al., 2017 [54] Brazil National survey N ¼ 3417 children Children 6–59 mo Dietary intake VAD as measured using
serum retinol levels

CSS Engle-stone et al.,
2017 [34]

Cameroon Cross-sectional
survey, pre-post
design with
independent samples:
2 y before and 1 y
after cooking oil
fortification program

N ¼ 300 women
15–49 y and children
12–59 mo

Children 12–59 mo,
mean age 32.9 � 0.8
mo; women 15–49 y,
mean age 29.1 � 0.4 y

Vitamin A fortified
coconut oil intake
measure using FFQ

Serum RBP, breast milk
retinol adjusted for
inflammation

Abbreviations: AGP, α1-acid glycoprotein; BOFSP, boiled orange-fleshed sweet potato; C-RID, C-retinol Isotope dilution; CRP, C-reactive protein; CSS, cross-sectional study; FFQ, food frequency
questionnaire; LNG, longitudinal study; OFSP, orange-fleshed sweet potatoes; PCS, prospective cohort design; RAE, retinoic acid equivalent; RBP, retinol binding protein; RCT, randomized control
trial; VAC, vitamin A capsule; WFSP, white-fleshed sweet potato.

J.N
ankum

biet
al.

A
dvances

in
N
utrition

14
(2023)

1436
–1452

1442



TABLE 2
Findings, study limitations, and risk of biases of the studies included in the review of food-based approaches on vitamin A status of women and
children

Study Main findings Baseline and end data for
Vit A levels

Study limitations Risk of bias

NS Hotz et al., 2012 [32] Significant increase in
OFSP consumption; no
impact of intervention on
serum retinol for women
One-third reduction in
serum retinol <0.7mmol/
L, 9.5% reduction in the
prevalence of children
with retinol <1.05 mmol/
L

Vit A RAE, μg/d Children
6-35 mo: Baseline IP 315
� 49, RP 242 � 39,
Control 315 � 59. Follow-
up IP 443 � 61, RP 425 �
70, Control 279 � 40
Women: Baseline IP 692
� 73, RP 683 � 87,
Control 855 � 120.
Follow-up IP 1390 � 170,
RP 12205 � 170, Control
762 � 90

Unable to tease out the
contribution of vitamin A
levels from other sources
such as red palm oil

Sampling bias due to
significant loss to follow-
up, potentially resulting
into differential
misclassification

Sig Mason et al., 2011 [37] No difference in baseline
serum retinol was
observed between VAC
groups, and no significant
change in serum retinol
and VAD was observed
from baseline to endpoint
for VAC groups.
Promotion of vitamin A-
fortified oil over 9 mo
plus 6-monthly VACs
seemed most effective
with a significant increase
in serum retinol (5–6mcg,
P < 0.001) and decrease
in the prevalence of low
serum retinol

Blood samples were
collected to assess serum
retinol and hemoglobin
status. Mean serum
retinol across all groups
was 22.5 � 6.6 mcg/dL at
baseline. No significant
changes in serum retinol
at endpoint for VAC
groups. An 5–6 mcg
increase in serum retinol
was observed over 18 mo
for the promotion of
vitamin-A fortified oil (9
mo) plus 6 monthly VACs
(P < 0.001).

Changes in the initial
methods, the intervention
arm of oil promotion
picked momentum at a
later point therefore at the
end of 18 mo, there was
no comparison/control
group. The results are not
generalizable due to the
lack of a comparison
group.

Sampling and
measurement bias due to
changes in study
methodology along the
course of the intervention.

Sig Pinkaew et al., 2021 [39] Total body vitamin A
stores were significantly
higher in the intervention
than the control group. An
estimated total liver VA
reserves indicated high
levels of VA deficiency

TBS of VA, μmol retinol
VA rice: Baseline ¼ 240
(182, 316), Endpoint ¼
331 (251, 447), Change ¼
52.9 (�74, 453). Control:
Baseline ¼ 257 (199,
339), Endpoint ¼ 275
(214, 355), Change ¼
�4.3 (�106, 275)

Metabolic differences
among women impacting
on the assumptions used
for the stable isotope
technique (RID) equation.
The necessity to validate
the results since accuracy
reduces as due to losses
through breast milk

Sampling bias due to loss
to follow-up

Sig Girard et al., 2017 [40] No impact of the
intervention on the mean
RBP, however with
reduced odds of RBP
<1.17 mmol/L (P ¼ .001)
at 9 mo. Higher odds of
VA adequacy as measured
by EAR or DRI (P< .001)

VA, μg RAEs/d.
Intervention: 451
(251–810)
Control: 321 (173–533)
Adjusted 95% CI: 287 (82,
513) p < .01

Minimal bias due to
geographical clustering,
logistical constraints

Sampling bias due to
losses to follow-up in
either group of the study

NS Talsma et al., 2016 [41] An increase in serum
retinol concentration by
0.04 μmol/L was
observed for both yellow
cassava and ß-carotene.
No marked difference was
observed in the
prevalence of VAD for
yellow cassava or ß-
carotene

Baseline prevalence of
serum retinol
concentration <0.7 μmol/
L was 27% Intake of
yellow cassava and
supplementation with ß-
carotene increased serum
retinol concentration by
0.04 μmol/L

Sample size might have
been a limitation of the
study. Furthermore,
serum retinol
concentration as a
primary measure may
result in overestimation of
deficiency and
underestimation of effect

Sampling bias due to loss
to follow-up, however not
significant

NS Palmer et al., 2016 [45] The mean �SD pupillary
threshold did not differ
significantly between WM
and OM clusters at
baseline (�1.94 � 0.71
compared with �1.82 log
cd/m2 � 0.79,
respectively; p ¼ 0.16)

Baseline: At baseline,
11.7% of the children had
serum retinol <0.7
mmol/L, 14.4% had
impaired dark adaptation
(pupillary threshold 21.1
log cd/m2), and 2.3% had
night blindness. <0.7

Significant differences
were identified in the
subsample of children by
intervention group
including pupillary
baseline response, this
may have affected the
results

Measurement bias due to
differences in the 2-
intervention group were
likely to regress the mean
of the pupillary response

(continued on next page)
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TABLE 2 (continued )

Study Main findings Baseline and end data for
Vit A levels

Study limitations Risk of bias

and at end line (�1.98
�0.79 compared with
�1.88 log cd/m2 � 0.73)
respectively

μmol/L was 12.9% for the
WM group and 10.4% for
the OM group. No endline
data reported

NS Palmer et al., 2016 [44] The mean milk retinol
concentration was higher
in the orange maize group
vs. the VA capsule group.
However, the difference
was not statistically
significant

Milk retinol μmol/L, WM
þ placebo/Initial: 0.93
(0.76, 1.14)/Final: 0.91
(0.72, 1.14)
OM þ placebo/Initial:
0.95 (0.78, 1.16)/Final:
1.15 (0.96, 1.39)
White maize þ VA/
initial¼ 1.01 (0.85, 1.20)/
Final: 1.17 (0.99, 1.38)

The intervention period
was short, probably
results would be different
if longer

Measurement bias as a
result of discrepancies in
the outcome indicator,
the milk sampling method
has an effect on the retinol
concentration

Sig La Frano et al., 2013 [48] The plasma TAG retinol
lipoproteins were higher
with the biofortified meal
compared to the other 2
meals. Similar
bioavailability was
observed for the 3 meals;
however, the rate at
which ß-carotene was
detected in blood was
significantly different

No baseline and end data
were collected regarding
VA concentration of
participants

The participants in the
study were well-
nourished, probably with
adequate vitamin A
reserves, this affects the
effect of the intervention

Measurement bias as a
result of possible carry-
over effects

Sig Zhu et al., 2015 [49] There was an increase in
ß-carotene and alpha-
carotene and retinyl
palmitate at the end of the
meal. The retinyl
palmitate induced by the
red palm oil supplement
added to biofortified
cassava gari was greater
than that induced by the
red palm oil added to
unfortified cassava gari (P
< .05) (4.12 � 1.5 vs. 2.4
� 0.3 μg provitamin A
carotenoid:1 μg retinol)
(means � SEM)

Conversion of vitamin A
for red palm oil was 2.4 �
0.3 and for biofortified
gari 4.2 � 1.5 μg
provitamin A carotenoid/
1 μg retinol. Both resulted
in increased levels of ß-
carotene, α-carotene, and
retinyl palmitate in
triacylglycerol-rich
plasma concentrations of
participants

The study was conducted
among well-nourished
American women,
probably the results
would have been different
in a vitamin A deficient
population

Measurement bias due to
possible carry-over effects

NS Jamil et al., 2012 [50] Mean plasma ß-carotene
concentrations were
higher in groups that
received OFSP (P < .001),
and final mean plasma ß-
carotene was marginally
higher in the group that
received fried OFSP
compared with boiled
OFSP (P ¼ 0.07). No
significant differences
observed between
baseline and final total
body VAs. Despite BC
concentration, there was a
limited impact of OFSP on
vitamin A status

Initial and final total body
VA pool sizes were 0.071
� 0.081 mmol and 0.153
� 0.356 mmol,
respectively, for all
groups combined (P ¼
0.50, N ¼ 115)

Differences in the diets for
the 2 study populations
may have painted a
different picture of the
results compared to if the
2 groups were initially as
close as possible

Measurement bias due to
differences in the diets for
the 2 study population
groups

NS Turner et al., 2013 [51] Plasma retinol increased
in the VA group. Plasma
BC in the OFSP group and
ß-cryptoxanthin in the
tangerine group increased
250% and 830%,
respectively; apparent
relative absorption in the

Retinol (mmol/L):
Control: Baseline
0.83�0.03, Final 0.86�
0.03
OFSP: Baseline
0.85�0.04, Final 0.96�
0.04
VA: Baseline 0.9 �0.05,

Self-reporting of factors
such as intake of foods
other than treatments, the
relatively short
intervention time, and the
inability to measure
changes in VA status
directly

Measurement bias due to
dietary intake assessment
errors

(continued on next page)
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TABLE 2 (continued )

Study Main findings Baseline and end data for
Vit A levels

Study limitations Risk of bias

ß-cryptoxanthin group,
considering the amounts
consumed, was 4 times
that in the BC group.
OFSP and tangerines did
not contribute to
increased VA
concentration in
breastmilk

Final 1.21�0.05
Tangerine: Baseline
0.88�0.05, Final 0.93�
0.04

Sig Lopez-Teros et al., 2013
[57]

Median changes in the
serum retinol
concentration for the
intervention and control
groups were 0.13 and
20.21 mmol/L,
respectively (P ¼ 0.009).
Median changes in the
TBVA stores were 0.06
and 0.01 mmol,
respectively (P ¼ 0.006)
and estimated median
changes in the liver VA
concentration were 0.09
and 0.01 mmol/g,
respectively (P ¼ 0.002)

Serum retinol mmol/L
Intervention: Baseline
1.19, 3 mo 1.38
Control: Baseline 1.29, 3
mo 10.9

Lack of placebo milk to
the children in the control
group

Measurement bias due to
dietary intake assessment
errors

NS Afolami et al., 2020 [42] No significant treatment
effect for adjusted ß-
carotene was detected
(3.9%; 95%CI: �0.6%,
8.6%). But a significant
effect for the hemoglobin
concentration (adjusted
effect: 3.08 g/L; 95% CI:
0.38,5.78 g/L)

β-carotene, μmol/L
White cassava group/
Baseline 1.82 (1.25,
2.48), Follow-up 2.51
(1.76, 3.36)
Yellow cassava group/
Baseline 1.90 (1.35,
2.42), Follow-up 2.64
(2.10, 3.57)

Challenging to control for
the foods consumed by
the children outside the
intervention meals. Low
prevalence of VAD in the
study population
contributing to a
nondetectable treatment
effect

Measurement bias due to
lack of control of other
food consumed

Sig Hotz et al., 2012 [35] There was a significant
net increase in OFSP and
vitamin A intake by
children 6-35 mo, 3-5.5 y,
and women, OFSP
provided 80% of the total
vitamin A intakes

Women Vit A intake (μg
RAE/d) Mean:
Model 1: Baseline 504.4,
Follow-up 1053.9
Model 2: Baseline 523.7,
Follow-up 1240.2
Control: Baseline 541.3,
Follow-up 599.2

Biochemical or clinical
indicators of vitamin A
status were not included,
therefore it was not
possible to predict the
impact of the increase of
vitamin A intake on
change in vitamin A
status, instead relied on
other smaller studies in
the same area that
reported improvement in
serum retinol
concentration

Measurement bias due to
dietary intake assessment
errors

N/A Ndau et al., 2016 [33] Mothers had a positive
attitude toward vitamin A
consumption though
consumption of vitamin A
rich foods was generally
low; 40% of the mothers
consumed animal
products and 20%
consumed plant products;
Residence was
significantly associated
with vitamin A status (P<

.001). Prevalence of VAD
was highest in the
younger age group 15–19
at 88.5%

No baseline and end data
were collected regarding
vit A concentration of
participants

subclinical infection/
inflammation was not
controlled for, possibly
could have had an effect
on the prevalence of VAD

Measurement bias due to
lack of measurement for
possible confounding
factors

Sig Jus’at et al., 2014 [38] Fortified oil improved
vitamin A intake of

Mean (CRP/AGP-
adjusted) serum retinol

Uncertainty in the
extrapolation of vitamin A

(continued on next page)
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TABLE 2 (continued )

Study Main findings Baseline and end data for
Vit A levels

Study limitations Risk of bias

children, lactating and
nonlactating women.
Serum retinol was 2–19%
higher at end line than
baseline (P<⋅001). After
adjusting for
socioeconomic
differences, vitamin A
intake from fortified oil
predicted retinol status
for children aged 6–59mo
(P ¼⋅003) and 5–9 y (P ¼
⋅03)

concentrations at baseline
ranged from 30⋅7 μg/dl
among children aged
6–11 mo and lactating
mothers, to 42⋅7 μg/dl
among nonlactating
women at endline, mean
retinol was higher among
all groups, with P < 0⋅001
among all groups except
children aged 12–23 mo
(P ¼ 0⋅529) and 24–59
mo (P ¼ 0⋅057)

content in oil from a
subsample of households.
Potential measurement
errors in the measurement
might have diluted the
associations between
vitamin A intake from oil
and vitamin A status

Measurement bias due to
possible errors recording
dietary intake

N/A De Moura et al., 2015
[43]

Vitamin A intake was
adequate with a high
median of intake children
1038 μg RAE/d for
children and 2441 μg
RAE/d for women. VAD
was 16.9% among
children and 3.4% among
women. Fortified cassava
and dark leafy vegetables
were the primary sources
of VA

No baseline and end data
were collected regarding
vit A concentration of
participants

Study limitations were
not highlighted

Measurement bias as by
design

Sig Sachdeva et al., 2011 [47] Overall prevalence was at
9.1%. Low intake of
proteins and vitamin A
containing foods as well
as predominant maize
diet were significant
dietary factors. Rural
dwelling, lower social
class, maternal illiteracy
were significant
antecedent
sociodemographic risk
factors

No baseline and end data
were collected regarding
vit A concentration of
participants

Inability to determine
cause and effect being a
cross-sectional study

Measurement bias due to
errors recording dietary
intake

N/A Suri et al., 2017 [46] Plant and animal sources
such as eggs and butter
were the major sources of
vitamin A in the study
population. Consumption
of animal foods was low
to negligible. 80% of
villages exhibited
subclinical VAD, with 9/
15 identified using the
animal protein intake
criteria and 12/15 using a
weighted intake score.
Three villages did not
have subclinical VAD

No baseline and end data
were collected regarding
VA concentration of
participants

Possibility of
overestimation of the
outcome because
breastmilk was not taken
into consideration

Measurement bias as a
result of the exclusion of
other vitamin A sources

Sig Rahman et al., 2017 [52] VAD prevalence was
highest among preschool
(6-59 mo) 20.5% vs.
20.8% and school-age (6-
14 y) children compared
to 5.3% NPNLW. Higher
consumption of animal
foods was significantly
associated with VA status,
while higher consumption
of leafy green vegetables
was associated with lower
retinol status

No baseline and end data
were collected regarding
vit A concentration of
participants

Inability to establish the
cause-effect relationship
given the study design,
exclusion of foods from
the FFQ which are part of
the participants' diet

Measurement bias due to
errors recording dietary
intake

(continued on next page)
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TABLE 2 (continued )

Study Main findings Baseline and end data for
Vit A levels

Study limitations Risk of bias

Sig Neves et al., 2018 [53] Serum retinol levels were
associated with the
consumption of Amazon
fruits (β ¼ 0⋅087: 95% CI:
0.012, 0.162)

First evaluation week
(16–20 wk): IQR ¼
1.00–2.60
Second evaluation week
(~28 wk): IQR ¼
1.20–2.70

Lack of data on other
biochemical indicators
such as the retinol binding
protein, the actual
nutrient intake was also
not estimated

Sampling bias due to
nonprobability sampling
techniques

Sig Lira et al., 2018 [55] 16% of the women had
insufficient intake of VA
and ß-carotene. Mean
retinol levels were low in
8% of the mothers though
they were adequate
overall. Retinol and ß-
carotene levels were
positively associated in
cord serum (P ¼ 0.004),
maternal serum (P ¼
0.041), and colostrum
(P< 0.001) but not
associated with dietary
intake

No baseline and end data
were collected regarding
vit A concentration of
participants

Use of mean retinol
concentrations to support
biochemical and
nutritional risk of VAD
can mask

Measurement bias due to
possible errors recording
dietary intake

Sig Lima et al., 2017 [54] After adjusting for
confounders,
consumption of meat at
least once in the 7 d was a
protective factor (PR:
0.24; 95% CI: 0.13, 0.42).

No baseline and end data
were collected regarding
vit A concentration of
participants

Overestimation of serum
retinol levels since
inflammation was not
measured and controlled
for

Measurement bias due to
possible errors in dietary
intake recording

NS Engle-stone et al., 2017
[34]

Evaluation after a year of
VA fortified oil no
significant changes were
observed in plasma RBP
or breastmilk VA status

Women
Pre-Fortification (2009)
RBP, μmol/L 1.41� 0.02
Post-Fortification (2012)
RBP, μmol/L 1.40 � 0.02
Children
Pre-Fortification (2009)
RBP, μmol/L 0.87 � 0.02
Post-Fortification (2012)
RBP, μmol/L 0.88 � 0.02

the sample size was
probably inadequate, the
picture would be different
for a larger sample size

Measurement bias

Abbreviations: AGP, α1-acid glycoprotein; BC, ß-carotene; BOFSP, boiled orange-fleshed sweet potato; C-RID, C-retinol Isotope dilution; CRP, C-
reactive protein; DRI, daily recommended intake; EAR, estimated average requirement; FFQ, food frequency questionnaire; NPNLW, nonpregnant
nonlactating women; NS, not significant; OFSP, orange-fleshed sweet potatoes; OM, orange maize; RAE, retinoic acid equivalent; RBP, retinol binding
protein; RID, retinoic isotope dilution; Sig, statistically significant; TAG, triacyl glycerol; TBVA, Total body vitamin A; VA, vitamin A; VAC, vitamin A
capsule; VAD, vitamin A deficiency; WFSP, white-fleshed sweet potato; WM, white maize.
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(17–24 μg/g, [44,45]. Other food-based approaches used
micronutrient-fortified milk [57], red palm oil (1mg ß-carotene)
[49], vitamin A fortified cooking oil [33,38], and vitamin A
fortified coconut oil [34,37]. Fruits from the Amazon rain forest
with high concentrations of provitamin A carotenoids were
included in one study [53]. Four studies focused on the associ-
ations between dietary intake of foods rich in provitamin A ca-
rotenoids and vitamin A status or VAD [33,47,52,54]. Four
intervention studies compared vitamin A supplements to
food-based approaches or dietary intake of foods with high
concentrations of preformed or provitamin A [37,44,50,51].
Interventions included distribution of supplemental foods to
participants for daily consumption [39,56] and plant materials,
such as orange-fleshed sweet potato vines [32,35,40]. In-
terventions designed as controlled experiments included pre-
pared meals distributed to participants on top of their daily diets
[41,42,48,49,57]; dietary intake effects on vitamin A status [33,
38,47,54,55]; take-home uncooked foods for consumption with
the other foods/meals [39,51]; or vitamin A supplementation
1447
compared to dietary intake of foods with high concentrations in
provitamin A carotenoids [37,41,44,50,51].

In randomized controlled trials, the intervention period
ranged from 3 wk [51] to 2 y [32], with 3 interventions
extending beyond 12 mo [32,35,37]. Three experimental studies
included more than one intervention and comparison arm [41,
50,51]. Dietary intake, as an exposure variable, was assessed
with either a food frequency questionnaire (FFQ) [34,35,46,52,
53,55] or 24-h dietary recall [32,38,40,47,48].

Vitamin A status/vitamin A deficiency measurement
Outcomes of interest in the reviewed studies were vitamin A

status and VAD. Measurement methods for these variables
included high-performance liquid chromatography [32,35,37,
41,44,48,51–55,57], enzyme-linked immunosorbent assay [33,
34,38,40,41], or the retinol isotope dilution (RID) [39]. Vitamin
A status was also estimated using postprandial plasma TAG
retinol lipoprotein [48,49], response to grade light stimuli [45],
xeropthalmia through ocular examination [47], or post-ingestion
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and VAD deduced from dietary intake [46]. Eleven of 24 studies
(45.8%) reported adjusting serum retinol levels for inflammation
or subclinical infection [32,34–36,38–40,42–44,52].

Effect of food-based approaches on vitamin A status
of women and children

A significant difference in vitamin A status was observed
between the intervention and control groups (P < 0.05) in 8
intervention studies [35,37,39,40,48,49,52,57]. In another 7
intervention studies, no statistically significant differences were
observed between groups, although vitamin A levels were higher
in the intervention group compared to the control group in some
studies [32,41,42,44,45,50,51]. Some of these studies found a
statistically significant (P < 0.05) improvement in the vitamin A
status or serum retinol levels [37,39,52], or improvement in TAG
retinol lipoproteins [48], or improvement in total body vitamin
A stores [40,57], or increase in beta ß-carotene, α-carotene, and
retinyl palmitate in triacylglycerol-rich plasma concentrations
[49] of the participants in the intervention groups. While an
additional 2 studies reported a statistically significant positive
association between dietary intake of foods with high concen-
trations of preformed vitamin A or provitamin A and vitamin A
status [48,52]. In one study, a significant mean difference in
retinol levels was noted in children but not among the women
studied [32]. Another study reported a significant change in
retinol levels at 18 mo as opposed to the 3-mo follow-up period
[37].

In 5 cross-sectional studies, dietary intake of foods with high
concentrations of provitamin A carotenoids was associated with
higher serum retinol levels or other indicators or vitamin A status
[38,47,53–55]. One cross-sectional study reported nonsignifi-
cant associations between vitamin A intake and serum levels
[34]. Retinol levels were adjusted for inflammation or subclini-
cal infection in 12 of the 24 studies [32,34,38–41,43,44,50–53].

Limitations of individual studies
A major limitation of this review is that studies derived from

the search terms comprised plant-based food approaches, with
the exception of one study on vitamin A fortified milk [57]. In-
dividual studies included in the review highlighted a number of
design and sampling-related limitations (Table 2). Cross-sectional
studies could not establish a causal relationship. Three studies
noted an inadequate amount of time (that is, 3–18mo) to observe
effects in intervention studies [37,42,56]. Four studies had
low-powered designs with insufficient sample sizes to compre-
hensively examine the effects of food-based approaches on the
retinol levels or vitamin A status of the populations [34,48,49,
56]. Three studies did not include biochemical measurements of
serum retinol and instead, deduced vitamin A status from dietary
intake or ocular examination thus increasing the likelihood of
estimation error and bias associated with self-reports [35,46,47].

Another study noted the possibility of underestimation of the
outcome as a limitation considering the nutrition contribution of
breast milk was not measured [46]. Similarly, the lack of preci-
sion in the estimation of the 600 μg capsule of vitamin A in
another study may have resulted in overestimated changes in
retinol levels hence reducing the power to detect an effect [44].
Two studies reported that additional confounding factors for
vitamin A status were not measured [33,54], thus increasing the
likelihood of overestimation of the outcome. In one study, the
1448
physiological status of women who were breastfeeding may have
impacted the assumptions used in RID calculations [39], hence
suggesting a need to further validate the results due to issues
with accuracy related to losses through breast milk. Two studies
identified the inability to delineate the effect of the intervention
as the sole contributor to the vitamin A status as a study limi-
tation [32,42]. Another 2 studies were conducted among
adequately nourished women suggesting optimal vitamin A
status compared to studies examining VAD among participants
[48,49]. Change in the initial methods of one study was docu-
mented as a limitation [37].

Discussion

This systematic review examined and synthesized research on
the effects of food-based approaches on vitamin A status or VAD
of women and children. The studies included in this review
focused on women who were pregnant or lactating, and/or
children under 5 y of age. These are critical stages of the life cycle
with increased demand for vitamin A [58]. Vitamin A is neces-
sary for cell differentiation and organ formation during preg-
nancy, for tissue repair in the postpartum period [59,60], and
during fetal growth and development [58]. This systematic re-
view assessed evidence of the effects of food-based approaches
on the vitamin A status of women and children, and aimed to
serve as a reference for future research and policy development.
Previous reviews on vitamin A interventions have reported
inconsistent results for improvements in vitamin A status [60]
and none reported improvement in the absorption of other
micronutrients [61].

There is high rate of mortality among children under 5 y of age
in LMIC [62,63]. Almost three-fourths (72%) of children aged
6–23 mo are not fed a minimally diverse diet to meet their
nutrition needs resulting in a high risk of not meeting their
vitamin A requirements [64]. Food-based approaches provide
opportunities to integrate the delivery of successful
evidence-based interventions in maternal health and childhood
programs for early identification, prevention, and control of VAD.
Furthermore, evaluating interventions that can enhance nutrient
intakes for desired health outcomes in resource-constrained set-
tings can inform national policies to reduce malnutrition and
improve health outcomes.

This systematic review found that some food-based ap-
proaches focusing on vitamin A had the potential to improve the
vitamin A status of affected populations. Fifty-four percent (N ¼
13) of the studies in this review reported statistically significant
results in interventions aimed at improving serum retinol levels
[35,37,39,40,48,49,52,57] or in cross-sectional studies exam-
ining associations between dietary intake and vitamin A status or
serum retinol levels [38,47,53–55]. In one cross-sectional study,
consumption of animal source foods had an advantage over dark
leafy green vegetables as protective factor for vitamin A status
[52]. Household income and place of residence (urban compared
with rural) were also significant variables attributable to higher
serum retinol levels [47], suggesting that a multitude of factors
influence vitamin A intake. The limitation of cross-sectional
designs is that they cannot ascertain causal pathways. Howev-
er, these studies still provide important information on de-
terminants of intake of foods with high concentrations of
preformed or provitamin A.
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When a focus on and engagement of the population of interest
is central to programming, the benefits of food-based approaches
are likely to reach the poorest populations, while being more
sustainable and environmentally friendly [65]. In addition, such
food-based approaches are less likely to cause toxicity compared
to high dose vitamin A supplementation programs [66,67].
Nevertheless, there are challenges in the design and assessment
of the multiple input variables that go into a comprehensive
food-based intervention [68]. Considerations have to be made to
assess the quality of studies. Examination of the variety of ap-
proaches and crops used, including dietary modification of
traditional foods, combinations of supplement and food-based
interventions, and biofortification of widely consumed staple
foods such as rice, maize, orange-fleshed sweet potatoes, and
cassava, is also needed. Most importantly, this review presents
mixed findings and recommends more research to determine the
most successful food-based approaches, including an under-
standing of what length of time or dose-response is needed in a
food-based intervention. Furthermore, more studies on the
effectiveness of preformed vitamin A on VAD are needed, as well
as comparative studies that examine the effect of various dietary
patterns on VAD.

A key recommendation derived from this systematic review
was that the need for comparative research on communities with
intakes of similar staple foods or crops. Focusing on staple crops,
while taking into consideration the dietary and cultural practices
of the intended communities, can optimize the intended benefits
such as uptake, improvement of vitamin A status, and assessment
of the potential of food-based approaches [69]. Of importance is
the observation that some interventions resulted in other bene-
fits to the study communities in addition to improved levels of
vitamin A [32,42]. These included improvements in livelihoods
[32]; income generation derived from selling part of the harvest
and increased intake of other micronutrients, such as iron [42].
The latter is of particular interest to both vitamin A and iron
programs as vitamin A has a regulatory role in the expression of
genes involved in iron metabolism, and supports the mobiliza-
tion and transportation of iron [59].

Our examination of the quality of studies or risk of bias
assessment is a strength of this review. Studies that included
randomization or simple random sampling were representative
of the targeted populations thus minimizing selection bias and
sampling error. Although randomization can effectively capture
allocation bias, it also counteracts preference effects and can
decrease the potential generalizability of the study findings [70].
In addition to these quality issues, the inability to collect
biochemical data to establish serum retinol levels or vitamin A
status created a greater window for estimation errors from the
proxy indicators used. However, the challenges in collecting
serum retinol concentration directly through high-performance
liquid chromatography as recommended by the WHO is chal-
lenging in resource-constrained settings. Such assays are
expensive, technically demanding, and rarely available in LMIC
[71]. The different approaches in estimating serum retinol levels
across studies may make the comparison of study results in this
review challenging due to inconsistencies. Besides other assess-
ment methods such as estimating a combination of transthyretin,
retinol binding protein and C-reactive protein concentrations
[71], clinical examination for xeropthalmia [72], and the esti-
mation of vitamin A status from dietary intake assessment, the
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Helen Keller International assessment tool is considered to be an
effective measure of vitamin A intake [73].
Comparison with a previous systematic review and
limitations

Our review corroborates a previous systematic review [74]
which recommended more randomized controlled trails to assess
the effectiveness of food-based approaches on improving vitamin
A status or alleviating VAD among women and children. Ran-
domized trials of food-based approaches tend to be complex
during the implementation phase [75]. Evidence of efficacy, the
measure of the degree of success of an intervention, rather than
effectiveness, the degree of success of an intervention in ideal
conditions, might provide a more meaningful understanding of
improvements in vitamin A status in population-based studies
[76].

Although 54% of studies in our systematic review reported
significant improvements in the vitamin A status of the partici-
pants in the intervention groups, 33% did not find this effect. The
vast differences across studies in the period of evaluation across
interventions, food approaches used, and statistical power, may
serve as possible explanatory factors for the lack of demonstrated
effectiveness of food-based approaches on vitamin A status in
these studies. Previous reviews noted a lack of statistical power
as one of several methodological weaknesses in studies [61,74].
This is partly a consequence of the complexity of the settings in
LMIC rather than a reflection of the skills of the research team or
the rigor of study designs.

The intricacy of the chain of factors that lead from the
implementation of a food-based approach program to improved
vitamin A status warrants a greater understanding of the cir-
cumstances under which people participate in such interventions,
the immediate effects on their diets, and interpretation of find-
ings. In addition, confounding factors such as health and envi-
ronmental conditions, as well as cultural beliefs and practices, can
influence each stage of food-based interventions from planning,
to implementation and uptake of the intervention [75]. A number
of studies in our review considered the effects of health condi-
tions, such as inflammation, in the interpretation of serum retinol
levels.

Insufficient data limited our ability to provide a comparative
analysis of the effectiveness of traditional fortification and bio-
fortification approaches. Such a comparison is of interest due to
implications related to sustainability, maintenance of traditional
food knowledge, nutrition and food security, cost-effectiveness,
stability of the fortificant and fortified food, market impact,
cost, and effectiveness in reducing VAD.

Conclusion

This systematic review examined the literature on food-based
approaches as a possible strategy in improving vitamin A status
among pregnant or lactating women and children under 5 y.
Overall, most studies presented in this review illustrated a pos-
itive trend toward improving vitamin A status using food-based
approaches, with 54% finding significant improvements in the
intervention groups or statistically significant associations be-
tween diet and vitamin A status. These findings suggest that
food-based approaches may provide a useful public health
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strategy in addressing VAD and improving vitamin A status. The
lack of statistical significance in some of these studies combined
with mixed results on the effects of food-based approaches on
vitamin A status or improvement in VAD indicates that more
research is needed for a robust analysis of this relationship.
Further research could improve the quality of literature by a
continued application of rigorous approaches to study design
and extending the evaluation period of interventions to deter-
mine effect. We contend that the wide variety of implementation
methods and lengths of interventions created challenges in
assessing effect size.

Food-based approaches command large resources and im-
provements in their programmatic design have the potential to
maximize the nutritional outcomes outlined in the Sustainable
Development Goals [77,78]. Further comparative research on the
delivery of vitamin A to intended communities through
food-based approaches is needed. In conclusion, this systematic
review suggests there is sufficient evidence to support food-based
approaches as a potential strategy to improving vitamin A status
among pregnant or lactating women and children under 5 y.
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