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Objective: To carry out a systematic review and meta-analysis of the trials to identify as well as quantify
the effect of vitamin A fortified food on serum vitamin A concentration among children under 10 year.
Study design: All the relevant studies has been retrieved by MEDLINE, PubMed, Embase, ProQuest and
the Cochrane Library and secondary referencing. A random effects model was applied to compute the
pooled effect size of effect of serum retinol. Meta regression was performed to detect the sources of
heterogeneity and moderator variables on the study effect. We included all the relevant randomized
control trials. These studies were assessed for inclusion and validity, with independent duplication.
Results: Out of 648 published studies, fourteen were included and evaluated. These studies were
covering 6153 children and the duration of feeding for the fortified foods ranged between 3 and 12
months. A pooled effect size of vitamin A fortification on retinol in children was estimated (N 6153;
Standard Mean Difference = 0.47; 95% CI 0.16, 0.78). However, there was evidence of substantial het-
erogeneity of estimate on effect (I = 97%, t%(tau-squared) = 0.55, p < 0.01).

Conclusion: This study suggests that consumption of Vitamin A fortified foods results in increased
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concentration of retinol and thereby results in reduction of Vitamin A deficiency among the children.
© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Vitamin A deficiency (VAD) is the leading cause of preventable
childhood blindness in early childhood [1]. According to the World
Health Organization (WHO), an estimated 190 million preschool
children were suffering from VAD. The prevalence of VAD among
under-five children in India is 62% [2—4], which is one of the
highest in the world. A decade ago it was estimated that VAD
precipitates the deaths of around 0.3 million children every year in
India [5] and the prevalence of VAD in the country was higher than
the WHO’s limit, making it one of the important public health
concerns in the country (i.e. Bitot’s spots: >0.5%, night blindness in
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children: >1%) [6]. Vitamin A fortification (VAF) of foods is one of
the most effective interventions for reducing the VAD.

VAD is the leading cause of preventable blindness among chil-
dren. It also significantly increases the risk of severe illness and also
results into death due to common childhood infections, particularly
diarrheal and measles [3,7]. The changes in vision are sign of severe
vitamin A deficiency and milder forms of VAD are best identified by
monitoring plasma or serum retinol levels [8]. Worldwide, about 3
million preschool children present ocular signs of VAD and more
than 1% prevalence in children aged 24—71 months, or the presence
of serum retinol concentrations of less than 0.70 u mol/l represent
night blindness [9]. Several countries have recently initiated na-
tional programs to fortify cooking oil with vitamin A [10]. The pre-
sent review examines the current evidence for the effect of vitamin-
A fortified food on retinol concentration in children. Since we ex-
pected heterogeneity among studies, we also explored whether
factors such as age, duration of the study, and levels of fortification
could predict the effects on retinol concentration in children.

2405-4577/© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights reserved.
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Systematic reviews present a rigorous approach for synthesizing
and evaluating the evidence [11], along with minimizing the
reporting bias. The methodological quality of the studies included
in experimental and control groups enhances the rigor and overall
strength of the of evidences. Transparency of the process is ensured
through detailed review of the public health nutrition guidelines to
the set the required agenda [12,13].

2. Methods
2.1. Literature search

The steps in this process were conducted according to the
PRISMA (Preferred Reporting Items for Systematic Review and
Meta-Analysis) guidelines for meta-analysis [14]. We searched
MEDLINE, PubMed, Embase, ProQuest and the Cochrane Library
data bases from 1990 to 2016. We also reviewed the reference lists
of the articles, by using the keywords ‘Vitamin A’ or ‘retinol’ paired
with ‘food fortification’ or ‘dual fortification’ or ‘triple fortification’
or ‘multiple micronutrient fortification’ and ‘fortification trial
[15,16].

2.2. Selection criteria

All the available literature was searched regardless of their
publication status. For inclusion, studies needed to meet the
following criteria; ‘involve intervention in children, be randomized
(RCTs) or quasi-randomized controlled trails’ with control group, or
before-after studies, reporting changes in retinol levels, or multiple
interventions with other micronutrients administered simulta-
neously, but whose main outcome measure was the effect of VAF on
retinol concentration.

2.3. Data extraction and quality assessment

The title and abstracts of the studies were identified in the web
search and irrelevant studies were excluded. Full texts of the
remaining studies were retrieved. Only peer-reviewed published
studies were included to avoid publication bias. The extraction of
the data was pertained for obtaining the sample size, age, duration
of intervention, levels of fortification and mean change and stan-
dard deviation (SD) of retinol concentration in the intervention and
control groups [15—17]. The search, data extraction and quality
assessment were completed independently by two content experts
according to the inclusion criteria and confirmed by using recom-
mended criteria for RCT [18,19]. Concealment of allocation was
classified as ‘adequate’, ‘unclear’,’ inadequate’ or ‘not used’, based
on randomization, blinding and reporting of withdrawals.

Blinding was classified as ‘single blinding’, ‘double blinding’, ‘no
blinding’ or ‘unclear’. In designs employing two or more different
intervention groups (different levels of fortification or administra-
tion regimens) and a single control group [16]. The sample size of
the control group was equally allotted to the number of interven-
tion groups while retaining the same mean value for the change
and its SD. In reporting such designs, each intervention subgroup
was analyzed separately. Thus, some studies contributed more than
one intervention component with a single control group for the
statistical analysis and resulted in a greater number of trials than
the number of studies included [15].

2.4. Statistical analysis
The effect size for the primary outcome, which is the difference

in means between the vitamin A fortified (experimental) and the
control groups, is referred as the standard mean difference (SMD),

which was calculated for the selected trials. The overall effect size
was assessed by the Q statistic to measures the extent of incon-
sistency among studies. The Q test was computed under the
assumption of homogeneity among the effect size and the statistic
follows the chi-square distribution with k-1 degrees of freedom,
where, k being the number of trials [15].

Another strategy for quantifying the heterogeneity in meta-
analysis consists of estimating the variance (%) between studies.
The parameter 1? quantifies the extent of heterogeneity from a
collection of effect sizes, which is interpreted approximately as the
percentage of total variation in study estimates due to heteroge-
neity rather than the sampling error. The overall SMD of these re-
sults were assessed for sampling error (homogeneous, t2 = 0). A
fixed-effects model was applied to obtain the pooled effect size
with 95% confidence interval (CI), and further random-effects
model was applied (if heterogeneous, t2 > 0) [20,21].

An I? value was also calculated, where if the value I? > 50%, then
its considered to indicate significant heterogeneity between the
trials [20—22]. If heterogeneity existed (I>>50%), a meta-regression
approach was used to identify it by relating study characteristics.
Publication bias was assessed by using the funnel plot and Egger
regression test [20], which is equivalent to a weighted, linear or-
dinary least square (OLS) regression model with standard error (SE)
as a covariate [23]. Statistical analyses were performed with Review
Manager software version 5.3, IBM SPSS version 24, and Compre-
hensive Meta-Analysis (CMA).

3. Results

A total of 648 articles were identified, out of which 595 were
excluded as they were not RCTs or their interventions were not
relevant for the purpose of the current analysis. Fifty-three
potentially relevant articles were selected for full text evaluation,
out of which fourteen relevant articles [24—37] were included for
analysis after employing the inclusion and exclusion criteria (Fig. 1).

3.1. Study characteristics and data quality

Characteristics of the fourteen studies are given in Table 1. All
these studies were RCTs and have reported retinol concentrations
in intervention as well as in the control groups. These studies have
reported on a total of 6153 children who aged from 6 months to 9.5
years with the intervention duration ranging between 3 and 12
months. These studies were carried out over the past two decades
(1993—2016). All 14 studies evaluated the effect of various levels of

Titles and abstracts retrieved from electronic and bibliographies: (n=648)

Excluded (n=595);

Not randomized controlled trials or irrelevant

v

Titles and abstracts that appeared potentially relevant, ordered as full
text papers: (n=53)

Papers excluded with reasons (n=39):

»| Fortification with iron (n=18), fortification with
iodine (n=9), and outcome was not clear
(n=12).

Included in meta-analysis (n=14)

Fig. 1. Flow diagram for inclusion of randomized controlled trials (RCTs).
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Table 1

Summary of studies of assessing the effect of VAF foods on mean retinol concentrations in children (<10 year).
Reference Year Duration (Months) Average Age (years) Level of fortification(IU) Food vehicle Initial sample size Country
Liu DS et al. [25] 1993 3 1.59 350 Rusks 226 China
Saskia DP et al. [26] 1995 1.2 1.7 350 Stir-fried 562 Netherland
Anna et al. [24] 2000 6 0.75 644 Milk 216 Ghana
Solon FS et al. [27] 2000 7.5 9.5 142 wheat flour bun 922 Philippines
Van Stuijvenberg ME et al. [28] 2001 3 8 144 Biscuits 437 South Africa
Zimmermann MB et al. [31] 2004 10 7 720 fortified capsules 159 Morocco
Luz VC et al. [20] 2006 6 6.9 789 Fortified cooking oil 308 Philippines
Winichagoon P et al. [24] 2006 7.75 9.45 270 Wheat noodles 569 Thailand
Zeba AN et al. [30] 2006 12 8.5 720 Red palm oil 384 Burkina Faso
Varma JL et al. [29] 2007 6 425 500 Khichidi 696 India
Nga TT et al. [22] 2009 4 7 300 Biscuits 550 Vietnam
Osei AK et al. [23] 2010 8 8 375 Fortified meals 499 India
Prashanth T et al. [25] 2012 6 9 60 Fortified rice 1506 India
Kumar MV et al. [21] 2014 8 7 900 Fortified meals 646 India

fortification on retinol concentration. Out of these, seven studies
which had multiple interventions with multiple micronutrients, we
considered only those groups that received VAF [26,27,31—-33,36].
The trials were either based on different levels of intervention of
food fortification conducted on two occasions (before and after) or
they were compared with a placebo. In each trial, the number of
participants, mean and SD of retinol concentration were also esti-
mated for conducting meta-analysis.

3.2. Effects of VAF on retinol concentration

The meta-analysis results indicate that the mean change in
retinol concentration was significantly higher in the VAF-fortified
group than in the control group (N = 6153; SMD = 0.47; 95% CI
0.16, 0.78; P < 0.0001), as depicted in the forest plot (Fig. 2). There
was significant heterogeneity for the mean retinol concentration

reported among the included trials. All statistical tests of hetero-
geneity such as the Q statistic (Q = 748.40, df = 22), which was
more than df; ©% greater than zero (1% = 0.55); and I? greater than
50% (1> = 97%) were higher than the expected value, indicating
heterogeneity among the studies.

Meta-regression analysis was performed to detect the source of
heterogeneity and indicated that the dose of the intake of fortified
food was positively associated with the effect size. The significant
differences in the extent of improvement in retinol levels as re-
ported in the forest plot (Fig. 2) are perhaps due to different dose of
the feeding regimens of vitamin A-fortified foods to the children.

3.3. Publication bias
The funnel plot (Fig. 3) was symmetrical, indicating the presence

of publication bias. Egger’s weighted regression was significant.
(Egger test, p < 0.041) [20].

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anna (2000) 098 03 29 081 032 29  4.0% 0.54 [0.02, 1.07]
Liu (1993) 2.73 013 56 2.58 0.12 70 4.3% 1.20 [0.82, 1.58] =
Luz (2006)_1 36.88 7 268 37.94 8 145 45% -0.14 [-0.35, 0.06] =T
Luz (2006)_2 36.88 7 268 41.82 8 128 45% -0.67 [-0.89, -0.46] =
Malavika (2014)_1 288 139 154 226 877 140 44% 0.53[0.29, 0.76] -
Malavika (2014)_2 215 10 157 226 877 140 45% -0.12 [-0.34, 0.11] -
Nga (2009)_1 112 024 114 1.04 024 118 4.4% 0.33[0.07, 0.59] el
Nga (2009)_2 1.08 023 118 1.04 024 118 4.4% 0.17 [-0.08, 0.43] ™
Osei (2010) 129 0.03 220 1.19 0.03 235 4.4% 3.33[3.04, 3.61] =
Prashanth (2012)_1 25 14 50 24 12 55  4.3% 0.08 [-0.31, 0.46] T
Prashanth (2012)_2 22 11 50 24 12 55 43% -0.17 [-0.56, 0.21] ===
Saskia (1995)_1 0.98 0.92 55 0.84 0.51 53 4.3% 0.19 [-0.19, 0.56] B i
Saskia (1995)_2 0.89 0.04 55 0.81 0.04 53 41% 1.99 [1.52, 2.45] =
Solon (2000)_1 1.05 0.34 30 088 03 22 4.0% 0.52 [-0.04, 1.08] =
Solon (2000)_2 134 036 366 1.32 034 417 45% 0.06 [-0.08, 0.20] T
Solon (2000)_3 112 0.27 72 1.03 0.27 77 43% 0.33 [0.01, 0.66] —
van Stuijvenberg (2001) 244 56 130 216 59 137 44% 0.49[0.24, 0.73] —
Varma (2007) 14 04 269 14 05 244 45% 0.00[-0.17, 0.17] i
Winichagoon (2006) 1.3 031 241 14 036 256 4.5% -0.30[-0.47, -0.12] L
Zeba (2006)_1 107 04 214 077 037 214 45% 0.78 [0.58, 0.97] -
Zeba (2006)_2 098 033 117 094 03 106 4.4% 0.13[-0.14, 0.39] T
Zeba (2006)_3 098 033 114 094 03 106 4.4% 0.13[-0.14, 0.39] ™
Zimmermann (2004) 1.18 0.12 31 093 0.17 57  41% 1.60[1.10, 2.11] -
Total (95% CI) 3178 2975 100.0% 0.47 [0.16, 0.78] <&
Heterogeneity: Tau? = 0.55; Chi? = 748.40, df = 22 (P < 0.00001); 12 = 97% 4 2 3 2 j‘

Test for overall effect: Z = 2.94 (P = 0.003)

Favours placebo group Favours fortified group

Fig. 2. Forest plot: effect of VAF on mean retinol concentration in comparison with no intervention or placebo control in children. The sizes of data markers indicate the weight of
each study in the analysis. Horizontal lines represent 95% CI. Blob indicates best estimate and diamond indicates the summary estimate of the SMD.
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Fig. 3. Funnel plot of all individual studies in the meta-analysis. Studies that evaluated the effect of vitamin A-fortification on retinol concentration in children were plotted with their SMD.

4. Discussion

The vitamin A fortification intervention impact varied across
trials. Out of twenty-three trials included in the meta-analysis,
eighteen trials found that VAF was significantly associated with
increased retinol concentration in the intervention group as
compared to control group. However, there was heterogeneity in
the results across the trials. The present study adopted sequential
statistical methods to verify that implementation of fortified foods
with VAF improves retinol concentration among the children.

The presence of heterogeneity is an important attribute of meta-
analysis which can influence the results [38]. It was tested by the Q
statistic, t° and I%, and the results were depicted in the form of a
forest plot. Due to the presence of heterogeneity among the trials,
fixed-effects model cannot be performed, so a random-effects
model was deployed [39]. The random-effects model showed a
significant impact of VAF on retinol concentration among the child
beneficiaries and provides evidences which shows that food forti-
fication with vitamin A is an ideal strategy to prevent vitamin A
deficiency (VAD) among children.

A meta regression analysis was performed to examine whether
the study heterogeneity could be explained by one or multiple
factors. We examined effect size of retinol concentration as a
dependent variable and age, level of fortification and duration of
supplementation as moderators. The results indicate that the
duration of feeding is positively associated with study heteroge-
neity (p = 2.15, p = 0.02) [40].

Yet another critical step in meta-analysis is the publication bias
which can lead to inflated estimates of efficacy [41]. We observed
that there was heterogeneity among trials, as some of the trials did
not fit into the funnel Plot. Egger’s regression test also suggested
that there was presence of publication bias (p < 0.041) among trials.
Though food fortification has been assumed to be a powerful tool to
address micronutrient deficiency, yet there is no compelling evi-
dence as a strategy for addressing VAD. The findings of this study
support that introduction of vitamin A fortified food improves
serum retinol status in many cases and thereby likely to impact
clinical outcomes related to VAD [9,42]. This study also provides
evidence that VAF of food does not always have the expected effect
in children.

5. Conclusion

Present study suggests that consumption of vitamin A-fortified
foods often but not always significantly increases the retinol con-
centration among the children. However, further studies are
required for comparing different doses and type of delivery

mechanisms with the longer follow-up trials to resolve the uncer-
tainty regarding the safety and clinical effectiveness.
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