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Abstract: Undernutrition, such as stunting and underweight, is a major public health concern, which
requires multi-sectoral attention. Diet plays a key role in growth and should optimally supply all
required nutrients to support the growth. While millets (defined broadly to include sorghum) are
traditional foods, and climate smart nutritious crops, which are grown across Africa and Asia, they
have not been mainstreamed like rice, wheat, and maize. Diversifying staples with millets can
potentially provide more macro and micro nutrients, compared to the mainstream crops. However,
there is little known scientific evidence to prove millets’ efficacy on growth. Therefore, a systematic
review and meta-analysis was conducted to collate evidence of the benefits of millets in improving
the growth of children. Eight eligible randomized feeding trials were included in the meta-analysis.
Results from the randomized effect model showed a significant effect (p < 0.05) of millet-based diets
on mean height (+28.2%) (n = 8), weight (n = 9) (+26%), mid upper arm circumference (1n = 5) (+39%)
and chest circumference (1 = 5) (+37%) in comparison to regular rice-based diets over for the period of
3 months to 4.5 years, which was based on largely substituting rice with millets. When an enhanced
and diverse diet was served, replacing rice with millet had only minimal growth improvement on
chest circumference (p < 0.05). The quality assessment using GRADE shows that the evidence used
for this systematic review and meta-analysis had moderate quality, based on eight scoring criteria.
These results demonstrate the value of adding millet as the staple for undernourished communities.
Further understanding of the efficacy of millets on growth in a wider range of diets is important
to develop appropriate dietary programs and improve the nutritional status of various age groups
across Africa and Asia.
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1. Introduction

Undernutrition, especially stunting, underweight, and wasting, is a major global
crisis. It is estimated that there are currently 149 million children under five years who
are affected by stunting, and 45 million children under five years who are affected by
wasting [1]. Undernutrition puts children in greater risk of susceptibility to infections,
increases the frequency and severity of such infections, and delays recovery. Approximately,
45% of global deaths among children under five are linked to undernutrition [2], which is
particularly common in low- and middle-income countries. It is noteworthy, over a half
of the stunted children under five years live in Asia, and more than one-third in Africa,
while more than two-thirds of the wasted children live in Asia and more than one-quarter
in Africa (UNICEF/WHO/World bank, 2019).

After birth, the first 1000 days of life are a critical stage and a window of opportunities
for healthy growth, including physical, social, emotional, and cognitive development [3].
Similarly, the adolescent stage is another important growth period in the human life cycle.
Although several other factors affect growth (e.g., infection), diet is a major factor which
cannot be neglected. Nutrient deficient diets hinder children’s short and long-term physical,
mental, and emotional development, affecting not only individual development but also
economic and social development of the country. India’s latest National Family Health
Survey indicates stagnation in most indicators related to the nutritional status of children
including underweight, wasting, stunting and iron deficiency anaemia [4].

Child malnutrition is considered as a sensitive indicator of the overall levels of food
insecurity and hunger. The Sustainable Development Goal 2 (SDG 2) aims to eliminate
hunger and all forms of malnutrition by 2030. Diversified diet, especially staples, are
needed to address the global challenge of hidden hunger. More than 70% of the energy
intake comes from Big 3; rice-, wheat-, and maize-based foods in developing countries of
Africa and Asia [5,6]. The traditional crops, such as millets, are rich in nutrients including
protein, iron, and zinc. Finger millets are particularly rich in calcium along with other
nutrients that are generally lacking in other staples, such as milled rice, refined wheat, and
maize [7].

Many nutrients are essential during the growth and development stages, especially
for linear skeletal growth. These include adequate supply of energy, amino acids, and bone
forming minerals such as calcium, phosphorus, magnesium, and zinc and other ions and
vitamins, such as vitamin C, D, and K required for collagen formation and bone metabolism
and/or phosphate homeostasis [8].

Given the high nutrient content of millets, understanding their role in child growth
would be instrumental in achieving sustainable nutritional security. Millets secure the
sixth position in global production of cereal grains and remain a staple food in many
rural marginalized regions of the world [9]. With rich sources of many vital nutrients,
they have promising potential to combat nutrient deficiencies in third world countries. In
addition, millets are recognized as smart foods [10] as they are “good for you” (nutritious
and healthy), “good for the planet” (e.g., can survive with less water and other inputs and
have a low carbon footprint), and “good for the farmer” (e.g., survive in high temperatures
and resilient). However, their beneficial effects are often neglected, especially their impact
on growth, as reported in scientific studies decades ago [11].

India is one country proactively striving to bring millets back as common part of the
diet. The Government of India launched the national millet mission in 2018 and celebrated
that year as the ‘National Year of Millets’. The National Institution for Transforming India
(NITT) Aayog announced a pilot to include millets in the Integrated Child Development Ser-
vices (ICDS) and Mid-Day Meal (MDM) schemes across the country. The year 2023 has been
approved by the United Nations as the International Year of Millets, which is expected to at-
tract major attention to millets. Previous systematic reviews and meta-analyses conducted
on millets” health and nutritional benefits showed that regular consumption of millets
could help manage the risk of developing type 2 diabetes [12], reduce hyperlipidaemia,
hypertension, and body mass index (BMI), thereby helping manage cardiovascular disease
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risk [13], improve haemoglobin level, and reduce anaemia [14], as well as helping calcium
retention [15]. However, scientific evidence of millets’ role in addressing global crises, such
as impaired growth, has had fewer studies undertaken in order to prioritize these crops in
nutritional interventions. This is the first systematic review and meta-analysis aimed to
collate all the evidence from controlled feeding trials that has been conducted to assess the
impacts of consumption of millet-based diets on the growth of children.

Review question: Does consumption of millet-based diets help improve child growth
(infant, school going, and adolescent) compared to non-millet diets?

2. Materials and Methods

The study adopted a 27-item PRISMA checklist [16,17] for every step in the data
collection, extraction, and analysis. The systematic literature review process was started
in October 2017 and concluded in February 2021. As there were limited studies on this
subject, all the studies published until 2019 on millets and their impacts on growth were
included regardless of which year the study had been conducted. The protocol for this
systematic review and meta-analysis was registered retrospectively in the online reg-
istration platform (www.researchregistry.com), with the unique identification number
(UIN), Reviewregistry1180, which can be accessed by browsing the registry of systematic
review /meta-analyses with UIN.

2.1. Search Strategy

Studies published in English were considered. Search engines Google, Scopus, Web of
Science, PubMed, and CAB abstract were used to identify relevant studies. The search key
words are given in Table 1. Articles were screened for relevance of the scope, completeness
of information, and quality of the research, based on the inclusion and exclusion criteria.
Further searching was undertaken within library hard copies and scientific community
contacts. The identified papers were used only if they addressed the research question,
“Does consumption of millet-based diets help improve child growth (infant, school going,
and adolescent) compared to non-millet diets?”. If the abstract was found suitable, efforts
were made to download the open access articles or collect the full papers from the library.
After collecting the full papers, if any relevant data were missing, the authors of relevant
published articles were contacted to obtain additional data. A hand search was used on the
reference list of every eligible article to find further related research articles.

Table 1. Key words used for the literature search.

Number Keywords
1 Boolean logic such as “AND”, “OR”, “NOT” were used
2 Millets efficacy on child growth

Effect of millet supplementation on growth of the “children” OR “adolescents” OR
"pregnant women”
Effect of “millet” OR “finger millet” OR “pear] millet” OR “sorghum” OR “little
4 millet” OR “barnyard millet” OR “Job’s tears” supplementation on growth of the
children AND adolescent AND infant AND pregnant women

3

2.2. Eligibility Criteria

Inclusion criteria: 1. Randomized controlled trials conducted to test the efficacy of
millets on growth; 2. Studies that assessed at least one of the following growth outcomes:
height, weight, mid upper arm circumference (MUAC), chest circumference, body mass
index (BMI), height for age Z-score (HAZ), and weight for age Z-score (WAZ); 3. Studies
conducted in populations at different stages of growth including infants (<23 months),
pre-school children (<59 months) school going children (5 to 10 years), and adolescents (11
to 19 years) by feeding millet-based diets and with their anthropometry measured; and
4. Only peer reviewed journal articles were included.
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Exclusion criteria: 1. Review articles were excluded for further consideration; 2. Ani-
mal studies were excluded; and 3. If the data were incomplete, the authors were contacted
for missing and/or additional information. The minimum data required were changes in
mean and standard deviation (SD) of height, weight, MUAC, and chest circumferences. In
case, if the data were still incomplete (for example the change in SD was not available),
even after contacting the authors then the study was excluded.

2.3. Study Selection and Data Extraction

Two independent reviewers (S.A and S.U) extracted data. Each study was labelled
with author details and year. Trial participant characteristics such as age group and gen-
der were recorded, along with the country in which the study was conducted, study
design, sample size, duration, type and form of millet used, and outcomes assessed such
as height (cm), weight (kg), MUAC (cm), and chest circumference (cm) for millet con-
suming group (intervention) and the regular diet or enhanced rice-based diet consuming
group (control). The data were then entered into an Excel sheet as per the guidelines
provided by Harrer et al. (2019) [18]. The effect of millet-based diets on growth param-
eters were captured as the difference in differences (DID), which is the differences in
changes in mean and SD of measurement from the pre intervention to post intervention
between the intervention group (millet consuming group) and the control group (non-
millet consuming group or enhanced rice-based diet group). If the paper already provided
the changes in mean and SD from the baseline, then these values were extracted. If the
changes in mean and SD were not provided, then these values were calculated using
the reported data. The changes in mean were calculated using the following formula:
Mean pange = Meanyostintervention — Meanpre-intervention- The changes in SD were calculated
using the method and formula provided in the online Cochrane handbook with the topic
on imputing standard deviations for changes from baseline [19]. In brief SD changes were
calculated from the t value if it was provided in the manuscript using the formula

_MD
ot

SE

where SE is standard error, and MD is difference in means. Once SE was obtained then it
was used in the formula below to obtain SD:

SE
1 1
Ve T Re
where Ng and N¢ are sample sizes in the intervention and control groups respectively. If
the t statistic was not provided, then SD was calculated using correlation formula as given
below. Correlation for both groups was calculated and the mean correlation value was

then obtained (E stands for experiment, equivalent to intervention in our study, which is
replaced by C for the control).

SD =

2 2 2
SD + SDE,final - S]:)E,change

E,baseline

Corrg =
2% SDE,baseline X SDE,final

Correlation value was then used in the below formula for both groups. Again, E is
replaced by C when calculating the difference for the control group).

SDE,Change = \/SD%,baseline + SD%,ﬁnal - (2 x Corr X SDE,baseline X SDE,ﬁnal (1)

2.4. Risk of Bias Assessment

Funnel plot was used to visually assess the presence of publication bias, and other bias
such as selection, detection, attrition, and reporting bias following the guidelines provided
in the Cochrance handbook for systematic reviews of interventions [19].
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2.5. GRADE to Assess the Quality of the Evidence

The quality of the evidence was assessed using eight assessment criteria as described
by Cochrane author resources using the GRADE approach. The GRADE was not included
during the protocol writing stage. During the drafting and review stage, the GRADE
was included based on a reviewer’s comment. As per the guidance, two authors of this
systematic review independently conducted the GRADE assessment. At any point, when
there was disagreement on a particular item, another author of this paper was involved
in the assessment for final decision. All the outcomes underwent an overall assessment
rather than an independent assessment as they all originated from the same studies. The
quality was assessed and rated based on the following criteria; 1. risk of bias, 2. incon-
sistency, 3. indirectness, 4. imprecision, 5. publication bias, 6. large magnitude of effects,
7. dose response, and 8. effects of all plausible confounding factors. Ratings were given to
downgrade the first five criteria and/or upgrade the sixth to eighth criteria based on the
assessment for each criterion.

2.6. Summary Measures and Result Synthesis

The changes in mean and SD of height, weight, MUAC, and chest circumference from
the baseline to the end-line for the intervention group and the control group were compared
in the meta-analysis to measure Standard Mean Difference (SMD) and heterogeneity i2).
The significance of the results was determined using the fixed effect model for single
source information, specifically when all the studies were conducted by one research team
from one geographical location and SMD was not largely different between the fixed
and random effect models, and when the heterogeneity was less than 50%. On the other
hand, the random effect model was used mainly to compare finger millet-based diets vs.
rice-based diets (regular and enhanced), and when heterogeneity was more than 50% to
interpret the results. Results from both models were captured in each forest plot. Meta-
analysis was conducted using the software R Studio version 4.1.1 (2021) to obtain forest
plot along with heterogeneity (i%) and overall test effects in both models and funnel plots to
determine the publication bias [20-24].

3. Results

Figure 1 is a PRISMA flow diagram depicting the different stages of the systematic
review with the number of records identified, included, and excluded.

Study characteristics are given in detail in Table 2 which includes the author informa-
tion with year of study, country, study participants, sample size, study period, parameters,
study design, and remarks.

3.1. Mean Change in Height (Millet Diet vs. Regular Rice Based Diet)

Figure 2 shows the mean change in height from the baseline to the endline as a result
of consumption of millet vs. regular rice-based diets. The DID was positive and significant
(p < 0.05) with high heterogeneity (I> = 94%) among studies and a pooled SMD of 2.92
(95% CI 0.23-5.62). The mean height increase was 28.2% higher in the intervention group
than in the control group.

3.2. Mean Changes in Weight (Millet Diet vs. Regular Rice-Based Diet)

Figure 3 shows the mean changes in weight from the baseline to the endline for the
intervention and control group. The DID was positive and significant (p < 0.05) with high
heterogeneity (I> = 96) among the studies and a pooled SMD of 1.30 (95% CI 0.14; 2.46)
(Figure 3). The mean weight increase was 25% higher in the intervention group than in the
control group.
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Table 2. Characteristics of the studies evaluated for final inclusion in the systematic review and

meta-analysis.

Type of Form Study . . Parameters Study Design and
Author Country Vit Consumed Participants Duration Sample Size Studied Remarks
Controlled feeding trial.
25 interventions This study was not
Devdasetal. .. Finger Meal Pregnant 9 (finger Weight, included for
(1982) [25] millet women months millet-based haemoglobin meta-analysis as it
diet), 25 control focused on pregnant
women.
Controlled feeding trial.
25 interventions This study was not
Devdasetal. 4. Finger Meal Nursing 0-18 (finger Weight, included in
(1983) [11] millet mother months millet-based haemoglobin meta-analysis as it
diet), 25 control focused on lactating
mother.
Controlled feeding trial
Finger millet by feeding a
malted . . Weight, height, millet-based diet to one
. po 25 interventions ’ ’
Devdas et al. ) Finger ﬁnger.nullet 0-18 (finger ) chest group, enha_nced
(1984a) India millet porridge, Infants months millet-based circumference, rice-based diet to
[26] cooked with diet), 25 control mid upper arm  another group and the
pulses, Idly, 4 circumference third group is a control
adai which consumed a
regular rice-based diet.
Controlled feeding trial
by feeding millet-based
. . Weight, height, diet to one group,
25 interventions N
Devdas et al. : - chest enhanced rice-based
(1984b) India Flr}ger Meal Pre_school 0-4 .(fmger circumference, diet for another group
millet children years millet-based -
[27] diet), 25 control mid upper arm and third group is a
4 circumference control which was
consuming a regular
rice-based diet.
Height, weight,
25 interventions chest
Devdas et al. : A .
. Finger School 25to04.5 (finger circumference, .
(1[9288%@ India millet Meal children years millet-based haemoglobin, As described above [27]
diet), 25 control serum protein
level
Devdas et al . 25 intferventions Height, weight,
) . i hool 6to7.5 i .
(1984d) India r;r:f%:tr Meal cicilcﬁ(e):n yeoars mil(lé?-gbe;rsed Circuﬂ:?:;ence As described above [27]
(29] diet), 25 control haemoglobin
Weight, height,
Devdas etal : 25 interventions Circuﬂ:?:;ence
(1[93%%9) India ljrllrlﬁ:tr Meal Pcrlfﬁfi};ggl 3(:;)1,2 mﬂ(lféit%e;rse d ) arfm " Asdescribed above [27]
h circumference,
diet), 25 control haemoglobin
level
Controlled feeding trial.
25 interventions  Height, weight, ~ This was not included
Devdas et al. India Finger Meal Preschool 3.5t06.5 (finger chest in meta-analysis as
(1984f) [31] millet children years millet-based circumference, baseline values were
diet), 25 control haemoglobin missing to calculate
mean difference.
Controlled feeding trial.
. SD changes were
Durairaj et al. India Ifi?tclleo, health drink Pr1}r1n arly 6 30 interventions, Height and calculated using t
(2018) [32] foxtail C;Cilc?r?an months 30 control weight statistics provided in

the paper as per
Cochrance handbook.
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Table 2. Cont.
Type of Form Study . . Parameters Study Design and
Author Country  Kfilet Consumed Participants Duration Sample Size Studied Remaris
Controlled feeding trial
tested a sorghum-based
diet in one group
(intervention) and an
enhanced rice-based
diet in another group
Sorghum roti (control). This study
. . . included for
Rajendra (flat bread), : Height, weight Was nc
. cooked with  School going 8 . . ’ > weight parameters. For
I(ggi?;)i [e;c%l. India  Sorghum water same children months 78 interventions haené(f\%obm, the height parameter,
o asrice, the boy’s group value
Khichidi/upma was excluded as it was
presented in two
papers in two different
ways by the same
authors, which
influenced the entire
study.
lled feedi ial
| Kehichidi, o e ed 2
I:rllﬂ%:tr Eaglgg}}é' millet-based diet to an
: ¢ 181D . . Height for age  intervention group and
Anithaetal. India pgarl bath, little Adolescents 3 136 interventions, and BMI for an enhanced rice-based
(2019) [6] millet, millet months 107 control agce diet to a control grou
little cooked with 8 Heioht and 8 htp.
millet water as a eight and weig]

values were obtained
from the authors.

rice

3.3. Mean Changes in MUAC (Millet Diet vs. Regular Rice Based Diet)

Likewise, Figure 4 shows the mean changes in MUAC for the two groups. The DID
was positive and significant (p < 0.05) with high heterogeneity (I> = 82%) among studies
and SMD of 2.38 (95% CI of 1.17; 3.5). The mean increase in MUAC was 39% higher in the
intervention group than in the control group.

3.4. Mean Changes in CHEST Circumference (Millet Diet vs. Regular Rice-Based Diet)

Figure 5 shows the mean change in chest circumference. The DID was positive and
significant (p < 0.05) with high heterogeneity (I> = 91%) and SMD of 3.26 (95% CI of
1.49; 5.03). The mean increase in chest circumference was 37% higher in the intervention
group than in the control group.

3.5. Mean Changes in Height (Enhanced Diverse Millet Diet vs. Enhanced Diverse Rice Diet)

Figure 6 shows the means changes in height for the intervention group consuming an
enhanced diverse millet diet and the control group consuming enhanced diverse rice diet.
The DID was found to be statistically insignificant (p = 0.26) with moderate heterogeneity
(12 = 70%) among studies and SMD of 0.16 (95% CL of —0.12; 0.44).

3.6. Mean Changes in Weight (Enhanced Diverse Millet Diet vs. Enhanced Diverse Rice Diet)

Figure 7 shows the mean changes in weight for the intervention and control group.
The DID was insignificant (p = 0.11) with moderate heterogeneity (1> = 65%) among studies
and SMD of —0.21 (95% CL of —0.46; 0.05).

3.7. Mean Changes in MUAC (Enhanced Diverse Millet Diet vs. Enhanced Diverse Rice Diet)

Likewise, Figure 8 shows the mean changes in MUAC for the two groups. The DID
was insignificant (p = 0.19) with high heterogeneity (I> = 84%) among studies and SMD of
—19 (95% CL of —0.48; 0.09).
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)
Records identified through Records identified through other sources; hand search
g database searching (n = 1380) for back references from review articles, research
= articles, manuals, online handbooks (n =9)
=
=
K
D
= |
Records after duplicates removed
(n=1562)
()
Records excluded
En A4 (n=549)
5 T — Animal studies, Irrelevant
g R 1111_12;6}; S SR papers, only abstracts,
n (r=262) abstract & full paper with
irrelevant information
—/
)
h 4
=~ . Full-text articles excluded,
- Full-tegt .ar.t{cles assessed N with reasons
; for eligibility (n=13) (n=2)
= The mean change in SD
"?o was not provided by these
= studies therefore, the data
= was not used
A 4
) Studies included in
systematic review
- (n=11), studies included
< for meta-analysis (n = 8).
=
)
|
L]
—/

Figure 1. PRISMA flow diagram for the systematic review.

3.8. Mean Changes in Chest Circumference (Enhanced Diverse Millet Diet vs. Enhanced Diverse
Rice Diet)

Figure 9 shows the mean changes in chest circumference. In the fixed effect model, the
DID was positive and significant (p < 0.01) high heterogeneity (I? = 82%) among studies
and SMD of 0.37 (95% CL of 0.08; 0.67). However, the mean increase in chest circumference
was only slightly higher (2%) in the intervention group consuming a finger millet than in
the control group consuming a rice-based diet.

3.9. Publication Bias and Risk of Bias

The publication bias was determined through the funnel plot (Supplementary Figures 51-58)
using the trim and fit model. Some funnel plots were asymmetrical, which suggests some
publication bias. Risk of bias assessment (Supplementary Figure S9) indicates moderate
risk of bias coming from evidence used in the meta-analysis. This is further elaborated in
the discussion section.
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Devdas et al 1984a 25 26.00 124 252309 090 i* 264 [187;, 3421 53% 12 6%
Devdas et al 1984b 25 4224 351 25 36.59 2.81 #i 175 [109 241 72% 12.7%
Devdas et al 1984c 25 2961 479 25 2250 193 i 1.92 [1.24; 260] 6.8% 12.7%
Devdas et al 1984d 25 6.80 1.01 25 468 036 i* 275 [196; 354] 51% 12 6%
Devdas et al 1984e 25 1784 058 25 1215 040 i —— 1124 [888;1360] 06% 11.2%
Duraraj et al 2018 30 282102 30 103124 .* 156 [097; 214 93% 12.7%
Rajendra Prasadetal2015 78 480 157 59 183 173 -} 180 [140; 220] 196% 12.8%
Anitha et al 2019 136 200 120 107 1.20 1.00 071 [045 098] 462% 12.8%
Fixed effect model 369 321 4 143 [1.25; 1.60] 100.0% -
Random effects model -~ 292 [0.23; 5.62] - 100.0%
Prediction interval e [-5.35; 11.19]
Heterogeneity: I° = 94% <> = 10.1192, p < 0.0 ' ' r 1
Test for overall effect (fixed effect): z = 15.75 (p < 0.01) 10 5 0 5 10
Test for overall effect (random effects): t; = 2.56 (p = 0.04) favourable for regular favourable for millet

Figure 2. Effect of consuming a millet-based diet on mean height change compared to a regular
rice-based diet.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Devdas et al 1984a 25 568 037 25 512034 | —— 156 [092; 220] 55% 11.1%
Devdas et al 1984b 25 952106 25 800114 i—i— 136 [074; 198] 59% 11.1%
Devdas et al 1984c 25 790 142 25 650113 e 107 [048; 167] 63% 11.1%
Devdas et al 1984d 25 317 059 25 108 060 ii —*— 346 [256; 435 28% 10.6%
Devdas et al 1984e 25 566 049 25 400035 i —— 384 [288; 480] 24% 10.5%
Duraraj et al 2018 30 264137 30 143085 = 105 [051; 159] 77% 11.2%
Rajendra Prasad etal 2015 78 260 205 59 110 253 II 066 [0.31;, 1.00] 187% 11.5%
Rajendra Prasad etal 2015 55 050 268 70 3.00 197 = -1.08 [-145,-070] 157% 11.4%
Anitha etal 2019 136 142 177 107 110 1.80 018 [-0.07; 0.43] 350% 11.5%
Fixed effect model 424 391 'S 0.52 [0.37; 0.67] 100.0% -
Random effects model ~=uliiie=-- 1.30 [0.14; 2.46] - 100.0%
Prediction interval [-2.38; 4.98]
Heterogeneity: 1% = 96%, ©> = 2.1715, p < 0.01 ' ' ' '
Test for overall effect (fixed effect). z =6.80 (p < 0.01) 4 2 0 2 4

Test for overall effect (random effects): t; =2.59 (p = 0.03) favourable for regular rice favourable for millet

Figure 3. Effect of consuming a millet-based diet on mean weight change compared to a regular
rice-based diet.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Devdas et al 1984a 25 436 039 25 350045 -- 202 [133,271] 222% 20.6%
Devdas et al 1984b 25 610078 25 457095 | 173 [1.08;239] 245% 20.8%
Devdas et al 1984c 25 495045 25 340057 :r-l— 297 [215,379] 157% 19.5%
Devdas et al 1984d 25 193023 25 113017 i —=m— 389 [292:486] 11.3% 18.2%
Devdas et al 1984e 25 365087 25 250060 —.—i 151 [088;215] 263% 21.0%
Fixed effect model 125 125 - 2.18 [1.85; 2.50] 100.0% -
Random effects model —_—T 2.38 [1.17; 3.59] - 100.0%
Prediction interval = [-0.78; 5.53]
Heterogeneity: 1 = 82%, <° = 0.7936, p < 0.01 B rl
Test for overall effect (fixed effect): z = 13.10 (p < 0.01) .| 2 0 2 4

Test for overall effect (random effects) £, =547 (p <0.01) favourable for regular favourable for millet

Figure 4. Effect of a consuming finger millet-based diet on mean change in MUAC compared to a
regular rice-based diet.
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Experimental Control

Study Total Mean SD Total Mean SD
Devdas et al 1984a 251252 067 25 922074
Devdas et al 1984b 251801 211 25 1471 237
Devdas et al 1984c 251260 131 25 758 102
Devdas et al 1984d 25 399062 25 186035
Devdas et al 1984e 25 889069 25 750058
Fixed effect model 125 125

Random effects model

Prediction interval

Heterogeneity: 1° = 91%, t° = 1.8012, p < 0.01

Test for overall effect (fixed effect): z = 14.43 (p < 0.01)

Test for overall effect (random effects): {. =511 (p < 0.01)

favourable for reqular favourable for millet

Standardised Mean Weight Weight
Difference SMD 95%-Cl (fixed) (random)
E—l— 460 [351;569] 115% 19.1%
B 145 [082;208] 347% 212%
E—I— 421 [319,523] 131% 19.4%
s 416 [3.15,518] 133% 19.5%
'. 215 [144;285] 274% 20.9%
‘ 2.72 [2.35; 3.09] 100.0% -
i 3.26 [1.49; 5.03] - 100.0%
: — : [-1.47; 7.99]
-5 0 5

Figure 5. Effect of consuming a finger millet-based diet on mean change in chest circumference

compared to a regular rice-based diet.

Experimental Control
Study Total Mean SD Total Mean SD
Devdas et al 1984a 25 2600 124 25 2457 184
Devdas et al 1984b 25 4224 351 25 4302 397
Devdas et al 1984c 252961 479 25 3061 328
Devdas et al 1984d 25 680101 25 660034
Fixed effect model 100 100

Random effects model

Prediction interval

Heterogeneity: 1% = 70%, t= = 0.2006, p = 0.02

Test for overall effect (fixed effect). z = 1.12 (p = 0.26)
Test for overall effect (random effects): t; = 0.66 (p = 0.56)

Standardised Mean Weight Weight
Difference SMD 95%-Cl (fixed) (random)
| —— 090 [0.31;148] 232% 24 5%
: -020 [-0.76;035] 256% 252%
i -024 [-080;032] 256% 252%
026 [-0.30;082] 255% 252%
|
: 0.16 [-0.12; 0.44] 100.0% -
0.17 [-0.67; 1.01] - 100.0%
| i | | [-2.06; 2.41]
-1 0 1 2

favourable for rice  favourable for millet

Figure 6. Effect of consuming an enhanced diverse millet-based diet on mean height change compared

to an enhanced diverse rice-based diet.

Experimental Control
Study Total Mean SD Total Mean SD
Devdas et al 1982 25 796115 25 792124
Devdas et al 1984a 25 568 037 25 564 034
Devdas et al 1984b 25 952106 25 1034 1.21
Devdas et al 1984c 25 790 142 25 930204
Devdas et al 1984d 25 317 059 25 3.01066
Fixed effect model 125 125

Random effects model

Prediction interval

Heterogeneity: I° = 65%, t° = 0.1657, p = 0.02

Test for overall effect (fixed effect): z =-1.60 (p = 0.11)
Test for overall effect (random effects): t, =-0.99 (p = 0.38)

. 1
o

Standardised Mean
Difference

=

H
T T

Weight Weight
SMD 95%-Cl (fixed) (random)
003 [-0.52; 0.59] 206% 20.2%
011 [-0.44; 0.67] 206% 20.2%
071 [[1.28;-014] 19.3% 19.8%
078 [-1.36;-021] 19.0% 19.7%
0.25 [-0.31; 0.81] 204% 20.2%
-0.21 [-0.46; 0.05] 100.0% -
-0.21 [-0.82; 0.39] - 100.0%

[-1.68; 1.25]

I I I I
-1 05 0 05 1

I
1.5

favourable for rice  favourable for millet

Figure 7. Effect of consuming an enhanced diverse millet-based diet on mean weight change com-

pared to an enhanced diverse rice-based diet.

3.10. Effect of Interventions

All the outcomes were looked at for GRADE assessment. The overall effect of the
interventions shows that the quality of the evidence is moderate as there is moderate
confidence in the effect estimate. This implies that the true effect is likely to be close to the
estimate of the effects, though there is a possibility of being substantially different.
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) {(random)
Devdas et al 1984a 25 436039 25 411034 —— 067 [010; 1.24] 249% 25.0%
Devdas et al 1984b 25 610078 25 680066 —— -0.95 [-[1.54;-037] 236% 24 8%
Devdas et al 1984c 25 495045 25 552 1.14 —h -065 [-1.22;-0.08] 25.1% 25.0%
Devdas et al 1984d 25 193023 25 190033 T 0.10 [-0.45; 0.66] 264% 25.2%
Fixed effect model 100 100 : -0.19 [-0.48; 0.09] 100.0% -
Random effects model -0.20 [-1.37; 0.96] - 100.0%
Prediction interval T [-3.48; 3.07]
Heterogeneity: 1 = 84%. t° = 0.4456, p < 0.01 T
Test for overall effect (fixed effect). z = -1.32 (p = 0.19) 3 2 1 0 1 2 3
Test for overall effect (random effects): £, = -0.56 (p = 0.62) favourable for rice  favourable for millet

Figure 8. Effect of consuming an enhanced diverse millet-based diet on mean MUAC change
compared to an enhanced diverse rice-based diet.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Devdas et al 1984a 251252 067 25 1151 0.83 — 132 [0.70;1.93] 216% 24.3%
Devdas et al 1984b 25 1801 211 25 1805195 - -0.02 [-0.57,053] 266% 25.3%
Devdas et al 1984c 251260 131 25 1320 3.06 . -0.25 [-0.81;031] 264% 25.3%
Devdas et al 1984d 25 399062 25 35109 Bl 061 [0.04,117] 254% 25.1%

[

Fixed effect model 100 100 "0 0.37 [0.08; 0.65] 100.0% -
Random effects model 0.40 [-0.71; 1.52] - 100.0%
Prediction interval T [-2.69; 3.50]
Heterogeneity: 1° = 82%, t° = 0.3965, p < 0.01 o rer
Test for overall effect (fixed effect). z =251 (p = 0.01) 3 2 1 0 1 2 3
Test for overall effect (random effects): {, = 1.16 (p = 0.33) favourable forrice favourable for millet

Figure 9. Effect of consuming an enhanced diverse millet-based diet on mean chest circumference
change compared to an enhanced diverse rice-based diet.

4. Discussion
4.1. Publication Bias, Risk of Bias, and Quality of Evidence

Most studies included in this meta-analysis randomized the children allocation to the
treatment and control groups. However, they generally did not mention how the random-
ization was undertaken or whether the experiments were blinded or not. Nevertheless, the
studies reported that the participants in both the intervention and control groups were sim-
ilar at the baseline in terms of socio-economic status and dietary patterns. It is noteworthy
that it is almost impossible to blind participants for the millet-based meals that are provided
during these studies, as millets are unique in their appearance, colour, and texture, which
can be identified by anyone in the study areas where millets are traditional crops. Similarly,
the anthropometry measurements cannot be blinded like clinical measurements. Most
clinical measurements collect biological samples, such as blood, whereas anthropometry
measurements involve measuring height, weight, MUAC, and chest circumferences, which
are visible to the participants. As these is not blinding, there is no risk of bias arising from
blinding per se. Only allocation concealment can be considered as a small risk coming from
the studies for GRADE assessment.

The heterogeneity (I?) value for various outcomes varied from 65% to 96%. The high
heterogeneity could be due to clinical heterogeneity associated with differences among
participants in different stages of growth (infants, children, and adolescents). There is also
a possibility of methodological heterogeneity as the duration of each of the studies varied
from 3 months to 4.5 years. Except for one study conducted for 3 months and another for
6 months, all other studies were conducted for longer period from 8 months to 4.5 years.
Therefore, the high statistical heterogeneity in the outcomes could be associated with the
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differences in growth stages and study duration. Subgroup analysis could not be performed
due to the small number of studies in each group.

All the studies included in the meta-analysis directly contributed to the review ques-
tion of this systematic review. Therefore, there was no indirectness identified during
GRADE assessment. The observed publication bias could have come from the small
number of studies and their heterogeneity.

The growth effects of millet-based meals in comparison with normal non-enhanced
rice-based meals were positive and significant (Figures 2-5), indicating that the magnitude
of the effects shows strong association, and it was hence upgraded in GRADE assessment.
Due to some imprecision and publication biases observed, the quality of the evidence used
is rated as moderate. While the evidence remains highly useful, it is recommended to
conduct more to increase the overall number of studies and have more recent results, given
that except for two studies, all were undertaken decades ago.

Most of the studies included in the current systematic review and meta-analysis
investigated finger millet apart from one study with sorghum and two with a mixture of
millets (finger, pearl, foxtail, little, and kodo millets). Overall, two types of studies were
conducted—substituting rice for millet in regular diets and substituting rice for millets in
enhanced diverse diets. The studies that formulated the enhanced diverse diets (millet or
rice) took into account the nutrient gaps identified in the dietary patterns of the people.

Nutrient requirements generally vary by age. During adolescence, typically the weight
doubles and height grew 20% in healthy individuals [34]. During this time all the essential
nutrients are required, especially protein, calcium, iron, and vitamins, to support bone
accretion and to enhance the growth. Protein, especially branched chain amino acid leucine
and sulphur containing amino acids, is a key nutrient required to support the development
of muscle mass, and therefore, are especially important during adolescence [34]. Calcium
always remains as a priority nutrient for bone growth especially during the tremendous
growth periods of infancy (first twelve months) and adolescents (13 to 18 years).

Finger millets have a threefold higher concentration of calcium than milk, and calcium
retention is higher for finger millet than for any other staple [15]. Moreover, millets contain
more methionine, sulphur amino acids, compared to milled rice and refined wheat [7].

In the regular diets, there was a significant positive effect of replacing rice with millet
on height, weight, MUAC, and chest circumference in various age groups (infant, pre-
school, school going, and adolescents). These positive effects of millets are attributed to the
naturally high content of growth promoting nutrients (especially sulphur amino acids, total
protein, and calcium in case of finger millets), given that the rest of the diet was similar
between two groups.

Table 3 has information [27,28] on food provided in the interventions with preschool
and school-going children, showing the composition of the diets based on diversified and
enhanced rice and diversified and enhanced finger millet, compared to regular rice-based
diets. It is noted that the enhanced diets based on finger millet had higher quantities of
each food group: with 45% more finger millet, 270% more pulse, 59% more dairy products,
140% more green leafy vegetables, and 64% more fruits. On the other hand, the enhanced
rice-based diets had higher quantities of each food group: 35% more rice, 327% more
pulse, 59% more dairy products, 194% more green leafy vegetables, and 70% more fruits,
compared to the regular rice-based diets. This likely explains the reason for the significant
growth observed in the groups fed with the enhanced finger millet and enhanced rice-based
diets, compared to the controlled regular rice-based diet group. On the other hand, there
was no significant difference between the enhanced finger millet and enhanced rice diets
in terms of consumption quantity per day, i.e., they were similar diets, with the main
exception being a substitution of rice with millet. There was no significant difference
between enhanced finger millet and enhanced rice-based diets in any of their growth
parameters except chest circumference, which received a slight increase in growth (2%) in
the enhanced finger millet-consuming group.
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Table 3. Quantity of food items fed per day to groups consuming enhanced finger millet, enhanced
rice and regular rice diets.

Enhanced Finger Enhanced Rice Control Diet (Regular

Food Items (g/day) Millet Based Diet Based Diet Rice Based Diet)
Mean + SD Mean + SD Mean + SD
Millet/rice (g) 245 + 204 228.3 £26.3 168.7 + 26.2
Pulses (g) 100 + 8.6 1153 £ 5.0 27.0+11.2
Milk & milk products (g) 542 + 6.7 54.0 £ 9.6 340+ 64
Roots and tubers (g) 96.7 £ 25.7 113 £37.2 572+£93
Green leafy vegetables (g) 39.2+6.1 47.6 + 4.9 162 £ 47
Oils and fats (g) 85+ 17 8.6+23 65+ 1.0
Sugar (g) 10+ 0.0 106 £ 1.2 65+ 17
Nuts (g) 519 +21 53.0 £ 5.6 -
Fruits (g) 87+05 94+0.0 53+£05

This shows, that when the diet is enhanced, diverse, and nutritious, there is only
minimal extra growth achieved from consumption of millet-based diets compared with
rice-based diet. This is a reasonable result given that the control diet contains a diverse
range and adequate quantities of nutritious foods. However, when the base diet was not
enhanced and had lower nutritional value, substituting rice with millet had a large and
significant impact on additional growth [6,32,33]. This provides evidence that including
millets as the staple in malnourished communities can significantly improve the health and
hence growth of the people.

4.2. Limitations and Future Research Recommendations

There are nine main limitations in this study as follows. 1. The studies that were eligi-
ble for meta-analysis included finger millet, sorghum, and multiple millets (finger millet,
pearl millet, and little millet). The other types of millets should be studied to determine
which millets have the most positive impact on growth, and hence the most important to
be included in nutrition sensitive agriculture interventions and programs. 2. All the studies
included in the meta-analysis were from India, which indicates a geographical limitation
and a need to conduct such studies in other countries, especially across Africa where millets
are traditional crops and there are serious malnutrition issues. 3. Further studies should be
undertaken including all the growth measurements. Two studies measured the BMI, and
other studies measured only height and weight without estimating the BMI, HAZ, and/or
WAZ, which could have been included to study the stunting and underweight status. 4. The
studies had similar diets and mainly only substituted the staple. However, the diets were
not exactly the same and thus future studies should design the intervention by keeping all
food groups exactly the same between the intervention and control groups, changing only
the selected staple (e.g., replace rice with millet). 5. All major growth promoters should be
measured in future studies. Methionine is an essential sulphur containing amino acid and
a major growth promoter. However, none of the studies measured the level of methionine
provided in the diets in both groups. Apart from methionine, total protein, calcium, and
zinc are essential as growth promoters, which were also not measure. 6. Growth impacts
of the different types of cooking/processing of the millets should be analysed to inform
more detailed recommendations for dietary design. 7. No studies identified the varieties of
millets used or the nutritional content of the grain or the total diet. Studies incorporating
these factors would help identify how important the varieties are on growth outcomes.
8. Only one study was designed to analyse the impacts of millet-based diets on children’s
growth during adolescence, the third critical stage of rapid growth and bone mineralization
in human life, which calls for further studies. 9. Except two studies, all other studies
were conducted in the 1980s by one research team, suggesting that new studies should be
undertaken to corroborate the results.
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4.3. Policy Recommendations

The developmental, economic, social, and medical impacts of the global burden of
malnutrition are serious and lasting for individuals, their families, communities, and
countries [35]. Hence, nutritional interventions should be one of the priority areas for
policy-makers, especially where the burden is high.

These studies provide evidence that millet-based diets can be effective in improving
height and weight where regular rice-based diets are currently consumed. At the same time,
these studies were not aimed at making changes in dietary patterns. Policy recommen-
dations include: 1. Nutrition intervention programs developed to diversify staples using
millets. 2. School feeding programs, and mother and child programs, incorporate millet-
based meals designed for different age groups, using with culturally sensitive and tasty
recipes. 3. Complement these interventions with awareness and marketing campaigns to
change the image of millets and create interest. Implementation of these recommendations
should be studied in regards to the impact and lessons learnt from the approaches.

5. Conclusions

The findings of this review paper provide scientific evidence supporting diversification
of standard diets for children using millets as a solution to malnutrition. Furthermore,
millets are a basket of a wide range of nutrients and have been scientifically shown to
contribute to serving many of the significant nutrition and health needs globally [12-15],
not only by tackling child undernutrition, but also by managing type 2 diabetes [12],
lowering total cholesterol levels, obesity [13], and iron deficiency anaemia [14]. To bring
this solution to reality, awareness about the nutritional value is needed to drive demand
and investments in millets along the value chain, from fork to farm.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14010225/s1, Figure S1: Funnel plot for the studies conducted
to test the effect of millet vs. regular rice based meals on height; Figure S2: Funnel plot for the studies
conducted to test the effect of millet vs. regular rice based meals on weight; Figure S3: Funnel plot for
the studies conducted to test the effect of millet vs. regular rice based meals on MUAC; Figure S4:
Funnel plot for the studies conducted to test the effect of millet vs. regular rice based meals on chest
circumference; Figure S5: Funnel plot for the studies conducted to test the effect of enhanced finger
millet vs. enhance rice based meal on height; Figure S6: Funnel plot for the studies conducted to test
the effect of enhanced finger millet vs. enhanced rice based meals on weight; Figure S7: Funnel plot
for the studies conducted to test the effect of enhanced finger millet vs. enhanced rice based meals on
MUACG; Figure S8: Funnel plot for the studies conducted to test the effect of enhanced finger millet vs.
enhanced rice based meals on chest circumference; Figure S9: Risk of bias assessment.
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