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Abstract: Millets are important staples across developing countries in Asia and Africa. A previous sys-
tematic review and meta-analysis showed that eating millets significantly controlled hyperlipidaemia
and obesity by focusing on a comparison of pre- and post-intervention measurements. This study
further provides meta-analysis of the effects of the consumption of millets on hyperlipidaemia and
obesity by analysing millets against other staple grains using the difference-in-differences method,
where the effects were computed on the Standardised Mean Difference scale. Thus, only studies
that included a control group as well as the baseline were included. The results from twelve eligible
studies on blood lipid profile show significant (p < 0.05) favourable effects of consuming millets
compared to other staples (rice, wheat, and quinoa). Specifically, the effects on total cholesterol,
triacylglycerol, and very low-density lipoprotein cholesterol levels were −0.44, −0.29, and −0.41,
respectively (p < 0.05), while the effect on the high-density lipoprotein cholesterol level was +0.59
(p < 0.05). In addition, the effects on low-density lipoprotein cholesterol and the body mass index
were −0.60 and −0.29, respectively, with p = 0.06 each. While this study strengthens the evidence
that the consumption of millets contributes to reducing the risks of hyperlipidaemia, and therefore
cardiovascular diseases, more detailed and rigorous studies are recommended.

Keywords: lipid profile; millet consumption; nutrition; staple crop; hyperlipidaemia; obesity

1. Introduction

The Lancet commission report emphasises that among more than 14,000 edible plant
species that exist on the planet, 150 to 200 are consumed by humans. However, rice, wheat,
and maize account for 60% of total caloric intake [1]. With significantly higher investments
in these major crops over the decades, millet species and varieties and their value chain ad-
vancements were comparatively stagnant while their consumption significantly decreased
over the decades [2]. However, there is a recent resurgence in attention to the need for
increasing biodiversity on farms and in diets, including revamped interest in millets, as
supported by scientific promotion of millets being smart food that is “good for you, the
planet, and the farmer” [3]. Their nutritional and health benefits are widely recognised,
and several pieces of evidence were recently produced to validate those claims. Millets
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help in managing type 2 diabetes, moderating blood lipid profile, raising haemoglobin
levels, and thereby reducing anaemia [4–6].

The impact of eating millets on lipid profile was critically reviewed by Anitha et al.
(2021b), who focused on studies on changes in outcome parameters in millets-consuming
groups. The study [5] shows that consumption of millets led to improvement in blood
lipid profile and reduction in the BMI. However, it calls for additional data and analysis
to enhance these claims. The current study aims to further strengthen this evidence
by employing the difference-in-differences (DID) method, where the treatment group
consumed millets and the control group consumed major staple foods.

Review Question: Does consumption of millets help manage blood lipid profile and
obesity compared to major staple foods?

2. Materials and Methods
2.1. Study Period

The study period extended from 3 October 2017 to 1 December 2021. A 27-item
PRISMA checklist [7,8] was used in this process. The protocol has been registered in
26 March 2021 at “research registry” (www.researchregistry.com) with the registration
number “reviewregistry1123”.

2.2. Information Sources

Only articles in English were considered for the study. The first step was to undertake
a scoping of all the studies on the designated topic and related to the research question
as guided by Atkinson and Cipriani (2018) [9]. Google Scholar, Scopus, Web of Science,
PubMed, and CAB abstracts were used for the scoping. The online protocol (reviewreg-
istry1123) and Supplementary Table S1 provide details of the study strategy and keywords
used to conduct the search. The results of the scoping process were screened further to check
for relevance, complete availability of data, and the quality of the original articles using
inclusion and exclusion criteria [5]. Authors of the papers were contacted for missing data.

2.3. Inclusion Criteria

Relevant studies published between January 2010 and March 2021 were used to extract
data if they satisfied the following inclusion criteria for primary outcomes: 1. randomised
controlled trials analysing the efficacy of millet-based diets compared to any other staple-
based diets and reporting the results of primary outcomes of this study such as total
cholesterol (TC), triacylglycerols, low-density lipoprotein cholesterol (LDL-C), very low-
density lipoprotein cholesterol (VLDL-C), and/or high-density lipoprotein cholesterol
(HDL-C); 2. inclusive of any age bracket, gender, or ethnic group and testing the effect of
eating millets on blood lipid profile; and 3. studies reporting on BMI, a secondary outcome
of this study.

2.4. Exclusion Criteria

Studies excluded were review articles, those without a control group, cross-sectional
studies, and animal studies. The authors were contacted when data were incomplete, and
the studies were excluded when the minimum required data were not made accessible.

2.5. Data Extraction

Key details, including author information, year of publication, age and gender of the
people studied, countries where the studies were undertaken, study method, the number
of samples, and the description of the food and how it was prepared (cooked/processed)
for both the test and control foods were collated from every study. The numerical variables
analysed included mean changes in levels of TC, triacylglycerol, VLDL-C, LDL-C, HDL-C
(mg/dL.), and BMI (kg/m2). The data were extracted and reviewed by two independent
reviewers (S.A. and T.W.T.) and entered into an Excel sheet [10]. The effects of millet-
based diets on lipid profile were captured using the difference-in-differences (DID) method.

www.researchregistry.com
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The DID incorporates the differences in changes in measurements from pre-intervention
to post-intervention between the intervention group and control group. These values
were extracted directly from the paper. However, where changes were not provided, the
differences in mean changes were calculated as the difference between the baseline mean
and the end-line mean. If the SDs of the changes from the baseline in both groups were
missing, these were also computed from the data. The SDs of the changes were computed
using the formula below:

SDE,change =

√
SD2

E, baseline + SD2
E, f inal −

(
2× r× SDE, baseline × SDE, f inal

)
(1)

where r represents the correlation coefficient between the baseline and end-line values and
was assumed to be 0.5, and E is the experiment or intervention group, which is replaced
by C for the control group. In each case, mean standard error (SEM or SE) values were
provided in the original paper, and then SE values were converted into SD values using
the formula:

SD = SE×
√

N (2)

2.6. GRADE to Assess the Quality of Evidence

The GRADE approach was used to assess and rate the quality of the original articles
used in the meta-analysis, as described by Cochrane author resources [11]: 1. risk of bias,
2. inconsistency, 3. indirectness, 4. imprecision, and 5. publication bias were determined
and rated based on the intensity of bias. The GRADE assessment was independently
undertaken by two authors of this study (S.A. and R.B.). If there was a disagreement
on the assessment, another author (T.W.T.) of this paper was involved for the final deci-
sion. Overall assessment of each eligible study was conducted rather than assessment of
individual outcomes.

2.7. Summary Measures and Result Synthesis

Three authors were involved in the process of data verification and analysis (S.A.,
T.W.T., and R.B.). The changes in mean and SDs from the baseline to end-line in the two
groups were incorporated into the calculation of the DID in the form of the Standardised
Mean Difference (SMD) along with a 95% confidence interval (CI) [12–17]. The fixed effect
model or the random effect model was used to determine the statistical significance of the
effect size. In this study, both are presented in the forest plot chart, but the random effect
model was mainly used for explanation purposes. The forest plot was obtained using R
Studio version 4.1.1 (Vienna, Austria) (2021) [12]. Funnel plots were drawn to visually
inspect the presence of publication bias [13–18].

3. Results

Twelve studies were included in the meta-analysis. The PRISMA flow diagram
(Figure 1) illustrates the systematic process involved in selecting the eligible articles. Details
of study characteristics are given in Supplementary Table S2.

Figure 2 shows the DID in TC level among ten [19–28] studies with low heterogeneity
(I2 = 0). The effect size was −0.44 with a 95% CI of −0.68 to −0.21. The reduction in TC
was 6.6% (p = 0.011) in the millet consuming group while there was no significant change
(p = 0.311) in the control group consuming other staples (Supplementary Table S3).
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Figure 3 shows the DID in triacylglycerol level among nine studies [20–28] with low
heterogeneity (I2 = 0). The effect size was −0.29 with a 95% CI of −0.46 to −0.13. There
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was an 8.2% decrease (p = 0.002) in triacylglycerol in the treatment group while there was
no significant change (p = 0.480) in the control group (Supplementary Table S3).
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Figure 3. Forest plot showing the effects of millets vs. conventional staples consumption on triacyl-
glycerol levels [20–28].

Figure 4 shows the DID in LDL-C level among seven studies [20–25,27–29] with
moderate heterogeneity (I2 = 75). The effect size was −0.60 with a 95% CI of −1.23 to +0.04.
However, the p-value was relatively small (p = 0.06) despite the small sample size. While a
11.7% decrease (p = 0.003) in LDL-C was observed in the treatment group, no significant
decrease (p = 1.000) was found in the control group (Supplementary Table S3).
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Figure 5 shows the DID in VLDL-C level among seven studies [20–24,27,28] with low
heterogeneity (I2 = 0). The effect size was−0.41 with a 95% CI of−0.69 to−0.13. There was
a 7.9% decrease (p = 0.003) in VLDL-C in the treatment group while there was no significant
decrease (p = 1.000) in the control group (Supplementary Table S3).
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Figure 5. Forest plot showing the effects size of millets vs. conventional staples consumption on very
low-density lipoprotein cholesterol (VLDL-C) levels [20–24,27,28].

Figure 6 shows the DID in HDL-C level among eight studies [20–24,26–28] with low
heterogeneity (I2 = 39). The effect size was +0.59 with a 95% CI of +0.24 to +0.94, indicating
the favourable direction of the effect. There was a 6.1% increase (p = 0.010) in HDL-C
in the treatment group while there was a 4.6% decrease (p = 0.004) in the control group
(Supplementary Table S3).
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Figure 6. Forest plot showing the effect size of millet vs. conventional staples consumption on
high-density lipoprotein cholesterol (HDL-C) levels [20–24,26–28].

Figure 7 shows the DID in BMI among four studies [21,25,29,30] with low heterogeneity
(I2 = 0). The effect size was −0.21 with a 95% CI of −0.44 to +0.02. However, the p-value
was relatively small (p = 0.06) despite the small sample size. The BMI decrease in the
treatment group was weakly significant (−2.5%, p = 0.068) while there was no significant
change (p = 0.715) in the control group (Supplementary Table S3).

Funnel plot for each outcome was created using the trim-and-fit model, which is
presented in Supplementary Figures S1–S6. The plot appears symmetrical, due to the
absence of bias and heterogeneity.
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4. Discussions

Most studies included in this review executed randomised controlled trials. However,
none of them detailed how the treatment and control groups were assigned. The blinding
of the experiments was also not ensured in any of the studies, though admittedly, millets’
texture and appearance are not similar to that of rice, wheat, or quinoa, and therefore
blinding is not feasible, especially in India, where people can easily recognise millets.
Therefore, participants’ allocation concealment was a risk arising from the articles used in
this study.

The heterogeneity (I2) of outcomes varied from 0% to 75%, indicating that there
was only moderate heterogeneity possibly due the varying duration of studies. The
homogeneity could have resulted from the studies that were conducted in less diverse
geographical regions (i.e., most studies were conducted in India). Subgroup analysis was
not conducted, as few studies included each type of millets or other staple (e.g., there was
only one study conducted with sorghum as a food for the intervention group and one study
used quinoa as a food for the control group). Therefore, regardless of the type of millets,
the study tested millets against the other staples (rice, wheat, and quinoa).

There was neither indirectness nor inconsistency identified during the GRADE assess-
ment. The symmetric funnel plot shows that there was slight publication bias, which could
have stemmed from the smaller number of studies. This is evident from the studies that are
scattered in the middle and base of the triangle, which is basically due to the effect estimates
from the smaller number of studies [31]. Therefore, the quality of the obtained evidence
was rated as moderate. While the evidence remains valuable, it is recommended that more
studies be conducted with higher rigour, across geographical regions with various types of
millets, to reinforce the volume and credibility of the evidence.

The previous meta-analysis conducted by Anitha et al. (2021) [5] on the effects of
millet consumption focused on changes in lipid profile in the millet-consuming group,
which led to lower individual heterogeneity than in observational cross-sectional studies
comparing the two groups without baseline data. The limitation of Anitha et al. (2021) [5],
however, was the use of studies conducted without a control group to account for any
counterfactual changes that would have occurred even without the intervention. To further
test and/or strengthen the evidence, the present paper employed the DID estimator, which
overcomes the previous limitation.

In the current study, the amount of millet consumed was reported by nine out of the
twelve studies. An average of 92.8 ± 44.4 g (40–200 g) of millets was consumed by the
intervention group for a duration ranging between 28 and 120 days. The meta-analysis
identified significant beneficial effects of millet consumption on TC, triacylglycerol, LDL-
C, VLDL-C, and HDL-C levels, in which the control groups consumed diets based on
rice, wheat, and/or quinoa. Although the amount of the millet consumed varied among
these studies, it is noteworthy that all the studies except one reported > 60 g of millets
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consumption per meal and that to have sustainable benefit, it is important to continue
after experiencing the reduction in lipid profile to continuously manage it. The finding is
consistent with the previous meta-analysis of before–after millet consumption comparison.
With regard to BMI, although the effects were not significant at the 5% level, the p-value
was relatively small (0.06). In particular, LDL-C had a very small p-value (0.01) in the
fixed-effect model.

Not many studies have analysed the effects of millets consumption on the BMI, six
of which were included in Anitha et al. [5], and four were eligible for the current study.
It is recommended that more studies be undertaken to enhance the understanding of the
impact of millets-based human diets on BMI or obesity.

Another limitation of the present study is that there was insufficient information
regarding the control diets. For studies conducted in India, it can be assumed that their
typical diets were based on rice and/or wheat. One study was conducted in Sri Lanka
by feeding finger millet and another study in Brazil by feeding quinoa to the control
group, for which the dietary context is unknown. Furthermore, the quantity of millets and
control food consumed in the experiments was uneven across the studies, and none of
the studies mentioned whether the quantity of millets/control foods consumed everyday
was of constant quantity. These limitations hinder the formulation of dietary guidelines.
While the current study could be relevant to locations with similar dietary characteristics, it
would be useful to collect evidence from various locations for external validity.

Further studies should therefore provide detailed information on the control diets
and on the species and varieties of millets as well as the food preparation methods used.
This information will help implement millet-based food programmes aimed at mitigating
hyperlipidaemia and consequently reducing the risk of cardiovascular diseases (CVD).

In all likelihood, the identified effects of millet consumption on blood lipid profile and
hyperlipidaemia imply potential for integration of millets into contemporary diets as well
as nutrition programmes for reducing the risks of CVD. In this regard, further research
should measure a more extensive range of CVD risk markers, including measures of
vascular functions, to accumulate data on the value of millets in diets and their implications
for CVD.

5. Conclusions

The study enhanced evidence that regular consumption of millets helps reduce blood
TC, triacylglycerol, LDL-C, and VLDL-C levels, while increasing HDL-C, thereby managing
hyperlipidaemia. This implies that millets consumption can potentially contribute to
reducing the risk of CVD and non-alcoholic fatty liver disease. However, further studies
are recommended to accumulate evidence and deepen the insights into the efficacy of
dietary millets.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14116659/s1, Table S1: Search strategy and keywords used
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