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Abstract
Background Malnutrition in childhood has lasting consequences; its effects not only last a lifetime but are also 
passed down from generation to generation such as short stature, school-aged children are the most vulnerable 
section of the population and require special attention, including nutrition.

Method We searched Medline through PubMed, Scopus, and Web of Science to identify all observational studies 
published before Jun 2022. Observational studies with a pediatric population aged 5–18 years that evaluated risk 
estimate with 95% confidence intervals the relationship between dietary diversity and undernutrition (wasting, 
stunting, and thinness) were included. The Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) were followed.

Results This is a first systematic review and meta-analysis with a total of 20 studies were eligible (n = 18 388). 
Fourteen data evaluated stunting resulting in a pooled effect size estimated odds ratio of 1.43 (95% CI: 1.08–1.89; 
p = 0.013). Ten data evaluated Thinness resulting in a pooled effect size estimated odds ratio of 1.10 (95% CI: 0.81–1.49; 
P = 0.542). Two studies were revealed wasting with a odds ratio of 2.18 (95% CI: 1.41–3.36; p-value < 0.001).

Conclusion According to the conclusions of this meta-analysis of cross-sectional studies, inadequate dietary diversity 
increases the risk of undernutrition in growth linear but not in thinness in school-aged children. The findings of this 
analysis suggest that initiatives that support improvements to the diversity of children’s diets to reduce the risk of 
undernutrition may be warranted in LMICs.
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Introduction
Malnutrition is a term that refers to energy or nutritional 
deficiency, as well as excess or imbalanced nutrition 
intake. There are three distinct forms of malnutrition: 
(1) malnutrition due to micronutrient deficiency, (2) 
malnutrition due to micronutrient deficiency and obe-
sity, (3) undernutrition classified as wasting (low weight-
to-height ratio), stunting (low height-to-age ratio), and 
underweight (low weight-for-age) [1].

Malnutrition in childhood has lasting consequences; its 
effects not only last a lifetime but are also passed down 
from generation to generation, such as; high absenteeism, 
early dropout, unsatisfactory classroom performance, 
delayed cognitive development, short stature, reduced 
work capacity, and poor reproductive performance and 
health problem that are among the most common causes 
of low school enrolment [2–4]. School age is a time of 
significant physical, mental, and emotional development 
for children in this age group [5]. Their social engage-
ment also expands beyond their immediate family, posing 
an additional risk due to less nutritional care and sup-
port. As with children under five, school-aged children 
are the most vulnerable section of the population and 
require special attention, including nutrition [1, 6]. Ado-
lescent females are more susceptible than boys due to 
their specific physiological traits, such as menarche, and 
deep-rooted gender norms leading to intra-household 
disparities in food consumption [7].

Thinness has been embraced as a more accurate pre-
dictor of recent nutritional deprivation in older children, 
such as insufficient energy, protein, or micronutrients, 
than underweight [8]. According to the date data revealed 
in 2022, 21% of school-aged children were stunted, 12.5% 
were thin, and 24% were wasted [9]. Despite economic 
growth in emerging countries, malnutrition is wide-
spread [10]. Children in low- and middle-income nations 
have a higher risk of malnutrition due to poverty and a 
lack of food [11]. Children’s physiology and the family 
and community’s effect on their behavior may all play a 
role in the child’s optimal growth and nutritional status 
[12].

A dietary variety score, a simple count of food types 
consumed by an individual over the preceding 24  h, is 
regarded as a proxy for an individual’s nutrient-adequacy 
diet [13]. Insufficient nutritional intake among school-
aged children may have short-term and long-term det-
rimental effects on health, including postponed physical 
development and impaired cognitive development in 
adolescence [14], and an elevated risk of cardiometabolic 
disorders in adulthood [15].

Dietary variety is a crucial sign of a high-quality diet 
and is especially important for school-aged children 
whose bodies have high nutrient needs [16]. Numer-
ous studies conducted in African countries have 

demonstrated that a lack of dietary diversity relates to 
malnutrition, whereas a diverse diet can enhance overall 
nutritional status [17–19]. However, some studies have 
not observed any association between dietary diversity 
and undernutrition [20–22].

Therefore, this systematic review and meta-analysis 
of published cross-sectional studies synthesized data 
about the connection between diet diversity and the risk 
of wasting, stunting, and thinness in school-aged chil-
dren because to the best of our knowledge no study has 
explained this debate.

Method
This study complied with the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
guidelines [23]. Data were double-screened for full-text 
publications, and two reviewers worked separately from 
selection through data extraction (MZ and BZ). A third 
reviewer resolved any issues that arose (LA).

Search strategy
We carefully searched MEDLINE (through PubMed), 
Scopus, and Web of Science without regard for lan-
guage restrictions until Jun 8th, 2022. Dietary diversity, 
DDS, Dietary diversity score, wasting, underweight, and 
stunting (Table S1) were used in the search approach. All 
relevant papers were identified by searching published 
reference lists, and the corresponding author was con-
tacted via email to request access to the full study text. 
All publications were kept in an EndNote library (version 
20 for Windows) to facilitate the referral process.

Inclusion and exclusion criteria
To set inclusion criteria, two independent reviewers 
examined all fields of research discovered by the search 
strategy, which were as follows: (1) children over the age 
of five, (2) observational design studies (cross-sectional, 
cohort, or case-control studies), and (3) reported hazard 
ratios (HR), relative risks (RR), or odds ratios (OR) with 
95% confidence intervals (CI) to determine the relation-
ship between dietary diversity and the risk of wasting, 
stunting, and thinness. These were the exclusion criteria: 
(1) children under the age of 5, (2) maternal or paternal 
dietary variety, (3) animal studies, (4) not in English, (5) 
review articles, opinions, editorials, or letters, as well as 
unpublished studies or abstracts, (6) Intervention studies, 
(7) populations with acute diseases such as cancer, cystic 
fibrosis, and others, and (8) statistical analyses revealed 
correlation coefficients rather than estimated risk.

Study selection
The screening process for studies was conducted inde-
pendently by two reviewers, as previously reported. Two 
reviewers first did a title-abs screening, and then the 
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remaining titles likely to be included were reviewed in 
full-text so that no relevant work was overlooked. Two 
reviewers independently did full text screening on every 
potentially relevant paper discovered.

Data extraction
In addition to the impact size estimations, the follow-
ing factors were gathered: (1) Child age range (years), (2) 
child gender, (3) dietary measurement, (4) the number of 
participants, (5) research publication year, (6) design of 
the study (cross-sectional or longitudinal), (7) quality of 
studies, (8) country of origin, and (9) any modifications 
to their study.

If two reports utilized the same data set, we chose the 
one with the greatest sample size and the statistical anal-
ysis. We utilized the adjusted measure if both unadjusted 
and adjusted effect sizes were available.

Quality assessment
Two reviewers assessed the relevant cross-sectional stud-
ies using the updated Newcastle–Ottawa quality assess-
ment scale (Table S2).

Quality of studies was assessed as follows: poor (3), 
reasonable (4–6), and strong (7). The revised Newcastle–
Ottawa quality rating scale for cross-sectional research 
awarded a maximum score of 10 to cross-sectional stud-
ies. This is a representative tool used for observational 
studies to evaluate studies in three sections: study selec-
tion, comparability, and outcome. The overall score was 
measured by summarizing each score.

Grading the evidence
We evaluated the overall degree of confidence in the evi-
dence for each relationship using the revised Grading of 
Recommendations, Assessment, Development, and Eval-
uations (GRADE) method. GRADE evaluations were car-
ried out separately by the authors (MZ and BZ).

Data analysis
Risk estimates for undernutrition were calculated in two 
ways: using the dietary diversity score (DDS; greatest 
score vs. lowest score) or using the minimal diet diver-
sity (MDD). The relevant SEs of ORs 24 were then deter-
mined using the method SE log (RR) = [SElog (OR) log 
(RR)]/log (OR). The natural logarithms of the ORs, as 
well as their SEs and 95% CIs, were calculated.

To examine homogeneity, the I2 Index, Cochran’s Q sta-
tistic, and the associated P-value for heterogeneity were 
utilized. To detect publication bias, visual inspection of 
funnel plots and Egger’s tests for funnel plot asymmetry 
were performed. We were able to investigate consistency 
in the pooled data by removing one trial at a time and re-
estimating the pooled OR. All statistical analyses were 
performed using STATA 11.0 software (STATA Corp.). 

Statistical significance was defined as P values less than 
0.05 [24].

Results
The flow diagram depicts the search strategy and results 
(Fig. 1). During the first search, 5478 studies were discov-
ered. A full-text review of 143 articles was conducted. 
The final analysis comprised 20 studies ranging in age 
from 5 to 18 years.

Systematic review
The review examined the following data released between 
2011 and 2022: 2011 (n = 1), 2013 (n = 1), 2015 (n = 1), 
2017 (n = 1), 2018 (n = 2), 2019 (n = 4), 2020 (n = 5), 2021 
(n = 3), 2022 (n = 1). The features of the included studies 
are shown in Table  1. Among the studies included, six 
were done on girls, while the remaining were conducted 
on both sexes. Except for seven studies performed in 
other countries (Madagascar (n = 1) [25], India (n = 2) [26, 
27], Sri Lanka (n = 2) [28, 29], Cambodia (n = 1), and Nige-
ria (n = 1)), the rest were conducted in Ethiopia. Except 
for two studies that used 7-day recall [20] and 30 days-
FFQ [30], and one study did not reveal the dietary assess-
ment index [31], the reminder utilized 24-hour recall for 
dietary assessment. With only three studies with HIV-
positive children [21, 31, 32], all the studies investigated 
healthy children’s populations. Stunting, wasting, and 
thinness was identified using a height-for-age z-score 
(HAZ) of -2 SD, a weight-for-length z-score (WLZ) of 
-2 SD, and a weight-for-age z-score (WAZ) of -2 SD SDs 
below the WHO population median, respectively.

Fourteen effect sizes reported stunting, ten effect sizes 
reported thinness, and only two studies revealed wasting.

Quality assessment
According to our findings, all the included studies 
received a high-quality score (Table S2). As previously 
described, we used the NOS scale to assess the quality of 
studies and sum up the total score above 7.

Meta-analyses
Dietary diversity and stunting Fourteen effect sizes 
were included in the final analysis with 8539 individuals. 
Participants with inadequate dietary diversity had a 43% 
higher (pooled OR: 1.43; 95% CI: 1.08–1.89; p = 0.013) 
estimated odds of stunting compared to those with ade-
quate diet diversity (Fig. 2). Due to considerable between-
study heterogeneity (I2 = 74.3%; PQ−test <0.001), subgroup 
analysis was conducted based on different parameters 
(Table 2). According to the stratified analysis by location, 
the pooled estimates for the association between dietary 
diversity and stunting remained significant in studies con-
ducted in the Asian continent (OR:1.69; 95% CI: 1.24–2.29; 
p-value < 0.001), studies with a more than 500 population 
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(OR:1.86; 95% CI: 1.25–2.78; p-value = 0.002), and studies 
were conducted on healthy individuals (OR:1.61; 95% CI: 
1.17–2.21; p-value = 0.004). In addition, subgroup analysis 
indicated that heterogeneity was removed in studies with 
less equal than 500 individuals (I2 = 45.9%; PQ−test =0.086), 
and studies were conducted in both groups of sex (I2 = 
46.0%; PQ−test =0.063).

We visually inspected the funnel plot for asymmetry 
for stunting and dietary diversity. The funnel plot (Figure 
S1) appeared significant for publication bias (Egger test 
intercept; p = 0.001).

Dietary diversity and thinness Ten effect sizes were 
included in the final analysis with 9434 individuals that 

failed to establish a statistically significant association 
(pooled OR = 1.10; 95% CI: 0.81–1.49; P = 0.542) (Fig. 3). 
There was considerable heterogeneity among studies (I2 
= 79.9%; PQ−test <0.001). Due to considerable between-
study heterogeneity, Subgroup analysis was conducted 
based on different parameters (Table 2). According to the 
stratified analysis, the pooled estimates for the association 
between dietary diversity and stunting thinness remained 
insignificant in all groups. Moreover, sample size, conti-
nent, health status, and sex subgroups were identified as 
a source of heterogeneity. We were able to estimate the 
funnel plot’s asymmetry based on a visual examination 
of stunting thinness and dietary diversity. The funnel plot 

Fig. 1 PRISMA diagram of selection process
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Table 1 Summary Characteristics of Included Studies
Author, Year Country Age Sex Health 

status
Sam-
ple 
size

Diet index 
assessment

Comparison No. of 
variables in 
adjustments

Outcome Qual-
ity 
score

Adeomi et al.
2022 [30]

Nigeria 6–19 years 
old

G/B Healthy 1200 30 days-FFQ DDS < 4 food groups VS.
DDS ≥ 4 food groups

5 Thinness 10

Mulu Birru 
et al.
2021 [41]

Ethiopia 14–15 
years old

G/B Healthy 364 24-h recall DDS ≥ 5 food groups vs.
DDS < 5 food groups

26 Stunting 10

Mersha et al.
2021 [17]

Ethiopia 10–19 
years old

G Healthy 706 24-h recall DDS ≥ 5 food groups vs.
DDS < 5 food groups

12 Stunting/ 
Wasting

10

Patil et al.
2021 [27]

India 16–18 
years old

G Healthy 586 24-h recall DDS < 3 food groups vs.
DDS ≥ 3 food groups

NOT Adjusted Stunting/ 
Thinness

7

Yasuoka 
et al.
2020 [21]

Ethiopia 6–15 years 
old

G/B HIV 298 24-h recall DDS 5–7 groups vs.
DDS 0–4 groups

10 Stunting/ 
Wasting

8

Shiferaw 
et al.
2020 [32]

Ethiopia 10–19 
years old

G/B HIV 260 24-h recall DDS < 6 food groups vs.
DDS ≥ 6 food groups

NOT Adjusted Stunting/ 
Thinness

7

Kahssay et al.
2020 [18]

Ethiopia 10–19 
years old

G Healthy 340 24-h recall DDS < 4 food groups vs.
DDS ≥ 4 food groups

10 Stunting/ 
Thinness

10

Gezahegn 
et al.
2020 [31]

Ethiopia 5–15 years 
old

G/B HIV 405 Not reported DDS < 4 food groups vs.
DDS ≥ 4 food groups

5 Stunting 10

Tariku et al.
2019 [55]

Ethiopia 10–19 
years old

G Healthy 1550 24-h recall DDS < 4 food groups vs.
DDS ≥ 4 food groups

NOT Reported Stunting 7

Jikamo et al.
2019 [20]

Ethiopia 13–17 
years old

G/B Healthy 2084 7days-recall DDS≤ 4 food grups
DDS > 9–12 food groups

S: 6
T:7

Stunting 10

Getaneh 
et al.
[19] 2019

Ethiopia 6–14 years 
old

G/B Healthy 523 24-h recall DDS ≥ 7 food groups vs.
DDS < 4 food groups

4 Stunting 10

Engidaw et 
al. 2019 [56]

Ethiopia 10–19 G Healthy 423 24-h recall DDS≤ 3 food grups vs.
DDS > 6food groups

4 Stunting 8

Belay et al.
2019 [48]

Ethiopia 5–14 years 
old

G/B Healthy 848 24-h recall DDS < 4 food groups vs.
DDS ≥ 4 food groups

4 Thinness 8

Aiga et al.
2019 [25]

Madagascar 5–14 years 
old

G/B Healthy 205 24-h recall DDS≤ 4 food grups vs.
DDS > 9–12 food groups

16 Thinness 10

Tariku et al.
2018 [57]

Ethiopia 6–14 years 
old

G/B Healthy 389 24-h recall DDS < 4 food groups vs.
DDS ≥ 4 food groups

4 Stunting/ 
Thinness

10

Radhika et al.
2018 [26]

India 10–19 
years old

G Healthy 3930 24-h recall DDS > 5 food groups vs.
DDS ≤ 5 food groups

NOT Reported Thinness 8

Getachew 
et al.
2017 [58]

Ethiopia 7–14 years 
old

G/B Healthy 511 24-h recall DDS < 4 food groups vs.
DDS ≥ 4 food groups

4 Stunting 10

Wassie et al.
2015 [28]

Sri Lanka 10–19 
years old

G Healthy 1281 24-h recall DDS < 3 food groups vs.
DDS > 6 food groups

4 Thinness 10

Darapheak 
et al.
2013 [59]

Cambodia 6–14 years 
old

G/B Healthy 523 24-h recall DDS ≥ 7 food groups vs.
DDS < 4 food groups

8 Stunting 9

Niranjala 
et al.
2011 [29]

Sri Lanka 13–16 
years old

G/B Healthy 205 24-h recall DDS > 5 food groups vs.
DDS ≤ 5 food groups

10 Thinness 9

MDD: Minimum Dietary Diversity, DDS: Dietary Diversity Score, S: Stunting, W: Wasting, B: boy, G: girl
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(Figure S2) was not significant for publication bias (Egger 
test intercept; p = 0.121).

Dietary diversity and wasting
Two studies were included in the final analysis with 1004 
individuals. According to the result, the participant with 
the inadequate dietary diversity had two times higher 
(pooled OR: 2.18; 95% CI: 1.41–3.36; p-value < 0.001) 
(Fig. 4).

Sensitivity analysis
Sensitivity analyses were performed for evaluated effect 
sizes (i.e., ORs for stunting and thinness) by removing 
data from the meta-analytic model. There was no sensi-
tivity among all studies (Figure S3, S4).

Certainty of evidence
GRADE was performed for evaluated the certainty of 
studies. The result of GRADE showed that the certainty 
of both outcome stunting and thinness is very low while 
wasting is moderate (Table S3).

Table 2 Stratified analysis of the association between dietary diversity and undernutrition
Number of studies Odds Ratio (95% CI) P value P-heterogeneity I2 (%)
Stunting Thinness Stunting Thinness Stunting Thinness Stunting Thinness Stunting Thinness

Overall 14 10 1.43 (1.08–1.89) 1.10 (0.81–1.49) < 0.001 0.542 < 0.001 < 0.001 74.3% 79.9%

Sample size
≤ 500 7 5 1.04 (0.73–1.47) 1.05 (0.68–1.64 0.834 0.821 0.086 0.002 45.9% 76.5%

> 500 7 5 1.86 (1.25–2.78) 1.13 (0.70–1.84) 0.002 0.611 < 0.001 0.001 82.4% 83.4%

Continent
Africa 12 7 1.37 (0.98–1.92) 1.20 (0.81–1.77) 0.061 0.365 < 0.001 < 0.001 76.8% 81.8%

Asia 2 3 1.69 (1.24–2.29) 0.89 (0.81–1.49) < 0.001 0.718 0.637 0.003 0.0% 82.8%

Sex
Girl 9 4 1.87 (0.94–3.71) 1.16 (0.57–2.36) 0.117 0.684 < 0.001 < 0.001 87.2% 87.5%

Both 5 6 1.22 (0.95–1.56) 1.06 (0.76–1.48) 0.075 0.714 0.063 0.002 46.0% 73.0%

Health status
Healthy 11 9 1.61 (1.17–2.21) 1.09 (0.79–1.51) 0.004 0.604 < 0.001 < 0.001 77.1% 82.0%

HIV 3 1 0.86 (0.60–1.23) 1.18 (0.61–2.29) 0.407 0.624 0.868 - 0.0% -

Fig. 2 Estimated odds of stunting among school-aged children
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Discussion
Concerning survey data, our meta-analysis and system-
atic evaluation of cross-sectional research comprised 
18,388 participants from 20 studies. According to the 
findings of this study, school-aged children with a limited 
diet are more likely to have a higher estimated pooled 
risk of stunted growth and wasting. However, there is no 
association between a limited diet and thinness.

Dietary Diversity (DD) is the variety of foods or food 
categories ingested throughout a certain time period 

[33]. Diverse foods are the greatest way to guarantee 
dietary sufficiency and are an excellent source of macro 
and micronutrients [33]. Dietary variables are linked to 
an increased risk of chronic illnesses and malnutrition, 
and both international and national recommendations 
call for increasing dietary variety [33]. Dietary diversity 
is vital for satisfying energy and other basic nutritional 
needs, especially for individuals at risk of nutrient defi-
ciencies, such as children from low-income families. 
Inadequate dietary variety and higher nutritional needs 

Fig. 4 Estimated odds of wasting among school-aged children

 

Fig. 3 Estimated odds of thinness among school-aged children

 



Page 8 of 10Zeinalabedini et al. BMC Pediatrics          (2023) 23:269 

have been linked to an increased risk of poor develop-
ment trajectory in children, which becomes more obvi-
ous as they grow [34–36].

School-aged is a period of great change [37]. Depend-
ing on socioeconomic factors, the transformation could 
take several years [37–39]. Even within a particular cul-
ture, adolescents are not a uniform population; their 
growth, maturity, and lifestyles vary widely [37–39].

A lack of variety in one’s diet has been linked to an 
increased risk of short height in adolescents. This might 
be due to a cereal-based monotonous diet with inad-
equate quality, amount, and frequency of feeding that 
does not meet micronutrient needs for child develop-
ment, such as iron, vitamin B12, folate, and other neces-
sities [40]. In addition, it may be due to low nutrient 
intake during infancy and childhood that substantially 
influences the linear growth of the prescribed height as 
the relevant age [22]. Chronic and cumulative food short-
ages, lack of essential medication and fuel, infrastructure 
damage from conflicts, and poor economic conditions 
may pose significant problems to the nutritional health of 
teenage in later life [22].

Due to our analysis, dietary diversity has not been 
linked to thinness which is different from another study 
that discovered low dietary diversity, three times more 
likely to become thin [41]. This might be because of insuf-
ficient data on the thinness we have had. Studies have 
shown that nutritional deficiencies due to loss of men-
struation, irregular eating habits, and food preferences 
are common causes of underweight girls in transition 
[42, 43]. This might be due to changes in eating habits 
due to menstrual signs and symptoms, peer influence on 
food preferences, and the presence of monotonous fam-
ily nutrition due to common rations may contribute to 
reduced weight gain, and directly affect BMI in adoles-
cent girls [22].

Due to rapid development and increasing nutritional 
needs throughout adolescence, a low frequency of meals 
will cause them to become underweight or thin [41]. 
School-aged children’s thinness is strongly linked to food 
insecurity at home [44, 45]. Household food insecurity 
may be linked to a lack of food variety, translating to an 
insufficient supply of all necessary nutrients [46]. This is 
consistent with cross-sectional research on 2016 children 
in Bangladesh [41] and 656 homes with young women 
in Kenya [42]. Dietary diversity can be used to diagnose 
food insecurity, according to the FANTA experiment 
[47]. However, our study confirmed the link between 
food variety and stunting; a survey in Jimma is in a differ-
ent line from our research [20].

However, our stratified analysis failed to show a sig-
nificant association between sex and stunting and thin-
ness, other studies indicated that stunting is significantly 
higher in female adolescents [20, 48, 49]. This might be 

due to variation in maturation time in boys and girls, for 
which girls reached maturation earlier than boys [49]. 
Adolescence is a period of significant physiological, sex-
ual, neurological, and behavioral changes, and it provides 
the groundwork for assuming adult tasks and responsi-
bilities, including the move to employment and financial 
independence, as well as the establishment of lifelong 
relationships [50].

As this duration is a phase of fast growth, proper nutri-
tion is essential to reach full growth potential, and fail-
ure to acquire appropriate food may result in delayed and 
stunted linear growth and poor organ remodeling [51]. 
The duration and length of body composition changes 
are intimately related to sexual development; hence, 
dietary requirements rely more on sexual maturity than 
on chronological age [52].

Our stratified analysis showed a significant relationship 
between stunting and studied conducted in Asia. This 
might be because more low- and middle-income coun-
tries (LMICs) are from the Asian continent, and various 
research from LMICs have shown a lack of nutritional 
variety and inadequacy [53, 54]. Since that short stature 
and HAZ are indicators of a child’s long-term nutritional 
status, children living in these countries with persistent 
micronutrient deficiencies were more likely to be stunted.

The current studies have many strengths. To the best 
of our knowledge, this is the first systematic review and 
meta-analysis to evaluate the risk estimations for the 
relationship between dietary variety and undernutrition 
in school-aged children, and both groups of sex were 
included. The meta-analysis had a reasonable sample 
size, indicating that it improved the power of the meta-
analysis to detect meaningful conclusions and precise 
estimates. Finally, all studies included in this review were 
deemed high-quality based on the assessment tool.

However, limitations should be considered when evalu-
ating the findings of this meta-analysis. We used dietary 
diversity as a proxy for the overall nutritional quality of 
the child’s diet. Since this study did not account for the 
number of foods consumed, it is impossible to determine 
with certainty if the foods consumed corresponded to the 
recommended dietary intake. Considerable heterogeneity 
was found in the primary analysis. However, a subgroup-
stratified analysis was performed to evaluate potential 
causes for heterogeneity. Most studies used a 24-hour 
dietary recall assessment, which is subject to erroneous 
categorization and reporting bias and may not capture all 
relevant dietary data. Finally, all studies were cross-sec-
tional, meaning causality cannot be established, and there 
remains a limited understanding of the longitudinal rela-
tionship between dietary diversity and undernutrition.
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Conclusion
According to the conclusions of this meta-analysis of 
cross-sectional studies, inadequate dietary diversity 
increases the risk of undernutrition in growth linear and 
wasting but not in thinness in school-aged children. The 
findings of this analysis suggest that initiatives that sup-
port improvements to the diversity of children’s diets to 
reduce the risk of undernutrition may be warranted in 
LMICs. However, future research, specifically longitu-
dinal cohorts, and clinical trials, with age-classification 
are needed to confirm these findings and determine the 
mechanisms responsible for the association between 
dietary diversity and undernutrition.
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