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Epidemiological study of pediatric nutritional 2
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Abstract

Background Nutritional deficiencies (ND) continue to threaten the lives of millions of people around the world, with
children being the worst hit. Nevertheless, no systematic study of the epidemiological features of child ND has been
conducted so far. Therefore, we aimed to comprehensively assess the burden of pediatric ND.

Methods \We analyzed data on pediatric ND between 1990 and 2019 from the Global Burden of Disease study (GBD)
2019 at the global, regional, and national levels. In addition, joinpoint regression models were used to assess temporal
trends.

Results In 2019, the number of prevalent cases of childhood malnutrition increased to 435,071,628 globally. The
global age-standardized incidence, prevalence, and DALY rates showed an increasing trend between 1990 and

2019. Meanwhile, the burden of child malnutrition was negatively correlated with sociodemographic index (SDI).

Asia and Africa still carried the heaviest burden. The burden and trends of child malnutrition varied considerably
across countries and regions. At the age level, we found that malnutrition was significantly more prevalent among
children <5 years of age.

Conclusion Pediatric ND remains a major public health challenge, especially in areas with low SDI. Therefore, primary
healthcare services in developing countries should be improved, and effective measures, such as enhanced pre-
school education, strengthened nutritional support, and early and aggressive treatment, need to be developed.

Keywords Nutritional deficiencies, Children, Global burden of Disease (GBD), Epidemiology, Joinpoint regression
analysis
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Introduction

The Sustainable Development Goals (SDGs) released by
the United Nations General Assembly in 2015 aim to
eradicate all forms of malnutrition by 2030. These SDGs
also seek to achieve the international goals related to
stunting and wasting in children under 5 years of age by
2025. Despite some progress on these goals, nutritional
deficiencies (ND) remain widespread in poor countries
[1]. Malnutrition has multiple risk factors, thus leading to
differences in distribution, causes and impacts. These risk
factors include poverty, low levels of education and medi-
cal awareness, food insecurity, limited access to health-
care, environmental pollution, living in areas with a high
burden of infectious diseases, and inappropriate breast-
feeding [2-8].

It is worrying that malnutrition continues to threaten
the lives of millions of people around the world, with chil-
dren being the most affected [9-12]. A recent report pub-
lished by the World Health Organization (WHO) in 2020
found that malnutrition was responsible for over half of
all child deaths in developing countries in the 1990s [13].
Vitamin A deficiency is still prevalent in South Asia and
sub-Saharan Africa [14]. Thirteen countries have a preva-
lence of iodine deficiency in preschool children of more
than 50% [15]. In some countries in sub-Saharan Africa,
the prevalence of iron deficiency and iron-deficiency
anaemia exceeds 60% in the paediatric population [16].
Strikingly, 50% of pediatric morbidity and mortality is
attributed to malnutrition in sub-Saharan Africa [17].
Childhood malnutrition, which mainly includes protein-
energy malnutrition and micronutrient deficiencies, not
only affects children’s growth and development but may
also cause the development of many chronic diseases in
adulthood [18-21].

As is well known, there are considerable regional varia-
tions in the nutritional status of children. Unfortunately,
the epidemiology of childhood malnutrition in differ-
ent countries and regions has not been systematically
assessed so far. Here, we assessed the burden and trends
caused by pediatric malnutrition, including incidence,
prevalence, and disability-adjusted life year (DALY), at
global, regional, and national levels between 1990 and
2019. We aim to raise public awareness of the prevention
and treatment of child malnutrition and to inform health
policymaking.

Materials and methods

Data sources

The GBD 2019 is a large database researched by a multi-
country cooperation that covers all WHO member coun-
tries. It provides a comprehensive assessment of health
losses due to 369 diseases and injuries and 87 risk factors
in 204 countries and territories worldwide between 1990
and 2019 [22-24]. The GBD study incorporates data from
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many various data sources, including censuses, house-
hold surveys, vital statistics, disease registries, disease
notifications, health service use, websites of governments
and international organizations and other sources. All
data for this study were obtained from the Global Bur-
den of Disease Study (GBD) 2019 database via the official
website https://vizhub.healthdata.org/gbd-results/. The
GBD 2019 study used DisMod-MR 2.1, a Bayesian meta-
regression method designed to overcome the limitations
of descriptive epidemiological data, such as inconsis-
tency, missing data, as well as any large variation in
methodology between data sources. A detailed descrip-
tion of the raw data and general methods to generate the
GBD estimates have been described in detail in previous
publications [25, 26] and can be found in Supplementary
Material.

Malnutrition in the GBD database comprises five sub-
types: iron deficiency, iodine deficiency, vitamin A defi-
ciency, protein-energy malnutrition, and other nutrient
deficiencies. Malnutrition was defined based on the 10th
revision International Classification of Diseases (ICD)
codes for nutritional deficiencies, stratified based on
protein-energy malnutrition (ICD-10 codes E40-E46.9,
E64.0), iodine deficiencies (E00-E02), vitamin A deficien-
cies (E50-E50.9, E64.1), dietary iron deficiencies (D50-
D50.9), and other nutritional deficiencies such as vitamin
deficiency anaemias, thiamine, niacin, vitamin D, vitamin
C, calcium, selenium, and folate deficiency (D51-D53.9,
E51-E61.9, E63-E64, E64.2-E64.9) [25].

The GBD 2019 study defines sociodemographic index
(SDI) as a composite index ranging from 0 to 1, repre-
senting average incomes per capita, education level, and
fertility rates. SDI value of 0 indicates that the region
has the lowest level of theoretical development related
to health outcomes, while SDI value of 1 indicates that
the region is ranked the highest [25]. This value was then
applied to categorize countries into low (SDI<0.45),
low-middle (SDI>0.45 and <0.61), middle (SDI>0.61
and <0.69), high-middle (SDI1>0.69 and <0.80), and
high (SDI=0.80) SDI bands. Countries and territories
were grouped into 21 regions based on epidemiological
similarity and geographical proximity [27]. We collected
data from the GBD database on malnutrition from 1990
to 2019 globally, in 21 GBD regions, and 204 countries
and territories stratified by sex and age group (<5, 5-9,
10-14).

Statistical analysis

This study was conducted on children under 15 years of
age and analyzed the burden and trend of child malnu-
trition by age, sex, year, and location. In the GBD study,
uncertainty in the estimates, the main considerations are
uncertainty due to data sources, modeling uncertainty,
data errors, and data manipulation. The uncertainty of
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estimates was calculated by creating 1000 values for each
estimate of the burden and aggregating across causes
and locations at the level of each of the 1000 values for
all intermediate steps in the calculation. The lower and
upper bounds of the 95% uncertainty intervals (Uls) were
the 25th and 975th values of the ordered 1000 values. Sig-
nificant differences were established if 975 or more of the
ordered 1000 values of difference were on either side of
zero. Absolute cases and age-standardized rates (ASRs)
of incidence, prevalence, and DALY were reported to
measure the burden of ND among children. DALYs are
the sum of years of life lost and years lived with disability.
ASRs, calculated using the GBD world standard popula-
tion, remove the effect of differences in age distribution
across countries, regions, or historical periods to facili-
tate data comparisons.

In addition, joinpoint regression analyses were used to
assess temporal trends in child malnutrition. The Join-
point software (version 4.9.1.0; National Cancer Institute,
Rockville, MD, US) was used to understand tempo-
ral trends in a structured way and to test which trends
between joinpoints were statistically significant [28]. The
Joinpoint software fitted a log-linear model using ASRs
under a Poisson distribution. Monte Carlo permutation
method was used to determine the number of connected
points and corresponding P-value. Bayesian informa-
tion criterion (BIC) was employed to test the model’s
goodness of fit [29]. We specified a minimum of zero
and a maximum of five joinpoints in the model. Average
Annual Percentage Change (AAPC), Annual Percent-
age Change (APC), and the corresponding 95% confi-
dence intervals (CIs) were calculated for this study. APC/
AAPC>0 indicated that the rates increased year by year,
and APC/AAPC<O represented that the rates decreased
year by year during the segment.

Moreover, R 4.3.1 was used for data analysis and plot-
ting in this study. P<0.05 was considered statistically
significant.

Results

Global burden and trends

In 2019, 52,330,896 (95% ULl: 48,025,169 to 57,716,774)
new cases and 26,339,578 (20,235,568 to 33,595,123)
DALYs of childhood malnutrition were reported, with
435,071,628 (425,910,405 to 444,749,386) prevalent cases
(Tables 1, 2 and 3). In the context of gender, the preva-
lence and DALYs of childhood malnutrition were more
considerable among girls than boys, while the oppo-
site was true for incidence. Furthermore, among all age
groups, children under 5 years had the highest cases and
ASRs of incidence, prevalence, and DALYs (Fig. 1 and
Supplementary Table 1). Over the past three decades, the
global age-standardized incidence, prevalence, and DALY
rates of childhood malnutrition have declined (Fig. 2 and
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Supplementary Table 2). More specifically, as shown in
Fig. 2, the global age-standardized DALY rate has sig-
nificantly decreased since 1990, and the most notable
declines were observed between 1997 and 2005 (APC =
-5.08% (95% CI: -5.37% to -4.78%), P<0.05). However,
ASIR declined most significantly between 2010 and 2017
(APC = -2.77% (95% CI: -2.93% to -2.62%), P<0.05) and
then has been consistently increasing in the past 2 years.
Similarly, the ASPR of childhood malnutrition decreased
consistently with different APCs, with the most signifi-
cant decline occurring between 1990 and 1993 (APC =
-0.48% (95% CI: -0.59% to -0.37%), P<0.05).

Regional and national burden
Regionally, in 2019, the highest ASIR was observed in
South Asia (7861 (95% CI: 6123.81 to 10040.09) per
100,000 children), followed by Southeast Asia (4106.73
(3260.07 to 5250.54) per 100,000 children) and Ocea-
nia (3843.95 (2892.36 to 5110.39) per 100,000 children).
The highest ASPR and age-standardized DALY rate of
childhood malnutrition were observed in Western Sub-
Saharan Africa (ASPR: (37218.83 (95% CI: 34341.32 to
39968.12) per 100,000 children); DALY rate: (2961.72
(2177.06 to 3944.28) per 100,000 children)), with High-
income North America being the lowest estimates. Since
1990, the ASPR of childhood malnutrition has declined
in most regions, with the greatest decline observed in
East Asia, followed by Southeast Asia and high-income
Asia Pacific. The largest decrease in ASIR was recorded
in Central Sub-Saharan Africa, followed by Eastern Sub-
Saharan Africa and Andean Latin America. However, the
greatest increases were seen in Eastern Europe for ASIR.
Regarding the age-standardized DALY rate, all regions
have shown a downward trend from 1990 to 2019, with
the greatest decrease being observed in East Asia.
Nationally, India (133,648,266) had the highest num-
ber of affected children in 2019, which accounted for
30.72% of the total number of children affected globally.
The vast majority of countries have shown decreasing
trends in ASRs over the study period. Equatorial Guinea
showed the highest decline in ASIR, whereas Ecua-
dor had the greatest decrease in ASPR. Meanwhile, the
Democratic People’s Republic of Korea experienced the
greatest decrease in the age-standardized DALY rate.
In contrast, Zimbabwe was the only country where the
age-standardized DALY rate increased. Taiwan (Prov-
ince of China) had the greatest increase in ASIR among
all nations and territories, whereas Yemen had the great-
est increase in ASPR. In 2019, the highest ASIR of child-
hood malnutrition was shown in India (8930.63 (95%
CI: 6824.33 to 11518.57)/100,000), whereas Peru (428.94
(344.44 to 534.57)/100,000) had the lowest reported ASIR
(Fig. 3 and Supplementary Table 3). Notably, the ASPR of
Bhutan was up to 50398.46 (95% CI: 43741.28 to 57065.8)
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Fig. 1 Incidence, prevalence and DALY of children with nutritional deficiency in different age groups in 2019. (A) incident cases; (B) prevalent cases; (C)

DALYs; (D) incidence; (E) prevalence; (F) DALY rate

per 100,000 children, with Chile (2112.67 (1096.34 to
4085.94)/100,000) being the lowest (Supplementary Table
4). As for age-standardized DALY rate, Mali (12124.41
(8258.07 to 17515.91)/100,000) carried the heaviest bur-
den, with Chile (47.08 (25.28 to 89.36)/100,000) having
the lowest estimate (Supplementary Table 5). As can be
seen, all ASRs varied by over 20 times from country to
country, indicating that the burden of child malnutrition
disparately varied across countries.

Childhood malnutrition burden and SDI

Childhood malnutrition burden differed substantially
based on SDI. Of the children with nutritional deficiency
in 2019, 166.07 million (38.17%) lived in low-income
countries and 8.79 million (2.02%) in high-income ones.
As shown in Figs. 4 and 5, ASIR, ASPR, and age-stan-
dardized DALY rates of childhood malnutrition were

more notable in lower SDI quintiles. In other word, ASIR
(R = -0.67, P<0.05), ASPR (R = -0.88, P<0.05), and age-
standardized DALY rate (R = -0.83, P<0.05) were all
negatively correlated with SDI. Since 1990, the ASPR
and age-standardized DALY rates have decreased in all
five SDI regions. Low-middle SDI countries showed the
largest decrease in age-standardized DALY rate, but high
SDI countries showed the lowest declines. Among the
five SDI regions, the high-middle SDI region showed the
most significant growth in ASIR.

Different malnutrition burdens among children

The global burden of different malnutrition subtypes in
2019 is listed in Supplementary Tables 6, 7, 8, 9 and 10.
Iron deficiency was the most prevalent ND among chil-
dren with malnutrition of both sexes worldwide, account-
ing for about 90% of all ND. 391.49 million (95% UL

T
Near

Fig. 2 Joinpoint regression analysis of ASRs for nutritional deficiency in children from 1990 to 2019. (A) incidence; (B) prevalence; (C) DALY rate
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Fig. 3 Incidence, prevalence, and DALY rates of children with nutritional deficiency in different countries and territories in 2019. (A) age-standardized
incidence rate; (B) age-standardized prevalence rate; (C) age-standardized DALY rate; (D) estimated annual percent change of DALY rate

382.83 to 400.50) children suffered from iron deficiency
in 2019, corresponding to a prevalence of 20,146.35 (95%
CI: 19,407.85 to 20,888.54) per 100,000 children. Vitamin
A deficiency was the second most prevalent malnutri-
tion, affecting 209.67 million (196.24 to 225.11) children.
Notably, the prevalence of vitamin A deficiency in chil-
dren was as high as 10779.02 (95%CI: 9727.6 to 12133.06)
per 100,000 children. Iodine deficiency was the least
prevalent malnutrition during the period. Iron deficiency
was associated with the highest DALYs, followed by
protein-energy malnutrition, Vitamin A deficiency, and
iodine deficiency.

[ ———
: Y

Except for protein-energy malnutrition, the low SDI
areas recorded the highest number of cases and preva-
lence of the remaining three types of malnutrition among
five SDI areas. The number of prevalent cases of iron defi-
ciency, vitamin A deficiency, and iodine deficiency among
children in low SDI areas in 2019 were 154,901,335
(150,630,641 to 159,216,170), 106,741,856 (100,467,847
to 113,414,826), and 5,889,501 ( 3,971,517 to 8,153,952),
respectively. Prevalence rates of these three types of mal-
nutrition in low SDI areas were 32,516.96 (30,993.53 to
34,036.61), 22,389.56 (20,252.91 to 24,796.64) and 1275.4
(861.44 to 1762.91) per 100,000 children, respectively.
The prevalent cases of protein-energy malnutrition

C

Fig. 4 Incidence, prevalence, and DALY rates of children with nutritional deficiency in five SDI groups from1990 to 2019. (A) incidence; (B) prevalence;

(C) DALY rate
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125 8 < _ among children in low-middle SDI areas was as high as
3 T 2 5 = 'g 25,102,290 (23,894,967 to 26,615,434) with a prevalence
k22 2 T 20 of 5009.55 (4734.76 to 5340.25) per 100,000 children.
~ |1 o [¥a] +— ™M
Rgzz ¢ = = g Among 21 GBD regions, South Asia (34,174,598
22 o & Jyg (32,267,712 to 36,551,526)) recorded the highest prev-
A O alent cases of protein-energy malnutrition in chil-
s = dren in 2019, followed by Western Sub-Saharan Africa
Ah 3 2 53 (8,704,211 (8,472,115 to 8,980,617)) and Southeast Asia
|22 8 & é ) (6,724,680 (6,372,986 to 7,149,002)). Meanwhile, South
‘3 oo 2 % S Asia (7069.86 (6645.26 to 7577.03) per 100,000 children)
hlo 8§ o o showed the highest prevalence of protein-energy malnu-
18 RS o . . .
g ¢ § ¥ 3 o2 trition among children. Notably, South Asia also experi-
gz - 2 22 enced the highest prevalent cases of vitamin A deficiency
Sz 8 o8 89 (47,190,262 (36,397,675 to 60,576,338)) and iodine defi-
ged R 8 AR ciency (4,881,808 (3,116,618 to 7,125,750)). The top 3
_ - prevalence rates of vitamin A deficiency in children
o - e were Central Sub-Saharan Africa (31,206.7 (23,673.5 to
2@ 7 5 28 39,486.02) per 100,000 children), Eastern Sub-Saharan
28 ¥ x 43 Africa (25,052.34 (21,931.14 to 28,528.86) per 100,000
E o % =y §> E children) and Western Sub-Saharan Africa (18,803.86
& § 9 \% g 'i (16,846.05 to 21,093.73) per 100,000 children). The prev-
S N S0 alence of iodine deficiency was also highest in Central
%; % 5 & 3 a § Sub-Saharan Africa (5478.62 (3785.45 to 7239.22) per
§ g 8 3 &% 100,000 children), followed by South Asia (887.18 (565.43
23 s = %) o N i
gls ¥ = $ $g to 1299.87) per 100,000 children) and Eastern Sub-
ogn e B & &8 Saharan Africa (788.37 (505.73 to 1172.02) per 100,000
888 & g 2% children).
§® £ Qd 3 Discussion
=@m & ¥ T3 To our knowledge, this study is the first comprehensive
< o [o9) <~ ~N X
== & & 583 analysis of the burden of child malnutrition at the global,
; g2 2 2 2 2 regional, and national levels over the past 30 years. About
a § % ; S 4 § 435.1 million children worldwide suffered from malnu-
§ § é E é % % trition investigated by the GBD group in 2019 compared
g8 5 % on with 427.5 million in 1990. This marginal change is in
= LR ¥ R § g sharp contrast with the trend in DALY, which substan-
g2 R 2 23 tially decreased from 67 million in 1990 to 26.3 million
N 2 in 2019. The results of the joinpoint regression showed a
d5 @ q o global decline in the prevalence (AAPC =-0.27% (95% CL:
22 5 5 b -0.29% to -0.25%)) and DALY (-3.41% (-3.63% to -3.19%))
no 4y oY of childhood malnutrition, which may be attributed to
g @ g % B g the implementation and advancement of The Millen-
E ﬁ R 2R nium Development Goals [30]. Nevertheless, the burden
28 8 8 28 of malnutrition on children is still at a high level. A sys-
3 sy ¥ & gd tematic evaluation in 2022 confirmed the high burden of
ags T T =23 malnutrition-related complications of children in low-
g g o E § E A income and middle-income countries, including tubercu-
slgld g2 O ’S\’r § % losis, pneumonia, gastroenteritis, and anemia [31]. Child
g2 v 8 &R malnutrition poses a huge challenge to children’s health
C
= and social development.
< ! 3 . . PRy
S, ﬁ % 58 ¢ S & S According to SDI, the burden of child malnutrition
~ § 2. i 3. LE’ i f varied considerably across regions and countries. There
5 f_g % % 2 % g g T L8 g was a negative correlation between the burden of child
ClE 33835282285 malnutrition and SDI, indicating that the higher the
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Fig. 5 Incidence, prevalence, and DALY rates of children with nutritional deficiency across 21 GBD regions by SDI. (A) incidence; (B) prevalence; (C) DALY

rate

socio-economic level, the lower the burden of child mal-
nutrition. ASIR and ASPR for child malnutrition were
significantly higher in the low SDI quintile compared to
countries with high SDI. We found that prevalent cases
were approximately 19 times higher in low SDI regions
than in high SDI regions in 2019, and the ASPR in low
SDI areas was 6 times higher than high SDI areas. At the
same time, among five SDI areas, the lowest incidence
reduction was observed in low SDI regions. The DALY
rate in low SDI areas (2812 per 100,000 children) was
23 times higher than high SDI areas (122.5 per 100,000
children). The huge disparities in the burden of malnutri-
tion between different countries were due to a multitude
of reasons. In countries with high SDI, low prevalence
and DALY were attributed to greater parental nutritional
awareness, advanced diagnostic and treatment technolo-
gies, and easier access to health care. Unfortunately, the
majority of children with malnutrition live in low-income
and middle-income countries, where medical resources
are very limited. The high prevalence of child malnutri-
tion in poor areas may be attributed to poor conditions
such as low levels of social development, lack of aware-
ness of childcare, and barriers to education. A study in
Bangladesh found that socio-economic inequalities in
child malnutrition were stark. Stunting and underweight
were more concentrated among children born to moth-
ers from poorer households and with lower levels of edu-
cation [32]. A study in Pakistan also found that better
socio-economic status and well-being in the household
reduces malnutrition and health risks in children [33],
which is consistent with the findings of a study in Zim-
babwe [34]. In the future, there is a need to strengthen
interregional cooperation to gradually spread medical
advances and health awareness in high-income countries
to low- and middle-income countries to improve their
healthcare capacity.

At the age level, we found that malnutrition was sig-
nificantly more prevalent among children <5 years of age.
Preschool children are at risk for childhood malnutrition.
Malnutrition, including stunting, severe wasting, vitamin
A and zinc deficiencies, and suboptimal breastfeeding,

has been the underlying cause of about one-third of
under-five deaths [1]. In 2016, an estimated 155 million
children younger than 5 years of age were stunted and
52 million were wasted, including 17 million who were
severely wasted [35]. Statistically, more than half of all
children under five years of age with stunting two-thirds
of all children with wasting in Asia, and more than one-
third of all children with stunting and one-quarter of all
children with wasting in Africa [36].

It is found that Asia and Africa continue to have the
highest burden of child malnutrition. However, in com-
parison, Asia has improved while Africa seems to be less
pronounced. Some dietary guidance policies are needed
in Africa to contribute to the reduction of the burden of
child malnutrition. In addition, we found that the inci-
dence, prevalence, and DALY rates of child malnutrition
have declined at variable rates several countries, but have
even increased in others. Nationally, the number of chil-
dren suffering from malnutrition is alarmingly high in
India and it has the highest ASIR (36,390.4 per 100,000
children). Ecuador showed the greatest decline in preva-
lence rate over the past 30 years, from 19,033.34 in 1990
to 6788.37 in 2019, with an EAPC of -4.03 (95% CL: —4.2
to -3.85), followed by China and Chile. In terms of inci-
dence, Equatorial Guinea experienced the greatest reduc-
tion, with an EAPC of -4.93% (-5.66% to -4.2%), followed
by Mozambique and Angola. In contrast, countries and
territories such as Taiwan (Province of China), Australia,
and Montenegro showed an increase in incidence rates,
whereas Yemen, Burkina Faso, and Zimbabwe showed a
rise in prevalence. Of the 204 countries and territories,
Zimbabwe (EAPC=1.98 (1.08 to 2.89)) was the only
country where the age-standardized DALY rate increased
over the past three decades. Zimbabwe is part of sub-
Saharan Africa and is located in southern Africa. Poverty
and inadequate maternal and child care are recognized
as the main drivers of malnutrition in Zimbabwe. Child
malnutrition in Zimbabwe is largely influenced by where
children live and the wealth of their parents [34].

Despite a decline in the burden of childhood malnu-
trition, iron deficiency and protein-energy malnutrition
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remain the leading causes of childhood malnutrition
leading to DALYs. Among the five subtypes, iron defi-
ciency was the most common nutritional disorder
in childhood, which is consistent with previous find-
ings [37]. In 2017, the Global Burden of Disease study
reported that dietary iron deficiency was the fourth
and twelfth leading cause of years lived with disability
in women and men, respectively [38]. It is worth not-
ing that protein-energy malnutrition is the most severe
form of malnutrition among children. Children with pro-
tein-energy malnutrition typically lack the amino acids
required for growth and development, which can inhibit
cell and body growth, leading to slow development and
immune dysfunction [39].

There is a long way to go to improve childhood nutri-
tion. Targeted measures are urgently needed to reduce
the burden of ND on children. Firstly, preschool children
are a group that requires focused attention. Secondly,
screening and prevention of ND among children need to
be strengthened in less economically developed regions.
International cooperation and experience sharing should
be enhanced to improve food security and sanitation for
children in poor countries. It is also extremely necessary
to reinforce the construction of primary healthcare insti-
tutions and to constantly revise and perfect relevant laws
on the prevention and treatment of infectious diseases.
In addition, strategies and policies should be carefully
formulated for different types of ND, which will assist
in reducing the overall incidence of ND. Last but not
least, it is essential to combine the efforts of society, the
school and the family in order to strengthen nutritional
education for children, as well as to implement practical
and targeted nutritional and dietary interventions. For
instance, professional dietitians should be assigned to
schools, and nutrition courses should be offered to guide
children to establish a scientific and rational dietary pat-
tern. In particular, it is necessary to focus on strengthen-
ing nutritional literacy education for parents to reduce
the risk of micronutrient deficiencies by improving chil-
dren’s diets.

There are some limitations to this study. Firstly, the
quality of the data used in this study relies on the qual-
ity control of the original GBD data collection process,
and bias is still inevitable. Furthermore, as the data were
aggregated from multiple sites worldwide, there may be a
limitation of underdiagnosis and underreporting, which
may result in an underestimation of our results, and it
is recommended that the findings be further validated
with the help of a large cohort study. Finally, our study
was limited by changes in the quality of GBD data and
missing data. Due to the inability of the GBD database to
obtain data on other subtypes of malnutrition, this study
was unable to analyze them.
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Conclusion

Although the prevalence of child malnutrition declined
globally between 1990 and 2019, it varied by region. Asia
and Africa still carried the heaviest burden. Child malnu-
trition remains a major public health challenge, especially
in regions with low SDI. Therefore, primary healthcare
services in developing countries should be improved
and effective measures, such as strengthening preschool
education, enhancing nutritional support, and early and
aggressive treatment, should be developed.
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