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Background: The United Nations has recognized nutritional deficiencies as a
critical health issue that necessitates urgent eradication. This study aimed to
provide a comprehensive analysis of the spatial distribution and temporal trends
of the global disease burden associated with nutritional deficiencies and their
four subtypes from 1990 to 2021, with a particular focus on the impact of the
COVID-19 pandemic.

Methods: This study primarily employs the most recent data from the
Global Burden of Disease (GBD) 2021 to conduct a thorough analysis of the
distribution trends of incidence, mortality, and disability-adjusted life years
(DALYs) associated with nutritional deficiencies and their four subtypes from
1990 to 2021, incorporating detailed subgroup analyses categorized by sex, age,
and region. In comparison to the GBD 2019, the GBD 2021 update places a
particular emphasis on supplementing disease burden data for the period of
the COVID-19 pandemic (2019-2021). Furthermore, this study investigates the
primary risk factors contributing to disability-adjusted life years (DALYs) linked to
nutritional deficiencies.

Results: Between 1990 and 2021, the global burden of nutritional
deficiencies experienced a substantial decline, evidenced by a 54.9%
reduction in the age-standardized incidence rate (ASIR), a 72.2% decrease
in the age-standardized death rate (ASDR), and a 51.9% reduction in the
age-standardized DALY rate. However, it is noteworthy that the burden of iodine
deficiency (ASIR: 137.72 vs. 75.49; Age-standardized DALY rate: 35.43 vs. 19.98)
and dietary iron deficiency (Age-standardized DALY rate: 597.97 vs. 253.05) is
considerably greater in women than in men. Moreover, in regions characterized
by a low social demographic index (SDI) and lower income levels, the burden of
diseases associated with nutritional deficiencies remains substantial. In contrast,
the COVID-19 pandemic has not markedly changed the epidemiological profile
of nutritional deficiencies compared to the pre-2019 period, and the global
burden of nutritional deficiencies has continued its gradual decline.

Conclusions: Despite a decline in the global burden of nutritional deficiencies
over time, significant disparities related to gender, region, and age persist.
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Fortunately, the COVID-19 pandemic has had a relatively limited impact on the
global burden of nutritional deficiencies. Healthcare institutions must formulate
more targeted strategies aimed at alleviating the adverse effects of nutritional
deficiencies on global public health.

KEYWORDS

nutritional deficiencies, global burden, dietary iron deficiency, vitamin A deficiency,
protein-energy malnutrition, iodine deficiency

Introduction

Nutritional deficiencies are typically defined as a pathological
state resulting from inadequate intake, poor absorption, or
excessive loss of essential nutrients (including vitamins, minerals,
and proteins); chronic malnutrition can result in multi-system
damage, encompassing neurological, endocrine, and cardiovascular
complications, and may ultimately lead to death (1-4). A
report from the World Health Organization (WHO) indicates
that nutritional deficiencies are widespread in both developed
and developing countries, significantly affecting public health,
particularly among vulnerable populations, including children,
pregnant women, and the elderly (5, 6). The epidemiological profile
of nutritional deficiencies highlights the intricate interactions
among various risk factors. The 2021 Global Nutrition Report
indicates that nearly 2 billion adults are classified as overweight
or obese, yet one in three adults experiences at least one form of
micronutrient deficiency. Among children, stunting and wasting
continue to pose significant challenges, especially in low- and
middle-income countries (7, 8). Consequently, the United Nations
General Assembly proclaimed the period from 2016 to 2025 as the
United Nations Decade of Action on Nutrition, with the objective
of eradicating hunger and preventing all forms of malnutrition (9).

Nutritional deficiencies are typically classified into two
primary categories: macronutrient deficiencies and micronutrient
deficiencies (10). Macronutrient deficiencies specifically pertain
to inadequate intake of proteins, carbohydrates, and fats (11).
Among these, protein-energy malnutrition represents a critical
concern in numerous low-income countries, often resulting in
diseases such as kwashiorkor and marasmus (12, 13). Micronutrient
deficiencies primarily denote a lack of essential vitamins and
minerals; although the human requirement for these nutrients is
relatively minimal, they play a vital role in various physiological
functions (14). For instance, iodine deficiency may result in
goiter and cognitive impairment, particularly among children (15).
Vitamin A deficiency can adversely impact vision and immune
function, and it is recognized as one of the leading causes of
blindness (16).

Existing research indicates that the global burden of nutritional
deficiencies remains prevalent as of 2019, highlighting the need for
focused attention on the more pronounced burden in economically
disadvantaged regions due to disparities in economic development
(17). Unfortunately, it is well established that the COVID-19
pandemic has rendered the global nutritional landscape more
complex, disrupting existing food supply chains and exacerbating
disparities in nutritional health (18, 19). However, the extent to
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which the COVID-19 pandemic has influenced the global burden
of nutritional deficiencies and whether it has altered the pre-
existing epidemiological patterns remains unclear. No studies have
yet reported changes in the global burden of nutritional deficiencies
during the COVID-19 pandemic. To address this gap, this study
utilizes the most recent Global Burden of Disease (GBD) 2021
data to evaluate the burden of nutritional deficiencies across 204
countries and territories worldwide from 1990 to 2021, thereby
expanding on previous research and filling the data void caused
by the pandemic of COVID-19. Furthermore, this study examines
the impact of various risk factors on disability-adjusted life
years (DALYs) associated with nutritional deficiencies. Compared
to previous GBD studies, GBD 2021 represents a significant
advancement by incorporating updated data from the COVID-19
pandemic, enabling researchers to assess epidemiological trends
and explore the potential impact of COVID-19 on disease burden.

Method

Data source

The GBD 2021 comprehensively evaluated over 370 diseases
and injuries across 204 countries and regions globally, delivering
detailed data on incidence, death, DALYs, and their corresponding
age-standardized rates (20, 21). All data were derived from
publicly available databases established by national institutions,
with numerous published studies integrated and subjected to
rigorous quality control measures to ensure data accuracy and
reliability (22, 23).

Data definitions

Total incidence and age-standardized incidence rates (ASIR)
were evaluated using Bayesian meta-regression models, whereas
total mortality and age-standardized mortality rates (ASDR) were
predominantly estimated utilizing the Cause of Death Ensemble
Model (CODEm). Disability weights quantify the severity of health
loss or non-fatal disabilities, while DALYs reflect the total years
lost due to health impairment, from the onset of disease to death,
serving as a crucial indicator for evaluating disease burden (24, 25).

The Socio-Demographic Index (SDI) is a composite measure
that reflects a country’s level of development, incorporating per
capita income, the average education level of individuals aged 15
and older, and total fertility rates among individuals under 25
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years. This index is closely associated with health outcomes, with
SDI values ranging from 0 to 1, where 0 signifies the lowest level
of development and 1 denotes the highest level of development
(26, 27).

Based on SDI values, the 204 countries and regions were
categorized into five distinct groups: high SDI, medium-high SDI,
medium SDI, medium-low SDI, and low SDI regions. Patients were
stratified into twelve age groups: <5 years, 5-9 years, 10-14 years,
15-19 years, 20-24 years, 25-29 years, 30-34 years, 35-39 years,
40-44 years, 45-49 years, 50-69 years, and 70+ years.

Definition of nutritional deficiencies

In the GBD 2021 study, the definition of nutritional deficiencies
is grounded in the codes for nutritional deficiencies outlined in the
10th edition of the International Classification of Diseases (ICD),
encompassing protein-energy malnutrition (ICD-10 codes E40-
E46.9, E64.0), iodine deficiency (E00-E02), vitamin A deficiency
(E50-E50.9, E64.1), and dietary iron deficiency (D50-D50.9) (28).

Estimation of risk factor

We assessed 70 specific attributable risk factors identified in
GBD 2021, including particulate pollution, extreme temperatures,
lead exposure, smoking, secondhand smoke exposure, high
consumption of red meat and sodium, low intake of fiber, fruits, and
vegetables, as well as elevated fasting blood glucose levels. However,
owing to limitations in data availability, the final attribution
analysis predominantly concentrated on iron deficiency, vitamin A
deficiency, child underweight, and child wasting.

Patient and public involvement

It was not appropriate or possible to involve patients or the
public in the design, or conduct, or reporting, or dissemination
plans of our research.

Statistical analyses

We evaluated the global burden of nutritional deficiencies
by analyzing annual incidence, total death, DALYs, and the
corresponding ASRs. Age-standardized rates serve to mitigate
the effects of disparate age distributions and demographic shifts
across various regions, thereby ensuring the comparability of study
metrics. Utilizing the ASIR, ASDR, and age-standardized DALYs,
we calculated estimates of the annual percentage change (EAPC)
to retrospectively analyze the trends in the burden of nutritional
deficiencies over the past 32 years. In the equation y = o + Px,
y denotes the logl0 (ASR) value, while x signifies the year. The
formula for calculating EAPC is given by EAPC = 100 * (10° - 1).
If the EAPC value and its 95% confidence interval (CI) exceed zero,
this indicates an increasing trend in ASR; conversely, it signifies a
decreasing trend (23).
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Furthermore, to investigate the correlation between ASIR,
ASDR, age-standardized DALY rates, and levels of social
development, we computed the Pearson correlation coefficients
alongside the SDI values. Statistical analyses were performed
10.0.0 for Windows),
encompassing t-tests and analysis of variance (ANOVA) to

utilizing GraphPad Prism (version
compare incidence rates and disability-adjusted life years across
diverse genders, age groups, and regions.

All hypothesis tests conducted in this study were two-tailed,
with a significance threshold established at P < 0.05 (29).

Result

Global trends in the burden of nutritional
deficiencies

From 1990 to 2021, the global burden of nutritional deficiencies
exhibited a consistent decreasing trend. The ASIR decreased by
54.9% (from 17,112.55 per 100,000 in 1990 to 7,725.10 per 100,000
in 2021, EAPC = —2.52), the ASDR declined by 72.2% (from 10.90
per 100,000 in 1990 to 3.03 per 100,000 in 2021, EAPC = —4.41),
and the age-standardized DALY rate decreased by 51.9% (from
1,367.15 per 100,000 in 1990 to 657.62 per 100,000 in 2021, EAPC
= —2.52). Furthermore, the ASIR for males was generally higher
than that for females, whereas the age-standardized DALY rate
was elevated for females; however, the difference in ASDR between
genders was not statistically significant (Table 1, Figure 1A).

At the regional level, the burden of nutritional deficiencies in
areas classified with a medium SDI and above continued to decline,
with the lowest burden observed in high SDI regions. In low SDI
regions, the ASDR and age-standardized DALY rate for nutritional
deficiencies witnessed a significant increase between 2010 and 2012,
peaking at 36.12 per 100,000 and 3,033.25 per 100,000, respectively;
however, a subsequent consistent decreasing trend was observed
(Table 1, Figure 1B).

Regionally, although the burden of nutritional deficiencies in
Sub-Saharan Africa has diminished relative to 1990, it continues to
be higher than in other regions. The ASIR in this region stands at
18,022.35 per 100,000, the ASDR is recorded at 9.56 per 100,000,
and the age-standardized DALY rate is measured at 1,120.50 per
100,000. According to the World BanK’s regional income statistics,
as income levels increase, nutritional deficiencies diminish; the
ASIR, ASDR, and age-standardized DALY rates in low-income
areas are 11 times, 11 times, and over 10 times higher than those
in high-income regions, respectively (Table 1).

Among the 204 countries analyzed, Somalia, Niger, and Chad
exhibit the highest ASIR, with values of 83,940.53, 49,780.97, and
36,706.18, respectively. The highest ASDR values are reported
in Sierra Leone, South Sudan, and Somalia, at 39.82, 33.90,
and 32.07, respectively. The highest age-standardized DALY rates
are recorded in Sierra Leone (2,901.99), Mali (2,742.30), and
South Sudan (2,426.55). Furthermore, India ranks highest in total
incidence, total mortality, and DALYs (Supplementary Tables S1-6,
Figures 1C, D).

We further assessed the trends in the SDI across 21 regions
worldwide from 1990 to 2021 and explored the potential
associations with trends in ASIR, ASDR, and age-standardized
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TABLE 1 The incidence of nutritional deficiencies in 1990/2021.

Variables

ASIR/100,000
No. (95% Ul)

1990

ASDR/100,000
No. (95% Ul)

Age-
standardized
DALY
rate/100,000
No. (95% Ul)

ASIR/100,000
No. (95% Ul)

10.3389/fnut.2025.1535566

2021

ASDR/100,000
No. (95% UlI)

Age-
standardized
DALY
rate/100, 000
No. (95% Ul)

Overall 17,112.55 (16,470.31, 10.90 (9.4, 12.97) 1,367.15 (1,126.30, 7,725.10 (7,404.01, 3.03 (2.69, 3.40) 657.62 (489.93,
17,731.43) 1,708.49) 8,109.01) 869.58)

EAPC-ASIR —2.52 (—2.67, —2.38)

EAPC-ASDR —4.41 (—4.84, —3.98)

EAPC-Age-standardized DALY rate

—2.52(—=2.71, =2.32)

Sex
Male 20,170.14 (19,158.18, 10.71 (9.28, 12.56) 1,171.63 (967.32, 8,423.99 (7,987.09, 3.16 (2.80, 3.58) 484.62 (372.00,
21,173.10) 1,430.87) 8,934.09) 631.78)
Female 14,000.41 (13,368.81, 11.40 (9.51, 13.61) 1,573.03 (1282.74, 7,006.41 (6,700.12, 2.96 (2.63, 3.33) 834.92 (598.63,
14,655.15) 1,994.48) 7,383.65) 1,127.32)
SDI
High SDI 2,909.50 (3,180.88, 0.78 (0.70, 0.84) 131.07 (92.53, 1,671.71 (1,484.68, 0.95 (0.80, 1.03) 118.26 (83.05,
2,668.01) 189.66) 1,885.64) 165.11)
High-middle SDI 8,339.40 (7,781.30, 2.06 (1.86, 2.26) 429.22 (326.50, 3,305.31 (3,046.36, 0.8 (0.7, 0.89) 203.41 (140.77,
8,950.07) 575.07) 3,589.94) 288.96)
Middle SDI 14,567.32 (13,862.76, 9.89 (9.09, 10.56) 972.77 (797.32, 5,016.29 (4,705.26, 2.62(2.34,2.82) 459.47 (331.59,
15,328.32) 1,229.51) 5,381.24) 624.72)
Low-middle SDI 27,944.93 (26,526.37, 19.60 (16.61, 22.99) 2,374.12 (1,965.67, 9,389.32 (8,870.92, 3.73(3.33,4.12) 971.02 (706.71,
29,160.78) 2,980.94) 9,951.09) 1,308.72)
Low SDI 35.05 (28.92, 43.14) 35.05 (28.92, 43.14) 334.19 (2,727.78, 19,047.59 (18,448.14, 8.73 (7.44, 10.02) 1,319.28 (1,002.38,
4,117.71) 19,697.06) 1,722.91)
Region
Central Asia 8,894.18 (8,339.60, 1.23(1.13,1.33) 845.24 (595.7, 4,927.20 (4,597.18, 0.32(0.28, 0.36) 585.12 (399.86,
9,462.22) 1,176.90) 5,281.99) 837.14)
East Asia 11,535.28 (10,239.38, 5.45 (4.78, 6.10) 570.83 (462.24, 3,450.57 (3,075.48, 1.13 (0.93,1.32) 160.76 (110.46,
12,956.89) 725.04) 3,859.46) 228.34)
South Asia 28,292.51 (26,126.08, 19.49 (16.02, 23.18) 2,796.88 (2,246.58, 9,171.97 (8,326.93, 2.56 (2.16, 3.00) 1,187.87 (840.68,
30,300.72) 3,574.34) 10,138.25) 1,627.64)
Southeast Asia 19,895.08 (18,775.33, 15.04 (12.61, 17.05) 1,104.99 (899.41, 5,892.56 (5,501.48, 5.96 (5.10, 6.65) 505.55 (384.30,
21,118.15) 1,380.21) 6,347.38) 664.82)
Central Europe 17,286.89 (16,504.76, 0.17 (0.15, 0.18) 360.34 (237.09, 7,479.70 (7,086.41, 0.36 (0.33, 0.39) 200.85 (134.94,
18,203.53) 521.60) 7,915.69) 293.55)
Eastern Europe 1,891.24 (1,660.15, 0.48 (0.46, 0.50) 352.98 (242.19, 1,146.35 (947.99, 0.29 (0.27,0.31) 236.53 (163.10,
2,160.48) 508.14) 1,355.48) 337.20)
Sub-Saharan 38,774.88 (38,136.38, 33.92 (28.39,41.91) 2,917.80 (2,401.44, 18,022.35 (17,539.945, 9.56 (8.11, 11.03) 1,120.50 (871.92,
Africa 39,441.60) 3,613.64) 18,491.50) 1,444.32)
Oceania 18,443.43 (17,325.88, 7.58 (6.30,9.10) 776.54 (583.49, 10,329.04 (9,522.33, 4.36 (3.57, 5.42) 610.45 (433.75,
19,591.87) 1,037.62) 11,202.87) 897.37)
Latin America and 16,808.45 (15,883.74, 17.61 (16.72, 18.30) 1,121.27 (980.98, 7,346.28 (6,882.37, 3.94 (3.51,4.37) 399.33 (305.24,
Caribbean 17,764.75) 1,319.18) 7,924.83) 515.72)
World Bank Income Level
World Bank High 3,638.71 (3,401.69, 0.77 (0.70, 0.83) 142.22 (99.89, 1,960.85 (1,778.65, 0.91 (0.78, 0.98) 120.48 (85.04,
Income 3,912.01) 203.76) 2,169.05) 168.70)
World Bank Upper 12,110.18 (11,292.02, 6.45 (5.98, 6.85) 671.03 (555.08, 4,393.77 (4,115.72, 1.66 (1.48, 1.82) 259.38 (188.68,
Middle Income 12,987.79) 832.94) 4,714.37) 351.68)
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2025.1535566

Variables 1990 2021
ASIR/100, 000 ASDR/100, 000 Age- ASIR/100, 000 ASDR/100, Age-
No. (95% Ul) No. (95% Ul) standardized No. (95% Ul) 000 No. (95%  standardized
DALY 0))) DALY
rate/100, 000 rate/100, 000
No. (95% Ul) No. (95% Ul)
World Bank 24,340.90 (23,025.33, 17.16 (14.60, 19.92) 2,143.96 (1,765.05, 8,420.95 (7,932.39, 1.66 (1.48, 1.82) 259.38 (188.68,
Lower Middle 25,513.18) 2,715.71) 8,997.21) 351.68)
Income
World Bank Low 44,320.10 (43,510.02, 38.30 (31.58, 47.90) 3,170.54 (2,571.98, 22,224.09 (21,569.43, 10.45 (8.80, 12.18) 1,206.68 (938.33,
Income 45,120.47) 3,998.78) 22,834.05) 1,540.59)
UI, uncertainty intervals.
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FIGURE 1
(A) The change trends of nutritional deficiencies’ incidence cases, death cases and DALY from 1990 to 2021. Blue bars represent males and orange
bars represent females. (B) Trends from 1990 to 2021 in the ASIR, ASDR and Age-standardized DALY rate of nutritional deficiencies in five SDI regions.
(C, D) The global disease burden of nutritional deficiencies in 204 countries or territories. (E) The change trends and correlation analyses of ASIR,
ASDR and Age-standardized DALY rate with SDI from 1990 to 2021. (F) The Age-standardized DALY rate of nutritional deficiencies in different age
groups in 1990 and 2021. (G) Risk factors contributing to nutritional deficiencies -related DALY.

DALYs. The results demonstrated that SDI exhibited a significant
negative correlation with the ASIR of nutritional deficiencies
(correlation coeflicient —048, P < 0.01), the ASDR
(correlation coefficient = —0.51, P < 0.01), and the age-
standardized DALY rate (correlation coeflicient = —0.85, P < 0.01)
(Figure 1E).

Figure 1F illustrates the results of a subgroup analysis stratified
by age. The results revealed that except for high SDI regions, the
age-standardized DALY rate for nutritional deficiencies among the
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<5 years age group was consistently the highest. Conversely, in
high SDI regions, the age-standardized DALY rate was highest
among the 70+ years age group.

In 2021, the age-standardized DALY rate attributable to all
risk factors associated with nutritional deficiencies was recorded
at 611.69 per 100,000. The primary risk factors identified globally
and across different SDI regions included iron deficiency, vitamin
A deficiency, child underweight, and child wasting. Among
these factors, iron deficiency emerged as the predominant risk
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factor contributing to disabilities and mortality associated with
nutritional deficiencies (Figure 1G).

Global trends in the burden of
protein-energy malnutrition

From 1990 to 2021, the global burden of protein-energy
malnutrition demonstrated a generally fluctuating decreasing
trend. The most substantial reductions were observed in ASDR,
which decreased from 9.44 per 100,000 in 1990 to 2.61 per
100,000 in 2021 (with an EAPC of —4.47, indicating a decline of
72.4%), and in the age-standardized DALY rate, which fell from
699.3 per 100,000 in 1990 to 172.38 per 100,000 in 2021 (with
an EAPC of —4.64, reflecting a decline of 75.3%). In contrast,
the ASIR exhibited considerable fluctuations, with a significant
decline occurring primarily after 2014. Furthermore, no significant
differences were observed in the ASDR and age-standardized DALY
rates for protein-energy malnutrition between males and females;
however, the ASIR for males was notably higher than that for
females (Table 2, Figure 2A).

At the SDI’s regional level, the ASIR in middle SDI and higher
regions displayed an upward trend before 2014, followed by a
marked decline thereafter. By 2021, the ASIR in middle SDI regions
was the highest, whereas that in high SDI regions was the lowest.
Notably, in low SDI regions, the ASDR and age-standardized DALY
rate for protein-energy malnutrition experienced a significant
increase from 2010 to 2012, peaking at values of 34.39 per 100,000
and 2,037.19 per 100,000, respectively, before continuing to decline
thereafter (Table 2, Figure 2B).

Regionally, in 2021, South Asia reported the highest ASIR for
protein-energy malnutrition at 2,044.84 per 100,000, while Sub-
Saharan Africa recorded the highest ASDR and age-standardized
DALY rates at 9.14 per 100,000 and 451.59 per 100,000, respectively.
According to the regional income classifications established by
the World Bank, the burden of protein-energy malnutrition has
diminished in both the World Bank Lower Middle Income and
World Bank Low Income regions compared to 1990. Surprisingly,
in 2021, both the ASDR and age-standardized DALY rates for
protein-energy malnutrition increased in the World Bank High
Income and World Bank Upper Middle-Income regions, while the
ASIR in the World Bank High-Income region experienced a slight
rise as well (Table 2).

Among the 204 countries, the highest ASIR was reported
in the United Arab Emirates (4,688.09), followed by Bulgaria
(2,563.81) and India (2,226.25). In contrast, the highest ASDR
was observed in Sierra Leone (38.98), South Sudan (32.77), and
Somalia (30.89), while the highest age-standardized DALY rates
were recorded in Sierra Leone (2,200.17), South Sudan (1,891.77),
and Mali (1,533.51). Additionally, India recorded the highest total
incidence and total DALY years globally, with 29,505,320.45 cases
and 2,035,962.502 years. Meanwhile, Indonesia ranked first in
terms of mortality, with 18,148.40 deaths attributed to protein-
energy malnutrition (Supplementary Tables S7-12, Figures 2C, D).

Figure 2E illustrates the potential correlation between the
trends in changes of the SDI and the ASIR, ASDR, and age-
standardized DALYs of protein-energy malnutrition across 21

Frontiersin Nutrition

10.3389/fnut.2025.1535566

global regions from 1990 to 2021. The results indicate a significant
negative correlation between the SDI and the ASIR of protein-
energy malnutrition (correlation coefficient = —0.14, P < 0.01),
ASDR (correlation coefficient = —0.51, P < 0.01), and age-
standardized DALY rate (correlation coefficient = —0.73, P < 0.01).
Figure 2F presents the results of subgroup analyses categorized by
age groups. The findings indicate that except for high SDI regions,
the age-standardized DALY rate for protein-energy malnutrition in
the under-5 age group is consistently the highest. Conversely, in
high SDI regions, the age-standardized DALY rate for the 70+ age
group is the highest.

Global trends in the burden of iodine
deficiency

From 1990 to 2021, the global burden of iodine deficiency
exhibited a consistent year-on-year decline. The ASIR decreased
from 126.14 per 100,000 in 1990 to 105.93 per 100,000 in 2021,
reflecting a reduction of 16.2%, with an EAPC of —0.40 (—0.51,
—0.29). The decline in the age-standardized DALY rate is even
more pronounced, decreasing from 46.19 per 100,000 in 1990 to
27.66 per 100,000 in 2021, representing a decrease of 40.1%, with
an EAPC of —1.56 (—1.66, —1.45). Notably, the burden of iodine
deficiency is more pronounced in females compared to males
(Table 3, Figure 3A).

At the regional level, the burden of iodine deficiency has
decreased to varying degrees across all SDI categories, with more
significant reductions observed in low-middle SDI and low SDI
regions. Nevertheless, in 2021, the ASIR for iodine deficiency in
low SDI regions was 9.71 times higher than that in high SDI regions
(Low SDI: 20.54 per 100,000; High SDI: 199.41 per 100,000), while
the age-standardized DALY rate was more than 15.95 times higher
(Low SDI: 4.25 per 100,000; High SDI: 67.8 per 100,000) (Table 3,
Figure 3B).

Regionally, most areas experienced a decline in the burden
of iodine deficiency compared to 1990; however, a slight increase
was noted in Eastern Europe, with the ASIR rising from 11.38
per 100,000 in 1990 to 11.52 per 100,000 in 2021, and the age-
standardized DALY rate increasing from 4.42 per 100,000 in 1990
to 4.56 per 100,000 in 2021. Furthermore, in 2021, the burden of
iodine deficiency in South Asia remains the highest, with an ASIR
of 206.99 per 100,000 and an age-standardized DALY rate of 62.86
per 100,000.

According to the World BanKs classification of regional
income statistics, areas with lower income levels also bear a
relatively heavier burden of iodine deficiency (Table 3). Among
204 countries, Somalia, the Democratic Republic of the Congo,
and Djibouti rank as the top three in terms of the burden of
iodine deficiency, with Somalia’s ASIR reaching 725.91 per 100,000.
Additionally, India has the highest total number of cases and
DALY associated with iodine deficiency globally, with 3,339,819.66
cases and 953,546.19 years
Figures 3C, D).

Figure 3E illustrates the potential association between the
trends of changes in the SDI and the ASIR and age-standardized
DALYs of iodine deficiency across 21 global regions from 1990

(Supplementary Tables S13-16,
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TABLE 2 The incidence of protrin-energy malnutrition in 1990/2021.

Variables

ASIR/100, 000
No. (95% UlI)

1990

ASDR/100, 000
No. (95% UlI)

Age-
standardized
DALY
rate/100, 000
No. (95% Ul)

ASIR/100, 000
No. (95% UlI)

10.3389/fnut.2025.1535566

2021
ASDR/100,

000 No. (95%

ul)

Age-
standardized
DALY
rate/100, 000
No. (95% Ul)

1,111.43)

Overall 1,677.02 (1,363.96, 9.44 (8.16, 11.32) 699.3 (594.81, 1,406.21 (1,177.88, 2.61(2.29, 2.98) 172.38 (142.75,
2,070.23) 869.67) 1,691.07) 204.1)

EAPC-ASIR —0.20 (—0.52,0.13)

EAPC-ASDR —4.47 (—4.94, —3.99)

EAPC-Age-standardized DALY rate —4.64 (—5.11, —4.17)

Sex

Male 1,766.52 (1,439.35, 9.49 (8.14,11.21) 667.59 (564.84, 1,549.56 (1,293.16, 2.77 (2.43, 3.18) 178.38 (146.79, 215)
2,183.16) 817.18) 1,860.79)

Female 1,586.98 (1,287.79, 9.65 (8.07, 11.72) 736.13 (608.81, 1,261.43 (1,053.8, 2.51(2.21, 2.86) 166.96 (138.67,
1,964.66) 912.28) 1,509.84) 196.18)

SDI

High SDI 1,052.68 (828.38, 0.63 (0.57, 0.68) 21.66 (17.72, 28.31) 1,118.15 (931.89, 0.88 (0.74, 0.95) 34.33 (25.63, 48.18)
1,301.59) 1,329.48)

High-middle SDI 1,026.36 (808.06, 1.81 (1.63,1.99) 110.29 (98.33, 1,202.77 (996.16, 0.63 (0.55, 0.69) 22.49 (19.18, 26.71)
1,286.82) 124.3) 1,464.96)

Middle SDI 1,584.92 (1,292.55, 8.45 (7.76,9.03) 402.7 (368.31, 1,260.03 (1,043.98, 7.68 (6.44, 8.91) 424.78 (333.52,
1,965.1) 446.62) 1,516.13) 512.5)

Low-middle SDI 1,058.61 (892.98, 14.96 (12.54, 17.93) 2,260.85 (1,824.5, 1,447.85 (1,198.87, 2.74 (2.4,3.07) 175.06 (148.99,
1,279.44) 2,778.4) 1,736.67) 204.94)

Low SDI 2,134.82 (1,752.88, 31.07 (25.8,38.1) 2,019.51 (1,602.83, 1,445.72 (1,205.61, 2.17 (1.94,2.35) 91.34 (79.47,
2,595.12) 2,637.16) 1,752.87) 105.43)

Region

Central Asia 859.35 (650.88, 0.66 (0.6, 0.72) 66.73 (57.4, 77.58) 741.53 (585.62, 0.18 (0.16, 0.21) 12.71 (10.59, 15.29)
1,106.48) 924.03)

East Asia 1,243.43 (992.17, 5.15 (4.54, 5.75) 241.67 (207.45, 1,379.46 (1,129.1, 0.91 (0.75, 1.06) 17.67 (15.15, 20.36)
1,558.93) 279.94) 1,698.95)

South Asia 2,762.86 (2,178.39, 12.73 (10.14, 15.77) 1,083.59 (891.43, 2,044.84 (1,655.49, 1.15 (0.9, 1.44) 165.27 (128.86,
3,458.38) 1,310.04) 2,494.51) 207.35)

Southeast Asia 2,128.86 (1,764.35, 13.23 (11.16, 15.08) 534.62 (451.28, 1,502.74 (1,293.1, 5.22 (4.44,5.87) 153.01 (134.56,
2,623.18) 654.6) 1,744.65) 173.4)

Central Europe 697.64 (529.02, 886.7) 0.11 (0.1,0.13) 10.75 (8.87, 13.07) 893.05 (714.88, 0.32 (0.29, 0.35) 9.7 (8.8, 10.65)

Eastern Europe 934.12 (713.25,

0.23(0.21, 0.24)

32.25(24.89, 40.89)

815.12 (623.72,

0.15(0.14, 0.15)

14.1 (10.92, 18.11)

1,182.54) 1,024.76)
Sub-Saharan 1,604.73 (1,333.11, 32.42 (27.32,39.83) 2,029.43 (1,611.67, 889.44 (740.94, 9.14 (7.74,10.61) 451.59 (352.84,
Africa 1,938.82) 2,650.05) 1,054.76) 547.78)
Oceania 1,789.31 (1,489.6, 7.56 (6.28, 9.08) 268.03 (222.04, 1,515.6 (1,278.41, 4.35 (3.56, 5.4) 167.02 (131.17,
2,115.97) 322.61) 1,752.19) 209.58)
Latin America 1,147.93 (976.38, 15.94 (15.13, 16.56) 667.77 (633.36, 824.46 (720.82, 947.8) 3.65 (3.25, 4.06) 119.18 (103.42,
and Caribbean 1,375.89) 706.64) 139.56)

World bank income level

World bank high 1,004.88 (789.84, 0.62 (0.56, 0.66) 23.04 (19.47, 28.86) 1,104.7 (918.77, 0.83(0.71, 0.9) 33.42 (25.39, 45.69)
income 1,248.63) 1,322.48)
World bank 1,138.63 (922.98, 5.93 (5.51, 6.3) 294.19 (269.6, 1,054.21 (883.93, 9.93 (8.35, 11.56) 512.64 (396.77,
upper middle 1,418.15) 321.66) 1,235.64) 628.22)
income
(Continued)
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TABLE 2 (Continued)
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Variables 1990 2021
ASIR/100, 000 ASDR/100, 000 Age- ASIR/100, 000 ASDR/100, Age-
No. (95% Ul) No. (95% Ul) standardized No. (95% Ul) 000 No. (95%  standardized
DALY U])] DALY
rate/100, 000 rate/100, 000
No. (95% Ul) No. (95% Ul)
World Bank 2,246.29 (1,797.05, 12.94 (10.96, 15.32) 921.1 (774.49, 1,601.34 (1,318.24, 2.8 (2.48,3.14) 177.2 (149.99,
Lower Middle 2,793.42) 1,117.99) 1,938.5) 209.86)
Income
World Bank Low 1,929.68 (1,633.67, 36.4 (30.25, 45.35) 2,248.03 (1,764.79, 1,150.26 (963.98, 1.45 (1.29, 1.59) 48.56 (43.3, 54.14)
Income 2,286.46) 2,995.97) 1,394.41)

UI, uncertainty intervals.
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FIGURE 2

malnutrition in different age groups in 1990 and 2021.

(A) The change trends of protrin-energy malnutrition's incidence cases, death cases and DALY from 1990 to 2021. Blue bars represent males and
orange bars represent females. (B) Trends from 1990 to 2021 in the ASIR, ASDR and Age-standardized DALY rate of protein-energy malnutrition in
five SDI regions. (C, D) The global disease burden of protein-energy malnutrition in 204 countries or territories. (E) The change trends and correlation
analyses of ASIR, ASDR and Age-standardized DALY rate with SDI from 1990 to 2021. (F) The Age-standardized DALY rate of protein-energy
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to 2021. The results indicate a significant negative correlation
between SDI and the ASIR of iodine deficiency (correlation
coefficient = —0.40, P < 0.01) and the age-standardized DALY
rate (correlation coefficient = —0.62, P < 0.01). Figure 3F presents
the results of subgroup analyses based on age groups. The findings
demonstrate that the DALYs related to iodine deficiency are
primarily concentrated in the population aged over 5 years in both
global and various SDI regions. Notably, in comparison to 1990,
there was a slight increase in iodine deficiency-related DALYs for
the 50-69 age group in high-middle SDI regions in 2021.

Frontiersin Nutrition

Global trends in the burden of vitamin A
deficiency

From 1990 to 2021, the global burden of vitamin A deficiency
demonstrated a consistent downward trend annually. The ASIR
decreased from 15,309.38 per 100,000 in 1990 to 6,212.97 per
100,000 in 2021, indicating a reduction of 59.4%, with an EAPC of
—2.94 (—3.09, —2.79). The decline in the age-standardized DALY
rate was even more pronounced, decreasing from 32.56 per 100,000
in 1990 to 15.73 per 100,000 in 2021, a reduction of 51.7%, with
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TABLE 3 The incidence of iodine deficiency in 1990/2021.

Variables 1990

ASIR/100, 000 No.
(95% UlI)

Age-standardized
DALY rate/100, 000

10.3389/fnut.2025.1535566

2021

ASIR/100, 000 No.
(95% UI)

e-standardized
DALY rate/100, 000

Overall

126.14 (106.85, 149.86) ‘

No. (95% Ul)

46.19 (27.96, 74.29)

105.93 (86.16, 128.28)

No. (95% UlI)

27.66 (14.72, 49.47)

EAPC-ASIR

—0.40 (—0.51, —0.29)

EAPC-Age-standardized DALY rate

—1.56 (—1.66, —1.45)

Sex

Male 103.28 (87.48, 121.43) 39.98 (24.32, 63.78) 75.49 (61.12, 92.17) 19.98 (10.57, 35.14)
Female 149.69 (127.26, 176.98) 52.52 (32.29, 84.9) 137.72 (112.67, 166.66) 35.43 (18.37, 63.81)
SDI

High SDI 2226 (17.81, 27.15) 4.7 (2.11,8.93) 20.54 (16.38, 25.01) 4.25(1.92,7.95)

High-middle SDI

61.11 (50.64, 73.78)

16.5 (8.6,29.11)

50.4 (40.83, 61.26)

14.03 (6.93, 25.72)

Middle SDI

88.84 (73.75, 107.29)

35.85(21.72, 59.08)

75.31 (60.21, 92.44)

19.69 (9.62, 36.81)

Low-middle SDI

224.89 (191.23, 266.24)

107.5 (67.6, 167.85)

135.87 (108.85, 166.15)

41.95(22.79, 73.82)

Low SDI 269.21 (229.96, 316.2) 269.21 (229.96, 316.2) 199.41 (163.48, 241.93) 67.8 (36.73, 117.79)
Region

Central Asia 27.54 (22.22, 33.79) 9.82 (5.18, 16.52) 18.43 (14.48, 22.35) 5.94 (3.23,10.01)
East Asia 65.08 (51.67, 81.34) 18.59 (9.98, 33) 67.52 (53.27, 82.61) 17.1 (7.9, 32.75)
South Asia 323.19 (272.79, 385.97) 158.58 (100.23, 246.88) 206.99 (164.96, 255.03) 62.86 (33.98, 112.41)
Southeast Asia 72.99 (59.63, 88.7) 27.77 (16.67, 43.86) 40.62 (31.93,49.82) 11.28 (6.16, 19.26)
Central Europe 15.55 (12.81, 18.66) 3.72 (1.83, 6.55) 11.48 (9.01, 13.99) 2.38 (1.06, 4.44)

Eastern Europe

11.38 (8.9, 13.94)

442 (2.11,7.29)

11.52 (8.97, 14.06)

4.56 (2.13,7.59)

Sub-Saharan Africa

200.61 (173.48, 233.79)

63.62 (32.77, 114.28)

151.26 (124.98, 182.69)

44.98 (22.92, 81.28)

Oceania

7.33(5.77,9.09)

2.89 (1.65, 4.49)

4.35(3.44, 5.45)

1.61 (0.9, 2.53)

Latin America and Caribbean

18.72 (15.16, 22.66)

5.47 (2.86,9.5)

17.63 (14.21, 21.39)

4.8 (2.47,8.51)

World Bank Income Level

World Bank High Income 31.63 (25.82, 38.22) 7.42 (3.37, 14.08) 25.31 (20.41, 30.62) 5.7 (2.58, 10.79)
World Bank Upper Middle Income 53.66 (43.6, 65.59) 15.64 (8.46, 27.41) 45.9 (37.49, 55.39) 12.99 (6.45, 24.04)
World Bank Lower Middle Income 207.42 (174.84, 246.56) 98.21 (61.96, 153.86) 136.12 (108.61, 167.47) 40.67 (21.99,72.4)

World Bank Low Income

258.43 (225.3, 300.15)

86.77 (46.37, 153.23)

201.72 (167.83, 242.68)

64.18 (33.73, 113.64)

UL uncertainty intervals.

an EAPC of —2.43 (—2.63, —2.24). Furthermore, the burden of
vitamin A deficiency is significantly greater in males than in females
(Table 4, Figure 4A).

At the regional level, the burden of vitamin A deficiency
has diminished to varying degrees across all SDI categories, with
reductions, particularly notable in the low-middle and low SDI
regions. Nonetheless, in 2021, the ASIR of vitamin A deficiency
in low SDI regions remained 33 times higher than that in high
SDI regions (Low SDI: 533.02 per 100,000; High SDI: 17,588.14 per
100,000), while the age-standardized DALY rate was over 121.03
times higher (Low SDI: 0.3 per 100,000; High SDI: 36.31 per
100,000) (Table 4, Figure 4B).

Regionally, in comparison to 1990, the burden of vitamin A
deficiency has decreased across all regions. In 2021, the burden of

Frontiersin Nutrition

vitamin A deficiency was highest in the Sub-Saharan Africa region,
with an ASIR of 16,981.65 per 100,000 and an age-standardized
DALY rate of 32.73 per 100,000.

According to regional income statistics from the World Bank,
lower-income areas also bear a relatively greater burden of vitamin
A deficiency (Table 4). Among 204 countries, Somalia exhibits
the highest burden of vitamin A deficiency, with an ASIR of
81,451.76 per 100,000 and an age-standardized DALY rate of
108.60 per 100,000. Additionally, India holds the highest total
incidence and DALY years for vitamin A deficiency globally, with
112,700,475 cases and 321,890.3 years (Supplementary Tables S17-
20, Figures 4C, D).

Figure 4E illustrates the potential association between the
trends of changes in the SDI and the ASIR and age-standardized
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FIGURE 3

(A) The change trends of iodine deficiency’s incidence cases and DALY from 1990 to 2021. Blue bars represent males and orange bars represent
females. (B) Trends from 1990 to 2021 in the ASIR and Age-standardized DALY rate of iodine deficiency in five SDI regions. (C, D) The global disease
burden of iodine deficiency in 204 countries or territories. (E) The change trends and correlation analyses of ASIR and Age-standardized DALY rate
with SDI from 1990 to 2021. (F) The Age-standardized DALY rate of iodine deficiency in different age groups in 1990 and 2021.
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DALYs of vitamin A deficiency across 21 global regions from
1990 to 2021. The results indicate a significant negative correlation
between SDI and the ASIR of vitamin A deficiency (correlation
coefficient = —0.49, P < 0.01) and the age-standardized DALY
rate (correlation coefficient = —0.88, P < 0.01). Figure 4F presents
the results of subgroup analyses based on age groups. The findings
indicate that the DALYs associated with vitamin A deficiency are
primarily concentrated in the population aged under 15 years in
both global and various SDI regions.

Global trends in the burden of iron
deficiency

From 1990 to 2021, the global burden of iron deficiency
exhibited a consistent downward trend each year. The age-
standardized DALY rate decreased from 517.98 per 100,000 in 1990
to 423.74 per 100,000 in 2021, representing a decline of 18.2%, with
an EAPC of —0.68 (—0.72, —0.64). The burden of iron deficiency is
significantly greater in females than in males (Table 5, Figure 5A).

At the regional level, although the burden of iron deficiency
has diminished to varying degrees across all SDI regions, in 2021,
the age-standardized DALY rate in low SDI regions was still more
than 10.63 times higher than that in high SDI regions (Low
SDI: 71.16 per 100,000; High SDI: 756.7 per 100,000) (Table 5,
Figure 5B). Regionally, in comparison to 1990, the burden of iron
deficiency has decreased across all regions. In 2021, the burden
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of iron deficiency was highest in the South Asia region, with an
age-standardized DALY rate of 885.49 per 100,000.

According to regional income classifications by the World
Bank, the lower-middle income region had the highest age-
standardized DALY rate (674.98 per 100,000), whereas the high-
income region had the lowest (72.89 per 100,000) (Table 5).
Among 204 countries, Yemen exhibited the highest burden
of iron deficiency, with an age-standardized DALY rate of
1,405.23 per 100,000. India reported the highest total DALY years
attributable to iron deficiency globally, reaching 12,022,677.85
years (Supplementary Tables S21, 22, Figures 5C, D).

Figure 5E illustrates the potential association between the
trends of changes in the SDI and age-standardized DALY rates for
iron deficiency across 21 global regions from 1990 to 2021. The
results indicated a significant negative correlation between SDI and
the age-standardized DALY rate for iron deficiency (correlation
coefficient = —0.75, P < 0.01). Figure 5F presents the results of
subgroup analyses based on age groups. The findings indicated
that the DALYs associated with iron deficiency were relatively
evenly distributed across all age groups globally and within various
SDI regions.

Discussion
This study employed the latest GBD 2021 data to conduct

a comprehensive analysis of the disease burden associated with
malnutrition and its four subtypes from 1990 to 2021. By
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TABLE 4 The incidence of vitamin A deficiency in 1990/2021.

Variables 1990 2021
ASIR/100, 000 No.

ASIR/100, 000 No.
(95% UI)

Age-standardized

Age-standardized
DALY rate/100, 000

(95% UlI) DALY rate/100, 000

No. (95% Ul)

No. (95% UlI)

Overall 15,309.38 (14,795.26, 32.56 (21.77, 46.45) 6,212.97 (5,995.41, 6,451.23) 15.73 (10.09, 22.28)
15,849.38)
EAPC-ASIR —2.94 (—3.09, —2.79)

EAPC-Age-standardized DALY rate

—2.43 (—2.63, —2.24)

Sex

Male 18,300.34 (17,356.99, 37.29 (24.94, 54.38) 6,798.94 (6,436.75, 7,190.76) 16.6 (10.58, 23.33)
19,260.4)

Female 12,263.74 (11,738.46, 27.55 (18.35, 38.74) 5,607.26 (5,364.31, 5,864.34) 14.8 (9.59, 21.42)
12,824.22)

SDI

High SDI 1,834.56 (1,731.57, 1,950.67) 1.32 (0.84, 1.99) 533.02 (500.63, 567.45) 0.3 (0.19, 0.46)

High-middle SDI

7,251.94 (6,744.03, 7,829.66)

7.78 (5.17,11.16)

2,052.13 (1,920.15, 2,185.48)

2.72 (1.69, 3.95)

18,792.08)

Middle SDI 12,893.56 (12,204.12, 20.00 (13.18, 28.22) 3,495.26 (3,311.64, 3,685.43) 7.4 (4.83,10.66)
13,560.94)

Low-middle SDI 25,459.19 (24,136.77, 52.67 (35.03, 75.39) 7,805.61 (7,338.17, 8,319.93) 18.09 (11.61, 26.15)
26,659.33)

Low SDI 40,183.53 (39,126.94, 78.9 (53.42, 113.22) 17,588.14 (17,081.49, 36.31(23.71, 51.36)
41,255.53) 18,160.63)

Region

Central Asia 8,007.29 (7,482.21, 8,568.86) 15.76 (10.21, 24.25) 4,167.24 (3,900.84, 4,475.56) 8.21(5.32,11.94)

East Asia 10,226.78 (8,955.07, 10.66 (6.83, 15.59) 2,003.59 (1,730.21, 2,311.42) 3.45(2.15,5.1)
11,653.73)

South Asia 25,206.45 (23,113.6, 60.3 (40.14, 86) 6,920.14 (6,167.34, 7,776.39) 21.49 (13.03, 30.68)
27,092.84)

Southeast Asia 17,693.23 (16,665.65, 34.69 (22.53,49.8) 4,349.2 (4,016.04, 4,766.59) 8.98 (5.92, 13.27)

Central Europe

16,573.7 (15,835.42,
17,431.9)

14.25 (9, 21.2)

6,575.17 (6,205.13, 6,966)

3.27(1.99, 4.98)

Eastern Europe

945.74 (869.42, 1025.71)

0.48 (0.28, 0.72)

319.71 (288.44, 351.06)

0.1 (0.06, 0.16)

Sub-Saharan Africa

36,969.54 (36,382.03,
37,522.32)

67.3 (46.15, 94.37)

16,981.65 (16,532.87,
17,387.56)

32.73 (21.6, 46.13)

Oceania

16,646.79 (15,589.96,
17,753.65)

26.67 (17.32, 39.38)

8,809.09 (8,054.27, 9,624.69)

15.62 (9.67, 24.66)

Latin America and Caribbean

15,641.8 (14,739.01,
16,564.8)

17.8 (11.79, 25.3)

6,504.18 (6,048.12, 7,052.52)

7.73 (4.99, 11.1)

World Bank Income Level

World Bank High Income

2,602.21 (2,502.39, 2,718.39)

1.89 (1.2, 2.82)

830.85 (796.64, 868.17)

0.41 (0.26, 0.63)

World Bank Upper Middle Income

10,917.89 (10,124.87,
11,792.92)

12.65 (8.27, 18.17)

3,197.61 (2,984.25, 3,399.66)

4.61 (2.99, 6.56)

World Bank Lower Middle Income

21,887.19 (20,686.2,
22,925.34)

48.66 (32.54, 69.07)

6,683.49 (6,294.25, 7,165.24)

17.99 (11.46, 25.54)

World Bank Low Income

42,131.98 (41,384.63,
42,920.39)

74.32 (50.77, 105.32)

20,968.15 (20,411.02,
21,550.7)

39.51 (26.28, 55.78)

UI, uncertainty intervals.

calculating the EAPC values for indicators related to the burden
of malnutrition over the past 32 years, this study explored the
epidemiological trends. The results reveal that significant changes
have occurred in the global burden of malnutrition when compared

to 1990.
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From 1990 to 2021, the global burden of malnutrition and its
four subtypes has diminished to varying extents, notably in cases of
general malnutrition and vitamin A deficiency. This phenomenon
reflects, to a considerable degree, the effective interventions

implemented by global public health organizations over the past
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FIGURE 4
(A) The change trends of vitamin A deficiency’s incidence cases and DALY from 1990 to 2021. Blue bars represent males and orange bars represent
females. (B) Trends from 1990 to 2021 in the ASIR and Age-standardized DALY rate of vitamin A deficiency in five SDI regions. (C, D) The global
disease burden of vitamin A deficiency in 204 countries or territories. (E) The change trends and correlation analyses of ASIR and Age-standardized
DALY rate with SDI from 1990 to 2021. (F) The Age-standardized DALY rate of vitamin A deficiency in different age groups in 1990 and 2021.

three decades aimed at promoting disease prevention and control.
However, it is concerning that substantial disparities exist in the
burden of malnutrition attributable to gender, region, country,
socioeconomic status, and age. Firstly, although the global burden
of malnutrition exhibits an overall downward trend, significant
spatial disparities in disease burden persist across geographical
regions, reflecting variances in social and cultural factors. Low-
income and low-SDI regions, such as many African countries,
continue to bear a substantial burden of disease (30). This situation
may be attributed to various factors, including poverty, climate
change, educational attainment, and government policies (31).
Food security remains a critical global issue, as population growth
and increasing consumption continue to drive demand for food.
The competition for essential resources such as land, water, and
energy further impacts the capacity of nations to produce adequate
food supplies (32). A cross-sectional study in Gaza highlighted
that chronic food insecurity, exacerbated by war, has led to
widespread malnutrition among children, manifesting as stunted
growth, wasting, and anemia (33). Similarly, in Kenya, challenges
such as limited access to quality seeds, inadequate transportation
infrastructure, low value addition, and climate-related food security
issues have resulted in nearly 30% of children suffering from
nutritional deficiencies, 35% experiencing stunted growth, and
approximately 4 million people requiring long-term emergency
food assistance (34). Given these challenges, a more effective global
strategy is urgently needed to ensure food security and alleviate
the burden of nutritional deficiencies. Additionally, infectious
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diseases play a crucial role in shaping the burden of nutritional
deficiencies, creating a vicious cycle that should not be overlooked
(35). For instance, nutritional deficiencies have been strongly
linked to tuberculosis incidence, disease severity, prognosis, and
mortality. Given these associations, further research is needed to
explore the mechanisms by which nutritional status influences the
effectiveness of tuberculosis vaccines and treatment, particularly
in high-burden TB countries (36). Fortunately, countries with
low SDI and low-middle SDI have experienced a markedly
greater reduction in the burden of malnutrition compared to
their counterparts. This is likely primarily due to these countries
undergoing a critical period of nutritional transition, coupled
with rapid global economic growth and various effective targeted
interventions executed by relevant organizations to combat
malnutrition (37-39). Some scholars contend that this change
signifies that these countries are transitioning to the second
phase of the nutritional change model, moving from a decline
in famine to the emergence of degenerative diseases; economic
growth, urbanization, and technological innovation have rendered
obesity and its associated non-communicable diseases increasingly
prevalent (40).

Secondly, the global ASIR of protein-energy malnutrition
has fluctuated over these 32 years, with even the ASIR in
high-middle SDI and high SDI regions witnessing an increase
compared to 1990. This shift may be attributed to the dietary
habits of populations in these countries gradually transitioning
from high-calorie foods to more nutritious alternatives (41). The
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FIGURE 5

(A) The change trends of dietary iron deficiency’s DALY from 1990 to 2021. Blue bars represent males and orange bars represent females. (B) Trends
from 1990 to 2021 in the Age-standardized DALY rate of dietary iron deficiency in five SDI regions. (C, D) The global disease burden of dietary iron
deficiency in 204 countries or territories. (E) The change trends and correlation analyses of Age-standardized DALY rate with SDI from 1990 to 2021.
(F) The Age-standardized DALY rate of dietary iron deficiency in different age groups in 1990 and 2021.
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Mediterranean diet serves as a quintessential example, advocating
for the reduction of sugar and red meat intake while promoting
the consumption of grains, bread, and legumes to mitigate
the risk of cardiovascular diseases (42). However, such a low-
calorie dietary pattern may render individuals more susceptible
to protein-energy malnutrition. Additionally, it is noteworthy that
during the COVID-19 pandemic, the ASIR of protein-energy
malnutrition markedly increased in Middle SDI and three lower
SDI regions. Previous studies have attributed this phenomenon
to the more severe clinical symptoms associated with COVID-19.
The inadequacy of prevention and control measures for COVID-
19 in lower SDI regions has resulted in many patients being
hospitalized, consequently increasing the ASIR of protein-energy
malnutrition (43).

Thirdly, the burden of iodine deficiency and dietary
iron deficiency is considerably greater among women than
men, with a more even age distribution observed for both
conditions. This phenomenon may be ascribed to the necessity
for pregnant women to provide iodine to their infants,
potentially resulting in iodine deficiency for both themselves
and their children (44). It is well established that iodine

Frontiersin Nutrition

deficiency is linked to a range of diseases, including goiter
and hypothyroidism, while adequate thyroid hormone levels are
crucial for optimal brain development. Severe iodine deficiency
during pregnancy can result in significant neurological and
cognitive impairments in children, potentially elevating the
risk of infant mortality (45, 46). It is widely acknowledged
that during a normal-term pregnancy, a mother requires an
intake of 500-800 milligrams of iron (47). It is estimated
that the daily dietary iron requirement escalates from 0.8
milligrams per day in early pregnancy to 7.5 milligrams per
day in late pregnancy, with an average daily requirement of
4.4 milligrams throughout the pregnancy (48). Consequently,
dietary iron deficiency is markedly more prevalent among women
than men.

Finally, although the global burden of vitamin A deficiency
has markedly decreased over the years, its adverse effects should
not be underestimated, particularly in regions with low SDI. The
primary causes of vitamin A deficiency encompass insufficient
intake of vitamin A-rich foods, inadequate absorption of vitamin
A, and losses attributable to various diseases (49). Some scholars
posit that pervasive poverty in low SDI regions is a significant
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TABLE 5 The incidence of dietary iron deficiency in 1990/2021.

1990
Age-standardized

2021

Age-
standardized
DALY rate/100,
000 No. (95% Ul)

Variables

DALY rate/100,
000 No. (95% UI)

Overall 517.98 (353.99, 730.97) 423.74 (285.27, 610.83)
EAPC-Age- —0.68 (—0.72, —0.64)

standardized DALY

rate

Sex

Male 372.14 (252.28, 528) 253.05 (167.26, 370.92)
Female 668.26 (456.63, 943.34) 597.97 (402.63, 854.44)
SDI

High SDI 98.22 (63.9, 149.04) 71.16 (46.66, 107.1)

High-middle SDI 281.54 (186.61, 410.01) 158.5 (105.24, 230.73)

Middle SDI 461.41 (313.83, 657.08) 325.66 (217.33,471.71)

Low-middle SDI 975.03 (668.99, 1,368.68) 701.74 (473.82, 995.6)

Low SDI 969.65 (658.73, 1,360.15) 756.7 (507.93, 1,078.97)
Region

Central Asia 716.39 (480.61, 1,034.62) 550.96 (371.78, 796.2)
East Asia 284.97 (192.07, 407.7) 117.23 (77.42, 168.51)
South Asia 1,235.64 (849.62, 885.49 (600.29, 1,271.36)

1,732.89)

Southeast Asia 440.81 (288.92, 632.81) 310.51 (206.2, 450.38)
Central Europe 329.43 (214.17, 480.96) 184.56 (120.76, 272.99)

Eastern Europe 299.72 (196.21, 448.3) 212.2 (143.05, 307.68)

Sub-Saharan Africa 696.16 (473.66, 981.52) 577.35 (385.02, 826.3)

Oceania 466.02 (291.47, 688.36) 419.21 (260.76, 664.25)

Latin America and
Caribbean

375.47 (249.35, 533.28) 258.96 (171.4, 370.87)

World bank income level

World bank high 104.39 (67.43, 157.16) 72.89 (47.5, 109.42)
income
World bank upper 327.25(220.53, 469.79) 187.71 (126.46, 270.46)

middle income

World bank lower
middle income

909.51 (622.89, 1,277.49) 674.98 (456.33, 971.82)

World bank low
income

682.28 (464.66, 967.47) 572.49 (385, 816.94)

Ul uncertainty intervals.

factor contributing to the prevalence of vitamin A deficiency,
with lower cultural levels further exacerbating the issue (50). A
study conducted among the Chinese population revealed that
individuals with lower educational attainment exhibit a higher
risk of vitamin A deficiency (51). A meta-analysis indicated that
in regions characterized by limited income and education levels,
enhancing the supply and utilization of vitamin A-rich foods
may yield greater benefits than the widespread administration of
vitamin A supplements (52).
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Strengths and limitations

In comparison to existing studies, this research possesses
several notable advantages. First, leveraging high-quality evidence
and data frameworks from the latest GBD 2021 study, we offer
a comprehensive analysis of the global trends in the burden of
nutritional deficiencies and their four subtypes from 1990 to
2021. This study emphasizes the epidemiological characteristics
of nutritional deficiencies across sex, country, region, and age
group. Second, our findings provide crucial additional insights
into the potential impact of the COVID-19 pandemic on the
global burden of nutritional deficiencies, extending, and updating
previous research over time.

Nonetheless, this study is not without its limitations. Firstly,
the study results are contingent upon aggregated data from
the GBD study, with their accuracy reliant on the quality of
reporting from various countries. This reliance may lead to a
significant number of undiagnosed cases of nutritional deficiencies
in certain regions, thereby potentially impacting the accuracy of our
findings (53). Secondly, there may be potential data quality issues
arising from challenges in accurately determining the number
of deaths and DALYs attributable to specific causes, such as
nutritional deficiencies.

Conclusions

From 1990 to 2021, the global burden of nutritional deficiencies
has exhibited a general decline. However, in certain regions,
particularly low SDI areas, the burden persists at significant levels.
Relevant organizations must devise effective, cost-efficient, and
targeted interventions tailored to specific regions, genders, ages,
and disease subtypes to comprehensively mitigate the adverse
impacts of nutritional deficiencies on global public health.
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