& frontiers | Frontiers in Nutrition

\ @ Check for updates

OPEN ACCESS

EDITED BY

Gomathi Ramaswamy,

All India Institute of Medical Sciences,
Bibinagar, India

REVIEWED BY

Luz-Ma.-Adriana Balderas-Pefia,

Instituto Mexicano del Seguro Social, Mexico
Ritika Mukherjee,

GRID Council, India

Revathi Ulaganeethi,

Jawaharlal Institute of Postgraduate Medical
Education and Research (JIPMER), India

*CORRESPONDENCE
Qin Wan
wangin360@swmu.edu.cn

fThese authors have contributed equally to
this work and share first authorship

RECEIVED 27 November 2024
ACCEPTED 16 April 2025
PUBLISHED 08 May 2025

CITATION

Zhang Y-Y, Chen B-X and Wan Q (2025)
Global, regional, and national burden of
nutritional deficiencies spanning from 1990 to
2021, with a focus on the impacts observed
during the COVID-19 pandemic.

Front. Nutr. 12:1535566.

doi: 10.3389/fnut.2025.1535566

COPYRIGHT

© 2025 Zhang, Chen and Wan. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Nutrition

TYpE Original Research
PUBLISHED 08 May 2025
pol 10.3389/fnut.2025.1535566

Global, regional, and national
burden of nutritional deficiencies
spanning from 1990 to 2021, with
a focus on the impacts observed
during the COVID-19 pandemic

1,2,34,5%

Yue-Yang Zhang*#*#>!, Bing-Xue Chen® and Qin Wan

!Department of Endocrinology and Metabolism, Affiliated Hospital of Southwest Medical University,
Luzhou, China, 2Metabolic Vascular Disease Key Laboratory of Sichuan Province, Luzhou, China,
5Sichuan Clinical Research Center for Diabetes and Metabolism, Luzhou, China, *Sichuan Clinical
Research Center for Nephropathy, Luzhou, China, °Cardiovascular and Metabolic Diseases Key
Laboratory of Luzhou, Luzhou, China, ®Department of Ultrasound Medicine, Affiliated Hospital of
Southwest Medical University, Luzhou, China

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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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
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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

13 frontiersin.org


https://doi.org/10.3389/fnut.2025.1535566
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Zhang et al.

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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