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Abstract
Background/objectives  Nutritional deficiencies remain significant public health issues in older populations globally. 
This study evaluates the burden, trends, and cross-country inequalities of four common nutritional deficiencies 
(protein-energy malnutrition, iodine deficiency, vitamin A deficiency, and dietary iron deficiency) in older adults from 
1990 to 2021.

Methods  Age-standardised prevalence, disability-adjusted life years (DALYs), and average annual percentage 
changes (AAPCs) of these deficiencies in people aged ≥ 65 years at global, regional, and national levels were 
estimated from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021. Cross-country inequalities 
in disease burden were quantified using the slope index and concentration index, standard health equity methods 
recommended by the World Health Organization.

Results  Globally, age-standardised prevalence rates of protein-energy malnutrition increased from 1407.16 per 100 
000 population in 1990 to 2015.58 in 2021, with an AAPC of 1.18 (1.08–1.28), showing significant changes in 2015 and 
2019, which were turning points in the joinpoint regression. Age-standardised prevalence rates of iodine, vitamin A, 
and dietary iron deficiencies decreased, with AAPCs of -0.49 (-0.53 to -0.44), -3.24 (-3.27 to -3.20), and − 0.14 (-0.17 to 
-0.12), respectively. Except for an increase in the DALY rate of vitamin A deficiency (AAPC 0.40), the DALY rates of the 
other three deficiencies decreased. Inequality in the burden of protein-energy malnutrition and iodine deficiency 
between high- and low-income countries narrowed, while inequality for vitamin A and dietary iron deficiencies 
remained stable. Age-standardised DALY rates for all deficiencies decreased as sociodemographic index increased.

Conclusions  The global status of nutritional deficiency among older adults has improved since 1990, but the 
increasing prevalence of protein-energy malnutrition requires attention. Additionally, cross-country health inequalities 
persist, necessitating more efficient public health measures.
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Introduction
Nutritional deficiencies remain substantial medical and 
public health issues worldwide. Common nutritional 
deficiencies encompass protein-energy malnutrition 
(PEM) and a range of micronutrient deficiencies such as 
iodine, vitamin A, iron, zinc, folate [1, 2]. Based on the 
data from Global Burden of Diseases, Injuries, and Risk 
Factors Study (GBD) 2021, we focused on PEM and defi-
ciencies of iodine, vitamin A, and iron. PEM is prevalent 
in both high-income and low- and middle-income coun-
tries [3]. A lack of iodine intake results in inadequate thy-
roid hormone production. Iodine deficiency affects two 
billion people, especially those in Africa and South Asia 
[4]. Vitamin A deficiency is a risk factor for infection [5], 
vision loss [6], and cognitive impairment [7]. In 2019, the 
global incidence of vitamin A deficiency was estimated at 
489 million cases [8]. Iron deficiency, and iron deficiency 
anaemia, cause an immense disease burden worldwide. 
Globally, there were over 1.2  billion cases of iron defi-
ciency anaemia [9].

The global ageing population is experiencing a remark-
able surge, with approximately two billion people aged 
65 and above by 2050 [10, 11]. This ageing population 
brings considerable societal challenges, as age-related 
diseases and declining health status can lead to disability 
and dependence [12]. Malnutrition is such a challenge. 
Due to physiological decline, reduced access to nutritious 
food, comorbidity, as well as social and economic factors, 
older persons are prone to malnutrition [13]. According 
to the UK National Diet and Nutrition Survey (NDNS) 
2014–2016 data, free-living individuals aged 75 years and 
over do not meet estimated average nutritional require-
ments [14]. Another study estimated that around a quar-
ter of adults aged 65 years and older are malnourished or 
at risk of malnutrition, and this number is expected to 
rise with the rapid increase in the ageing population [15].

Universal health coverage is now an important concern 
in medical and public health. Currently, there still exists 
an unbalanced burden of nutritional deficiency among 
the elderly population. Higher prevalence rates of nutri-
tional deficiencies have been reported in low-income 
regions [16] Under these circumstances, assessing the 
nutritional deficiency burden and health inequalities 
among older adults is crucial, which could, in turn, guide 
effective decision-making and resource allocation. To the 
best of our knowledge, there are only a limited number 
of analyses on nutritional deficiencies in elderly popu-
lations and in limited regions. Thus, in this study, we 
utilised data from the GBD 2021 to determine the tem-
poral trends in the prevalence and disability-adjusted 

life years (DALYs) of four common nutritional deficien-
cies at global, regional, and national levels among people 
aged ≥ 65 years, and to analyse cross-country inequalities, 
aiming to provide new insight into the elderly’s nutrition 
and promote public health.

Materials and methods
Data source
Data were obtained from the latest release of the Global 
Burden of Disease, Injuries, and Risk Factors Study 
(GBD) 2021. GBD 2021 combined the latest available 
epidemiological data to comprehensively estimate the 
global burden of 371 diseases, injuries, and impairments, 
and 88 risk factors for 204 countries and territories. 
Data collected by the GBD collaborator network were 
sourced from a variety of origins, including disease reg-
istry data, clinical informatics data, epidemiological sur-
veillance data, household survey data, and other sources. 
Then the data underwent rigorous cleaning, transforma-
tion, and modelling processes to generate estimates ​(​​​h​t​​t​
p​s​​:​/​/​w​​w​w​​.​h​e​​a​l​t​​h​d​a​t​​a​.​​o​r​g​/​d​a​t​a​-​t​o​o​l​s​-​p​r​a​c​t​i​c​e​s​/​d​a​t​a​-​c​o​l​
l​e​c​t​i​o​n​​​​​)​. Prevalence and incidence were modelled using 
either a Bayesian disease modelling meta-regression tool 
named Disease Modelling Meta-Regression; version 2.1 
(DisMod-MR 2.1) or spatiotemporal Gaussian process 
regression (ST-GPR) [17]. The years of life lost (YLL) 
were calculated as the product of estimated age-sex-loca-
tion-year-specific deaths and the standard life expectancy 
at the age death occurred for a given cause [18]. Years 
lived with disability (YLD) were calculated by multiply-
ing the number of patients by the duration until remis-
sion or death, along with the disability weight. DALYs, 
representing a population’s average number of years of 
life spent in good health, is the sum of the YLL and YLD 
[19]. The detailed methodologies employed in the GBD 
2021 have been described elsewhere [17]. In this study, 
numbers, rates, and their 95% confidence intervals (CIs) 
of prevalence and DALYs of four common nutritional 
deficiencies (protein-energy malnutrition, iodine defi-
ciency, vitamin A deficiency, and dietary iron deficiency) 
were reported in people aged ≥ 65 years for both sexes 
from 1990 to 2021. Patient age was classified into seven 
subgroups: 65–69 years, 70–74 years, 75–79 years, 80–84 
years, 85–89 years, 90–94 years, and ≥ 95 years.

We also calculated the sociodemographic index (SDI) 
for each country, which is a composite indicator of social 
and economic conditions influencing health outcomes in 
each location. The SDI takes into account fertility rates 
among females younger than 25 years, mean educa-
tion for those over 15 years old, and income per capita, 
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ranging from 0 to 1, where 0 represents the minimum 
level of development and 1 represents the maximum 
level. Countries/territories are divided into five catego-
ries based on SDI values: high SDI (> 0.810), high-middle 
SDI (0.712–0.810), middle SDI (0.619–0.712), low-middle 
SDI (0.466–0.619) and low (< 0.466) [20]. The SDI values 
for all countries/territories in GBD 2021 are presented in 
Supplementary File 1.

Disease definitions
Protein-energy malnutrition (PEM) includes moderate 
and severe acute malnutrition, commonly referred to as 
“wasting”, and was defined in terms of weight-for-height 
Z-scores (WHZ) on the World Health Organization 
(WHO) 2006 growth standard for children. PEM was 
quantified in four categories: moderate wasting without 
oedema (WHZ < -2SD to < -3 SD), moderate wasting 
with oedema (WHZ < -2SD to < -3 SD), severe wast-
ing without oedema (WHZ < -3SD), and severe wasting 
with oedema (WHZ < -3SD). The GBD team further uses 
the DisMod-MR 2.1 model to ensure consistent applica-
bility of the assessment across all age groups. For PEM, 
ICD 10 codes are E40-E46.9, E64.0, and ICD 9 codes are 
260-263.9 [17]. In the GBD 2021, the non-fatal burden of 
iodine deficiency includes estimates of only the subset of 
iodine deficiency associated with visible goitre (grade 2) 
and its associated sequelae, including thyroid dysfunc-
tion, heart failure, and intellectual disability, excluding 
sub-clinical iodine deficiency or non-visible goitre (grade 
1) induced by iodine deficiency. For iodine deficiency, 
ICD-10 codes are E00-E02 and ICD-9 codes are 244.2 
[17]. Vitamin A deficiency was defined as the prevalence 
of serum retinol concentration < 0.7 µmol/L, accord-
ing to ICD 10 codes E50-E50.9, E64.1, and ICD 9 codes 
264-264.9 [17]. Dietary iron deficiency is defined as mild, 
moderate, or severe anaemia that is the result of inade-
quate dietary intake of iron, but not due to other causes 
of inadequate absolute or functional iron availability to 
meet the body’s needs. For dietary iron deficiency, ICD 
10 codes are D50-D50.9, and ICD 9 codes are 280-280.9 
[17].

Statistical analysis
Descriptive analysis
To characterise the burden of four common nutritional 
deficiencies among adults aged ≥ 65 years, a descrip-
tive analysis was performed at global, regional (21 GBD 
geographical regions), and national (204 countries and 
territories) levels. The age-standardised rates (ASRs), 
including the age-standardised prevalence rate (per 
100 000 population) and age-standardised DALY rate 
(per 100 000 population), and corresponding 95% CIs 
were calculated based on the world standard population 
reported in the GBD 2021. The ASRs per 100,000 people 

were calculated according to the following formula: ASR 

= 
∑ A

i=1
aiwi∑ A

i=1
wi

, where ai is the age specific rate and wi is the 

weight in the same age subgroup of the chosen reference 
standard population (in which i denotes the ith age class) 
and A is the upper age limit.

Trend analysis
Average annual percentage changes (AAPCs) were cal-
culated by joinpoint regression analysis to measure the 
temporal trend of ASR from 1990 to 2021. AAPCs are 
weighted averages of the annual percentage changes 
(APCs), allowing us to use a single number to describe 
the average APCs over a multi-year period. If the AAPC 
estimation and 95% CIs were both > 0, the ASR was con-
sidered to be in an upward trend during a certain period. 
Conversely, if the AAPC estimation and 95% CIs were 
both < 0, the ASR was considered to be in a decreasing 
trend. Otherwise, the trend was deemed to be stable [21]. 
The AAPC value indicates the APC. For example, a value 
of AAPC 0.1 implies a 0.1% annual increase rate. AAPC 
was calculated using the following equation: AAPC = {

exp

(∑
wibi∑
wi

)
− 1

}
 × 100, where bi is the slope coef-

ficient for the ith segment with i indexing the segments 
in the desired range of years, and wi is the length of each 
segment in the range of years.

Inequality analysis
Two standard metrics recommended by WHO, the slope 
index and concentration index, were applied to measure 
absolute and relative cross-country inequality, respec-
tively [22, 23]. The slope index was calculated by regress-
ing the national age-standardised DALY rates in the 
all-age population on an SDI-associated relative position 
scale, defined as the midpoint of the cumulative range of 
the population ranked by SDI. The concentration index 
was calculated by numerically integrating the area under 
the Lorenz concentration curve, which was fitted using 
the cumulative fraction of prevalence and cumulative 
relative distribution of the population ranked by SDI 
[24]. If the Lorenz curve lies above the line of equality, 
the health burden is concentrated among low-income 
countries, represented by a negative concentration index 
[23]. We also used scatter diagrams and smoothing spline 
models to test for associations between ASRs in 2021 and 
SDI. The statistical analyses were conducted using R Stu-
dio (version 4.4.0) and the Joinpoint Regression Program 
(version 5.0.2).
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Results
PEM
Overall, the global age-standardised prevalence rate 
(ASPR) of PEM among older people aged ≥ 65 years 
increased between 1990 and 2021, from 1407.16 per 100 
000 population in 1990 to 2015.58 per 100 000 popula-
tion in 2021, with an AAPC of 1.18 (1.08–1.28). Join-
point regression analysis showed that the prevalence of 
PEM increased between 1990 and 2015, then decreased 
between 2015 and 2019, and continued to increase sig-
nificantly between 2019 and 2021. Years with greater 
changes in the prevalence were 2015 and 2019 (Table 1; 
Fig.  1A). The overall age-standardised DALY rates from 
PEM decreased in the population aged ≥ 65 years, from 
340.38 per 100,000 population in 1990 to 177.79 per 
100 000 population in 2021, with an AAPC of -1.93 (-4.17 
to 0.36) (Supplementary Table 1, Figure S1A).

Among seven age subgroups, the highest proportion of 
prevalence cases was observed among those aged 65–69 
years (AAPC 1.10). The highest proportion of DALYs 
cases was observed among those aged 70–74 years 
(AAPC − 2.44). In 2021, the age standardised prevalence 
and DALYs rate of PEM increased with age (Supplemen-
tary Tables 2 and 3, Figure S2).

Regionally, the highest ASPR of PEM among people 
aged ≥ 65 years was observed in East Asia (2502.41 per 
100 000), whereas the highest rate of DALYs was in East-
ern sub-Saharan Africa (1070.43 per 100 000 population) 
in 2021 (Supplementary Tables 4 and 5, Figure S3).

Nationally, France had the highest ASPR of PEM 
among older people (4504.38 per 100  000), followed by 
Antigua and Barbuda (4358.61 per 100 000) and Indo-
nesia (3881.93 per 100 000) in 2021 (Supplementary 
Table 6, Fig. 2A). The highest rate of DALYs was found in 
Somalia (2784.04 per 100 000), followed by Sierra Leone 
(2204.00 per 100 000) and Kiribati (2181.48 per 100 000) 
(Supplementary Table 6, Fig. 2B).

A higher prevalence was observed to disproportion-
ately concentrate in countries with low SDI in 1990, but 
with remarkable improvement in these inequalities over 
time. As shown in Fig. 3A, the gap in ASPR between the 
highest and lowest SDI countries decreased significantly, 
with the slope index changing from − 630 (95% CI: -991 
to -268) in 1990 to 583 (95% CI: 291–874) in 2021. More-
over, the concentration index presented − 0.06 (95% CI: 
-0.10 to -0.02) in 1990 and 0.02 (95% CI: -0.01 to 0.05) 
in 2021, indicating a nearly balanced distribution of the 
burden among countries with different SDI (Fig.  3B). 
The associations between the age-standardised DALY 
rate and SDI among all countries/territories in 2021 are 
shown in Fig. 4A. As the SDI values increased, the age-
standardised DALY rate decreased.

Iodine deficiency
Globally, joinpoint regression analysis identified that 
although there was an increase in the prevalence of 
iodine deficiency in 2000 and 2005, the overall preva-
lence of iodine deficiency decreased during 1990–2021, 
from 1921.43 per 100 000 population in 1990 to 1656.34 
per 100 000 population in 2021 (AAPC − 0.49) (Table 1; 
Fig. 1B). The pattern and trends of the age-standardised 
DALY rates were similar to those of the ASPR, from 27.60 
per 100,000 population in 1990 to 18.61 per 100 000 pop-
ulation in 2021, with an AAPC of -1.29 (Supplementary 
Table 1, Figure S1B).

The highest proportion of prevalence and DALYs cases 
occurred among those aged 65–69 years (AAPC − 0.56 
and AAPC − 1.37). In 2021, the age standardised preva-
lence and DALYs rate of iodine deficiency decreased with 
age (Supplementary Tables 2 and 3, Figure S4). Among 
the 21 regions, Central Sub-Saharan Africa showed the 
highest ASR of prevalence and DALYs of iodine defi-
ciency among older people aged ≥ 65 years in 2021 (Sup-
plementary Tables 4 and 5, Figure S5).

At the national level, the highest ASPR of iodine defi-
ciency among older people aged ≥ 65 years in 2021 was 
observed in Somalia (24331.41 per 100 000 population), 
followed by Djibouti (14559.16 per 100 000) and the 
Democratic Republic of the Congo (13858.91 per 100 
000). The pattern and trends of the age-standardised 
DALY rates were similar to those of the ASPR (Supple-
mentary Table 6, Fig. 2C and D).

The slope index was − 1863(95% CI: -2267 to -1459) in 
1990 and − 870 (95% CI: -1132 to -608) in 2021, respec-
tively. This decline indicates that the inequality in the 
burden of iodine deficiency among the elderly population 
between high-income and low-income countries nar-
rowed during this period. Moreover, the concentration 
index presented − 0.48 (95% CI: -0.57 to -0.38) in 1990 
and − 0.38 (95% CI: -0.45 to -0.30) in 2021, indicating a 
reduction in health inequality (Fig. 3C and D). Figure 4B 
showed that throughout all regions and countries, those 
with higher SDI experienced a lower ASR of DALYs of 
iodine deficiency in 2021.

Vitamin A deficiency
During the past 32 years, the global ASPR of vitamin A 
deficiency among the ageing population decreased in all 
periods, from 6538.09 per 100 000 population in 1990 to 
2362.40 per 100 000 population in 2021 (AAPC − 3.24) 
(Table 1; Fig. 1C). The age-standardised DALY rates due 
to vitamin A deficiency showed a slight increasing trend, 
from 1.57 per 100  000 population to 1.75 per 100 000 
population (AAPC 0.40) (Supplementary Table 1, Figure 
S1C).

The highest proportion of prevalence and DALYs cases 
were observed in the 65–69 years age group (AAPC 
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1990 2021 1990–2021
Number (95%CI) ASR per 100 000

(95%CI)
Number (95%CI) ASR per 100 000 

(95%CI)
AAPC 
(95% CI)

Protein-
energy 
malnutrition
Global 4533314.83

(3740940.41-5443113.27)
1407.16
(1159.79-1690.26)

15418031.39
(13149016.88-18111133.28)

2015.58
(1718.78-2367.40)

1.18 
(1.08–1.28)

Sex
Male 2089330.08

(1721512.82-2516383.83)
1519.93
(1249.91-1832.75)

7665386.59
(6536509.70-9025533.44)

2225.14
(1897.74-2619.26)

1.26 
(1.1–1.41)

Female 2443984.75
(2019696.53-2931794.96)

1326.67
(1095.49-1591.91)

7752644.80
(6598829.00-9113227.80)

1843.74
(1569.29-2167.25)

1.07 
(0.98–1.17)

SDI
Low 272668.44

(230613.43-322522.81)
1707.15
(1441.17-2021.90)

503498.17
(439009.58-582295.65)

1386.26
(1208.21-1603.88)

-0.58 (-0.72 
to -0.44)

Low-middle 750650.90
(626440.19-888899.69)

1723.28
(1435.95-2042.36)

1942701.44
(1660593.37-2268162.15)

1722.71
(1471.01-2012.71)

0.09 (-0.06 
to 0.25)

Middle 1223587.14
(1003586.96-1474589.36)

1611.35
(1320.91-1941.28)

5033988.40
(4252316.14-5970592.70)

2215.08
(1870.79-2628.27)

1.07 
(0.82–1.33)

High-middle 750427.91
(611639.40-917760.19)

906.11
(737.76-1108.34)

3601310.65
(3051227.16-4275717.85)

1970.68
(1669.24-2339.36)

2.54 
(2.42–2.65)

High 1532557.63
(1248193.35-1865536.14)

1477.05
(1202.44-1798.31)

4326467.23
(3670283.24-5071469.19)

2094.95
(1777.94-2454.85)

1.09 
(0.96–1.22)

Iodine 
deficiency
Global 6470413.55

(5086545.89-7969931.60)
1921.43
(1507.89-2372.80)

12946214.16
(9922929.15-16177960.19)

1656.34
(1269.07-2071.38)

-0.49 (-0.53 
to -0.44)

Sex
Male 2460245.87

(1937755.60-3032741.71)
1674.08
(1314.46-2071.66)

4274077.99
(3286461.02-5337035.35)

1189.27
(913.92-1487.16)

-1.10 (-1.15 
to -1.05)

Female 4010167.68
(3138970.81-4958974.30)

2117.87
(1656.38-2622.54)

8672136.17
(6625800.46-10830170.69)

2055.46
(1570.55-2567.22)

-0.10 (-0.13 
to -0.07)

SDI
Low 1177685.68

(943188.46-1411598.54)
6825.82
(5442.79-8233.69)

2069207.53
(1588309.44-2542534.70)

5385.25
(4126.63-6640.75)

-0.76 (-0.81 
to -0.71)

Low-middle 2347895.14
(1829444.98-2873177.92)

5056.67
(3929.05-6215.12)

3800169.32
(2869125.76-4763413.71)

3226.17
(2431.83-4054.98)

-1.46 (-1.51 
to -1.41)

Middle 1389265.77
(1068264.90-1749853.90)

1718.50
(1318.40-2172.94)

3797472.57
(2900564.73-4779945.89)

1611.29
(1229.43-2031.44)

-0.22 (-0.28 
to -0.16)

High-middle 1054281.91
(803220.55-1332658.32)

1249.80
(950.85-1583.21)

2433829.12
(1847060.76-3066390.96)

1312.91
(995.91-1655.42)

0.15 
(0.11–0.19)

High 498802.24
(377317.71-639797.48)

478.15
(361.79-613.67)

842025.77
(638086.15-1076099.43)

417.71
(316.86-533.09)

-0.43 (-0.45 
to -0.42)

Vitamin A 
deficiency
Global 21720851.05

(18803804.40-25319372.74)
6538.09
(5663.33-7617.42)

18339086.80
(15404661.35-22318642.67)

2362.40
(1984.25-2874.99)

-3.24 (-3.27 
to -3.20)

Sex
Male 12379582.41

(9831846.80-15543037.78)
8670.26
(6882.29-10894.10)

9267402.50
(6894317.44-13026085.81)

2614.56
(1945.34-3671.82)

-3.80 (-3.85 
to -3.76)

Female 9341268.64
(7916625.48-11269249.28)

4974.83
(4218.89-5996.64)

9071684.30
(7451532.03-11345068.46)

2153.70
(1768.77-2694.39)

-2.66 (-2.72 
to -2.60)

SDI
Low 5701770.55

(5078408.16-6403349.51)
34715.80
(30897.84-39035.14)

5215881.00
(4428973.55-6256640.29)

13988.94
(11867.65-16779.86)

-2.88 (-2.96 
to -2.81)

Low-middle 8446120.45
(6514927.03-10891916.75)

18864.01
(14583.49-24266.38)

6661192.92
(4894619.98-9226223.70)

5811.53
(4270.98-8043.42)

-3.74 (-3.79 
to -3.69)

Table 1  Age-standardised prevalence and AAPC of four nutritional deficiencies in people aged ≥ 65 years, 1990–2021
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− 3.32 and AAPC 0.40). In 2021, the age standardised 
prevalence and DALYs rate of vitamin A deficiency 
decreased with age (Supplementary Tables 2 and 3, Fig-
ure S6). Regionally, Eastern sub-Saharan Africa had the 
highest ASPR of vitamin A deficiency in 2021 (19797.35 
per 100 000 population). Central Sub-Saharan Africa 
had the highest ASR of DALYs of vitamin A deficiency 
in 2021 (10.00 per 100 000 population) (Supplementary 
Tables 4 and 5, Figure S7).

Nationally, the highest ASPR of vitamin A deficiency 
in 2021 appeared in Somalia (78833.75 per 100 000 
population), followed by Niger (38991.84 per 100 000 
population) and South Sudan (34523.92 per 100 000 pop-
ulation). The Congo had the highest rate of DALYs (14.37 
per 100 000 population), followed by Equatorial Guinea 
(13.74 per 100 000 population) and Angola (12.02 per 100 
000 population) (Supplementary Table 6, Fig. 2E and F).

The ASPR disproportionately concentrated in coun-
tries with low SDI. As shown in Fig.  3E and F, the gap 
in ASPR between the highest and lowest SDI countries 
decreased, with the slope index changing from − 31,631 
(95% CI: -35571 to -27692) in 1990 to -9052 (95% CI: 
-10586 to -7519) in 2021. However, the concentration 
index, a measure of relative gradient inequality, remained 

nearly constant between 1990 (-0.55, 95% CI: -0.64 to 
-0.46) and 2021 (-0.55, 95% CI: -0.67 to -0.44). Figure 4C 
demonstrated that as the SDI values increased, there was 
a decline in the age-standardised DALY rate of vitamin A 
deficiency among people aged ≥ 65 years in 2021.

Dietary iron deficiency
The ASPR of dietary iron deficiency among the popula-
tion aged ≥ 65 years slightly decreased worldwide, from 
15520.14 per 100 000 population in 1990 to 14845.71 
per 100 000 population in 2021, with an AAPC of -0.14. 
Males had a decreasing trend of dietary iron deficiency 
(AAPC − 0.62). However, the ASPR of dietary iron defi-
ciency among females slightly increased, with an AAPC 
of 0.27 (Table 1; Fig. 1D). The ASRs of DALYs of dietary 
iron deficiency decreased during this period, from 392.80 
per 100 000 population in 1990 to 343.11 per 100 000 
population in 2021 (AAPC − 0.43) (Supplementary Table 
1, Figure S1D).

Among the seven age subgroups, the highest pro-
portion of prevalence and DALYs cases were observed 
in the 65–69 years age group (AAPC − 0.34 and AAPC 
− 0.80). In 2021, despite a modest decline observed in 
the 80–84 age group, the overall trend indicates that the 

1990 2021 1990–2021
Number (95%CI) ASR per 100 000

(95%CI)
Number (95%CI) ASR per 100 000 

(95%CI)
AAPC 
(95% CI)

Middle 3849558.02
(3134135.67-4718453.01)

4915.59
(4008.68-6017.27)

3598634.35
(2872529.86-4556533.83)

1561.58
(1246.90-1977.57)

-3.63 (-3.67 
to -3.59)

High-middle 2739731.07
(2346262.51-3167032.69)

3288.77
(2815.66-3805.63)

2154044.73
(1823658.43-2540753.01)

1175.54
(994.93-1386.89)

-3.26 (-3.29 
to -3.24)

High 949976.50
(729114.88-1240591.72)

910.66
(699.00-1189.29)

681447.73
(502911.33-925013.16)

334.81
(246.70-454.47)

-3.17 (-3.21 
to -3.14)

Dietary iron 
deficiency
Global 49843846.82

(47369690.94-52556025.95)
15520.14
(14712.46-16405.71)

113365952.44
(106924126.16-120391445.36)

14845.71
(13989.79-15780.29)

-0.14 (-0.17 
to -0.12)

Sex
Male 24352714.48

(22867769.02-25895100.80)
18271.23
(17119.36-19472.94)

50245529.25
(46206535.49-55007935.44)

15073.06
(13849.93-16522.61)

-0.62 (-0.64 
to -0.60)

Female 25491132.34
(23740364.50-27243461.53)

13807.05
(12830.02-14794.86)

63120423.20
(58943944.26-67890974.50)

14981.74
(13991.27-16113.86)

0.27 
(0.25–0.28)

SDI
Low 4967353.99

(4614562.84-5343056.48)
31269.89
(29118.07-33536.62)

11796287.78
(10833582.21-12814008.24)

32539.75
(30007.91-35214.84)

0.13 
(0.11–0.15)

Low-middle 14793276.58
(13918939.35-15782138.48)

33667.41
(31643.90-35921.99)

37096138.30
(34536566.29-39883580.39)

32716.25
(30449.39-35211.45)

-0.09 (-0.11 
to -0.07)

Middle 15573875.24
(14519832.19-16665191.96)

20726.35
(19305.41-22192.02)

38016494.23
(34919791.16-41413015.80)

16971.54
(15588.11-18482.20)

-0.64 (-0.68 
to -0.61)

High-middle 9019819.27
(8093898.03-10097921.97)

11380.38
(10169.43-12803.02)

15600372.74
(13878410.25-17598031.83)

8698.85
(7728.95-9821.80)

-0.86 (-0.93 
to -0.79)

High 5448212.58
(4541790.91-6509874.51)

5377.61
(4480.68-6424.53)

10783782.13
(8641738.74-13607094.50)

4929.39
(3953.57-6229.07)

-0.27 (-0.33 
to -0.20)

SDI, sociodemographic index

 
Table 1  (continued)
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age-standardized prevalence and DALYs rate of dietary 
iron deficiency tend to increase with advancing age (Sup-
plementary Tables 2 and 3, Figure S8).

In 2019, among the 21 regions, South Asia had the 
highest age-standardised rate of prealence and DALYs 
of dietary iron deficiency among people aged ≥ 65 years, 
with rates of 44349.25 per 100 000 population and 
1355.09 per 100 000 population, respectively (Supple-
mentary Tables 4 and Table 5, Figure S9).

At the national level, India had the highest age-stan-
dardised prevalence of iron deficiency among older peo-
ple in 2021 (47067.98 per 100 000 population), followed 
by Pakistan (34371.22 per 100 000) and Fiji (31904.27 
per 100 000). Similarly, India had the highest age-stan-
dardised rate of DALYs (1450.87 per 100 000 population), 
followed by Pakistan (1025.29 per 100 000) and Bhutan 
(996.00 per 100 000) in 2021 (Supplementary Table 6, 
Fig. 2G and H).

The ASPR was disproportionately concentrated among 
lower SDI countries. The gap in ASPR between the high-
est and lowest SDI countries remained stable, with slope 
indexes of -20,515 (95% CI: -22651 to -18378) in 1990 and 
− 18,162 (95% CI: -20126 to -16198) in 2021. Additionally, 

the concentration index remained steady, at -0.38 (95% 
CI: -0.42 to -0.34) in 1990 and − 0.39 (95% CI: -0.44 to 
-0.34) in 2021 (Fig. 3G and H). In 2021, countries/territo-
ries with higher SDI had a lower age-standardised DALY 
rate of dietary iron deficiency (Fig. 4D).

Discussion
This study provides the most up-to-date data on the 
prevalence, DALY rates, and their temporal trends of 
four common nutritional deficiencies among older adults 
aged 65 years and above in all countries/territories from 
1990 to 2021. The ASPR of PEM increased, while the 
ASPR of iodine deficiency, vitamin A deficiency, and 
dietary iron deficiency decreased over the past 32 years. 
The age-standardised DALY rate of vitamin A defi-
ciency increased, while the DALY rates of PEM, iodine 
deficiency, and dietary iron deficiency decreased. The 
inequality in the burden of PEM and iodine deficiency 
among the elderly population between high-income and 
low-income countries narrowed during this period. The 
age-standardised DALY rates of the four nutritional defi-
ciencies decreased as the SDI increased.

Fig. 1  Joinpoint regression analysis of global age-standardised prevalence of (A) Protein-energy malnutrition, (B) Iodine deficiency, (C) Vitamin A defi-
ciency, (D) Dietary iron deficiency in people aged ≥ 65 years, 1990–2021. Abbreviations: APC, Annual percentage change; AAPC, average annual percent 
change
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Fig. 2  The global disease burden of four nutritional deficiencies among people aged ≥ 65 years in 2021. (A) The age-standardised prevalence of protein-
energy malnutrition; (B) The age-standardised DALY rates of protein-energy malnutrition; (C) The age-standardised prevalence of iodine deficiency; 
(D) The age-standardised DALY rates of iodine deficiency; (E) The age-standardised prevalence of vitamin A deficiency; (F) The age-standardised DALY 
rates of vitamin A deficiency; (G) The age-standardised prevalence of dietary iron deficiency; (H) The age-standardised DALY rates of dietary iron defi-
ciency; Abbreviations: DALY, disability-adjusted life year
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Globally, PEM in older adults varies due to different 
assessment tools and populations studied, with preva-
lence ranging from 3% to over 27% [13]. In this trend 
analysis study, we revealed that the global ASPR of PEM 
increased between 1990 and 2015, then declined between 

2015 and 2019, and continued to increase remarkably 
between 2019 and 2021. Beginning in 2019, the world 
experienced the COVID-19 pandemic. PEM was highly 
prevalent among older adults infected with COVID-19. 
A Spanish cohort showed that malnutrition was found 

Fig. 3  Health inequality regression curves and concentration curves for the ASPR of protein-energy malnutrition (A-B), iodine deficiency (C–D), vitamin A 
deficiency (E-F), and dietary iron deficiency (G-H) among people aged ≥ 65 years worldwide, 1990 and 2021. Abbreviations: SDI, sociodemographic index
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in 25% of COVID-19 survivors over 65 years of age [25]. 
In a Chinese cohort of hospitalised older adults infected 
with COVID-19, 52.7% were malnourished [26]. Com-
pared with GBD 2019 and all previous GBD data, GBD 
2021 provides the evidence base on the altered burden 
of disease landscape that ensued in 2020 and 2021, the 
first two years after the COVID-19 pandemic [17]. In our 
study, the prevalence of PEM began to rise from 2019, 
which may be partly related to the impact of COVID-
19. The most common symptoms of COVID-19, such 
as fever, fatigue, and appetite loss are associated with 
reduced food intake, weight loss, and a higher risk of 
malnutrition [27]. COVID-19 has been reported to accel-
erate physical decline and frailty in institutionalized 
older adults by up to 20% [28]. Nearly 30% of COVID-19 
patients lost more than 5% of their baseline body weight 
[27], a particular concern for older adults due to its rela-
tionship with muscle loss and frailty. Moreover, the 
pandemic worsened global food insecurity, with panic 
buying and hoarding causing price hikes and shortages 
[29, 30], which disproportionately affect older adults, 

especially those with comorbidities or lacking social sup-
port [31]. Disruptions in healthcare services [32] further 
hindered the management of PEM. Our findings high-
light the need for comprehensive nutritional assessment 
and therapy as an integral part of geriatrics care in the 
post-COVID-19 period. However, the link between the 
post-2019 increase in PEM prevalence and COVID-19 
remains speculative and requires future direct evidence. 
Regionally, the highest prevalence of PEM among people 
aged ≥ 65 years was observed in East Asia, and the high-
est rate of DALYs in Eastern sub-Saharan Africa in 2021. 
Maize is a staple food in countries in sub-Saharan Africa. 
Although it provides macro- and micronutrients the 
body needs, it lacks adequate amounts of essential amino 
acids [33]. Additionally, diets are mainly based on cere-
als and legumes instead of meat and animal offal, lead-
ing to inadequate protein intake in many parts of Africa 
[34]. The high prevalence in East Asia may be related to 
the general rapid ageing of countries in East Asia [35, 36]. 
Nationally, France had the highest ASPR of PEM among 
older people. A previous study spanning from 1990 to 

Fig. 4  The association between age-standardised DALY rate of (A) Protein-energy malnutrition, (B) Iodine deficiency, (C) Vitamin A deficiency, (D) Di-
etary iron deficiency and SDI across all countries/territories among people aged ≥ 65 years in 2021. Abbreviations: DALY, disability-adjusted life year; SDI, 
sociodemographic index
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2019 showed that the ASPRs of PEM in Western Europe 
were higher than predicted [3]. Being part of this region, 
France might align with this trend. The high prevalence of 
PEM in France may due to longer life span and improved 
nutritional screening [37], and relatively reliable data col-
lection in high-income countries with comprehensive 
medical systems [38]. Further national surveys specifi-
cally focusing on PEM in France is needed.

Iodine is an essential trace element for thyroid hormone 
synthesis. It is reported that imbalances in iodine levels 
can contribute to neurocognitive disorders and narco-
lepsy in older adults [39, 40]. The WHO’s first estimate 
of the global prevalence of goitre in 1960 suggested that 
20–60% of the population worldwide was affected, with 
most of the burden in low- and middle-income countries 
[41]. Since 1990, the WHO has coordinated an inter-
national programme for the elimination of iodine defi-
ciency [42], and salt iodisation has been widely adopted 
[43]. Over the past decades, there has been remarkable 
progress toward the prevention of iodine deficiency. 
UNICEF estimates that based on data collected during 
2013–2018, 88% of the global population used iodised 
salt in 2018 [44]. National surveys revealed that until 
2021, the number of iodine-deficient countries had fallen 
from 113 [45] to 21 [46]. However, inequality still exists, 
with a greater burden in disadvantaged regions. In 2013, 
the greatest proportion of individuals with iodine defi-
ciency in general populations was in Africa (55%) [47]. In 
2019, Western and Central Africa had the lowest cover-
age with iodised salt [44]. Our study showed that globally, 
the overall prevalence and DALYs of iodine deficiency 
decreased from 1990 to 2021. Central Sub-Saharan Africa 
regionally, and Somalia nationally, had the highest preva-
lence and DALYs of iodine deficiency, which was similar 
to the above literature among the general population.

Order adults are susceptible to deficiencies in fat sol-
uble vitamins, including vitamin A [48]. Vitamin A defi-
ciency is a potential risk factor for infection [5], vision 
loss [6], and cognitive impairment and mental illness 
[7]. To our best knowledge, there are limited analyses 
on the burden of vitamin A deficiency in elderly popu-
lations worldwide. Our study showed that the global 
ASPR and DALYs of vitamin A deficiency among the 
elderly decreased from 1990 to 2021. Eastern sub-Saha-
ran Africa had the highest prevalence, and Central Sub-
Saharan Africa had the highest DALY rate in 2021. As the 
SDI values increased, the age-standardised DALY rate 
declined, reflecting discrepancies in medical facilities 
and health care. Vitamin A deficiency is relatively more 
frequent in areas with lower socioeconomic levels [49, 
50]. Results from GBD 2019 showed that sub-Saharan 
Africa, especially Central sub-Saharan Africa, had the 
highest age-standardised incidence and DALY rates of 
vitamin A deficiency, which is consistent with our results 

[8]. This imbalance may be due to poverty [51], lower 
education level [52], and availability of nutrients [53] in 
low-income regions. Additionally, in sub-Saharan Africa, 
widespread epidemics of infectious diseases like malaria 
and acquired immunodeficiency syndrome have resulted 
in the loss of vitamin A [54, 55]. In lower-income coun-
tries, the utilisation of vitamin A-rich foods through hor-
ticultural approaches might yield great benefits. There is 
also a need to foster research on fortified staples such as 
provitamin A enriched corn [56]. Moreover, in areas with 
perennially high temperatures like sub-Saharan Africa, 
proper preservation of drugs and food supplements 
ensuring vitamin A activity is also an important problem 
to be solved [57, 58].

Insufficient dietary iron intake is a contributor to 
anaemia in older individuals [59]. Reduced iron stores, 
regardless of anaemia status, are often associated with 
inflammation and an increased risk of physical and cog-
nitive impairment among older adults [60]. Secondary 
analysis of the DO-HEALTH trial has reported that the 
prevalence of iron deficiency among older adults aged 
70 and above varied from 8.5 to 49.8% across Europe 
[60]. Austria, Switzerland, and Germany also exhibited 
iron deficiency prevalence rates of 4.6%, 3.9%, and 3.2%, 
respectively [60]. Iron deficiency has been more com-
mon in disadvantaged subpopulations, including peo-
ple in low-income countries/territories [61]. Our study 
showed that the ASPR and DALYs of dietary iron defi-
ciency among the elderly decreased worldwide. Among 
the 21 regions, the highest ASPR and DALYs of dietary 
iron deficiency was in South Asia in 2021. At the national 
level, India had the highest ASPR and DALY rates of iron 
deficiency among older people. The ASPR disproportion-
ately concentrated among lower SDI countries. The gap 
in ASPR between the highest and lowest SDI countries 
remained stable. The National Family Health Survey-4 
(NFHS-4) revealed that India has the highest burden of 
anaemia worldwide [62]. These data highlight the neces-
sity for monitoring and addressing iron deficiency at the 
older population level, considering geographical dispari-
ties [60]. The use of fortification of food with iron and 
multiple-micronutrients might address the problem of 
iron deficiency [63].

Among the seven age subgroups, the ASPR and DALYs 
of PEM and dietary iron deficiency increased, while 
ASPR and DALYs of iodine and vitamin A deficiency 
decreased with age. This pattern can be better under-
stood by considering several age-related physiologi-
cal changes that affect nutritional status. Older adults 
experience reduced physiological function and physical 
activity due to muscle fiber losses [64] and lower bone 
mineral density [65]. These changes result in declined 
nitrogen retention, necessitating higher protein require-
ment to maintain muscle tissue [66]. Furthermore, many 
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older adults may face “anorexia of aging” [67] caused 
by physiological, pathological, and social factors, lead-
ing to consequences such as PEM, sarcopenia, and 
frailty [68]. Age-related gastrointestinal changes such as 
impaired gastric motility and gastric acid secretion can 
affect nutrient absorption and worsen malnutrition [69]. 
Depression and dementia, common among older adults, 
also contribute to inadequate food intake [70, 71]. Vita-
min A and iodine deficiencies may be more closely asso-
ciated with regional, economic factors, and iodized salt 
use [61, 72] than with age.

The global age-standardised prevalence of iodine defi-
ciency, vitamin A deficiency, and dietary iron deficiency 
demonstrated downward trends, mainly because of the 
increase in animal products consumption, dietary diver-
sification, and improved access to micro-elements [73]. 
Furthermore, the inequality in the burden of PEM and 
iodine deficiency between high-income and low-income 
countries declined from 1990 to 2021, which indicates 
that global control and prevention of malnutrition have 
partly improved. However, cross-country inequali-
ties still exist. Regionally, sub-Saharan Africa and South 
Asia suffer more from nutritional deficiencies. DALY 
rates of four nutritional deficiencies among the elderly 
were negatively correlated with the SDI scores. This dif-
ference may be due to geographical, cultural, economic, 
and demographic factors. In sub-Saharan Africa, rapid 
population growth, inefficient agriculture and industry, 
and inadequate public health awareness and healthcare 
system performance may cause malnutrition [74]. Diets 
with low red or processed meats and other healthy com-
ponents (fruit, non-starchy vegetables, and legumes/
nuts) in South Asia and sub-Saharan Africa may lead to 
these regional differences [75]. Another possible reason 
is that in low-income countries and regions, food inse-
curity is a contributor to malnutrition, with many older 
adults unable to safely access adequate and healthy foods 
due to low financial resources and high cost of living 
[76–78]. Studies from India [77] and sub-Saharan Africa 
[78] reported that vulnerable categories of older people 
at risk of food insecurity include those who are 80 years 
and older, those with lower socioeconomic positions, 
and those who are unmarried, divorced, or separated. 
Of additional concern is that in low- and middle-income 
countries, oral nutritional supplements are in scarce sup-
ply due to insufficient funding of nutritional care [79]. 
An ongoing scoping review on nutrition interventions 
for older people in Africa aims to synthesize evidence on 
effective strategies and engage local experts and commu-
nities to guide future interventions [80].

To address these nutritional challenges, comprehensive 
strategies are imperative, such as food fortification, nutri-
tional education, micronutrient supplementation, and 
environmental sustainability. There are several promising 

initiatives that can be scaled up. For instance, in Austria, 
making malnutrition guidelines accessible to healthcare 
professionals enhances treatment rates [81]. Similarly, 
a quality improvement program in Colombia, which 
focused on nutrition for community-dwelling older 
adults, improved their nutritional status [82]. Oral nutri-
tional supplements (ONS) have shown benefits in trials 
and systematic reviews, leading to increased body weight 
and fewer complications. The European Society for Clini-
cal Nutrition and Metabolism (ESPEN) guidelines rec-
ommend offering ONS to older adults with malnutrition 
or at risk when food fortification and dietary counseling 
are insufficient [83].

The main strengths of this study include the long 
period of observation (1990–2021), the extensive geo-
graphic coverage (globally), and the large amount of data 
analysed. However, there are some limitations. First, GBD 
estimates are constrained by the quality of each country’s 
disease registration data, which often correlates with its 
socioeconomic status. In some low-income regions, the 
lack of high-quality data may introduce biases, poten-
tially underestimating disease burden. While in some 
high-income countries, overestimations may occur due 
to reliance on data from major cities. GBD collaborators 
applied data cleaning, correction, and advanced statisti-
cal modeling to reduce the influence of these limitations. 
But this led to a new issue that findings rely heavily on 
modeled data, especially at the national level due to lim-
ited actual data. Additionally, GBD 2021 only collected 
data on PEM, iodine deficiency, vitamin A deficiency, and 
dietary iron deficiency. Other common nutritional defi-
ciencies among older individuals, such as vitamin D and 
calcium deficiencies, were not included. Third, the GBD 
dataset does not provide direct data on medication use, 
co-morbidities and healthcare access among individu-
als with nutritional deficiencies, limiting our ability to 
conduct sensitivity analyses on these factors and explore 
their potential impact.

Conclusions
In summary, our study performed a comprehensive 
analysis of the burden of common nutritional deficien-
cies among the elderly population at global, regional, 
and national levels, using the latest GBD 2021 data. 
We revealed that although the global nutritional status 
among older adults has improved, the global prevalence 
of PEM demonstrated overall increasing trends in 1990 
and 2021. Furthermore, cross-country health inequali-
ties still exist. These results highlight the need for fur-
ther investigation into the determinants of nutritional 
deficiencies among elderly individuals and the establish-
ment of efficient prevention, management, and treatment 
programs, especially in countries/territories with low 
sociodemographic conditions.



Page 13 of 15Liang et al. BMC Geriatrics           (2025) 25:74 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​8​7​7​-​0​2​5​-​0​5​7​2​8​-​9​​​​​.​​

Supplementary Material 1

Acknowledgements
We appreciate the excellent works by the Global Burden of Diseases, Injuries, 
and Risk Factors Study (GBD) 2021 collaborators.

Author contributions
S.L. and S.X. contributed equally to this manuscript. Conceptualization, S.L. 
and J. L.; methodology and statistical analysis, S.L. and G.T.; data curation, W.Z., 
X.G., C.Y. and C.Z.; writing—original draft preparation, S. L.; writing—review 
and editing, S.X. and G.C. All authors have read and agreed to the published 
version of the manuscript.

Funding
This work was supported by the Science and Technology Project 
of Beijing (D181100000118004), the National Key Technology R&D 
Program (2018YFA0108803), the National Key Technology R&D Program 
(2015BAI12B06), and the Natural Science Foundation of China (NSFC) 
(82000675, 82400586), GYC (22KJLJ001).

Data availability
The data presented in this study are available in the Global Health Data 
Exchange GBD 2021 website at http://​ghdx.he​althdat​a.or​g/gbd-2021/sources.

Declarations

Institutional review board
For the utilising of deidentified data in GBD study, a waiver of informed 
consent has been approved by the University of Washington Institutional 
Review Board.

Informed consent
The institutions that conducted the surveys were responsible for obtaining 
informed consent from the participants.

Clinical trial number
not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Nephrology, First Medical Center of Chinese PLA General 
Hospital, Nephrology Institute of the Chinese People’s Liberation Army, 
State Key Laboratory of Kidney Diseases, National Clinical Research Center 
for Kidney Diseases, Beijing Key Laboratory of Kidney Disease Research, 
Beijing, China
2Department of General Internal Medicine, The Second Medical Center of 
Chinese PLA General Hospital, Beijing, China
3Department of Rehabilitation Medicine, Beijing Friendship Hospital, 
Capital Medical University, Beijing, China

Received: 27 October 2024 / Accepted: 22 January 2025

References
1.	 Kiani AK, Dhuli K, Donato K, Aquilanti B, Velluti V, Matera G, et al. Main nutri-

tional deficiencies. J Prev Med Hyg. 2022;63(2 Suppl 3):E93–101.
2.	 Bailey RL, West KP Jr., Black RE. The epidemiology of global micronutrient 

deficiencies. Ann Nutr Metab. 2015;66(Suppl 2):22–33.
3.	 Zhang X, Zhang L, Pu Y, Sun M, Zhao Y, Zhang D et al. Global, Regional, and 

National Burden of Protein-Energy Malnutrition: a systematic analysis for the 
global burden of Disease Study. Nutrients. 2022;14(13):2592–2607.

4.	 Zimmermann MB, Jooste PL, Pandav CS. Iodine-deficiency disorders. Lancet. 
2008;372(9645):1251–62.

5.	 Aibana O, Franke MF, Huang CC, Galea JT, Calderon R, Zhang Z, et al. Impact 
of vitamin A and carotenoids on the risk of tuberculosis progression. Clin 
Infect Diseases: Official Publication Infect Dis Soc Am. 2017;65(6):900–9.

6.	 Xu Y, Shan Y, Lin X, Miao Q, Lou L, Wang Y, et al. Global patterns in vision loss 
burden due to vitamin A deficiency from 1990 to 2017. Public Health Nutr. 
2021;24(17):5786–94.

7.	 Wołoszynowska-Fraser MU, Kouchmeshky A, McCaffery P. Vitamin A and reti-
noic acid in Cognition and Cognitive Disease. Annu Rev Nutr. 2020;40:247–72.

8.	 Zhao T, Liu S, Zhang R, Zhao Z, Yu H, Pu L et al. Global Burden of Vitamin 
A Deficiency in 204 countries and territories from 1990–2019. Nutrients. 
2022;14(5):950–965.

9.	 Global regional. National incidence, prevalence, and years lived with 
disability for 328 diseases and injuries for 195 countries, 1990–2016: a 
systematic analysis for the global burden of Disease Study 2016. Lancet. 
2017;390(10100):1211–59.

10.	 Kinsella KPD. Global aging: the challenge of success. Popul Bull Washington: 
Popul Ref Bureau, 2005;60(1). ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​p​r​b​​.​o​r​g​​/​r​e​​s​o​​u​r​c​e​s​/​g​l​o​b​a​l​-​a​g​i​n​g​-​t​h​
e​c​h​a​l​l​e​n​g​e​-​o​f​-​s​u​c​c​e​s​s​/​​​​​.​​​​​​​

11.	 Nations U. The world at six billion. 12 October 1999 ​h​t​t​​p​:​/​/​​w​w​w​​.​u​​n​o​r​​g​/​e​s​​a​/​p​​
o​p​​u​l​a​t​i​o​n​/​p​u​b​l​i​c​a​t​i​o​n​s​/​s​i​x​b​i​l​l​i​o​n​/​s​i​x​b​i​l​p​a​r​t​1​p​d​f​​​​​. 2011.

12.	 Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the 
challenges ahead. Lancet. 2009;374(9696):1196–208.

13.	 Dent E, Wright ORL, Woo J, Hoogendijk EO. Malnutrition in older adults. 
Lancet. 2023;401(10380):951–66.

14.	 Roberts CST, Maplethorpe N et al. National Diet and Nutrition Survey: Results 
from Years 7 and 8 (Combined) of the Rolling Programme (2014/2015–
2015/2016). 2018.

15.	 Leij-Halfwerk S, Verwijs MH, van Houdt S, Borkent JW, Guaitoli PR, Pelgrim T, 
et al. Prevalence of protein-energy malnutrition risk in European older adults 
in community, residential and hospital settings, according to 22 malnutrition 
screening tools validated for use in adults ≥ 65 years: a systematic review and 
meta-analysis. Maturitas. 2019;126:80–9.

16.	 Kushwaha S, Khanna P, Srivastava R, Jain R, Singh T, Kiran T. Estimates of 
malnutrition and risk of malnutrition among the elderly (≥ 60 years) in India: a 
systematic review and meta-analysis. Ageing Res Rev. 2020;63:101137.

17.	 Global incidence. Prevalence, years lived with disability (YLDs), disability-
adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 
diseases and injuries in 204 countries and territories and 811 subnational 
locations, 1990–2021: a systematic analysis for the global burden of Disease 
Study 2021. Lancet. 2024;403(10440):2133–61.

18.	 Global burden of. 288 causes of death and life expectancy decomposition 
in 204 countries and territories and 811 subnational locations, 1990–2021: 
a systematic analysis for the global burden of Disease Study 2021. Lancet. 
2024;403(10440):2100–32.

19.	 Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and 
risk factors in China and its provinces, 1990–2017: a systematic analysis for 
the global burden of Disease Study 2017. Lancet. 2019;394(10204):1145–58.

20.	 Global Burden of Disease Collaborative Network. Global Burden of Disease 
Study 2021. (GBD 2021) Socio-Demographic Index (SDI) 1950–2021. Seattle, 
United States of America: Institute for Health Metrics and Evaluation (IHME). 
2024.

21.	 Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average 
annual per cent change in trend analysis. Stat Med. 2009;28(29):3670–82.

22.	 Cao F, He YS, Wang Y, Zha CK, Lu JM, Tao LM, et al. Global burden and cross-
country inequalities in autoimmune diseases from 1990 to 2019. Autoimmun 
rev. 2023;22(6):103326.

23.	 Howe LD. Handbook on Health Inequality Monitoring. Int J Epidemiol. 
2014;43(4):1345–6.

24.	 Ordunez P, Martinez R, Soliz P, Giraldo G, Mujica OJ, Nordet P. Rheumatic 
heart disease burden, trends, and inequalities in the Americas, 1990–2017: a 
population-based study. Lancet Global Health. 2019;7(10):e1388–97.

25.	 Tosato M, Calvani R, Ciciarello F, Galluzzo V, Martone AM, Zazzara MB, et al. 
Malnutrition in COVID-19 survivors: prevalence and risk factors. Aging Clin 
Exp Res. 2023;35(10):2257–65.

26.	 Li T, Zhang Y, Gong C, Wang J, Liu B, Shi L, et al. Prevalence of malnutrition 
and analysis of related factors in elderly patients with COVID-19 in Wuhan, 
China. Eur J Clin Nutr. 2020;74(6):871–5.

27.	 Di Filippo L, De Lorenzo R, D’Amico M, Sofia V, Roveri L, Mele R, et al. COVID-
19 is associated with clinically significant weight loss and risk of malnutrition, 

https://doi.org/10.1186/s12877-025-05728-9
https://doi.org/10.1186/s12877-025-05728-9
http://ghdx.healthdata.org/gbd-2021/sources
https://www.prb.org/resources/global-aging-thechallenge-of-success/
https://www.prb.org/resources/global-aging-thechallenge-of-success/
http://www.unorg/esa/population/publications/sixbillion/sixbilpart1pdf
http://www.unorg/esa/population/publications/sixbillion/sixbilpart1pdf


Page 14 of 15Liang et al. BMC Geriatrics           (2025) 25:74 

independent of hospitalisation: a post-hoc analysis of a prospective cohort 
study. Clin Nutr. 2021;40(4):2420–6.

28.	 Greco GI, Noale M, Trevisan C, Zatti G, Dalla Pozza M, Lazzarin M, et al. Increase 
in Frailty in nursing home survivors of Coronavirus Disease 2019: comparison 
with noninfected residents. J Am Med Dir Assoc. 2021;22(5):943–e73.

29.	 Naja F, Hamadeh R. Nutrition amid the COVID-19 pandemic: a multi-level 
framework for action. Eur J Clin Nutr. 2020;74(8):1117–21.

30.	 Bender KE, Badiger A, Roe BE, Shu Y, Qi D. Consumer behavior during the 
COVID-19 pandemic: an analysis of food purchasing and management 
behaviors in U.S. households through the lens of food system resilience. 
Socio-economic Plann Sci. 2022;82:101107.

31.	 Rogus S, Coakley KE, Martin S, Gonzales-Pacheco D, Sroka CJ. Food Security, 
Access, and challenges in New Mexico during COVID-19. Curr Developments 
Nutr. 2022;6(1):nzab139.

32.	 Giebel C, Cannon J, Hanna K, Butchard S, Eley R, Gaughan A, et al. Impact of 
COVID-19 related social support service closures on people with dementia 
and unpaid carers: a qualitative study. Aging Ment Health. 2021;25(7):1281–8.

33.	 Nuss ET, Tanumihardjo SA. Quality protein maize for Africa: closing the 
protein inadequacy gap in vulnerable populations. Advances in nutrition 
(Bethesda. Md). 2011;2(3):217–24.

34.	 Schönfeldt HC, Gibson Hall N. Dietary protein quality and malnutrition in 
Africa. Br J Nutr. 2012;108(Suppl 2):S69–76.

35.	 Fuster V, Changing Demographics. A New Approach to Global Health Care 
due to the Aging Population. J Am Coll Cardiol. 2017;69(24):3002–5.

36.	 Li F. Physical activity and health in the presence of China’s economic growth: 
meeting the public health challenges of the aging population. J Sport Health 
Sci. 2016;5(3):258–69.

37.	 Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, et al. ESPEN 
guidelines on definitions and terminology of clinical nutrition. Clin Nutr. 
2017;36(1):49–64.

38.	 Soeters PB, Cynober F, Forbes L, Shenkin A, Sobotka A. Defining malnutrition: 
a plea to rethink. Clin Nutr. 2017;36:896–901.

39.	 Wu MN, Liu WF, Li FD, Huang YW, Gu X, Zhai YJ, et al. Association between 
Iodized Salt intake and cognitive function in older adults in China. J Nutr 
Health Aging. 2023;27(11):1005–11.

40.	 Shen X, Yang L, Liu YY, Zhang XH, Cai P, Huang JF, et al. Associations between 
urinary iodine concentration and the prevalence of metabolic disorders: a 
cross-sectional study. Front Endocrinol. 2023;14:1153462.

41.	 Kelly FC, Snedden WW. Prevalence and geographical distribution of endemic 
goitre. Monogr Ser World Health Organ. 1960;44:27–233.

42.	 WHO. WHO e-Library of Evidence for Nutrition Actions (eLENA). 2021. (Avail-
able at: https://wwww.hoint/elena/en/) Accessed on 26 Jan 2021.

43.	 National Institutes of Health. Iodine. Available online: ​h​t​t​​p​s​:​/​​/​o​d​​s​.​​o​d​n​​i​h​g​o​​v​/​f​​a​
c​​t​s​h​e​e​t​s​/​I​o​d​i​n​e​-​H​e​a​l​t​h​P​r​o​f​e​s​s​i​o​n​a​l​/​​​​ (accessed on 7 March 2022).

44.	 UNICEF. United Nations Children’s Fund, Division of data, analysis, planning 
and monitoring. UNICEF Global Databases on Iodized salt, New York. 2019. 
(Available at: ​h​t​t​​p​s​:​/​​/​d​a​​t​a​​.​u​n​​i​c​e​f​​o​r​g​​/​w​​p​-​c​o​n​t​e​n​t​/​u​p​l​o​a​d​s​/​2​0​1​7​/​1​2​/​G​l​o​b​a​l​-​D​a​
t​a​b​a​s​e​s​-​o​n​-​I​o​d​i​n​e​x​l​s​x​1​1​​​​​) Accessed on 11 February 2021.

45.	 WHO UI. Global Prevalence of Iodine Deficiency Disorders Micronutrient 
Deficiency Information System Working Paper 1.Geneva: World Health Orga-
nizaion, 1993.

46.	 Iodine Global Network. Global Scorecard of Iodine Nutrition in 2020 in the 
General Population Based on Schoolage Children. Ottawa, Canada: IGN. 
(Available at: https://wwwignorg/scorecardhtm) Accessed on 7. May 2021. 
2021.

47.	 Zimmermann MB. Iodine deficiency and excess in children: worldwide 
status in 2013. Endocrine practice: official journal of the American College 
of Endocrinology and the American Association of Clinical Endocrinologists. 
2013;19(5):839 – 46.

48.	 Youness RA, Dawoud A, ElTahtawy O, Farag MA. Fat-soluble vitamins: updated 
review of their role and orchestration in human nutrition throughout life 
cycle with sex differences. Nutr Metabolism. 2022;19(1):60.

49.	 Alaofè H, Burney J, Naylor R, Taren D. Prevalence of anaemia, deficiencies of 
iron and vitamin A and their determinants in rural women and young chil-
dren: a cross-sectional study in Kalalé district of northern Benin. Public Health 
Nutr. 2017;20(7):1203–13.

50.	 Sahile Z, Yilma D, Tezera R, Bezu T, Haileselassie W, Seifu B, et al. Prevalence 
of vitamin A Deficiency among Preschool Children in Ethiopia: a systematic 
review and Meta-analysis. Biomed Res Int. 2020;2020:8032894.

51.	 Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Mater-
nal and child undernutrition and overweight in low-income and middle-
income countries. Lancet. 2013;382(9890):427–51.

52.	 Yang C, Chen J, Liu Z, Yun C, Piao J, Yang X. Prevalence and influence factors 
of vitamin A deficiency of Chinese pregnant women. Nutr J. 2016;15:12.

53.	 Keats EC, Neufeld LM, Garrett GS, Mbuya MNN, Bhutta ZA. Improved micro-
nutrient status and health outcomes in low- and middle-income countries 
following large-scale fortification: evidence from a systematic review and 
meta-analysis. Am J Clin Nutr. 2019;109(6):1696–708.

54.	 Strunz EC, Suchdev PS, Addiss DG. Soil-transmitted helminthiasis and vitamin 
A Deficiency: two problems, one policy. Trends Parasitol. 2016;32(1):10–8.

55.	 Global regional. National age-sex specific mortality for 264 causes of death, 
1980–2016: a systematic analysis for the global burden of Disease Study 
2016. Lancet. 2017;390(10100):1151–210.

56.	 Siwela M, Pillay K, Govender L, Lottering S, Mudau FN, Modi AT et al. Bioforti-
fied Crops for Combating Hidden Hunger in South Africa: Availability, Accept-
ability, Micronutrient Retention and Bioavailability. Foods (Basel, Switzerland). 
2020;9(6).

57.	 Ekpa O, Fogliano V, Linnemann A. Carotenoid stability and aroma retention 
during the post-harvest storage of biofortified maize. J Sci Food Agric. 
2021;101(10):4042–9.

58.	 Ghouchi-Eskandar N, Simovic S, Prestidge CA. Solid-state nanoparticle coated 
emulsions for encapsulation and improving the chemical stability of all-trans-
retinol. Int J Pharm. 2012;423(2):384–91.

59.	 Romano AD, Paglia A, Bellanti F, Villani R, Sangineto M, Vendemiale G et al. 
Molecular aspects and treatment of Iron Deficiency in the Elderly. Int J Mol 
Sci. 2020;21(11):3821–31.

60.	 Stahl-Gugger A, de Molino GRC, Wieczorek C, Chocano-Bedoya M, Abderhal-
den PO, Schaer LA. Prevalence and incidence of iron deficiency in European 
community-dwelling older adults: an observational analysis of the DO-
HEALTH trial. Aging Clin Exp Res. 2022;34(9):2205–15.

61.	 Pasricha SR, Tye-Din J, Muckenthaler MU, Swinkels DW. Iron deficiency. 
Lancet. 2021;397(10270):233–48.

62.	 Indian Institute for Population Sciences (IIPS) and MoHFW. (2017) National 
Family Health Survey – 4. http://​rchi.ip​sorg/nf​hs/p​df/NFHS4/Indiapdf 
(accessed June 2021).

63.	 Allen LBB, Dary O, et al. Guidelines on food fortification with micronutri-
ents. World Health Organization https://; 2006. wwww.hoint/nutrition/
publications/guide_food_fortification_micronutrients.

64.	 Piasecki M, Ireland A, Jones DA, McPhee JS. Age-dependent motor unit 
remodelling in human limb muscles. Biogerontology. 2016;17(3):485–96.

65.	 Bijlsma AY, Meskers CG, van den Eshof N, Westendorp RG, Sipilä S, Stenroth 
L, et al. Diagnostic criteria for Sarcopenia and physical performance. Age 
(Dordrecht Netherlands). 2014;36(1):275–85.

66.	 Butterfield GE, Calloway DH. Physical activity improves protein utilization in 
young men. Br J Nutr. 1984;51(2):171–84.

67.	 van der Meij BS, Wijnhoven HAH, Lee JS, Houston DK, Hue T, Harris TB, et al. 
Poor appetite and Dietary Intake in Community-Dwelling older adults. J Am 
Geriatr Soc. 2017;65(10):2190–7.

68.	 Wysokiński A, Sobów T, Kłoszewska I, Kostka T. Mechanisms of the anorexia of 
aging-a review. Age (Dordrecht Netherlands). 2015;37(4):9821.

69.	 Ahmed T, Haboubi N. Assessment and management of nutrition in older 
people and its importance to health. Clin Interv Aging. 2010;5:207–16.

70.	 German L, Kahana C, Rosenfeld V, Zabrowsky I, Wiezer Z, Fraser D, et al. 
Depressive symptoms are associated with food insufficiency and nutritional 
deficiencies in poor community-dwelling elderly people. J Nutr Health Aging. 
2011;15(1):3–8.

71.	 Ikeda M, Brown J, Holland AJ, Fukuhara R, Hodges JR. Changes in appe-
tite, food preference, and eating habits in frontotemporal dementia and 
Alzheimer’s disease. J Neurol Neurosurg Psychiatry. 2002;73(4):371–6.

72.	 Gerster H. Vitamin A–functions, dietary requirements and safety in humans. 
International journal for vitamin and nutrition research Internationale 
Zeitschrift fur vitamin- und Ernahrungsforschung. J Int de Vitaminologie et de 
Nutr. 1997;67(2):71–90.

73.	 Han X, Ding S, Lu J, Li Y. Global, regional, and national burdens of common 
micronutrient deficiencies from 1990 to 2019: a secondary trend analysis 
based on the global burden of Disease 2019 study. EClinicalMedicine. 
2022;44:101299.

74.	 Adeyeye SAO, Ashaolu TJ, Bolaji OT, Abegunde TA, Omoyajowo AO. Africa 
and the Nexus of poverty, malnutrition and diseases. Crit Rev Food Sci Nutr. 
2023;63(5):641–56.

75.	 Miller V, Webb P, Cudhea F, Shi P, Zhang J, Reedy J, et al. Global dietary quality 
in 185 countries from 1990 to 2018 show wide differences by nation, age, 
education, and urbanicity. Nat food. 2022;3(9):694–702.

https://wwww.hoint/elena/en/
https://ods.odnihgov/factsheets/Iodine-HealthProfessional/
https://ods.odnihgov/factsheets/Iodine-HealthProfessional/
https://data.uniceforg/wp-content/uploads/2017/12/Global-Databases-on-Iodinexlsx11
https://data.uniceforg/wp-content/uploads/2017/12/Global-Databases-on-Iodinexlsx11
http://rchi.ipsorg/nfhs/pdf/NFHS4/Indiapdf
http://wwww.hoint/nutrition/publications/guide_food_fortification_micronutrients
http://wwww.hoint/nutrition/publications/guide_food_fortification_micronutrients


Page 15 of 15Liang et al. BMC Geriatrics           (2025) 25:74 

76.	 Nazri NS, Vanoh D, Leng SK. Malnutrition, low diet quality and its risk factors 
among older adults with low socio-economic status: a scoping review. Nutr 
Res Rev. 2021;34(1):107–16.

77.	 Kandapan B, Pradhan I, Pradhan J. Food Insecurity and Malnutrition among 
Indian older adults: findings from Longitudinal Ageing Study in India, 2017-
18. J Popul Ageing. 2022:1–21. https:/​/doi.or​g/10.10​07/s​12062-022-09378-2.

78.	 Saha S, Behnke A, Oldewage-Theron W, Mubtasim N, Miller M. Prevalence and 
Factors Associated with Food Insecurity among older adults in Sub-saharan 
Africa: a systematic review. J Nutr Gerontol Geriatr. 2021;40(4):171–96.

79.	 Kawtharani F, El Khoury CF, Mattar L. Assessment of hospital malnutrition 
care practices: the case of a low middle income country. Clin Nutr ESPEN. 
2022;50:314–7.

80.	 Manyara A, Manyanga T, Chingono R, Naidoo S, Mattick K, Pearson G, et 
al. Types, design, implementation, and evaluation of nutrition interven-
tions in older people in Africa: a scoping review protocol. PLoS ONE. 
2024;19(11):e0313036.

81.	 Blanař MV, Eglseer D, Lohrmann C, Hödl M. Changes in the availability of 
clinical practice guidelines for malnutrition: a 6-y multicenter study. Nutr 
(Burbank Los Angeles Cty Calif ). 2020;71:110617.

82.	 Chavarro-Carvajal DA, Ayala AM, Venegas-Sanabria LC, Gomez G, Sulo S, 
Misas JD, et al. Use of a nutrition-focused quality improvement program for 
community-living older adults at malnutrition risk is associated with better 
nutritional outcomes. Clin Nutr ESPEN. 2022;48:291–7.

83.	 Volkert D, Beck AM, Cederholm T, Cruz-Jentoft A, Goisser S, Hooper L, et al. 
ESPEN guideline on clinical nutrition and hydration in geriatrics. Clin Nutr. 
2019;38(1):10–47.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s12062-022-09378-2

	﻿Global burden and cross-country inequalities of nutritional deficiencies in adults aged 65 years and older, 1990–2021: population-based study using the GBD 2021
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data source
	﻿Disease definitions
	﻿Statistical analysis
	﻿Descriptive analysis
	﻿Trend analysis
	﻿Inequality analysis


	﻿Results
	﻿PEM
	﻿Iodine deficiency
	﻿Vitamin A deficiency
	﻿Dietary iron deficiency

	﻿Discussion
	﻿Conclusions
	﻿References


