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Abstract

Background Socioeconomic inequality in nutritional status as one of the main social determinants of health can
lead to inequality in health outcomes. In the present study, the socioeconomic inequality in the burden of nutritional
deficiencies among the countries of the world using Global Burden of Disease (GBD) data was investigated.

Methods Burden data of nutritional deficiencies and its subsets including protein-energy malnutrition, iodine
deficiency, vitamin A deficiency, and dietary iron deficiency form GBD study and Human Development Index (HDI),
a proxy for the socio-economic status of countries, from united nations database were collected. After descriptive
statistics, the concentration index (Cl) curve was used to measure socioeconomic inequality. Cl for nutritional
deficiencies was estimated based on Disability Adjusted Life Years (DALY), Years Lived with Disability (YLD), Years of
Life Lost (YLL), prevalence, incidence and death indices. Moreover, Cl of DALY and prevalence was estimated and
reported for four nutritional deficiencies subgroups.

Results Cls for DALY, YLD, YLL, prevalence, incidence and death rate show negative values and their, which indicates
the concentration of nutritional deficiencies burden among lower HDI countries. The highest value of Cl (lowest
inequality) for DALY was related to iodine deficiency (-0.3401) and the lowest (highest inequality) was related to
vitamin A deficiency (-0.5884). Also, the highest value of Cl for prevalence was related to protein-energy malnutrition
(-0.1403) and the lowest was related to vitamin A deficiency (-0.4308). Results also show the inequality in DALY was
greater than the disparity in prevalence for all subgroups of nutritional deficiencies.

Conclusions Inequality in burden of nutritional deficiencies and protein-energy malnutrition, iodine deficiency,
vitamin A deficiency and dietary iron deficiency are concentrated in countries with low HDI, so there is pro- poor
inequality. Findings indicate that although malnutrition occurs more in low-income countries, due to the weakness
of health care systems in these countries, the inequality in the final consequences of malnutrition such as DALY
becomes much deeper. More attention should be paid to the development of prevention and primary treatment
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measures in low HDI countries, such as improving nutrition-related health education, nutritional support and early

aggressive treatment, and also eliminating hunger.
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Background

Access to nutrition has been recognized as one of the
basic rights of every person. One of the important issues
in nutritional access is malnutrition. The negative effects
of malnutrition on the performance of the brain have
been proven. Paying special attention to children’s nutri-
tion is one of the priorities of the health policies of most
of the world’s societies because children are considered
as one of the most important social assets in any country
[1]. It is estimated that malnourishment is the cause of
almost half (45%) of children’s deaths [2].

According to the global nutrition report (2022), the
global nutrition crisis, exacerbated after Covid-19 pan-
demic, has significantly worsened, with rising rates
of malnutrition, hunger, and obesity. Since 2019, the
number of people affected by hunger increased by
150 million, reaching 768 million in 2021. Additionally,
3.1 billion people were unable to afford a healthy diet in
2020, a rise of 112 million. By 2021, approximately 2.3 bil-
lion individuals, representing 29.3% of the global popula-
tion, experienced moderate to severe food insecurity [3].
Although the global incidence of malnutrition decreased
by 23% from 2010 to 2019, a significant number of chil-
dren under five years of age (more than 160 million in
2019) worldwide were undernourished. According to the
results of the Global Burden of Diseases (GBD) study in
2019, nutritional deficiencies were responsible for about
16 million Disability Adjusted Life Years (DALYs) [4].

Lack of micronutrients is one of the important fac-
tors in malnutrition. Micronutrients are substances that
make up less than 0.01% of body weight and include vita-
mins and trace elements. These elements have a neces-
sary function in the body. Based on the classification of
the GBD study, nutritional deficiencies include protein-
energy malnutrition, iodine deficiency, vitamin A defi-
ciency, and dietary iron deficiency [5]. Meanwhile, iron
deficiency anemia is the most common nutritional defi-
ciency in the world [6]. Harmful consequences of iron
deficiency anemia, including a decrease in IQ, decrease
in learning ability, impairment in physical growth, and
ultimately a decrease in mental and physical capabilities,
have endangered the development process of countries.
Also, iodine is an essential element for the production of
thyroid hormones and the growth and development of
the human brain, and its deficiency is considered one of
the most common preventable causes of brain damage in
the world [7]. In addition to this, the high prevalence of
vitamin A deficiency and its related complications, which
include weak immune system function and increased

incidence and severity of infection, impaired growth of
nerve cells, anemia, blindness, and xerophthalmia, can
also lead to increased mortality [8]. Malnutrition related
to protein-energy can also cause harmful consequences
such as short stature, cognitive and behavioral disorders
and even death [9].

Nutritional deficiencies usually occur in situations
where there is economic poverty along with housing
problems, illiteracy of parents and behavioral and men-
tal disorders. In addition, not having stimulating and
strengthening factors of intellectual powers is more than
the cause. In these conditions, children are exposed to all
kinds of infections and nutritional deficiencies, so that as
the level of poverty increases, the amount of risk factors
for brain damage also increases [10].

Limited studies have been done on the level of socio-
economic inequality in nutritional deficiencies or malnu-
trition. Most of these studies, which have been conducted
at the micro level, have examined and confirmed the
socioeconomic inequality in various indicators of mal-
nutrition. For example, a study in Bangladesh found that
malnutrition is profoundly affecting children under five,
particularly in the poorest economic class. The research
revealed that these children are nearly twice as likely
to be underweight or stunted compared to those in the
wealthiest class [11-13].

It is also important to note that inequality in health
outcomes is linked to inequality in social determinants
of health (SDH). Therefore, understanding and analyzing
the inequality situation in nutrition as one of the most
important SDH, especially child health, can help provide
solutions to reduce inequality in outcomes such as child
death and disability. It seems that the study of socioeco-
nomic inequality in various indicators of nutritional defi-
ciencies and the burden caused by it at the macro level
can provide appropriate evidence for global policymak-
ers to reduce nutritional inequality and its burden in the
world. The present study was conducted with this aim.

Methods
In the current cross-sectional ecological study, the
required data for all the countries of the world were col-
lected using global databases. For the variable indicat-
ing the socio-economic status, the Human Development
Index (HDI) [14] and for the variables related to the bur-
den of nutritional deficiencies, the disease burden indices
from the GBD study result tool was used [15].

The Global Burden of Disease Study is the most com-
prehensive epidemiological study worldwide, providing a
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tool to quantify the amount of health lost from hundreds
of diseases, injuries, and risk factors. This study by the
Institute for Health Metrics and Evaluation consisting of
3600 researchers in more than 145 countries of the world
has estimated the death and disability data of more than
350 diseases and injuries in 204 countries in terms of age
and gender from 1990 until now [16].

In the current study, the required information was col-
lected based on the classification of the diseases causes in
the GBD study for nutritional deficiencies and its subsets
(protein-energy malnutrition, iodine deficiency, vitamin
A deficiency, and dietary iron deficiency) in all ages. The
burden of nutritional deficiencies was extracted accord-
ing to the mentioned groups using DALY, Years Lived
with Disability (YLD), Years of Life Lost (YLL), preva-
lence, incidence and death rate per 100,000 population
[15].

The HDI was used as a proxy for the socio-economic
status of countries. The numerical value of the HDI is
between 0 and 1, and the closer the value of this index
is to one, the higher the human development. HDI con-
siders the three dimensions of long and healthy life,
knowledge and living standards. More precisely, it is the
geometric mean of life expectancy, education and gross
national product. In the human development report,
countries are divided into groups of countries with very
high human development (0.800 or higher), high (0.799-
0.700), medium (0.699-0.550) and low (HDI<0.550)
based on the value of the HDI. The HDI data was
extracted from the United Nations database [14].

First, the descriptive statistics of the nutritional defi-
ciencies burden indicators were reported based on the
HDI group of the countries. Then concentration index
(CI) was used to measure social economic inequality.
CI for nutritional deficiencies was calculated based on
DALY, YLD, YLL, prevalence, incidence and death indi-
ces. Moreover, CI of DALY and prevalence was estimated
and reported for 4 nutritional deficiencies subgroups.
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The CI is one of the most common methods for mea-
suring inequality. The CI is created based on the con-
centration curve (CC). The CC indicates the cumulative
percentage of the health variable (y-axis) against the
cumulative percentage of the population sorted by eco-
nomic status from the poorest to the richest (x-axis). If
all people, regardless of their economic status, enjoy the
same level of health variable, the CC will be a 45-degree
line, which is called the “equality line” If the health vari-
able is more concentrated among the poor, the CC will
be above the equality line, which indicates the existence
of pro-poor inequality, and vice versa. The more the CC
is away from the inequality line, the greater the level of
inequality. According to the definition, the Cl is twice the
area enclosed between the CC and the 45-degree line.
Therefore, if the equality line and the CC coincide, the CI
will be zero. The amount of CI changes between +1 and
—1. The Fig. 1 schematically shows the concept of a CC
and CI. To estimate the CI, the covariance method was
used as follows [17]:

Cl= %cov(yi, Ri)

Where, cov and y show the covariance and health out-
come. R is the rank of country i in the socioeconomic dis-
tribution, and y is the average of health outcome. In the
present study, negative values (CC above line 45) indicate
that bad health outcomes (burden of nutritional deficien-
cies) are concentrated among countries with low levels
of human development, and vice versa. Stata 15 software
was used for statistical analysis of data.

The research was found to be in accordance to the ethi-
cal principles and the national norms and standards for
conducting medical research. The study protocol was
approved by the Ethics Committee of Shiraz University
of Medical Sciences under code IR.SUMS.NUMIMG.
REC.1400.077.

Results

Findings about the distribution of the burden of dif-
ferent nutritional deficiencies by country in different
HDI groups is shown in Table 1. The result show that
the burden of nutritional deficiencies and its subgroups
including protein-energy malnutrition, Iodine deficiency,
vitamin A deficiency and dietary iron deficiency are
higher in countries with low HDI.

The analytical findings of the study in the form of CI
and CC of burden of total nutritional deficiencies are
shown in Table 2; Fig. 2. CIs for DALY, YLD, YLL, preva-
lence, incidence and death rate show negative values and
their CCs are above the equality line, which indicates the
concentration of nutritional deficiencies burden among
lower HDI countries (pro-poor inequality).

In nutritional deficiencies subgroups, DALY and prev-
alence Cls also show negative values (CCs above the
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Table 1 Distribution of the burden of nutritional deficiencies among countries by HDI groups, 2019
All nutritional deficiencies

Very high HDI High HDI Medium HDI Low HDI
DALY* 1133 3375 7294 1563.1

(88.6 to 138.0) (283.0t0392.0) (582.8 10 876.0) (1208510 1917.8)
YLD* 104.8 270.7 502.8 793.6

(819t0 127.7) (2306 t0310.8) (408.8 t0 596.8) (708.8 t0 878.5)
YLL* 85 60.8 2266 769.4

(52t011.8) (41.2t0924) (1414t0311.7) (464.8t0 1074.1)
Prevalence* 5065.3 12166.2 19584.6 23686.7

(3971610 6158.9) (10796.3 to 13536.0) (17284.9 t0 21884.3) (21884.6 to 25488.8)
Incidence* 712.7 1169.3 1555.1 1833.8

(546.6 t0 878.7) (926.5t0 1412.0) (12884 t0 1821.9) (1632.1 t0 2035.5)
Death* 1.0 2.1 44 11.8

(0610 1.3) (15t027) (31t0538) (79t0 15.7)
Protein-energy malnutrition
DALY* 455 97.7 250.5 806.0

(38610 52.5) (7211t01232) (166.5 t0 334.6) (503.1t0 1108.8)
Prevalence* 998.0 1104.7 1496.6 1943.5

(895.5t0 1100.6)
lodine deficiency

(888.0t0 1321.4)

(1267.2t0 1726.0)

(1711.7 10 2175.2)

DALY* 6.3 73 224 380

(4.7t07.9) (541093) (13.6t031.2) (25410 50.6)
Prevalence* 5523 482.8 1623.3 2517.6

(407.5t0697.2) (339.5t0626.2) (859.6 t0 2386.9) (14429 t0 3592.4)
Vitamin A deficiency
DALY* 1.0 6.3 24.2 57.9

(0.5t0 1.6) (5.0t0 7.5) (184 t030.0) (46.3t0 69.5)
Prevalence* 1969.4 43957 11655.5 204441

(1346.3 t0 2592.5) (3497.7 t0 5293.8) (8465.5 to 14845.6) (17517.7 t0 23370.6)
Dietary iron deficiency
DALY* 101.3 2445 4419 636.6

(80.9t0 121.6) (211.0t0 278.1) (367.0t0 516.7) (561.6t0 711.7)
Prevalence* 61206 11672.7 17028.9 21014.0

(5179.7 to 7061.4)

(1043390 12911.5)

(14958.9 to 19099.0)

(19217.7 t0 22810.2)

*All indices are presented as rate per 100,000 populations. Figures in () show the 95% uncertainty interval

Table 2 Concentration index for burden of total nutritional deficiencies

Nutritional deficiencies

DALY* YLD* YLL* Prevalence* Incidence* Death*
-0.4545 -0.3752 -0.5841 -0.2856 -0.1896 -0.4381
(-0.5662 to (-04310to (-0.7980 to -0.3702) (-0.3320to (-0.2409 to (-0.5901 to
-0.3428) -0.3194) -0.2392) -0.1383) -0.2861)
*Figures in () show the confidence intervals at 90% for Cls

equality line), which indicates the concentration of these =~ Discussion

nutritional deficiencies among lower HDI countries. The
highest value (lowest inequality) of DALY CI was related
to iodine deficiency (-0.3401) and the lowest (highest
inequality) was related to vitamin A deficiency (-0.5884).
Also, the highest value (lowest inequality) of prevalence
CI was related to protein-energy malnutrition (-0.1403)
and the lowest (highest inequality) was related to vitamin
A deficiency (-0.4308). Results also show the inequality in
DALY was greater than the disparity in prevalence for all
subgroups of nutritional deficiencies. (Table 3; Fig. 3)

Reducing health inequality at the global level has long
been a priority for health policymakers. This study
aimed to assess socioeconomic inequality in the burden
of nutritional deficiencies across countries, utilizing the
Global Burden of Disease (GBD) data from 2019. Our
findings indicate that the burden of nutritional deficien-
cies and their subsets is predominantly concentrated in
countries with lower human development indices (HDI).

Consistent with our results, Seferidi et al. (2022)
found that the double burden of malnutrition was nota-
bly higher among poorer households in 55 low- and
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Table 3 Concentration index for burden of nutritional deficiencies subgroups

DALY* Prevalence*
Protein-energy malnutrition -0.5048 -0.1403

(-0.6942 t0 -0.3154) (-0.17921t0-0.1014)
lodine deficiency -0.3401 -0.3029

(-0.5309 to -0.1493) (-0.5030 to -0.1029)
Vitamin A deficiency -0.5884 -0.4308

(-0.7117 t0 -0.4651) (-0.5473t0-0.3144)
Dietary iron deficiency -0.3525 -0.2459

(-0.3991 t0 -0.3059) (-0.2817 t0-0.2100)

*Figures in () show the confidence intervals at 90% for Cls
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Fig. 3 Concentration curves for the burden of nutritional deficiencies subgroups

middle-income countries (LMICs) [18]. Similarly, Emadi
et al. (2021) reported that nutritional deficiencies are dis-
proportionately prevalent in nations with lower HDI [19].
In Australia, a study demonstrated that individuals with
low socioeconomic status experienced a higher preva-
lence of nutritional deficiencies, highlighting the inter-
section of health and economic status [20]. Furthermore,
research conducted in India revealed that malnutrition

rates in rural, impoverished communities were nearly
double those in urban areas, underscoring the geographic
and economic disparities in nutritional health [21]. A
study in Iran, echoed these findings, showing higher rates
of nutritional deficiencies among citizens with lower
socioeconomic status [22]. Van de Poel et al. also noted
that in Ghana, socioeconomic inequality in malnutri-
tion was closely linked to poverty, maternal education,
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healthcare access, and regional characteristics, reinforc-
ing the idea that SDH significantly influence health out-
comes [23].

The interplay between SDH and health outcomes,
particularly malnutrition, is evident in the relationship
between poverty and food insecurity [24]. Poverty exac-
erbates adverse health conditions by limiting access to
nutritious food, as individuals in low-income brackets
are often constrained by financial limitations that hinder
their ability to maintain a healthy diet [25]. Studies have
shown that low-income individuals are less likely to con-
sume a balanced diet, often resorting to energy-dense,
nutrient-poor foods diet [26, 27]. Additionally, dietary
patterns among low-income groups tend to lack essential
nutrients, including energy, fiber, and vitamins [28].

Our analysis revealed that the DALY and prevalence of
protein-energy malnutrition were significantly higher in
countries with low HDI. Zhang et al. (2022) corroborated
our findings, indicating that the burden of protein-energy
malnutrition is particularly severe among children, the
elderly, and in nations with a low social demographic
index [29]. In a study on the 38 countries, the preva-
lence of protein-energy malnutrition was twice as high
in poor, rural communities compared to urban settings
[30]. This suggests that socioeconomic factors, including
living conditions, parental education, maternal occupa-
tion, prenatal care, and cultural influences, play critical
roles in the prevalence of protein-energy malnutrition
[31]. In another study it is stated that regions with a low
Socio-Demographic Index (SDI) displayed lower Age-
Standardized Incidence Rate (ASR) for protein-energy
malnutrition. South Asia among regions and Maldives
among countries exhibits the highest ASR for protein-
energy malnutrition, respectively [32].

Similarly, our findings regarding iodine deficiency
align with Ji et al. (2024), who showed a negative cor-
relation between iodine deficiency incidence and socio-
demographic status, noting that Central Sub-Saharan
Africa had the highest ASR for iodine deficiency, reach-
ing 459 per 100,000 population, followed by South Asia
and Eastern Sub-Saharan Africa. Moreover, Equatorial
Guinea recorded the highest rate of iodine deficiency
incidence rate, which primarily affected adolescents and
young [32]. In Tanzania, it was observed that individuals
from the poorest income groups had a higher likelihood
of iodine deficiency, with pregnant women particu-
larly affected [33, 34]. This may be attributed to limited
access to iodized salt and iodine-rich foods, further exac-
erbating health risks associated with iodine deficiency
[35]. In Ethiopia, as one of the low-income countries, a
high prevalence of iodine deficiency was reported. In a
meta-analysis of 15,611 school-age children, the iodine
deficiency prevalence was reported to be 58%. The con-
sumption of goitrogenic foods and the child’s sex were
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key factors determining the prevalence of iodine defi-
ciency among children [36].

The concentration of DALY and prevalence related to
vitamin A deficiency in low HDI countries is also note-
worthy. A study in India highlighted that lower income
groups faced a higher prevalence of vitamin A deficiency
[37]. The global burden of vitamin A deficiency is particu-
larly pronounced among women and children in LMICs,
with DALY rates significantly higher in countries with
low socio-demographic indices [38]. Factors contribut-
ing to vitamin A deficiency include inadequate dietary
intake, malabsorption issues, and health conditions that
exacerbate nutrient loss [39]. Another study on the bur-
den of vitamin A deficiency in the Middle East and North
Africa (MENA) region, revealing 30.6 million prevalent
cases in 2019 and an age-standardized prevalence rate of
5,249.9 per 100,000. The YLD rate were below the global
average, and a negative correlation was found between
SDI and YLD rates [40]. An ecological study found that
Central Sub-Saharan Africa had the greatest prevalence
of vitamin A deficiency, especially among males. Cam-
eroon reported the highest ASR of vitamin A deficiency,
which predominantly impacted children and adolescents
[32]. Although vitamin A supplementation programs
have been implemented, challenges remain in achiev-
ing comprehensive coverage, especially in countries with
large populations and poor sanitation, which can lead to
increased susceptibility to infectious diseases that further
deplete vitamin A levels [41, 42].

Lastly, our study found a significant concentration
of dietary iron deficiency in countries with low HDIL
Research in India has shown that dietary iron deficiency
is more prevalent among low-income families with
weaker food security, exacerbated by insufficient iron
supplementation in children from disadvantaged back-
grounds [43]. International studies reinforce this finding,
indicating that dietary iron deficiency is a widespread
issue among women and children in LMICs, particularly
in nations with low socio-demographic indices [44]. In
South Korea, children from low socioeconomic back-
grounds exhibited higher rates of dietary iron deficiency,
leading to increased anemia prevalence among adoles-
cent girls [45]. This highlights the multifaceted nature of
dietary deficiencies, where lifestyle, geographic factors,
socioeconomic status, and maternal education signifi-
cantly influence nutritional outcomes [46, 47]. Educated
mothers are more likely to ensure their children receive
adequate micronutrients, thereby improving overall
health [48]. Another recent study (2024) indicated that
from 1990 to 2019, the global age-standardized preva-
lence rate (ASPR) of dietary iron deficiency declined,
with an average annual percent change (AAPC) of
-0.14. However, the overall number of cases saw a slight
increase, rising by 5.5% over the past thirty years. Nearly
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half of those affected were children under the age of five.
The highest ASPRs were recorded in Western Sub-Saha-
ran Africa and South Asia, with Bhutan having the high-
est national ASPR, followed by Mali and Gambia [49].

For all subgroups of nutritional deficiencies, the dispar-
ity in DALY was greater than the disparity in prevalence.
This shows that although malnutrition occurs more in
low-income countries, due to the weakness of health care
systems in these countries, the inequality in the final con-
sequences of malnutrition such as DALY becomes much
deeper.

In the present study, we comprehensively examined the
socioeconomic inequality in all health outcome indica-
tors of nutritional deficiencies and its subcategories and
found which type of nutritional deficiencies have greater
pro-poor inequality. This is a major strength of current
research that can guide global health policy makers to
reduce nutritional inequality among countries. One of
the main limitations of this research is the ecological
nature of the study. Considering that this study was con-
ducted at the macro level, although it provides a general
picture of the between-country inequality in the burden
of nutritional deficiencies, more studies at the micro/
individual level are needed for policy making within each
country.

Conclusions

Inequality in incidence, prevalence, YLD, YLL, death, and
DALY of nutritional deficiencies and DALY and preva-
lence of protein-energy malnutrition, iodine deficiency,
vitamin A deficiency and dietary iron deficiency are
concentrated in countries with low HD], so there is pro-
poor inequality. Considering that nutritional deficiencies
have a relatively serious burden in the low HDI countries,
more attention should be paid to the development of pre-
vention and primary treatment measures for nutritional
deficiencies in these countries, such as improving nutri-
tion-related health education, nutritional support and
early aggressive treatment, and also eliminating hunger.
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