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Abstract

Background: Diabetes mellitus (DM) is one of the major causes of morbidity and mortality worldwide, but little is known about
the effect of Human Development Index (HDI) on the prevalence rate of DM.
Objectives: This study aimed to identify the variations in DM-specific rates by HDI among world countries.
Methods: This global ecological study was performed based on the data from the international diabetes federation (IDFD) and the
world bank report for the year 2013. The analysis for this study was performed on ecological data available for 161 countries in 2013.
Results: Globally, the prevalence of DM ranged between 4% and12% in 2013, with the highest prevalence in Middle-East and Northern
African (> 12%) and the lowest in Sub-Saharan countries (< 4%). The prevalence of DM was high in older age groups in both low-to
middle, and high income regions. In very-high or high HDI regions men were more likely to have diabetes, whereas in low HDI
region women were more affected. The prevalence ranges of DM were 7% - 12%, 5% - 7%, 5% - 9%, and 4% - 12% among high-income,
low-to-middle income, low-income, and upper-middle income countries, respectively. The rate of diabetes comparative prevalence,
incidence of diabetes type-I, and impaired glucose tolerance comparative prevalence were 7.2%, 22.7 (per 100,000 people aged 0-14
years), and 8.3% in very high and 8.7%, 16.2 (per 100,000 people aged 0 - 14 years), and 8.7% in high HDI regions, respectively.
Conclusions: The pandemic of diabetes is a major public health problem around the world, mostly in the countries with high and
very high HDI. In addition, the prevalence of diabetes is associated with population pyramid and the income level of countries.
Knowledge of national and regional rates of diabetes and associated factors can help policymakers to optimize diabetes control in
countries with limited resources.
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1. Background

Diabetes mellitus (DM) is one of the major causes of
morbidity and mortality worldwide, causing a huge bur-
den of illness and impairments of the quality of life among
affected people (1). It is associated with serious and long-
term complications such as blindness, amputation, renal
disease and failure, circulatory disorders, impaired quality
of life, and increased use of health services (2, 3).

There was a global estimate of 285 billion adults with
DM in 2010 (4), and the prevalence of DM for all age-groups
is estimated to be 4.4% worldwide in 2030 (5). The preva-
lence of DM will globally continue to increase by 30%,
which equals 300 million new diabetic adults in 2025 (6).
The epidemic of DM type II is growing in parallel with rapid
urbanization, nutrition transition, and sedentary lifestyle
(7). With more than 50% of the world population are now
urban dwellers, mostly in developing world, current ev-
idence suggest an association between urban living ar-
rangements and chronic diseases such as DM (5, 6, 8-10).

This situation even worsens in high density countries such
as China and India where the DM prevalence could be as
high as 2.5 times in urban areas than that in rural areas (11).

The epidemic of DM has been attributed to the epi-
demiological transitions, global trends away from tradi-
tional lifestyles and towards urbanization. Having a great
impact of urbanization and migrations on affluence of the
communities, the highest rates of DM have been observed
in newly well-off populations (12, 13). In addition, urban-
ization and migration accelerate the prevalence of some
factors, which are widely accepted as risk factors for DM
such as obesity, nutrition transition, and physical inactiv-
ity (14-17). In many non-industrialized populations, obesity
is regarded as a symbol of health and wealth, which makes
prevention even more complicated (18). Some authors sug-
gested that the transition is consistently increased with
the gross national product per capita of a country (18-20).

Having investigated several factors associated with
DM, unequal distribution of the human development in-
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dex (HDI) has not been investigated yet. the human devel-
opment index is comprised of three components namely
education, life expectancy and gross national income (GNI)
with ranges between 0 to 1, and is appropriate for defining
socio-economic status of the societies (21). Diabetes melli-
tus has become a prominent cause of morbidity and mor-
tality all around the world (2, 22), necessitating the ten-
dency towards incorporation of the socio-economic status
into diagnostic measures.

Due to lack of data for many countries, data have to
be extrapolated from probably dissimilar countries; there-
fore, further epidemiological investigation in every region
is urgently needed (23). Good-quality data on disease bur-
den are crucial to aid planning and implementation of pre-
vention and control strategies for diabetes.

2. Objectives

Thus, this study aimed to identify the variations in DM-
specific rates by HDI among countries worldwide.

3. Methods

This is an ecological study on the relationship between
the prevalence of DM and the HDI. Data for the prevalence
of DM from countries in 2013 was obtained from the inter-
national diabetes federation (IDF).

The IDF is an umbrella organization of over 230 na-
tional diabetes associations in 170 countries and territo-
ries. The IDF is divided into seven regions, with the aim
of strengthening the work of national diabetes associ-
ations and enhancing the collaboration between them.
Available diabetes data for countries in IDF include dia-
betes national and comparative prevalence (%), incidence
type 1 diabetes (0 - 14 yr.) per 100,000, IGT national and
comparative prevalence (%), number of people with di-
abetes by sex and different age groups, and number of
people with undiagnosed diabetes (20 - 79 yr.) in 1000s
by country. Data about the HDI and other indices were
obtained from the World Bank report 2013 available at
http://databank.worldbank.org/data/reports.aspx. The Hu-
man Development Index has several main components
that include life expectancy at birth, mean years of school-
ing, and gross national income (GNI) per capita. The anal-
ysis was restricted to countries for which both the epi-
demiologic data from DM and HDI were available (161 coun-
tries). All countries were stratified into four categories by
HDI. Comparisons among HDI categories (very high, high,
medium, and low) were done with One-way ANOVA. The
prevalence rates of diabetes types I and II were calculated
for each region based on HDI, while we considered differ-
ent covariates such as gender, residency, life expectancy

at birth (LEB), mean years of schooling (MYS), and GNI.
Moreover, the diabetes comparative prevalence (DCP), in-
cidence of diabetes type I (IDTI), and impaired glucose tol-
erance comparative prevalence (IGTCP) for each HDI cate-
gory were calculated. The national or regional prevalence
indicates the percentage of each country’s or region’s pop-
ulation that has diabetes. The comparative prevalence has
been calculated by assuming that every country and region
has the same age profile (the age profile of the world popu-
lation has been used). This removes the differences of age
between countries and regions, and makes this figure ideal
for making comparisons.

Statistical tests and visual demonstrations were used
to present the results. Correlation bivariate methods were
used for assessment of the correlation between the DM
prevalence rate and the HDI. All analyses were conducted
at 95% significant level using the Stata software version 12
(StataCorp, College Station, Texas, USA).

4. Results

Overall 161 countries were included in the study. All
the available data from World Bank for 175 countries were
used. Figure 1 shows the global estimates of diabetes mel-
litus prevalence in 2013. Accordingly, Middle-East Asian
countries such as Saudi Arabia and Turkey; and Northern
African countries such as Sudan and Egypt had the high-
est prevalence of diabetes (> 12%). The lowest prevalence
was reported from Sub-Saharan countries such as Mali,
Niger, Nigeria; countries of Southern Africa such as Angola,
Botswana, Madagascar; and Eastern Europe such as Belarus
and Ukraine (< 4%). Overall, most of the countries had a di-
abetes prevalence ranged between 4% and 9%.

Categorizing the countries into four distinct cate-
gories based on an income level; the highest prevalence
of diabetes among high-income group was in Saudi Ara-
bia and Northern American (7% - 12%); among the low-to-
middle income group was in Iraq, Egypt, and Sudan, India,
and Mongolia (5% - 7%); among the low-income group was
in South-East of Africa such as Ethiopia, Somalia, Demo-
cratic Republic of Congo, Tanzania, and Chad (5% - 9%),
and among upper -middle income countries was in Mex-
ico, Brazil, Colombia, Peru, and Argentina (4% - 9%) and
in China, Kazakhstan, Iran, Turkey, Libya, and Algeria (9%
- 12%) (Figure 2).

Figure 3 shows the prevalence of diabetes in different
HDI regions by age group in 2013. The highest and lowest
prevalence rates of diabetes were in 40-59 and 60 - 79 years
old in low or middle HDI, and 60 - 79 and 20 - 39 years in
high or very-high HDI countries, respectively.

Based on the HDI categories, we compared the high-
est prevalence of diabetes according to gender and resi-
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Figure 1. Estimated Prevalence of Diabetes Worldwide in 2013

Figure 2. Estimated Prevalence of Diabetes by Income Status Worldwide in 2013

dency (Table 1). In very-high or high HDI regions, men were
more likely to have diabetes, whereas in low HDI regions
women were more affected. There was only one category,
namely the middle HDI region, where the proportion of
men and women affected by diabetes was almost the same
(5% versus 4.8%). Finally, we calculated some indices ac-
cording to HDI regions. Table 2 demonstrates that the high-
est percentages of DCP, IDTI, and IGTCP were occurred in
high, very-high, and high HDI regions, respectively. Figure
4 demonstrates a positive significant correlation between
the HDI and DCP (P < 0.001).

5. Discussion

The prevalence of DM globally ranged between 4% and
12% in 2013, and the prevalence ranges were 7% - 12%, 5% -
7%, 5-9%, and 4% - 12% among high-income, low-to-middle
income, low-income, and upper-middle income countries,
respectively. We found a positive significant correlation be-
tween the HDI and DCP.

Despite WHO emphasis on the urgent need to action,
magnitude and seriousness of DM are still unrecognized
in many regions. As a consequence, increasing prevalence
of the disease and the long-term cost of therapy for both
patients and the health sectors are prizes to pay for this ig-
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Figure 3. Prevalence of Diabetes in Different HDI Regions by Age Group in 2013

Table 1. Prevalence of Diabetes (%) Stratified by Gender and Residency in Different HDI Regions in 2013

Region Gender Residency

MenMean (CI) WomenMean (CI) UrbanMean (CI) Rural Mean (CI)

Very high human development (11 countries) 9.8 (8.4, 11.1) 8.6 (7.1, 10.1) 9.3 (7.9, 10.7) 8.4 (6.9, 9.8)

High human development (33 countries) 10.3 (8.4, 12.2) 8.3 (7.3, 9.2) 9.7 (8.3, 11.1) 7.3 (6.7, 7.9)

Mediumhumandevelopment (88 countries) 7.1 (6.4, 7.8) 8.0 (7.0, 9.0) 8.8 (7.9, 9.7) 6.5 (5.7, 7.2)

Lowhuman development (29 countries) 5.0 (4.1, 5.9) 4.8 (3.9, 5.6) 6.7 (5.6, 7.8) 4.1 (3.3, 4.9)

World (161 countries) 8.7 (8, 9.5) 9.1 (8.3, 9.8) 8.6 (8.0, 9.2) 6.3 (5.8, 6.8)

Abbreviation: CI, confidence interval.

Table 2. Diabetes Status According to HDI Component Worldwide in 2013

Region Diabetes Status HDI Component

DCPMean (CI) IDT1 Mean (CI) IGTCPMean (CI) LEB MYS GNI HDI

Very high human development 7.2 (6.1, 8.4) 22.7 (16, 28.6) 8.3 (6.6, 10.1) 80.2 11.7 40,046 0.89

High human development 8.7 (6.6, 10.7) 16.2 (12.5, 19.9) 8.7 (7.3,10.2) 74.5 8.1 13,231 0.74

Mediumhumandevelopment 8.1 (7.3, 8.9) 5.1 (3.6, 6.6) 8.4 (7.9,9) 67.9 5.5 5,960 0.61

Lowhuman development 5.6 (4.6, 6.6) 2.8 (1.8, 7.6) 7.7 (7.4,8.1) 59.4 4.2 2,904 0.49

P value (F-test) < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 -

Abbreviations: DCP, diabetes comparative prevalence (%); IDT1, incidence type 1 diabetes (0 - 14 year) per 100,000; IGTCP, IGT comparative prevalence (%); HDI, human
development index; LEB, life expectancy at birth; MYS, mean years of schooling; GNI, gross national income per capita; CI, confidence interval.

norance (24).

We found that Middle-East Asian countries such as
Saudi Arabia and Turkey; and Northern African countries
such as Sudan and Egypt had the highest prevalence of dia-
betes. These findings can be attributed to previous reports
in many developing regions, specifically Mexico, Egypt,

and South Africa, regarding exceeding prevalence of obe-
sity compared to developed countries. There is further ev-
idence that the rates of increase in obesity among adults
in Asia, North Africa, and Latin America are 2-5 times of the
rate of increase in Northern America (25).

Currently, Asia accounts for 60% of the world’s dia-
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Figure 4. Correlation Between the Human Development Index and Diabetes Com-
parative Prevalence

betic population. Compared with Western populations,
Asians develop diabetes, at lower body weights, and at
much higher rates given the same amount of weight gain
(26, 27).

Possible factors contribute to accelerated diabetes epi-
demic in Asian countries can be described as the “normal-
weight metabolically obese” phenotype, high prevalence
of smoking and alcohol use, high intake of refined carbo-
hydrates, and dramatic decrease of physical activity levels
(7).

We also showed dependency of the age-specific DM
prevalence on the development level of countries. A study
to determine the effect of income on type 2 diabetes
showed that after controlling for age, having a household
income of $29,999 per year was associated with the type 2
diabetes prevalence (28). In addition, DM was regarded as
a health problem in middle-aged living in low or medium
developed countries, and elderlies living in high devel-
oped countries. This finding is acknowledged by previ-
ous studies reporting that unlike industrialized countries,
where the highest number of people with diabetes will be
in the oldest age groups. Diabetes Mellitus is a health prob-
lem of 45 - 64 years old in developing countries such as Asia
(6, 29, 30). Many of the large number of people becoming
diabetic in middle age will experience its chronic compli-
cations during their working lives. Therefore, prevention
of diabetes in developing world has a huge impact on fu-
ture therapeutic costs (31).

Diabetes has several specific characteristics: (i) its
common risk factors (unhealthy diets, physical inactivity
and harmful alcohol use) are potentially amenable to be-
havioral modification; (ii) it is detectable using simple
tests and managed in primary-care settings in low-income
countries (32); and (iii) it is the focus of efforts to en-
sure greater prioritization of non-communicable diseases
(NCDs) on the global research agenda (23). Translating
these findings into practice, however, requires fundamen-
tal changes in public policies, and health systems (7).

Appropriate glycemic control requires that the patient
perceives the disease. Poverty and lower levels of educa-
tion in non-industrialized countries are potential obsta-
cles for that perception (33). Therefore, curbing the escalat-
ing diabetes epidemic, primary prevention through pro-
motion of a healthy diet and lifestyle should be a global
public policy priority regardless of the level of county in-
come or development (7).

Our study had several limitations. In this ecological
study, the global data from 161 countries were used. Hence,
the aggregated data could not be any individual-level in-
terpretation and may cause the ecological fallacy. In addi-
tion, we had no information about other factors affecting
diabetes such as nutrition, which this factor varies among
and between countries. This issue may affect the result and
the findings should be warily interpreted. Despite the lim-
itations, our results provide important evidence on the re-
lationship between DM and HDI worldwide.

5.1. Conclusions

The pandemic of diabetes is a major public health
problem around the world, mostly in the countries with
high and very high HDI. In addition, the prevalence of di-
abetes is associated with population pyramid and the in-
come level of countries. Knowledge of national and re-
gional rates of diabetes and associated factors can help pol-
icymakers to optimize diabetes control in countries with
limited resources.
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