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Abstract

Background The prevalence of Type 2 Diabetes Mellitus (T2DM) in the North Africa and Middle East region is alarm-
ingly high, prompting us to investigate the burden and factors contributing to it through the GBD study. Additionally,
there is a lack of knowledge about the epidemiological status of T2DM in this region, so our aim is to provide a com-
prehensive overview of the burden of T2DM and its associated risk factors.

Methods Using data from the 2019 Global Burden of Disease Study, we calculated the attributable burden of T2DM
for each of the 21 countries in the region for the years 1990 and 2019. This included prevalence, mortality, disability-
adjusted life years (DALYs), and risk factors.

Results Between 1990 and 2019, there was a significant increase in the age-standardized incidence (79.6%; 95%
Uncertainty Interval: 75.0 to 84.5) and prevalence (85.5%; [80.8 to 90.3]) rates of T2DM per 100,000 populations. The
age-standardized mortality rate (1.7%; [-10.4 to 14.9]), DALYs (31.2%; [18.3 to 42.2]), and years lived with disability
(YLDs) (82.6%; [77.2 to 88.1]) also increased during this period. Modifiable risk factors, such as high body mass index
(56.4%; [42.8 t0 69.8]), low physical activity (15.5%; [9.0 to 22.8]), and ambient particulate matter pollution (20.9%; [15.2
to 26.2]), were the main contributors to the number of deaths.

Conclusion The burden of T2DM, in terms of mortality, DALYs, and YLDs, continues to rise in the region. The inci-
dence rate of T2DM has increased in many areas. The burden of T2DM attributed to modifiable risk factors continues
to grow in most countries. Targeting these modifiable risk factors could effectively reduce the growth and disease
burden of T2DM in the region.

"Nazli Namazi and Sahar Saeedi Moghaddam contributed equally as co-first
authors.

*Correspondence:

Ensieh Nasli-Esfahani

n.nasli@yahoo.com

Bagher Larijani

larijanib1340@gmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16540-8&domain=pdf

Namazi et al. BMC Public Health (2024) 24:98

Page 2 of 23

[ Keywords Burden, Risk factors, T2DM, GBD

Background

Diabetes mellitus is a major global public health con-
cern affecting populations worldwide. It encompasses
different types, such as type 1, type 2 (T2D), and ges-
tational diabetes. In T2D, the main factor contributing
to abnormal blood sugar levels is the inability of B-cells
to adequately compensate for peripheral insulin resist-
ance. Additionally, disruptions in hormonal balance
and organokines further contribute to the dysregula-
tion of blood sugar in T2D. Metabolites from various
tissues also play a role in the onset and progression of
this health concern [1].

This disease places a significant socio-economic bur-
den on governments and causes psychological distress
for patients and their families [2]. According to the 9th
edition of the International Diabetes Federation Diabetes
report, the Middle East and North Africa had the high-
est age-standardized prevalence of diabetes worldwide
in 2019, standing at 12.2%. The report also predicts that
by 2045, the prevalence is projected to increase further
to 13.9% in this region [3]. In addition, it is estimated
that diabetes mellitus is a contributing factor in one out
of nine deaths among individuals aged 20 to 79 years old.
Approximately 11.5% of annual global deaths are attrib-
uted to diabetes, with percentages ranging from 6.8% in
the Africa Region to 16.2% in the Middle East and North
Africa [4]. The rising prevalence of type 2 diabetes mel-
litus (T2DM), which is the most common subtype of dia-
betes mellitus, is influenced by multiple factors. These
include unhealthy lifestyle choices, the shift towards a
more Westernized diet, obesity, industrialization, epige-
netics, limited access to appropriate healthcare services,
and other behavioral and environmental risk factors [5].

The prevalence of T2DM varies across countries in the
region due to the differences in various societal dimen-
sions mentioned earlier. Factors such as lifestyle, dietary
patterns, cultural practices, socioeconomic conditions,
healthcare infrastructure, and access to preventive
healthcare services can all contribute to the variations
in T2DM prevalence among different countries in the
region [6—10]. Several studies have been conducted to
examine the burden of diabetes mellitus and its associ-
ated metabolic disorders, focusing on specific risk factors
in individual countries, regions, or globally. However,
there is a need for comprehensive, multidimensional
assessments that take into account the parameters men-
tioned earlier at both national and international levels.
Such assessments could offer valuable insights into the
effective management of T2DM.

The Global Burden of Diseases, Injuries, and Risk Fac-
tors (GBD) studies are examples of such studies that have
provided suitable frameworks to quantify the compara-
tive magnitude of health loss due to a specific disease and
injury as well as risk factors of certain diseases.

In the present study, we tried to figure out the age
and sex pattern of this disease in this region and across
21 countries. Considering 600 million people living in
this region and the growing trend of T2DM across the
world, encourages us to focus on the burden and attrib-
uted burden provided by the GBD study to explore what
is going on here. In addition, there is a knowledge gap
about the epidemiologic status of T2DM in this region,
we conducted this study to reflect a comprehensive out-
look of T2DM burden and attributed the burden to its
risk factors. Accordingly, we aimed to provide the burden
and attributable burden to metabolic, behavioral, and
environmental exposures of T2DM at the regional and
national levels for 21 countries in the region from 1990
to 2019.

Methods

In the present study, data from GBD study 2019 were
used to estimate the burden and attributable burden
of T2DM in the region. The entry data were obtained
through GBD results (http://ghdx.healthdata.org/gbd-
results-tool) and compare (https://vizhub.healthdata.org/
gbd-compare) tools which are prepared by the Institute
for Health Metrics and Evaluation (IHME). Details of
GBD study 2019 are provided elsewhere [11-13]. Briefly,
GBD 2019 study can provide a ground to estimate the
prevalence of exposure and attributable mortalities, Years
Lived with Disability (YLDs), Years of Life Lost (YLLs),
and Disability-Adjusted Life Years (DALYs) for a cluster
of diseases in both genders (separately and combined)
and 23 age groups from 1990 to 2019. It contains infor-
mation of 204 countries and territories classified in 21
GBD regions and 7 super-regions.

For the current paper, we used the data of GBD 2019
study for T2DM in 21 countries in the region considering
age group, sex, and location. According to the Institute
for Health Metrics and Evaluation (IHME), countries in
this region are as follows: Afghanistan, Algeria, Bahrain,
Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait,
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi
Arabia, Sudan, Syrian Arab Republic, Tunisia, Turkey,
United Arab Emirates (UAE), and Yemen. To define
T2DM, the International Classification of Diseases 10th
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Revision (ICD-10) codes of E11-E11.1, E11.3-E11.9 were
used.

Burden of T2DM

In this study, we aimed to estimate the mortality rate,
years of life lost (YLLs), years lived with disability (YLDs),
and disability-adjusted life years (DALYs) attributed to
T2DM in both the region as a whole and in each of the 21
individual countries. We took into consideration age and
sex when calculating these estimates.

To determine the number of deaths caused by T2DM,
we first estimated all-cause mortality rates for each of
the 21 countries in the region from 1990 to 2019. We
used various sources of data, including vital registration
systems, sample registration data, household reports of
deaths, and sibling history surveys, to gather information
and construct the mortality envelopes.

By utilizing these data sources, we were able to estimate
the overall burden of T2DM on mortality and quantify
the impact of the disease across different age groups and
genders in the region and within each individual coun-
try (Supplementary Table 1). Furthermore, we collected
cause of mortality data from the same sources mentioned
earlier, as well as available verbal autopsies. Using a cause
of death ensemble modeling approach, we utilized this
data to estimate the number of deaths specifically attrib-
uted to T2DM. These estimates were calculated based on
factors such as year, age group, sex, and location, allow-
ing for a more detailed understanding of the impact of
T2DM on mortality in the region and within each coun-
try [13].

Attributable burden

The GBD 2019 study utilized a hierarchical list of risk
factors, which included specific risk factors and related
aggregates. The analysis involved six key steps:

1. Identification of Risk-Outcome Pairs: The study
considered risk-outcome pairs that met the criteria
of convincing or probable evidence from scientific
research. Additionally, new risk-outcome pairs were
included based on emerging evidence.

2. Estimation of Relative Risks: Published systematic
reviews and meta-regressions were used to estimate
the relative risks associated with each risk-outcome
pair.

3. Estimation of Exposure Levels: Exposure levels for
each age group, sex, country, and year were estimated
using available data sources, employing techniques
such as spatiotemporal Gaussian process regression,
DisMod-MR 2.1, and Bayesian metaregression.

4. Determination of Minimum Theoretical Risk Expo-
sure Levels: Minimum theoretical risk exposure
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levels were determined based on data from cohort
studies or trials, representing the exposure level asso-
ciated with the lowest risk.

5. Calculation of Attributable Burden: Attributable
deaths, DALYs, YLDs, and YLLs were calculated by
multiplying the population attributable fractions
(PAFs) with the relevant outcome quantity for each
year (1990-2019), age group, country, and sex.

6. Estimation of Burden for Risk Factor Combinations:
The study also considered the mediation of various
risk factors through other risk factors, estimating
PAFs and attributable burden for combinations of
risk factors.

These analytical steps enabled a comprehensive evalua-
tion of the burden attributed to different risk factors, pro-
viding valuable insights into the impact of these factors
on health outcomes [12].

Socio-demographic index (SDI)

Socio-demographic index (SDI) calculated based on geo-
metric mean of lag-distribution income per capita (In
LDI), total fertility rate < 2.5 (TFU25), and average educa-
tional attainment for those older than 15 years (EDU15).
The highest value of the SDI (1) represents the theoretical
maximum level of development relevant to health out-
comes compared to the lowest value (0) which shows the
theoretical minimum level.

SDI = /Iruipr * Iteuzs * Iepuns

Mortality-to-incidence ratio (MIR)

Mortality-to-incidence ratio (MIR) is an indicator for the
quality of care. To calculate MIR, available data of all-age
crude death rate was divided by all-age crude incidence
rate of T2DM [14].

Decomposition analysis

To provide the proportion of population growth, age
structure change and incidence rate change on the over-
all change of T2DM new cases, a decomposition analy-
sis was applied between 1990 and 2019. In this regard,
two scenarios were considered. For the first one, the age
and sex structures and the age-specific rates from initial
year (1990) were applied to the ultimate year (2019) total
population. The difference between the total number of
new cases in the initial year and the hypothetical popula-
tion growth scenario was assigned. For the second one,
the age-specific rates from initial year were applied to
the age and sex structures and population size of the ulti-
mate year and the differences between this hypothetical
scenario and the first one were considered as population
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aging. To calculate the age-specific rate change ratio, the
difference between the total number of T2DM cases in
2019 and the second hypothetical scenario was consid-
ered [15].

GBD 2019 documented each step of the estimation
processes and data sources on the basis on the Guidelines
for Accurate and Transparent Health Estimates Report-
ing (GATHER) statement [16]. In this paper, 95% uncer-
tainty interval (UI) for every measure and metric of the
estimates and percent changes were reported. Uls were
estimated by ordering 1000 samples of the posterior dis-
tribution of each quantity and applied the 2.5%and 97.5™
ordered draw of the uncertainty distribution. Further to
report the percent changes reported in the GBD study,
we calculated the annual percent changes (APC) from
the joinpoint regression model. Age-standardization was
done using the direct method, with a GBD world popu-
lation age standard. The non-weighted mean of 2019
age-specific proportional distributions for all national
locations with a population greater than 5 million people
in 2019 was used to generate a standard population age
structure.

Results

Burden of T2DM

Incremental trends for the changes of age-standard-
ized incidence (79.6%; 95% UI: 75.0 to 84.5) and prev-
alence (85.5%; [80.8 to 90.3]) rates of T2DM were
observed between 1990 and 2019. Percentage changes
of age-standardized mortality rate (1.7%; [-10.4 to 14.9]),
DALYs (31.2%; [18.3 to 42.2]), and YLDs (82.6%; [77.2
to 88.1]) for T2DM have been experienced rising pat-
terns from 1990 to 2019 in this region. However, YLLs
were decreased during this period (-0.6%; [-13.1 to 13.3])
(Table 1).

The percentage changes in the burden of T2DM in 12
out of 21 countries have also been positive in these 30
years However, downward changes in age-standardized
death rate per 100,000 populations were observed in 8
countries from -7.0% to 51.7%. In these countries, upward
changes in both incidence and prevalence of patients
with T2DM were also observed (Tables 2, and Table 3,
Supplementary Tables 2 and 3). Evaluating the APC of
the age-standardized rate by each burden measures in the
region and its 21 countries for incidence, prevalence and
YLDs were positive while for the death, DALYs and YLLs
different pattern was observed (Supplementary Table 4).

The greatest age-standardized rate of incidence (493.1;
[453.7 to 534.1]) and prevalence (8552.6; [7728.4 to
9442.2]) per 100,000 in 1990 were estimated for Qatar.
In 2019, the first rank for both the incidence (818; [773.9
to 868.7]) and prevalence (16,312.4; [15050 to 17,723.2])
rate per 100,000 of T2DM was also dedicated to this
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country. In 2019, the incidence in Qatar was 3.39 times
greater than Yemen as a country with the least age-
standardized incidence rate. A significant downward
trend was observed in the age-standardized incidence
and prevalence of T2DM in Jordan between 1990 and
2019 (Table 2). This country had stood at 5% rank of the
age-standardized incidence in 1990 and its rank fall into
12" country in 2019. The similar pattern was observed
for this country in age-standardized death and DALYs
trend. The rank of Turkey in age-standardized DALYs
rate from 8 among the countries in 1990 failed into 18
in 2019 (Table 3). Other burden parameters (incidence,
prevalence, and death) were also decreased through
these 30 years. Ranking of countries in the age-stand-
ardized burden rates of T2DM were different between
males and females (Tables 2, and Table 3 Supplementary
Tables 2 and 3).

Between 1990 and 2019, total new cases of T2DM
increased from 441,642 (405,349 to 481,563) to 2,007,270
(1,842,502 to 2,191,938) in the region. Population growth
change, age structure change, and incidence rate change
regardless of sex accounted for 76.4%, 70.8%, and 207.3%
increase in the total number of new cases, respectively
(Table 4). The most changes in new cases were observed
in Qatar (1713%). The proportions of incidence rate
change, population growth, and age-structure change
in the diagnosed new cases were 909.8%, 543.5%, and
259.5%, respectively.

The incidence and prevalence of T2DM was increased
in 2019 for all age groups. There were no considerable dif-
ferences between both sexes in the region. The most inci-
dence rate per 100,000 people was observed in patients
aged 55 to 59 years old while the most prevalence was
dedicated to whom with 75-79 years old in both sexes.
Although the incidence and prevalence of T2DM in the
countries did not vary between two genders, the number
of deaths and DALYs in females was greater than males in
both 1990 and 2019 (Fig. 1). Totally, the most estimated
death rate in patients with T2DM was observed in those
with 80 years of age and older.

Regarding SDI, generally this index was improved in all
countries through 30 years. Oman and Afghanistan expe-
rienced the highest and lowest changes in SDI in 2019
compared to 1990 (Supplementary Table 5). Comparison
of age-standardized mortality rate in four years (1990,
2000, 2010, and 2019) based on the SDI of 21 countries
revealed that countries with higher SDI seem to have
higher age-standardized mortality rates (Supplementary
Fig. 1).

Age-standardized MIR rate showed downward trend
in the region and approximately all countries from 1990
to 2019. Age-standardized MIR rate in ten countries
regardless of sex were upper than the region. However,
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Table 4 Decomposition analysis of new cases between 1990 and 2019 at regional and country levels

Location New cases Expected new cases in 2019 % 1990—2019 new cases change % 1990—2019
cause new cases
overall change
1990 2019 Population Population Population Age Incidence
growth growth + Aging growth structure  rate
change change

North Africa and Middle East 441,642 2,007,270 779,166 1,091,862 76.4% 70.8% 207.3% 354.5%

Country Afghanistan 18,398 96,531 61,672 51,290 2352% -56.4% 245.9% 424.7%
Algeria 33,340 159510 55,183 86,108 65.5% 92.8% 220.2% 3784%
Bahrain 1313 14,376 3729 7776 184% 308.2% 502.6% 994.7%
Egypt 53,140 251,707 94,520 114,302 77.9% 37.2% 258.6% 373.7%
Iran (Islamic 61449 291482 88487 152,041 44% 103.4% 226.9% 374.3%
Republic of)
Irag 30355 145,024 72,659 97,396 139.4% 81.5% 156.9% 377.8%
Jordan 5950 38,421 18,352 27,848 208.4% 159.6% 177.7% 545.7%
Kuwait 4253 24,117 10,701 16,513 151.6% 136.7% 178.8% 467%
Lebanon 6092 20,237 9630 12,243 58.1% 42.9% 131.2% 232.2%
Libya 6200 33,010 9856 17,236 59% 119% 254.4% 432.5%
Morocco 31322 129305 44516 65,595 42.1% 67.3% 203.4% 312.8%
Oman 2707 14,921 6385 8948 135.9% 94.7% 220.7% 451.3%
Palestine 2769 15,518 6630 8699 139.4% 74.7% 246.3% 460.5%
Qatar 1319 23,920 8491 11,915 543.5% 259.5% 909.8% 1712.9%
Saudi Arabia 27124 169200 60,405 98,705 122.7% 141.2% 259.9% 523.8%
Sudan 22,706 100,586 45874 50,833 102% 21.8% 219.1% 343%
Syrian Arab 16,251 51,642 18,262 32,941 12.4% 90.3% 115.1% 217.8%
Republic
Tunisia 13,747 55,022 18,849 30,323 37.1% 83.5% 179.7% 300.2%
Turkey 88,857 258309 120,947 190,403 36.1% 78.2% 76.4% 190.7%
United Arab 4008 63,860 19,786 38,567 393.7% 468.6% 631% 1493.3%
Emirates
Yemen 10,045 48,534 23,049 28,513 129.5% 54.4% 199.3% 383.2%

after considering sex, we found different trends between
1990 and 2019. In 2019, this rate in Qatari female was the
greatest (0.21) compare to other countries. Regarding
men, we found six countries with age-standardized MIR
rate more than 0.1 and the greatest one was related to
Bahrain in 2019 (Supplementary Fig. 2).

Attributable burden to risk factors
Three attributed risk factors (Metabolic, Behavioral, and
environmental/ occupational risk factors) to deaths and
DALYs had substantially different geographical patterns.
In comparison to 1990, different patterns in most coun-
tries were observed in DALYs and death attributed to the
leading risk factors in 2019 (Supplementary Fig. 3).
Percent of attributed age-standardized rate to the
leading risk factors did not show considerable changes
from 1990 to 2019. In 2019, the highest percentage of
deaths were attributed to metabolic risk factors (100
for high fasting blood glucose, 56.4%; [42.8 to 69.8] for
high BMI). Behavioral risk factors (44.3%; [37.2 to 51.0]

and environmental/occupational (30.2%; [24.7 to 36.0]
were in the next ranks. Among attributed risk factors
to death (age-standardized rate) of T2DM, high body
mass index (BMI) (56.4%; [42.8 to 69.8]), low physical
activity (15.5%; [9.0 to 22.8], and ambient particulate
matter pollution (20.9%; [15.2 to 26.2]) were prominent
attributable deaths rate to the T2DM in the region.
Among attributed death rate of dietary risk factors,
diet high in processed meat (21.4%; [11.0 to 35.6]), and
diet high in sugar-sweetened beverages (15.6%; [2.3 to
32.2]) showed the greatest percentage changes during
these 30 years. The greatest changes among 17 age-
standardized attributable burden to mortality rate of
T2DM was related to high temperature (50.0%; [-70.0
to 258.2]) (Table 5).

We observed that high FPG ranked first and high BMI
ranked second among 17 risk factors for age-standard-
ized deaths and DALYs rate for region and all countries in
2019 (Fig. 2). The third rank in all countries except Malta
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Fig. 1 Burden of T2DM by age groups and sex in 1990 compared to 2019

and Yemen was attributed to ambient particulate matter
pollution.

Discussion

Our findings indicated that the prevalence and incidence
of T2DM increased from 1990 to 2019. No consider-
able differences were found between two genders in the
prevalence and incidence of T2DM; however, deaths and
DALYs in females were greater than men. Qatar ranked
the first in both incidence and prevalence of T2DM
among the countries in the region. However, the report
by the International Diabetes Federation (IDF) in 2019
showed that Pakistan ranked the first among the coun-
tries in the region regarding the numbers of people with
diabetes [17]. During these years in some countries such
as Qatar, Kuwait, and UAE rapid economic growth and
urbanization have occurred that affected life expectancy,
while in some countries such as Palestine, Iraq, Lebanon,
and Afghanistan due to some dramatic political changes,
war, and sanction controlling non-communicable dis-
eases (NCDs) including T2DM was faced some prob-
lems. Although Qatar ranked first in the incidence and
prevalence of T2DM, reported deaths and DALYs in this
country were relatively low compared to the numbers of
countries. Relatively low deaths and DALYs for T2DM
may be partly explained by Qatar national response to
diabetes. Action plans for obesity, diabetes, and/or physi-
cal activity are also provided in some countries such as
Iran, Bahrain, Qatar, Kuwait, UAE. These programs can

13,130 9,848 6,565 3,282 3,282 6,565 9,848 13,130

]
Rate (per 100,000)

take part in the prevention and the management of dia-
betes There is also national registries for diabetes and
national surveys for identification of risk factors in sev-
eral countries including Bahrain, Qatar, Iran, Jordan, and
Kuwait [18]. However, due to the remarkable number of
individuals suffered from T2DM in some countries con-
trolling and monitoring the status with high quality ser-
vices are difficult.

Our findings regarding greater deaths in diabetic
females were similar to those have reached so far [19,
20]. A systematic review and meta-analysis by Xu et al.,
demonstrated that all-cause mortality in females with
diabetes was higher than men [20]. Although it is not
fully understood why the number of deaths in women
was higher than men, several possible mechanisms can
explain a part of this. Based on evidence, sex differ-
ences can play a pivotal role in the management of dia-
betes and mortality rates between males and females.
Diabetic men vs. women may be diagnosed earlier and
men with diabetes are likely to receive more suitable
therapeutic interventions and greater comprehensive
care [20]. This factor along with more attention of men
to self-care and adherence to therapies vs. women can
affect the status of disease and complications [21]. It
has been also indicated that diabetic men more than
women received recommended care processes [22].
Importantly, there is compelling evidence suggesting
that men, when adhering to the same treatment plan,
tend to attain a higher percentage of treatment goals for
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Table 5 Percent of attributed age-standardized rate (%) to risk factors with percent changes between 1990 and 2019 for both sexes in

the region
Risk factor Percent of attributed age-standardized rate per 100,000 (%)
Deaths DALYs
1990 2019 % Change (1990to 1990 2019 % Change (1990 to
2019) 2019)
Metabolic risks 100 100 100 100 0
High fasting plasma 100 100 100 100 0
glucose
High body-mass 463 (32410 604) 564(428t069.8) 21.7(12.7t037) 54.9 (40.9 to 68) 66.9 (53.7t077.9) 21.8(1331t035.8)
index
Behavioral risks 458 (386t052.7) 443(372t051) -33(-5.7t0-0.9) 463 (39.2t053.1) 452(384t0519) -24(-461t0-0.3)
Diet high in pro- 2.1(091026) 25(1.2t03.1) 214 (11 t0 35.6) 22(1t02.7) 2.8(1.3t033) 23.7 (14.2 10 38)
cessed meat
Diet high inred meat 3.4 (09t05.5) 34(0.8t05.5) -05(-4.7t05.5) 3.7(1t05.9) 3.7(091t05.8) -0.3(-3.0t03.9)
Diet high in sugar- 25(1.3t03.5) 29(1.5t04) 156(23t032.2) 26(14103.6) 32(1.6t04.3) 20.6 (8.5 to 36)
sweetened beverages
Diet low in fiber 15(0.5t024) 1.5(0.6t024) -0.1(-84t011.3) 1.5(0.5t02.5) 14 (0.61t024) -3.7(-9.1t04.9)
Diet low in fruits 27(1.11t05.1) 2.1(09to4) -203(-284t0-84) 29(1.2t05.3) 23(1t04.3) -209 (-26.8t0-13.3)
Diet low in nuts 2(031t04.2) 1.8(0.3t03.7) -12.0(-194 t0 6.6) 2.1(03t04.3) 1.7(0.31t03.7) -150(-22.2t0 -3)
and seeds
Diet low in whole 8.2 (4610 10.9) 8(4410106) -3.0 (6.6 t0 -0.6) 82(461t010.8) 79(4.3t0105) -34 (-6.5t0-1.8)
grains
Low physical activity ~ 14.5 (8.1 to 21.6) 15.5 (9t0 22.8) 74(3.5t013.6) 13.2(7.1t0204) 14.5(8.1t022) 102 (59t0 17)
Smoking 9.7 (810 11.8) 8.1(6.6t09.7) -16.7 (-28.1t0 -5.9) 114(096t0137) 97(@8.1to11.5) -15.2 (-23.2to0-7.4)
Secondhand smoke 117 (46t017.7) 10(39to0 15.2) -149(-18t0-11.9) 116 (45t017.5) 103 (4to 15.7) -106(-13.1t0-8.2)
Alcohol use -03(-06t0-0.1) -0.2(-05t00) -29.2 (-75.81t09.5) -03(-06t00.1) -0.2(-05t00.1) -26.4 (-145.0to 35.8)
Environmental/occu- 304 (244t0364) 30.2 (24.7 to 36) -05(-78t05.2) 274(213t0335) 26(199t031.7) -53(-13.8t0-0.2)
pational risks
Ambient particulate 153 (10.7t020.1) 209(1521t026.2) 36.8(219t062.7) 15.1(106t019.9) 208(15t026.1)  379(23.0t062.5)

matter pollution

Household air pollu- 7.3 (44t0 11.7) 14(08t02.2)

tion from solid fuels
19(0to34)
83(541t011.3)

28 (1t045)
7.5 (4410106)

High temperature
Low temperature

-81.0 (-86 t0 -74.9)

50.0 (-70.0 t0 258.2)
-9.7 (25110 3)

75(461012.1) 1.5(09t02.3) -80(-83.8t0-75.2)
1.2(0t023) 14 (05t024) 18.2 (-53.1t0 188.1)
5(3.1t072) 34(1.8t05.1) -32.9 (-47.810-20.9)

Data in parentheses are 95% uncertainty interval (Ul); DALYs Disability-Adjusted Life Years

managing diabetes and mitigating other mortality risk
factors. This difference in outcomes can be attributed
to a range of factors, including variances in biological
characteristics, hormonal influences, and behavioral
tendencies [19].

In the Present study, we also found that the increase
in the incidence of T2DM cannot be fully explained by
population growth and aging. It was affected mostly by
age-structure change. The most prevalence and inci-
dence during these years were observed in those aged
75 to 80 and 50 to 60 years old, respectively. Mortality,
DALY, and YLD rates increased following this growth
in the region. However, the number of deaths decreased
in less than one-third countries in the region.

The increased incidence and prevalence of T2DM and
mortality can be attributed to several factors, mainly a
combination of metabolic and environmental factors.
Urbanization, modernization, and industrialization in the
countries of the region can result in changes in lifestyle
such as physical activity and dietary habits. These factors
can induce overweight/obesity and metabolic disorders,
and provide a ground for developing T2DM [23].

Our findings confirmed the previous evidence on the
roles of metabolic, behavioral, and environmental factors
in the mortality from T2DM. Based on our findings, the
most important risk factor for T2DM mortality is due to
high Fasting Blood Glucose [FPG]. High BMI, air pollu-
tion and low physical activity were ranked next.
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Fig. 2 The ranking of age-standardized attributed burden to 17 risk factors of T2DM at region and country levels, 2019

Although the proportion of about all risk factors in
the deaths of T2DM did not change considerably dur-
ing these years, high intake of processed meat and sugar
sweetened beverages participated in the most portions of
deaths from T2DM. Thus, primary prevention must be
paid specific attention by policy makers and clinicians.
National preventive programs with the aims of promot-
ing healthy lifestyle and considering various dimensions
including social, economic, cultural, and regional charac-
teristics of each country in the region must be given high
priority in the health care agenda.

Public educational programs and tax policy interven-
tions for unhealthy foods such as processed meat and
sugar-sweetened beverages (SSB) can be helpful to
control diabetes and mortality related to these chronic
diseases. Based on estimation in Germany, for instance,
combined tax interventions containing a 50% price
increase for sugar-sweetened beverages, red meat and
its products, and tobacco in 2020 can lead to a 0.95%
decrease in the prevalence of T2DM in 2040 that corre-
sponds to 640,000 fewer cases of T2DM [24]. However,
such interventions alone are not sufficient to attenuate
the incidence and prevalence of T2DM in years ahead
[24]. In a systematic review study, Zhou et al., indicated
that lifestyle interventions in high-risk populations
were cost-effective to prevent diabetes from a health
care system or a societal perspective. Among popula-
tion-based interventions, taxing SSB was cost saving
from both governmental and health care system per-
spectives. However, it revealed that findings for com-
munity-based education programs and modifications to
build environment are inconsistent [25]. One of WHQO'’s

program called “best buys” contained some strate-
gies such as raising taxes on unhealthy foods that are
implemented in some countries to tackle sharp increase
in the cases with diabetes and other NCDs [18]. In the
present study, we shed light on the ranking of risk fac-
tors attributed to mortality from T2DM for each coun-
try in the region. Findings can be helpful for policy
makers to set priorities and allocate resources for the
prevention of this NCD in real-world settings.

Although our findings showed that high BMI was one
of the main factors for mortality in both men and women
with T2DM in the region, a systematic review and meta-
analysis showed an association between high BMI and
all-cause mortality in T2DM in women only [26]. In this
systematic review and meta-analysis, no subgroup analy-
sis was performed based on location. Thus, it may be due
to different patterns in each region across the world.

Changes in the proportion of high temperature in mor-
tality rate of T2DM increased by 50% in 2019 compared
to 1990. Temperature is a new environmental risk factor
introduced in GBD 2019. Recent studies have shown a
link between high temperature and the risk of developing
diabetes and gestational diabetes.

Temperature is a new environmental risk factor pro-
vided in GBD 2019. Recent studies revealed the associa-
tion between high temperature and the risk of diabetes
and gestational diabetes mellitus [27-29]. This link can
originate through a multifactorial pathway containing
social, biological, geophysical, environmental, and eco-
nomic factors [30].

Apart from multi-dimensional transition (e.g., a shift from
rural to urban, socioeconomic development, adherence
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to unhealthy and sedentary lifestyle) in the region, several
countries in the Middle East encounter into war, politi-
cal instability, forced migration, climate change, and social
instability. These issues can lead to a significant challenge
in health care and social services [18]. Although countries
in this region in most cases have similarities including reli-
gion, development level, ethnicity, urbanization, and level
of health care, there are differences in culture, income, and
level of healthcare that involve in the quality of care and
the burden of diseases including T2DM. In addition, many
countries have developed national diabetes treatment guide-
lines (specific strategy and standard protocol). But some
countries such as Libya and Yemen have not yet provided a
standard protocol.

In addition, based on the last accessible report, action
plans for diabetes (e.g. in Egypt, Libya, Oman, Sudan,
Yemen), weight management (in most countries), and
physical activity have not been existed in several coun-
tries. National diabetes registry and national risk factor
survey in which glycemic status have been considered are
other examples of implementations to collect data on dia-
betes status that have not been reported in several coun-
tries [18].

Other issues are related to knowledge gaps and poor
attitude in diabetes self-management, poor compliance
with healthy life style recommendations and medications,
lack of social support and no access to healthy environ-
ment that can involve in increasing the burden of T2DM
in the region [18]. Therefore, health care providers pre-
pare appropriate education and other intervention strat-
egies to help prevent and control diabetes, taking into
account local sociocultural practices, gender, and age.

Based on the current status of primary care in the man-
agement of diabetes in the region more focus should
be done to strengthen and improvement the delivery of
health servicesaa [31].

Conclusion and recommendations

The burden of T2DM, as measured by the number of
deaths, DALYs, and YLDs, continues to increase in the
region from 1990 to 2019. The age-standardized inci-
dence rate of T2DM has also shown an upward trend in
many areas. The burden of T2DM attributed to modifi-
able risk factors remains high, highlighting the need for
targeted public health programs focused on preven-
tion, screening, and monitoring of patients with type 2
diabetes.

To reduce the growth and disease burden of T2DM
in the region, it is important to address modifiable risk
factors, promote healthy aging throughout life, improve
healthcare services, and aim to decrease disability and
premature death associated with T2DM. The study’s
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strength lies in considering the burden and risk factors
across all 21 countries in the region. However, the study
has some limitations, such as not accounting for psy-
chological factors like stress, which play a significant
role in diabetes management. Additionally, it does not
include epidemiological information for gestational
diabetes mellitus and its associated risk factors. It is
recommended that future GBD protocols consider the
effects of the COVID-19 pandemic.
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