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Global trends in burden of type 2
diabetes attributable to physical
inactivity across 204 countries
and territories, 1990-2019
Xinyue Yang †, Jiayi Sun † and Wenjuan Zhang*

Department of Cardiovascular Medicine, Tianjin Medical University General Hospital, Tianjin, China
Background: To promote a comprehensive understanding of global trends and

burden of type 2 diabetes attributable to physical inactivity.

Methods: We utilized data regarding mortality, disability-adjusted life years

(DALYs), as well as age-standardized mortality rates (ASMR) and DALYs rates

(ASDR) derived from the global burden of disease study 2019 to evaluate the

impact of physical inactivity on the prevalence of type 2 diabetes in 204 countries

and territories over the period from 1990 to 2019. This method facilitated the

analysis of the diabetes burden across different ages, genders, and regions. To

determine the long-term progression of type 2 diabetes prevalence, we

computed the estimated annual percentage change (EAPC) in burden rates.

Results: Globally, the number of deaths and DALYs from type 2 diabetes due to

physical inactivity more than doubled between 1990 and 2019. Concurrently,

there was an increase in the ASMR and ASDR, with EAPC of 0.26 (95% CI: 0.13-

0.39) and 0.84 (95% CI: 0.78-0.89), respectively. As of 2019, the global ASMR and

ASDR for physical inactivity stood at 1.6 (95% UI: 0.8-2.7) per 100 000 and 55.9

(95% UI: 27.2-97.6) per 100 000, respectively. Notable disparities were observed

in the type 2 diabetes burden associated with physical inactivity worldwide, with

higher sociodemographic index (SDI) countries experiencing lower ASDR and

ASMR compared to lower SDI countries. Initially, females exhibited higher ASMR

and ASDR thanmales, but this gender disparity in ASMR and ASDR has lessened in

recent years. The mortality and DALYs rates associated with physical inactivity

exhibit an inverted V-shaped pattern across various age groups, predominantly

affecting the elderly population.

Conclusion: Between 1990 and 2019, there was a marked rise in the worldwide

burden of type 2 diabetes associated with physical inactivity, underscoring the

role of physical inactivity as a key changeable risk factor in the global landscape of

this disease. This necessitates additional research to explore the variables

contributing to the varying levels of disease burden across different countries

and between sexes. Furthermore, it calls for the formulation of public health

policies aimed at guiding prevention tactics, promoting early detection, and

enhancing the management of type 2 diabetes.
KEYWORDS

global burden, type 2 diabetes, physical inactivity, mortality, disability-adjusted life
years, sociodemographic index
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Introduction

Over the past few decades, there has been a significant increase

in diabetes cases, closely linked to changes in lifestyle habits (1). The

International Diabetes Federation reports that in 2021, about 536.6

million adults aged 20-79 were living with diabetes, and this

number is expected to surge to 783.2 million by 2045 (2).

Diabetes poses a substantial challenge to public health,

profoundly affecting individuals, families, and communities

worldwide (3). Type 2 diabetes, which accounts for over 90% of

all diabetes cases globally, is a metabolic condition marked by

insufficient insulin production and resistance, leading to high

blood sugar levels. The 2019 global burden of disease (GBD)

study provides recent data, estimating that the worldwide

prevalence, mortalities, and disability-adjusted life years (DALYs)

due to type 2 diabetes were approximately 437.9 million, 1.5 million,

and 66.3 million, respectively (4).

Four major non-communicable diseases (cardiovascular

diseases, diabetes, cancer and chronic respiratory disease) cause

just over 70% of all preventable deaths occurring worldwide, around

41 million people (5). Tobacco, physical inactivity, alcohol abuse,

and unhealthy diets increase the risk of dying from non-

communicable diseases (6). As of 2016, it was estimated that

about 27.5% of the global population exhibited insufficient

physical activity, with a 95% uncertainty interval (UI) of 25.0-32.2

(7). Recognized as a worldwide health crisis, physical inactivity

significantly contributes to the overall burden of disease. In 2008,

lack of physical activity was estimated to be responsible for

approximately 9% of premature mortalities worldwide, equating

to over 5.3 million out of the total 57 million deaths (8). Moreover,

the economic impact of physical inactivity is substantial. In 2013, it

led to a global loss of productivity amounting to $13.7 billion (9).

Despite physical inactivity being recognized as a key modifiable

risk factor for type 2 diabetes (10, 11), global epidemiological

investigations of this association remain limited, often

concentrating on smaller developed country samples failing to

reflect worldwide trends comprehensively. However, physical

activity levels differ globally, potentially impacting regional type 2

diabetes burdens. Therefore, this study utilizes global

epidemiological data to evaluate changes in type 2 diabetes

burden attributable to physical inactivity across 204 countries/

territories from 1990-2019, informing targeted diabetes

prevention and control strategies globally.
Methods

Data source

This research utilized data from the GBD 2019. The GBD

estimation methodology involves identifying multiple relevant

data sources for each disease or injury, including censuses,

surveys, civil registries, disease registries, health services,

environmental monitors, imaging, notifications, and others. These

are identified via systematic reviews of published studies,

government/organizational websites, reports, and GBD
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collaborator datasets. Each newly identified and obtained source

receives a unique identifier from the librarian team and inclusion

into the Global Health Data Exchange (GHDx: https://

ghdx.healthdata.org/). The GHDx publicly provides the metadata

and available data for all sources used in GBD estimates, allowing to

identify the specific sources used to estimate any disease/injury

outcome (12, 13).

Our approach adhered to the methodological principles and

analytic techniques specified in GBD 2019, which are elaborated in

other publications (14). This initiative offered epidemiological

insights and quantifications for 369 diseases and injuries in 204

countries and territories spanning from 1990 to 2019 (13). Utilizing

comprehensive datasets across different ages, time periods, regions,

and health categories, the GBD network employed uniform

Bayesian methods to produce disease-specific estimates. This

integration of diverse data sources with modeling techniques

enabled the estimation of global disease burden across nations

and regions despite gaps in population health information (12).

In the GBD 2019, risk factors are stratified into four tiers within

a causality framework, ranging from the most general (Level 1,

such as NCDs) to the most specific (Level 4, like type 2 diabetes), to

gauge their impact on disease burden (15). For diagnosing type 2

diabetes, the primary benchmark is fasting plasma glucose levels

above 126 mg/dl or ongoing treatment with medication or insulin

for T2DM. Yet, in the GBD 2019, additional indicators such as oral

glucose tolerance, and postprandial glucose tests were also

recognized, albeit varying from the main diagnostic criteria (4).

Consequently, these alternate diagnostic approaches, serving as

data inputs, underwent adjustment before the start of the modeling

phase. Physical inactivity, categorized as Level 2, was defined as less

than 3,000-4,500 metabolic equivalent (MET) minutes per week,

averaged across occupational, household, transport, and leisure

activities. The MET minutes per week was calculated as follows:

minutes of activity/day × days per week × MET level (16). Data on

physica l inact iv i ty were compi led from 376 sources

worldwide (17).

We sourced data on the impact of physical inactivity on type 2

diabetes globally from 1990 to 2019, by country, region, and gender,

from the GHDx. These data encompassed 204 countries

and territories, divided into five groups based on the

sociodemographic index (SDI): high, high-middle, middle, low-

middle, and low. SDI, a measure of regional development, is

calculated from the total fertility rate among females under 25,

education attainment for individuals aged 15 and older, and the

lagged per capita gross domestic product, with values ranging from

0 (least developed) to 1 (most developed) (12). Furthermore, these

countries were grouped into 21 geographical regions (Table 1). For

detailed analysis, age was segmented into 15 categories, including

fourteen 5-year intervals from 25-94 years and one category for ages

≥95 years.
Statistical analysis

To assess the global, regional, and national burden of type 2

diabetes due to physical inactivity, we utilized metrics including
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deaths, age-standardized mortality rates (ASMR), DALYs, and

age-standardized disability rates (ASDR). The estimated annual

percentage change (EAPC) was employed to analyze the trends in

age-standardized rates (ASR) from 1990 to 2019 (18). Trends in

ASR were categorized as increasing, decreasing, or stable based

on whether the EAPC and its 95% CI were greater than 0, less

than 0, or included 0, respectively (19). These analyses were

performed using the R software (version 4.0.3).
Frontiers in Endocrinology 03
Results

Type 2 diabetes deaths and ASMR
associated with physical inactivity

Globally, the number of type 2 diabetes deaths associated with

physical inactivity markedly rose from 49.8 thousand (95% UI:

24.5-84.6) in 1990 to 125.2 thousand (95% UI: 62.1-208.3) in 2019
TABLE 1 The global type 2 diabetes burden attributable to physical inactivity in 1990 and 2019 and the temporal trends from 1990 to 2019.

characteristic 1990 2019 EAPC
(1990-2019)

Death
cases,
n × 103

(95% UI)

ASMR
per 105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

Death
cases,
n × 103

(95% UI)

ASMR
per
105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

ASMR,
n
(95%
CI)

ASDR,
n
(95%
CI)

Global 49.8
(24.5-84.6)

1.5
(0.8-2.5)

1719.8
(782-
3071.2)

45
(21.3-79.5)

125.2
(62.1-208.3)

1.6
(0.8-2.7)

4549.2
(2188.5-
7969.5)

55.9
(27.2-97.6)

0.26
(0.13-
0.39)

0.84
(0.78-
0.89)

Sex

Male 18.9
(8.5-33.8)

1.4
(0.6-2.4)

691.5
(288.5-
1292.4)

40.5
(17.9-73.9)

54
(25.7-91.5)

1.6
(0.8-2.7)

2038.8
(898.4-
3704.7)

54.3
(25-97.6)

0.51
(0.37-
0.65)

0.99
(0.93-
1.05)

Female 30.9
(16-50.9)

1.6
(0.8-2.6)

1028.3
(500.4-
1788.9)

49.1
(24.1-84.6)

71.2
(37-115.6)

1.6
(0.8-2.6)

2510.4
(1251.7-
4297.5)

57.5
(28.6-98.4)

0.09
(-0.04-
0.23)

0.73
(0.66-
0.79)

Socio-demographic index

High SDI 12.7
(6.1-21.3)

1.2 (0.6-2) 420.3
(187.2-
765.9)

40.5
(17.8-74.8)

19.6
(9.6-32.2)

0.9
(0.4-1.5)

879
(410.8-
1574.4)

49.7
(23-91.8)

-1.48
(-1.81–
1.15)

0.63
(0.54-
0.73)

High-middle SDI 12.6
(6.5-20.3)

1.4
(0.7-2.2)

445.7
(213.5-759)

43
(21.1-72.5)

25.6
(13.4-40.5)

1.3 (0.7-2) 963.1
(481.4-
1662.4)

47.6
(23.8-81.9)

-0.2
(-0.33–
0.07)

0.39
(0.29-
0.49)

Middle SDI 13.1
(6.1-22.9)

1.7
(0.8-2.8)

466.9
(208.9-
839.4)

48.1
(22.4-84.4)

44.2
(21.6-74.5)

2.1 (1-3.5) 1545.7
(707.7-
2717.5)

63.8
(30-110.3)

0.89
(0.82-
0.96)

1.04
(0.99-
1.09)

Low-middle SDI 8.2
(4.1-14.2)

1.9 (1-3.2) 280.2
(131.6-505)

51.3
(25.5-90.2)

27.4
(14-45.5)

2.5
(1.3-4.1)

872.1
(429.4-
1524.2)

68.1
(34.2-
115.4)

1.07
(0.91-
1.24)

1.19
(1.09-
1.29)

Low SDI 3.1 (1.4-5.9) 1.8
(0.9-3.2)

104.5
(44.7-200.8)

47.9
(21.8-88.1)

8.2
(3.9-14.3)

2.1 (1-3.6) 283.5
(125.3-
520.1)

58.5
(27.3-
105.9)

0.73
(0.56-
0.89)

0.96
(0.84-
1.09)

Region

Andean
Latin America

0.2 (0.1-0.3) 1 (0.4-1.8) 5.5 (2-11.2) 27.9
(10.2-55.8)

0.9 (0.4-1.6) 1.7
(0.7-3.1)

28.4
(11.3-54.8)

51.5
(20.7-98.6)

2.1
(1.93-
2.26)

2.18
(2.1-
2.26)

Australasia 0.3 (0.1-0.5) 1.3
(0.7-2.1)

8.5
(3.9-14.8)

36.7
(16.5-64.1)

0.7 (0.4-1.1) 1.3 (0.7-2) 25.6
(12.6-43.2)

52.8
(25.3-91.2)

-0.49
(-0.84–
0.13)

1.08
(0.92-
1.25)

(Continued)
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TABLE 1 Continued

characteristic 1990 2019 EAPC
(1990-2019)

Death
cases,
n × 103

(95% UI)

ASMR
per 105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

Death
cases,
n × 103

(95% UI)

ASMR
per
105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

ASMR,
n
(95%
CI)

ASDR,
n
(95%
CI)

Region

Caribbean 1.3 (0.7-2) 5.3
(2.9-8.3)

40.8
(19.7-69.1)

157.9
(77.2-
265.7)

2.6 (1.4-4) 5 (2.7-7.8) 95.2
(48.1-160.7)

184.1
(93.5-
310.6)

-0.3
(-0.37–
0.22)

0.47
(0.41-
0.53)

Central Asia 0.2 (0.1-0.3) 0.4
(0.2-0.7)

7.9
(3.3-15.7)

17.4
(7.6-33.6)

0.8 (0.3-1.4) 1.3
(0.6-2.3)

31.4
(13.2-62.2)

44.9
(19.8-86.4)

3.78
(3.47-
4.08)

3.18
(3.01-
3.36)

Central Europe 1 (0.5-1.8) 0.7
(0.4-1.3)

45.1
(20.1-84.3)

31
(14.1-58.5)

2 (1-3.5) 0.9
(0.4-1.5)

90.8
(42.4-166.9)

42.9
(19.6-79.5)

1.03
(0.86-
1.19)

1.3
(1.13-
1.47)

Central
Latin America

2.1 (0.9-4) 2.8
(1.2-5.3)

74.8
(28.3-147.1)

88.6
(34.4-
171.1)

6.7
(2.8-12.5)

3 (1.2-5.5) 224.2
(85.6-435.2)

95.1
(36.6-184)

-0.13
(-0.34-
0.08)

0.21
(0-0.43)

Central Sub-
Saharan Africa

0.5 (0.2-1) 3 (1.3-5.6) 16.6
(6.4-34.5)

77.2
(31.7-
152.7)

1.2 (0.5-2.2) 3.1
(1.4-5.5)

44.9
(17.4-90.2)

86.5
(35.7-
163.8)

-0.05
(-0.1-0)

0.35
(0.28-
0.42)

East Asia 4.6 (2.1-8.4) 0.7
(0.3-1.2)

192.1
(83.7-357.3)

24.3
(11-43.1)

13.2
(6.1-23.2)

0.8
(0.4-1.3)

487.2
(208.5-
922.4)

24.6
(10.9-45.8)

-0.03
(-0.24-
0.18)

-0.37
(-0.54–
0.21)

Eastern Europe 0.5 (0.2-0.9) 0.2
(0.1-0.4)

28.6
(12.6-54.2)

10.6
(4.7-20)

1.4 (0.6-2.5) 0.4
(0.2-0.7)

56.1
(25.8-102.9)

15.8
(7.3-29.5)

2.39
(1.72-
3.06)

1.69
(1.49-
1.9)

Eastern Sub-
Saharan Africa

0.5 (0.2-1.2) 1 (0.4-2) 14.6
(5.5-32.3)

21.6
(8.3-47.3)

1.1 (0.4-2.3) 1 (0.4-2) 30.6
(11.6-68.1)

21.4
(8.2-45)

-0.1
(-0.14–
0.06)

-0.08
(-0.11–
0.05)

High-income
Asia Pacific

1.4 (0.6-2.5) 0.8
(0.4-1.4)

64.2
(25.2-123.5)

32.1
(12.7-61.4)

2.5 (1.2-4.2) 0.4
(0.2-0.8)

132.1
(56.1-245.3)

31.8
(12-63)

-2.14
(-2.31–
1.98)

-0.36
(-0.48–
0.24)

High-income
North America

4.6 (2.1-7.9) 1.3
(0.6-2.2)

160.6
(69-298.6)

46.3
(19.5-86.9)

6.3
(2.8-11.3)

0.9
(0.4-1.7)

293.4
(122.9-
566.7)

49
(20.4-96)

-1.67
(-2.29–
1.05)

0.5
(0.28-
0.72)

North Africa and
Middle East

4.9 (2.7-7.9) 3.6 (2-5.6) 179.4
(89.6-298.6)

106.4
(56.1-
173.2)

14.4
(8.1-22.1)

3.9
(2.2-5.9)

685
(356.4-
1111.5)

154
(82.7-
245.6)

0.51
(0.36-
0.65)

1.53
(1.4-
1.66)

Oceania 0.2 (0.1-0.3) 7.4
(3.5-13.3)

5.3
(2.2-10.5)

182.2
(80.1-
342.3)

0.6 (0.3-1.1) 11
(5.3-19.3)

20
(8.3-38.5)

281.4
(125.3-
525.6)

1.14
(0.86-
1.42)

1.32
(1.03-
1.61)

South Asia 7.2
(3.5-12.8)

2 (1-3.4) 251.8
(113.6-
461.3)

51.5
(24.8-91.5)

26.2
(13.1-43.7)

2.5
(1.3-4.1)

783.8
(374.1-
1426.2)

62.2
(30.7-
109.7)

0.95
(0.6-1.3)

1.14
(0.9-
1.38)

Southeast Asia 3.8 (1.6-7.6) 1.9
(0.8-3.6)

112.7
(43.8-228.1)

47.4
(19.6-94.3)

12.9
(5.5-24.2)

2.5
(1.1-4.6)

403.3
(160.6-
772.6)

69
(28.8-
130.6)

0.96
(0.9-
1.03)

1.25
(1.17-
1.33)

Southern
Latin America

0.2 (0.1-0.4) 0.5 (0.2-1) 6.1
(2.3-13.2)

13.4
(5-28.7)

0.6 (0.2-1.1) 0.7
(0.3-1.2)

20.1
(8.3-39.5)

24.1
(10-47.7)

1.26
(1-1.52)

2.31
(2.09-
2.54)

(Continued)
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(Table 1, Figure 1A). Despite this rise in absolute numbers, the

global ASMR showed a slight increase from 1.5 (95% UI: 0.8-2.5) to

1.6 (95% UI: 0.8-2.7) per 100 000, with an EAPC of 0.26 (95% CI:

0.13-0.39), indicating a modest rise in the mortality rate over the

three decades (Table 1, Figure 1C).

There was a significant gender difference observed. The number

of male fatalities attributed to type 2 diabetes due to physical

inactivity increased from 18.9 thousand (95% UI: 8.5-33.8) in

1990 to 54 thousand (95% UI: 25.7-91.5) in 2019, and female

deaths rose from 30.9 thousand (95% UI: 16-50.9) to 71.2 thousand

(95% UI: 37-115.6). In males, the ASMR modestly increased from

1.4 to 1.6 per 100 000, whereas it remained relatively stable at 1.6

per 100 000 in females. A more pronounced EAPC was observed in

males (0.51; 95% CI: 0.37-0.65) compared to females (0.09; 95% CI:

-0.04-0.23), as shown in Table 1.

Regarding the SDI, high SDI regions witnessed a decrease in

ASMR from 1.2 (95% UI: 0.6-2) per 100 000 in 1990 to 0.9 (95% UI:

0.4-1.5) per 100 000 in 2019, reflecting a significant reduction in

mortality with an EAPC of -1.48 (95% CI: -1.81–1.15). The high-

middle SDI regions observed a relatively constant ASMR, shifting

marginally from 1.4 (95% UI: 0.7-2.2) per 100 000 to 1.3 (95% UI:

0.7-2) per 100 000 over the period 1990-2019, with an EAPC of -0.2

(95% CI: -0.33–0.07). Conversely, the low-middle SDI regions

experienced the most notable ASMR increase, from 1.9 (95% UI:

1-3.2) per 100 000 in 1990 to 2.5 (95% UI: 1.3-4.1) per 100 000 in

2019, and an EAPC of 1.07 (95% CI: 0.91-1.24) (Table 1, Figure 1C).

In the GBD regions, South Asia recorded the highest mortality in

2019 with 26.2 thousand deaths (95% UI: 13.1-43.7). The top ASMR

in 2019 were in Oceania (11 per 100 000; 95% UI: 5.3-19.3) and

Southern Sub-Saharan Africa (6.7 per 100 000; 95% UI: 3.2-11.2)

(Table 1, Figure 2A). ASMR showed declining trends in regions like

High-Income Asia Pacific and High-Income North America, while
Frontiers in Endocrinology 05
remaining stable in East Asia. However, ASMR were on the rise in

Southern Sub-Saharan Africa and Central Asia, with Central Asia

experiencing the sharpest increase (EAPC: 3.78; 95% CI: 3.47-4.08)

(Table 1, Figure 2B).

Nationally, India recorded the highest count of type 2 diabetes

fatalities attributable to physical inactivity, with numbers reaching

5238.9 (95% UI: 2483.5-9416) in 1990 and escalating to 19070.6

(95% UI: 9589.6-32291.6) by 2019. Qatar had the most elevated

ASMR in 1990 at 19.3 (95% UI: 11.1-29) per 100 000, while Fiji

reported the highest in 2019 at 29 (95% UI: 14.8-49.6) per 100 000.

Conversely, Guatemala exhibited the lowest ASMR in 1990 (0.1 per

100 000; 95% UI: 0.1-0.4), and Ukraine had the lowest in 2019 (0.1

per 100 000; 95% UI: 0.1-0.2). Among 121 countries that

experienced an increase in ASMR, Uzbekistan showed the most

rapid growth (EAPC: 5.85; 95% CI: 5.26-6.44) (Figures 2A, B;

Supplementary Table 1).

In 2019, the pattern of type 2 diabetes deaths due to physical

inactivity in different age groups formed an inverted V-shape,

with its peak in the 80-84 age group. The majority of these deaths

were among individuals aged 60-89, predominantly in the middle

and low-middle SDI regions (Figure 1E). Mortality rates in

different age groups for patients with type 2 diabetes due to

physical inactivity escalated with advancing age, particularly

post the age of 80 (Figure 1G; Supplementary Figure 1A). On a

global scale, the EAPC in mortality rates exhibited an inverted U-

shaped relationship with age. Negative EAPC values were

observed in the 25-29 and 70-74 age groups, while positive

values were seen in the 30-64 and 75+ age groups. The sharpest

decline in mortality was in the 25-29 age group, and the most

significant increase was in the 40-44 age group. However, in low

SDI regions, mortality rates rose consistently across all age groups

(Supplementary Figure 1B).
TABLE 1 Continued

characteristic 1990 2019 EAPC
(1990-2019)

Death
cases,
n × 103

(95% UI)

ASMR
per 105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

Death
cases,
n × 103

(95% UI)

ASMR
per
105,
n
(95%
UI)

DALYs,
n × 103

(95% UI)

ASDR
per
105,
n
(95%
UI)

ASMR,
n
(95%
CI)

ASDR,
n
(95%
CI)

Region

Southern Sub-
Saharan Africa

1 (0.5-1.6) 4 (1.9-6.6) 28.9
(13.4-50.3)

105.3
(49.5-
180.1)

3.1 (1.5-5.2) 6.7
(3.2-11.2)

86.9
(39.3-151.7)

160.8
(73.5-
275.9)

2.43
(1.81-
3.05)

2
(1.45-
2.55)

Tropical
Latin America

4.3 (2.5-6.3) 5.4
(3.2-7.9)

171.7
(93.7-263.8)

181
(101.5-
273.5)

11.5
(6.9-16.5)

5 (3-7.1) 429.1
(248.4-
650.9)

176
(101.6-
266)

-0.24
(-0.3–
0.17)

0.01
(-0.04-
0.06)

Western Europe 9.5
(4.8-15.3)

1.6
(0.8-2.6)

268.5
(127.2-
460.6)

46.1
(21.2-79.8)

13
(6.7-20.6)

1.1
(0.6-1.8)

476.4
(227.2-
827.1)

54.1
(24.7-98)

-1.52
(-1.72–
1.32)

0.22
(-0.02-
0.45)

Western Sub-
Saharan Africa

1.3 (0.6-2.4) 1.9
(0.8-3.5)

35.8 (15-70) 44.4
(19.3-84.7)

3.6 (1.5-6.5) 2.6
(1.1-4.5)

104.9
(43.2-200.9)

61.3
(26.2-
113.4)

1.01
(0.81-
1.21)

1.06
(0.89-
1.24)
fron
ASMR, age-standardized mortality rate; ASDR, age-standardized disability-adjusted life year rate; EAPC, estimated annual percentage change.
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Type 2 diabetes DALYs and ASDR
associated with physical inactivity

Globally, the number of DALYs for type 2 diabetes associated

with physical inactivity more than doubled from approximately 1.7

million (95% UI: 0.8-3.1) in 1990 to 4.5 million (95% UI: 2.2-8.0) in

2019 (Table 1, Figure 1B). Over the same period, the ASDR rose

from 45 (95% UI: 21.3-79.5) per 100 000 to 55.9 (95% UI: 27.2-97.6)

per 100 000, with an EAPC of 0.84 (95% CI: 0.78-0.89)

(Table 1, Figure 1D).

A notable gender disparity was also observed for DALYs and

ASDR. In males, DALYs increased from 691.5 thousand (95% UI:

288.5-1292.4) in 1990 to 2.0 million (95% UI: 0.9-3.7) in 2019. Over

the same timeframe, female DALYs rose from 1.0 million (95% UI:

0.5-1.8) to 2.5 million (95% UI: 1.3-4.3). The ASDR slightly

increased from 40.5 per 100 000 (95% UI: 17.9-73.9) to 54.3 per

100 000 (95% UI: 25-97.6) in males, while rising at a slower pace in

females from 49.1 (95% UI: 24.1-84.6) per 100 000 to 57.5 (95% UI:

28.6-98.4) per 100 000. Males demonstrated a higher EAPC (0.99;

95% CI: 0.93-1.05) than females (0.73; 95% CI: 0.66-0.79) (Table 1).

Across SDI regions, high SDI areas exhibited a rise in DALYs

from 420.3 thousand (95% UI: 187.2-765.9) in 1990 to 879

thousand (95% UI: 410.8-1574.4) by 2019. The ASDR also rose
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from 40.5 (95% UI: 17.8-74.8) per 100 000 to 49.7 (95% UI: 23-91.8)

per 100 000 over the same timeframe, with an EAPC of 0.63 (95%

CI: 0.54-0.73). High-middle SDI regions exhibited rises in DALYs

from 445.7 thousand (95% UI: 213.5-759) in 1990 to 963.1

thousand (95% UI: 481.4-1662.4) in 2019, and in ASDRs from 43

(95% UI: 21.1-72.5) per 100 000 to 47.6 (95% UI: 23.8-81.9) per 100

000, with an EAPC of 0.39 (95% CI: 0.29-0.49). Similarly, the

middle, low-middle, and low SDI regions all exhibited upward

trends, with the fastest ASDR increase observed in low-middle SDI

regions (EAPC: 1.19; 95% CI: 1.09-1.29) (Table 1, Figure 1D).

Among GBD regions, the highest number of DALYs in 2019

occurred in South Asia with 783.8 thousand (95% UI: 374.1-

1426.2), followed by North Africa and Middle East with 685

thousand (95% UI: 356.4-1111.5). The highest ASDR in 2019

shifted to Oceania (281.4 per 100 000; 95% UI: 125.3-525.6) and

the Caribbean (184.1 per 100 000; 95% UI: 93.5-310.6).Considering

the changes of ASDR in different regions over time, ASDR showed

declining trends in regions including East Asia and High-Income

Asia Pacific, while remaining relatively stable in Eastern Sub-

Saharan Africa. However, ASDRs rose in other regions like

Southern Latin America and Central Asia, with Central Asia

having the fastest increase (EAPC: 3.18; 95% CI: 3.01-3.36)

(Table 1, Figure 2D).
A B

C D

E F

G H

FIGURE 1

The type 2 diabetes burden attributable to physical inactivity by SDI region. The global (A) deaths, (B) DALYs, (C) ASMR and (D) ASDR of type 2
diabetes attributable to physical inactivity for all ages from 1990 to 2019. The global (E) deaths, (F) DALYs, (G) mortality rate and (H) DALYs rate of
type 2 diabetes attributable to physical inactivity by age in 2019. SDI, Socio-demographic Index; ASMR, age-standardized mortality rate; DALYs,
disability-adjusted life years; ASDR, age-standardized DALY rate.
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Nationally, India recorded the highest DALYs in 1990,

totaling 194 thousand (95% UI: 86.5-355.8), while in 2019, India

and China emerged as the leading countries in DALYs with 576.3

and 452.1 thousand, respectively. Trinidad and Tobago had the

highest ASDR in 1990, at 447.2 (95% CI: 221.3-746) per 100 000,

with Fiji leading in 2019, at 672.7 (95% CI: 317.8-1188.4) per

100 000. Guatemala and Mongolia consistently showed the

lowest ASDR, recording 4.9 in 1990 and 11.4 in 2019 per 100

000. There were increases in ASDR trends in 157 countries and

territories from 1990 to 2019, while 21 countries and territories

exhibited downward trends in ASDR (Figures 2C, D;

Supplementary Table 1).

In 2019, the number of DALYs for type 2 diabetes due to

physical inactivity in different age groups reflected the observed

pattern in mortality rates, peaking in the 65-69 age group

(Figure 1F). In high and high-middle SD) regions, DALY rates

consistently rose with increasing age. In contrast, in middle,

low-middle, and low SDI regions, these rates initially surged

until the age group of 80-84, followed by a slight variation in

individuals aged over 85 (Figure 1H; Supplementary Figure 2A).

The trend in the EAPC of DALY rates across different

ages paralleled the EAPC trends seen in mortality rates

(Supplementary Figure 2B).
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Global Burden of Type 2 diabetes
associated with physical inactivity by sex
and age in 2019

Between 1990 and 2019, the global numbers of deaths and

DALYs from type 2 diabetes associated with physical inactivity was

higher among females than males (Figures 3A, B). While the ASMR

was consistently greater in females, this disparity between male and

female ASMR narrowed over the 30-year period. The 2019 data on

deaths and DALYs in different age groups due to type 2 diabetes

related to physical inactivity are depicted in Figures 3C, D.

Similarly, the death and DALY counts were higher in females.

Generally, the death rate for type 2 diabetes due to physical

inactivity showed an upward trend for both sexes, with the DALY

rate significantly increasing in the 75-84 age bracket, but stabilizing

after 85 years of age.
Association between ASMR, ASDR of Type
2 diabetes and SDI values

The relationship between the ASMR for type 2 diabetes due to

physical inactivity and the SDI values in various GBD regions
A B

C D

FIGURE 2

The spatial distribution of type 2 diabetes (A) ASMR, (B) the EAPC of ASMR, (C) ASDR, and (D) the EAPC of ASDR attributable to physical inactivity in
2019. ASMR, age-standardized mortality rate; EAPC, estimated annual percentage change; ASDR, age-standardized disability-adjusted life-years rate.
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formed an M-shape. The ASMR initially rose until reaching an SDI

of around 0.43, after which it declined as SDI values increased. In

2019, the EAPC in ASMR for type 2 diabetes due to physical

inactivity showed a slight negative correlation with SDI, especially

when SDI exceeded 0.65. Over the span from 1990 to 2019, more

than half of the 204 countries analyzed displayed an upward ASMR

trend (EAPC and 95% CI above 0) (Figure 4). A similar pattern was

noted in the relationship between the age-standardized DALY rate,

SDI values, and EAPC in the age-standardized DALY

rate (Figure 5).
Discussion

In our research, we examined the spatial and temporal patterns

of deaths and DALYs associated with physical inactivity and their

influence on type 2 diabetes over the period from 1990 to 2019 in

204 countries. Our findings reveal a significant global increase in

both deaths and DALYs attributable to type 2 diabetes related to

physical inactivity, with deaths rising from 49.8 thousand to 125.2

thousand and DALYs more than doubling from 1.7 million to 4.5

million. While the ASMR showed a slight increase globally, notable

geographical and socio-demographic disparities were observed.

High SDI regions experienced a decrease in ASMR, contrasting

with the stable or increasing rates in high-middle and low SDI

regions. The rise in DALYs and disability rates was also more

significant for males than females. The majority of deaths and

DALYs attributable to physical inactivity occurred in those aged 60-

89 years, predominantly in middle and low-middle SDI regions.
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These findings highlight the growing burden of type 2 diabetes due

to insufficient physical activity across the globe, with an

exceptionally high impact on elders and those in low to middle-

income regions the urgent need for comprehensive public

health strategies.

Type 2 diabetes, resulting from a progressive, non-autoimmune

reduction in b-cell insulin secretion, often amid insulin resistance

and metabolic syndrome, represents 90-95% of all diabetes cases.

While the precise etiologies are unclear, type 2 diabetes does not

involve the autoimmune destruction of b-cells or other known

causes of diabetes (11). The complex interrelationship between

physical inactivity and type 2 diabetes is rooted in intricate

physiological mechanisms. Physical activity prevents type 2

diabetes through several physiological pathways (20–22). It can

increase skeletal muscle glucose uptake to lower blood sugar levels.

It also stimulates the release of adiponectin from adipose tissue,

improving insulin sensitivity and mitigating insulin resistance.

Regular physical activity aids weight control, reduces abdominal

adiposity, and enhances insulin sensitivity, reducing type 2 diabetes

risk (10). Activities of moderate intensity are categorized as having a

MET value between 3 and 5.9, while those of vigorous intensity are

characterized by a MET value of 6 or higher (23). Activities like

walking briskly or raking the yard fall into the moderate-intensity

category. On the other hand, vigorous intensity activities include

actions such as jogging or running or lugging heavy groceries.

Exercise guidelines suggests aiming for at least 150 minutes per

week of aerobic exercise at a moderate-to-vigorous level, distributed

across no less than three days weekly for patients with type 2

diabetes (24). Moreover, type 2 diabetes prevention efficacy varies
A B

C D

FIGURE 3

Year-specific numbers and rates of deaths (A) and DALYs (C), and Age-specific numbers and rates of deaths (B) and DALYs (D) of type 2 diabetes
attributable to physical inactivity by sex, in 2019. DALYs, disability-adjusted life years.
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by exercise intensity, with studies showing moderate-intensity

aerobic activity reduces type 2 diabetes incidence significantly

more than lower-intensity exercise (25).

Among type 2 diabetes patients, different age-group mortality

and DALYs attributable to physical inactivity exhibited pronounced

increases with advancing age, peaking at 80-84 and 65-69 years,

respectively. This trend signifies escalated vulnerability to the

deleterious impacts of physical inactivity on type 2 diabetes in

older populations. The exponential rise in different age-group

mortality observed in type 2 diabetes patients, mainly those aged

80-84 years, due to physical inactivity can be attributed to an

interplay of factors associated with aging. Advancing age leads to

declines in skeletal muscle mass and quality, impairing glucose

uptake capacity (26). Additionally, increased adiposity and

upregulated proinflammatory cytokines from adipose tissue

inhibit insulin signaling (27, 28). Deteriorating b-cell function

also reduces insulin secretion with age (29). Collectively, these

changes lead to decreased insulin sensitivity, which, if not

compensated by physical activity, can precipitate hyperglycemia.

Moreover, common age-related comorbidities like hypertension

and atherosclerosis exacerbate insulin resistance and escalate

mortality risk (30). Reduced mobility in elderly individuals limits

their ability to perform aerobic exercise. Thus, elderly type 2

diabetes patients rely more heavily on regular physical activity to

maintain glucose homeostasis than their younger counterparts.

Insufficient activity may deteriorate glycemic control, increase

complications, and heighten mortality risk (10). This highlights

the importance of developing physical activity programs and
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glucose control measures tailored to cognitive and physical

limitations in elderly individuals.

over the past 30 years, the burden of type 2 diabetes due to

physical inactivity has saw a notable rise in both genders, with a

more marked increase in men. Furthermore, although women have

a greater burden of type 2 diabetes due to physical inactivity than

men, the gap in ASMR and ASDR between the genders has recently

been narrowing or reversing. The underlying reasons for this trend

remain largely unexplored. Possible reasons include physiological

differences between sexes, such as the impact of gestational diabetes

in women (31), changes in estrogen levels, and patterns of fat

distribution (32). Additionally, research has found that the

prognosis for women with type 2 diabetes is worse than for men

due to factors such as later diagnosis of type 2 diabetes in women,

increased risk of cardiovascular disease (CVD) post-menopause,

and deterioration of renal function in women (33). Societal norms

and roles also impact physical activity levels. Men often engage

more in physical labor or recreational sports, while women may

have less time for such activities due to domestic responsibilities

and caregiving roles. Research indicates unpaid domestic work and

family duties can engender competing demands and chronic stress

in women (34). Additionally, women generally have a higher intake

of sugar, and diets with a high glycemic index tend to augment

abdominal fat, particularly in sedentary women, in comparison to

men (32). Similarly, a study on the burden of type 2 diabetes due to

high body mass index (BMI) in China found a similar disease

burden pattern (30), suggesting a synergistic effect of physical

inactivity and high BMI in contributing to type 2 diabetes. Given
A

B

FIGURE 4

The relationship between type 2 diabetes (A) ASMR and SDI in 2019 by GBD region, (B) EAPC in ASMR and SDI in 2019 by Super GBD region. ASMR,
age-standardized mortality rate; SDI, Socio-demographic Index; GBD, Global Burden of Disease Study; EAPC, estimated annual percentage change.
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the variations in disease prevalence, societal norms, and

intervention responses, a gender-specific strategy is essential in

public health measures aimed at reducing the impact of physical

inactivity. This approach should focus on lessening the burden of

type 2 diabetes in women and tackle the rising ASMR among men.

The SDI, encompassing per capita income, education levels, and

fertility rates, plays a critical role in understanding the global and

regional dynamics of type 2 diabetes linked to physical inactivity. Our

study highlights a complex interplay between the SDI and the impact

of type 2 diabetes due to physical inactivity. In many countries with

medium and low-middle SDI, physical inactivity has led to a

substantial disease burden with an increasing trend. Recognizing its

status as the fourth most significant risk factor for numerous NCDs

and premature death, the World Health Organization aims to

decrease the rate of insufficient physical activity by 10% by 2025 to

enhance NCD prevention and treatment (14). Numerous studies

have shown that physical inactivity is notably higher among

individuals with lower income and education levels (35). Workers

with only primary education or no education were found to have

approximately eight times less physical activity compared to their

highly educated counterparts (36). This disparity may be attributed to

individuals of higher socioeconomic status engaging more in leisure-

time physical activities, whereas those from lower socioeconomic

backgrounds often lack the resources for such activities or

opportunities to be active in other areas (37). Implementing

strategies like mass media exercise promotions, community and

workplace support for physical activity, and enhancing

infrastructures for exercise can boost activity levels (38). This
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suggests that local authorities, particularly in low SDI nations,

should emulate high SDI countries in intensifying efforts to

promote sports and improve lifestyle choices.

This study’s inherent constraints stem from being a secondary

analysis of the 2019 GBD data. Firstly, general limitations of the

GBD study, including potential biases, are unavoidable and may

lead to deviations from real-world figures. However, robust

statistical methods were applied in the 2019 GBD study to

address this issue. Secondly, GBD data are updated slowly, with

the latest estimates only up to 2019, which may not capture the

most current disease trends. Finally, estimating the type 2 diabetes

burden attributable to physical inactivity did not account for

complications arising from type 2 diabetes.
Conclusions

This study first delineated the burden and trends of type 2 diabetes

attributable to physical inactivity. Low physical activity has inflicted a

substantial disease burden on the global population, predominantly in

middle-aged and elderly groups. These results underscore the

importance of identifying physical inactivity as a modifiable risk

factor for type 2 diabetes. They provide crucial guidance for crafting

impactful public health strategies and policies to counteract the

escalating mortality toll of this condition. Meantime, additional

research is imperative, especially in light of the aging global

population, to understand the reasons behind variations in type 2

diabetes across different regions and between genders.
A

B

FIGURE 5

The relationship between type 2 diabetes (A) ASDR and SDI in 2019 by GBD region, (B) EAPC in ASDR and SDI in 2019 by Super GBD region. ASDR,
age-standardized disability-adjusted life-years rate; SDI, Socio-demographic Index; GBD, Global Burden of Disease Study; EAPC, estimated annual
percentage change.
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