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A B S T R A C T   

Background: Low physical activity is a major risk factor for cardiovascular diseases (CVDs). This study aimed to 
estimate the global, regional, national, and sex-age-specific burden of CVDs attributed to low physical activity 
from 1990 to 2019. 
Methods: We leveraged data from the Global Burden of Disease Study 2019 to compute the number of fatalities, 
disability-adjusted life years (DALYs), age-adjusted mortality rates (ASMR), and age-adjusted DALY rates (ASDR) 
attributed to CVDs resulting from low physical activity. Furthermore, we scrutinized the trends and correlations 
of these metrics in connection with the socio-demographic index (SDI) across 21 regions and 204 countries and 
territories. 
Results: The global deaths and DALYs due to CVDs caused by low physical activity increased from 371,042.96 [95 
% UI: 147,621.82–740,490] and 6,282,524.95 [95 % UI: 2,334,970.61–13,255,090.08] in 1990 to 639,174.92 
[95 % UI: 272,011.34–1,216,528.4] and 9,996,080.17 [95 % UI: 4,130,111.16–20,323,339.89] in 2019, 
respectively. The corresponding ASMR and ASDR decreased from 12.55 [95 % UI: 5.12–24.23] and 181.64 [95 % 
UI: 71.59–374.01] in 1990 to 8.6 [95 % UI: 3.68–16.28] and 127.52 [95 % UI: 53.07–256.55] in 2019, 
respectively. Deaths and DALYs attributed to low physical activity were initially higher in males but shifted to 
females after 70–74 age group. Both genders had increasing death rates, peaking at 80–84 age group. Most CVDs 
deaths and DALYs number are caused by ischemic heart disease. The highest burden of CVDs attributed to low 
physical activity was observed in North Africa and the Middle East. The lowest burden was observed in Oceania 
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and High-income Asia Pacific. There was a distinctive ’n-shape’ relationship between the regional SDI and the 
ASDR of CVDs attributed to low physical activity from 1990 to 2019. 
Conclusion: The global impact of CVDs stemming from low physical activity remains substantial and demon-
strates substantial regional disparities. As individuals age, this burden becomes more prominent, particularly 
among females. Efficacious interventions are imperative to promote physical activity and mitigate the risk of 
CVDs across diverse populations and regions.   

1. Introduction 

Cardiovascular diseases (CVDs) are a group of disorders that affect 
the heart and blood vessels. According to estimates from the World 
Health Organization (WHO), CVDs accounted for 17.9 million fatalities 
in 2019, constituting 32 % of all global deaths [1]. It is projected that the 
burden of CVDs will increase in the next years as a result of population 
aging, urbanization, and lifestyle changes [2]. At the moment, physical 
inactivity is thought to be the fourth leading cause of mortality world-
wide [3]. Numerous studies have shown that regular physical activity 
reduces the incidence of coronary heart disease, stroke, and cardiovas-
cular risk [3,4]. The most recent meta-analysis found that older persons 
who walk more often each day gradually reduce their risk of CVD [5]. 
Huge portions of the world’s population do not meet the recommended 
levels of physical activity, despite the fact that over 1.4 billion people 
are believed to be at risk of developing or worsening diseases associated 
to inactivity [6]. According to WHO recommendations, people between 
the ages of 18 and 64 should exercise for at least 150 min per week at a 
moderate to vigorous level, or an equal combination of the two [3]. The 
degree of physical inactivity is one of the most important CVD risk 
factors that can be modified [7,8]. 

Previous studies have reported on the disease burden associated with 
low physical activity [6,9,10]. Roth et al. evaluated the global burden of 
CVDs and their risk factors as a whole, but they did not further analyze 
them from a national level or specific etiology perspective [9]. Xu et al. 
conducted an assessment of the worldwide impact of insufficient phys-
ical activity using the global burden of disease (GBD) database. Their 
findings revealed that the global burden stemming from low physical 
activity remained substantial, with a notable increase in the incidence of 
diabetes among individuals aged 15 to 49. However, their study did not 
delve into a detailed analysis of the specific burdens associated with 
each cause attributed to insufficient physical activity, particularly car-
diovascular diseases (CVDs), were not specifically addressed [6]. Few 
studies have comprehensively examined the global, regional and na-
tional trends and specific etiology perspective in CVD burden due to low 
physical activity. 

Therefore, based on the GBD 2019 study, this study sought to explore 
the global, regional, and national burden of CVDs owing to poor physical 
activity in terms of mortality and disability-adjusted life years (DALYs) 
from 1990 to 2019. The specific goals were to: (i) Examine long-term 
trends in the burden of CVDs associated with low physical activity on 
a global and national scale over the past three decades; and (ii) Compare 
geographic disparities among the 21 regions defined by the GBD study 
and five categories based on socio-demographic index (SDI) quintiles; 
(iii) Examine differences by age and gender; (iv) Compare how different 
causes were distributed in 1990 and in 2019. The results of this study 
might be used to track progress and guide global policy to stop the 
growing CVD epidemic caused by physical inactivity. 

2. Materials and methods 

2.1. Study data 

The study’s data were sourced from GBD 2019. GBD 2019 offers the 
latest and most extensive assessments of 369 diseases and 87 associated 
risk factors globally, spanning from 1990 to 2019. Data on deaths, age- 
standardized mortality rates (ASMR), DALYs, and age-standardized 

DALY rates (ASDR) related to low physical activity in the context of 
CVDs were obtained from the online website (https://vizhub.healthdata 
.org/gbd-results/). To delve into the connection between CVD burden 
attributed to low physical activity and the developmental status of in-
dividual countries, we utilized the SDI. This composite measure of 
development status is closely intertwined with health outcomes. The SDI 
data for the 21 GBD 2019 regions were acquired from (https://ghdx. 
healthdata.org/record/ihme-data/gbd-2019-socio-demographic-index- 
sdi-1950–2019). 

2.2. Definitions 

According to the International Classification of Diseases (ICD) sys-
tem, there are 11 main categories that make up CVDs: arterial, aortic 
aneurysm, and a miscellaneous category that includes cardiopulmonary 
disease, capillary or venous disorders, atrial fibrillation, cardiomyopa-
thy, stroke, ischemic heart disease, peripheral artery disease, hyper-
tension, endocarditis, rheumatic heart disease, non-rheumatic valvular 
heart [11–13]. CVDs are categorized using ICD-10 codes and ICD-9 
classification codes. Using the SDI, five groupings of nations and re-
gions are categorized. By computing the mean years of education, per 
capita income, and total fertility for a given country and aggregating 
them, this index, ranging from 0 to 1, serves as a measure of a country’s 
level of development. A value of 0 indicates the lowest level of devel-
opment, while a value of 1 signifies the highest [14]. The five classes are 
high SDI (> 0.81), high-middle (0.70–0.81), middle (0.61–0.69), 
low-middle (0.46–0.60), and low SDI (0.46). These characteristics were 
then used to split the countries into 21 separate geographic GBD zone. 
Mortality alone does not provide a comprehensive understanding of the 
burden of disease experienced by individuals across diverse populations. 
The comprehensive evaluation of disease burden relies on DALYs. 
DALYs attributed to a particular cause are determined by adding the 
years of life lost due to premature mortality (YLLs) from that cause and 
the years of healthy life lost due to disability (YLDs) for individuals 
residing in states of less than good health resulting from the specific 
cause [15]. 

2.3. Estimation methods 

The GBD 2019 study utilized the comparative risk assessment 
framework that has been in use since 2002 to estimate the attributable 
burden of diseases [9,16]. The examination of physical activity among 
individuals aged 25 and older includes activities lasting at least 10 min 
that span a variety of life domains, such as leisure, employment, 
household chores, and transportation. The frequency, duration, and 
intensity of these activities were taken into account to compute the total 
metabolic equivalent of task (MET) minutes each week (MET-min/-
week) [17]. MET, an abbreviation for metabolic equivalent, is a measure 
of cardiorespiratory fitness expressed as a ratio. One MET is equivalent 
to 1 kcal/kg/hour, representing the energy expenditure during quiet 
sitting. Alternatively, a MET can be defined as the oxygen intake 
measured in milliliters per kilogram per minute, with one MET equaling 
the oxygen consumption at rest, typically around 3.5 ml/kg/min. It is 
important to note that MET is a measure of cardiorespiratory fitness. The 
primary sources of information, as self-reported by participants, were 
the International Physical Activity Questionnaire (IPAQ) and the Global 
Physical Activity Questionnaire (GPAQ). Physical activity levels divided 
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into four distinct categories. Level 0, represents individuals who engage 
in less than 600 MET-minutes per week and are considered inactive. 
Moving up the scale, level 1 encompasses those who engage in 600 to 
3999 MET-minutes per week, categorized as low-active individuals. In 
level 2, individuals are considered moderately-active if they achieve a 
range of 4000 to 7999 MET-minutes per week. The highest category, 
level 3, includes those who engage in 8000 MET-minutes per week or 
more and are classified as highly active. 

GPAQ results were predicted using machine learning for IPAQ esti-
mates, and vice versa. the percentage of each nation, year, age, and 
gender inside each of the aforementioned four activity levels using 12 
different Dismod models. Microdata on total MET-mins per week from 
individual-level surveys was harnessed for analysis. An ensemble 
approach to distribution fitting was then employed, drawing charac-
teristics from individual distributions to tailor a unique distribution that 
aligns with the data, utilizing a weighting scheme. Subsequently, a dose- 
response meta-analysis of prospective cohort studies was conducted to 
estimate the effect size of changes in physical activity levels on cardio-
vascular diseases. Using a linear regression model that incorporated the 
relationship between the standard deviation and the mean activity levels 
in nationally representative IPAQ surveys, the standard deviation of 
activity within each community was computed. 

All calculations were carried out with a 95 % uncertainty interval 
(UI) to account for potential variations. This 95 % UI was derived by 
generating 1000 simulations, utilizing the variance-covariance matrix 

and obtaining a random sample of the dispersion parameter from a 
gamma distribution. The results were subsequently summarized as the 
mean value across all simulations, along with a corresponding 95 % 
uncertainty interval defined by the 2.5th and 97.5th percentiles of the 
simulation outcomes [16]. 

2.4. Statistical analysis 

The primary metrics used to assess the impact of low physical ac-
tivity on CVDs included mortality rates, DALYs, ASMR, ASDR, and the 
estimated annual percentage change (EAPC) between 1990 and 2019. 
We created maps illustrating the geographical distribution of CVD 
burden attributed to low physical activity based on mortality rates, 
ASMR, and ASDR in the year 2019. In GBD 2019, only data for ischemic 
heart disease (IHD) and stroke were accessible regarding cardiovascular 
diseases. Consequently, we acquired the related data for etiological 
analysis. To examine the relationship between CVD burden and SDI by 
location and year, we employed the widely-used EAPC, a concise mea-
sure of age-standardized rate trends over a specified timeframe. The 
regression equation y = α + βx + ε was used to calculate the result. y 
stands for the natural logarithm of the rate, and x is the current year. The 
EAPC value was established as 100 (exp (β) - 1), and the regression 
model was used to estimate the EAPC’s 95 % confidence interval (CI). It 
suggested a growing rate if the EAPC value and the lower limit of its 95 
% CI were both positive, whereas it suggested a falling rate if the EAPC 

Fig. 1. The deaths number (A), DALYs number (B), ASMR per 100,000 population (C), ASDR per 100,000 population (D) of cardiovascular diseases attributed to low 
physical activity by sex, 1990–2019. ASMR = age-standardised mortality rate; ASDR = age-standardised DALYs rate; DALYs = disability-adjusted life years. 
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value and the upper limit of its 95 % CI were both negative. R statistical 
software (version 4.1.2) was used to analyze and display the data. 

3. Results 

3.1. Global burden of CVDs attributed to low physical activity 

The global trends in CVD deaths and DALYs associated with poor 
physical activity are shown in Figs. 1A and 1B from 1990 to 2019. Both 
sexes, males and females, are showing a steady rise in these patterns, 
with females outnumbering males. Fig. 1C shows a similar steady fall in 
ASMR for both sexes, men and females. Finally, Fig. 1D illustrates the 
ASDR with a gradual downward trend, with males having slightly higher 
rates compared to both sexes and females. 

In 2019, there were 639,174.92 worldwide CVD-related fatalities 
due to insufficient physical activity, compared to 371,042.96 [95 % UI: 
147,621.82–740,490] in 1990. With an EAPC of − 1.44 (95 % CI: − 1.5 to 
− 1.37), the related ASMR showed a diminishing trend, falling from 

12.55 [95 % UI: 5.12–24.23] in 1990 to 8.6 [95 % UI: 3.68–16.28] in 
2019 (Table 1). However, from 6282,524.95 [95 % UI: 
2334,970.61–13,255,090.08] DALYs in 1990 to 9996,080.17 [95 % UI: 
4130,111.16–20,323,339.89] DALYs in 2019 (a rise from 2334,970.61 
to 13,255,090.08) DALYs. With an EAPC of − 1.3 (95 % CI: − 1.35 to 
− 1.25), the ASDR fell from 181.64 [95 % UI: 71.59–374.01] to 127.52 
[95 % UI: 53.07–256.55] (Table 2). 

3.2. National burden of CVDs attributed to low physical activity 

China has the highest number of deaths attributed to CVDs attributed 
to low physical activity, with 126,992.2 (95 % UI: 48,095.2–255,579.8) 
fatalities, followed by Russia with 38,169.8 (95 % UI: 
17,122.2–73,053.6) and India with 72,632.4 (95 % UI: 
29,524.7–146,975.8) (Fig. 2A and Additional file 1). Sudan, Oman, and 
the Syrian Arab Republic had the highest ASMRs, with values of 54.47 
(95 % UI: 33.18–81.52), 49.4 (95 % UI: 27.21–76.03), and 48.17 (95 % 
UI: 79.9–24.45), respectively (Fig. 2B and Additional file 2). With 

Table 1 
Death number and age-standardized mortality rates of cardiovascular diseases attributed to low physical activity for both sexes in 1990 and 2019.   

1990 2019  

location Deaths numbers 
(95 % UI) 

ASMR per 100,000 
No. (95 % UI) 

Deaths numbers 
(95 % UI) 

ASMR per 100,000 
No. (95 % UI) 

EAPC 
(95 % CI) 

Global 371,042.96 [147,621.82–740,490] 12.55 [5.12–24.23] 639,174.92 
[272,011.34–1216,528.4] 

8.6 [3.68–16.28] − 1.44 [− 1.5 to 
− 1.37] 

Socio-demographic index 
High SDI 124,199.15 

[43,396.02–247,095.22] 
12.09 [4.24–24.02] 115,979.49 

[45,327.64–219,518.49] 
5.04 [1.93–9.75] − 3.47 [− 3.65 to 

− 3.29] 
High-middle SDI 121,121.99 

[49,719.6–238,360.43] 
15.26 [6.49–29.41] 199,973.9 [85,794.59–365,651.12] 10.4 [4.49–18.96] − 1.46 [− 1.58 to 

− 1.34] 
Middle SDI 72,646.55 

[30,245.12–147,038.79] 
10.92 [4.73–21.32] 194,905.47 

[82,238.54–384,845.15] 
10.33 [4.49–19.58] − 0.19 [− 0.26 to 

− 0.11] 
Low-middle SDI 40,225.5 [17,809.4–79,787.08] 10.45 [4.82–19.57] 100,586.46 [46,344.56–191,605.6] 9.79 [4.59–18.04] − 0.15 [− 0.23 to 

− 0.07] 
Low SDI 12,586.9 [5137.48–26,526.62] 8.2 [3.57–16.11] 27,249.71 [11,570.83–55,671.2] 7.57 [3.4–14.7] − 0.1 [− 0.2 to 0.01] 
Regions 
Andean Latin America 817.38 [224.49–2002.35] 4.96 [1.39–11.87] 2013.01 [601.09–4537.85] 3.85 [1.17–8.69] − 0.79 [− 1 to − 0.59] 
Australasia 3214.21 [1133.53–6371.87] 15.01 [5.33–29.48] 3735.4 [1512.87–6631.33] 6.36 [2.6–11.49] − 3.54 [− 3.73 to 

− 3.34] 
Caribbean 4115.66 [1642.52–7512.79] 18.43 [7.62–33.16] 7237.31 [3223–12,772.57] 13.91 [6.2–24.54] − 1 [− 1.2 to − 0.8] 
Central Asia 5905.84 [2373.22–12,052.22] 15.78 [6.5–31.84] 9106.35 [3671.57–18,773.31] 19.67 [8.24–39.29] 0.37 [− 0.01 to 0.76] 
Central Europe 20,656.74 [8530.91–42,750.82] 17.44 [7.42–34.7] 25,060.88 [11,179.12–47,677.25] 11.14 [4.95–21.18] − 1.88 [− 2 to − 1.77] 
Central Latin America 3205.33 [961.79–7709.42] 5.01 [1.53–11.81] 9376.17 [2910.72–21,567.1] 4.28 [1.33–9.8] − 0.88 [− 1.14 to 

− 0.62] 
Central Sub-Saharan 

Africa 
1050.2 [368.3–2443.14] 7.75 [2.99–16.78] 2672.22 [980.7–5836.46] 8.08 [3.2–16.96] 0.07 [0.02 to 0.13] 

East Asia 39,969.26 [15,143.64–84,555.32] 8.22 [3.25–16.07] 130,524.47 
[49,619.39–262,600.43] 

8.66 [3.44–17.06] 0.26 [0.06 to 0.46] 

Eastern Europe 40,734.27 [17,006.91–83,670.85] 18.53 [7.8–36.59] 56,998.91 [24,753.53–108,459.27] 16.2 [7.09–30.76] − 0.65 [− 1.05 to 
− 0.25] 

Eastern Sub-Saharan 
Africa 

1063.41 [359.83–2894.42] 2.18 [0.77–5.62] 2465.57 [873.57–6609.98] 2.28 [0.81–5.68] 0.18 [0.15 to 0.21] 

High-income Asia Pacific 13,124.86 [4545.5–27,647.08] 8.2 [2.93–17.16] 17,998.59 [6366.04–36,450.38] 2.78 [0.98–5.68] − 3.87 [− 4.08 to 
− 3.66] 

High-income North 
America 

40,407.78 [12,419.43–84,843.04] 10.9 [3.39–22.98] 31,498.14 [9910.48–69,390.43] 4.33 [1.33–9.71] − 3.65 [− 3.97 to 
− 3.33] 

North Africa and Middle 
East 

45,862.73 [22,040.94–81,176.21] 36.57 
[18.63–61.57] 

100,040.76 [51,420.1–168,303.4] 29.73 
[15.72–48.05] 

− 0.8 [− 0.85 to 
− 0.74] 

Oceania 198.26 [64.51–472.18] 10.82 [4.12–22.87] 563.57 [194.43–1308.92] 12.39 [4.89–25.88] 0.44 [0.36 to 0.51] 
South Asia 34,867.22 [13,355.01–74,460.05] 10.16 [4.18–20.09] 93,596.4 [38,450.99–188,874.7] 9.28 [3.97–18.4] − 0.16 [− 0.37 to 

0.06] 
Southeast Asia 11,411.08 [3823.82–27,366.58] 6.56 [2.24–14.62] 32,196.26 [11,271.78–70,490.75] 7.04 [2.5–15.04] 0.22 [0.12 to 0.33] 
Southern Latin America 1346.32 [426.41–3539.04] 3.49 [1.1–8.97] 1762.72 [599.22–4058.26] 2.04 [0.69–4.71] − 1.6 [− 1.86 to 

− 1.34] 
Southern Sub-Saharan 

Africa 
1497.21 [616.22–2994.04] 6.95 [2.95–13.61] 3361.29 [1419.6–6699.72] 8.19 [3.51–15.91] 0.94 [0.35 to 1.53] 

Tropical Latin America 17,252.99 [7898.96–28,886.66] 25.43 
[12.25–40.36] 

30,504.29 [16,843.93–46,671] 13.5 [7.45–20.55] − 2.07 [− 2.21 to 
− 1.93] 

Western Europe 80,580.7 [29,731.44–154,833.47] 13.78 [5.08–26.19] 70,672.93 [28,147.02–127,129.33] 5.91 [2.35–10.85] − 3.41 [− 3.63 to 
− 3.18] 

Western Sub-Saharan 
Africa 

3761.51 [1302.72–8627.77] 6.27 [2.37–13.82] 7789.66 [2833.71–17,640.39] 6.15 [2.32–13.55] − 0.13 [− 0.2 to 
− 0.06] 

Note: UI, uncertainty intervals; CI, confidence interval; EAPC, the estimated annual percentage changes. 

Y. Luo et al.                                                                                                                                                                                                                                      



American Journal of Preventive Cardiology 17 (2024) 100633

5

979.12 (95 % UI: 556.55–1534.28), Sudan likewise has the highest 
ASDR, closely followed by Saudi Arabia, Egypt, the Syrian Arab Re-
public, and Oman (Fig. 2C and Additional file 3). 

3.3. Regional burden of CVDs attributed to low physical activity 

In 2019, among 21 regions, the highest number of deaths attributed 
to Cardiovascular Diseases attributed to low physical activity was in East 
Asia, with 130,524.47 [95 % UI: 49,619.39–262,600.4], followed 
closely by North Africa and the Middle East, with 100,040.76 [95 % UI: 
51,420.1–168,303.4]. In contrast to 1990, there was a decrease in the 
number of deaths in High-income North America and Western Europe. 

The highest ASMR in 2019 was observed in North Africa and the Middle 
East at 29.73 [95 % UI: 15.72–48.05], followed by Central Asia at 19.67 
[95 % UI: 8.24–39.29]. The region with the most significant decrease in 
EAPC was High-income Asia Pacific at − 3.87 [95 % CI: − 4.08 to − 3.66], 
while the highest increase was observed in Southern Sub-Saharan Africa 
at 0.94 [0.35 to 1.53]. Six regions had increase EAPCs (Central Asia 0.37 
[95 % CI: − 0.01 to 0.76], Central Sub-Saharan Africa 0.07 [95 % CI: 
0.02 to 0.13], East Asia 0.26 [95 % CI: 0.06 to 0.46], Eastern Sub- 
Saharan Africa 0.18 [95 % CI: 0.15 to 0.21], Oceania 0.44 [95 % CI: 
0.36 to 0.51], Southeast Asia 0.22 [95 % CI: 0.12 to 0.33]), while the rest 
of the regions showed decrease trends (Table 1). 

The highest DALYs number attributed to CVDs attributed to low 

Table 2 
DALYs number and age-standardized DALYs rates of cardiovascular diseases attributed to low physical activity for both sexes in 1990 and 2019.   

1990 2019  

location DALYs numbers 
(95 % UI) 

ASDR per 100,000 
No. (95 % UI) 

DALYs numbers 
(95 % UI) 

ASDR per 100,000 
No. (95 % UI) 

EAPC 
(95 % CI) 

Overall 6282,524.95 
[2334,970.61–13,255,090.08] 

181.64 
[71.59–374.01] 

9996,080.17 
[4130,111.16–20,323,339.89] 

127.52 
[53.07–256.55] 

− 1.3 [− 1.35 to 
− 1.25] 

Socio-demographic index 
High SDI 1778,146.55 

[591,504.93–3743,659.27] 
169.67 
[56.06–357.65] 

1547,309.87 
[591,461.02–3097,464.47] 

78.52 [30.01–161.5] − 3.06 [− 3.26 to 
− 2.87] 

High-middle SDI 1964,079.67 
[759,343.89–4141,245.89] 

211.98 
[84.64–430.41] 

2791,230.81 
[1175,769.71–5461,182.25] 

140.39 
[59.39–274.78] 

− 1.59 [− 1.71 to 
− 1.47] 

Middle SDI 1421,780.97 
[552,260.85–3044,031.47] 

166.56 
[68.64–341.96] 

3294,768.32 
[1344,450.82–6944,407.97] 

150.93 
[62.57–310.6] 

− 0.34 [− 0.39 to 
− 0.28] 

Low-middle SDI 839,679.38 [341,476.03–1791,853.4] 166.24 
[72.72–332.32] 

1805,923.78 
[770,393.76–3678,280.79] 

149.18 
[66.98–297.34] 

− 0.22 [− 0.29 to 
− 0.15] 

Low SDI 274,408.53 [98,157.8–607,116.28] 135.89 
[55.04–288.03] 

548,780.24 
[208,490.73–1207,537.69] 

121.16 
[50.37–250.85] 

− 0.19 [− 0.3 to 
− 0.09] 

Regions      
Andean Latin America 13,804.58 [3704.69–35,035.41] 73.65 [19.82–185.04] 30,422.69 [8627.77–70,766.82] 56.06 

[16.12–129.15] 
− 0.89 [− 1.12 to 
− 0.67] 

Australasia 47,342.35 [15,585.29–100,577.64] 208.37 
[69.44–441.04] 

44,346.13 [17,015.03–83,681.27] 82.99 [30.47–160.1] − 3.65 [− 3.83 to 
− 3.47] 

Caribbean 67,703.56 [25,461.64–132,163.44] 275.47 
[104.27–527.98] 

114,737.51 [45,819.34–220,266.26] 222.4 
[88.81–426.66] 

− 0.73 [− 0.94 to 
− 0.53] 

Central Asia 88,901.77 [33,906.42–189,839.14] 216.6 [83.11–455.68] 145,945.57 [53,872.51–328,429.05] 262.11 
[102.93–556.53] 

0.24 [− 0.15 to 
0.64] 

Central Europe 319,495.48 [124,959.3–692,087.5] 239.68 
[96.18–510.96] 

314,771.28 [134,834.68–620,006.68] 140.97 
[60.21–288.46] 

− 2.19 [− 2.32 to 
− 2.07] 

Central Latin America 57,472.98 [16,941.8–141,736.57] 75.61 [22.63–184.23] 140,260.87 [40,640.08–337,363.14] 61.72 
[18.16–148.46] 

− 0.92 [− 1.15 to 
− 0.69] 

Central Sub-Saharan 
Africa 

24,248.63 [7881.67–57,297.25] 129.67 
[46.96–293.43] 

55,296.93 [18,542.86–132,461.57] 127.57 
[47.27–287.73] 

− 0.14 [− 0.2 to 
− 0.08] 

East Asia 728,327.64 
[269,402.34–1661,799.83] 

113.66 
[43.25–239.45] 

1917,269.54 
[713,670.82–4107,169.64] 

110.68 
[42.79–231.46] 

− 0.1 [− 0.24 to 
0.03] 

Eastern Europe 595,220.15 [240,754.6–1301,236.08] 240.34 
[98.65–526.89] 

725,601.15 
[301,026.43–1489,927.12] 

203.85 
[85.15–425.82] 

− 0.78 [− 1.19 to 
− 0.37] 

Eastern Sub-Saharan 
Africa 

23,864.04 [7548.86–70,926.67] 37.07 [12.47–101.15] 50,417.21 [16,881.88–146,662.65] 36.56 [12.78–98.39] − 0.06 [− 0.08 to 
− 0.04] 

High-income Asia 
Pacific 

201,817.25 [64,208.77–447,303.13] 111.9 [36.37–244.67] 216,246.54 [74,212.18–461,366.9] 40.68 [13.9–89.9] − 3.59 [− 3.78 to 
− 3.41] 

High-income North 
America 

573,173.68 
[173,260.52–1286,882.22] 

158.25 
[47.05–362.23] 

430,179.56 [128,449.73–1005,311] 66.43 
[19.29–158.41] 

− 3.38 [− 3.61 to 
− 3.15] 

North Africa and 
Middle East 

958,674.02 
[415,159.51–1823,784.09] 

618.9 
[290.34–1116.85] 

1984,195.15 
[923,056.11–3607,537.77] 

493.78 
[241.44–856.21] 

− 0.9 [− 0.96 to 
− 0.84] 

Oceania 4845.85 [1470.36–12,356.27] 188.79 
[64.42–440.83] 

13,265.27 [4133.25–32,997.73] 213.59 
[76.01–490.45] 

0.4 [0.29 to 0.52] 

South Asia 750,164.54 [260,234.9–1736,410.08] 161.58 
[62.08–341.88] 

1629,943.9 
[607,606.64–3594,943.61] 

135.3 
[54.09–282.99] 

− 0.24 [− 0.43 to 
− 0.04] 

Southeast Asia 225,943.7 [72,364.99–548,645.24] 104.05 [34.2–245.88] 598,334.95 
[196,909.86–1357,628.21] 

111.46 
[38.29–252.21] 

0.22 [0.14 to 0.3] 

Southern Latin 
America 

21,800.02 [6929.3–58,967.66] 50.98 [16.24–136.69] 25,038.98 [8632.88–61,408.57] 29.61 [10.19–72.23] − 1.63 [− 1.85 to 
− 1.42] 

Southern Sub- 
Saharan Africa 

31,206.42 [11,686.84–66,331.33] 119.32 [46.5–242.73] 60,867.58 [23,713.33–127,851.52] 123.47 
[50.02–252.87] 

0.44 [− 0.17 to 
1.05] 

Tropical Latin 
America 

358,332.22 [149,758.62–633,590.3] 424.66 
[188.35–730.73] 

542,325.35 [269,401.66–878,673.59] 229.6 
[116.1–370.11] 

− 2.02 [− 2.12 to 
− 1.92] 

Western Europe 1116,774.27 
[383,731.34–2260,111.18] 

188.55 [65.1–382.79] 807,100.2 [305,556.58–1517,059.85] 76.51 [27.7–153.85] − 3.66 [− 3.93 to 
− 3.39] 

Western Sub-Saharan 
Africa 

73,411.81 [23,545.28–171,351.71] 98.34 [33.43–228.88] 149,513.8 [50,017.04–350,953.97] 94.7 [34.02–217.72] − 0.2 [− 0.29 to 
− 0.12] 

Note: ASDR, age-standardized DALYs rates; UI, uncertainty intervals; CI, confidence interval;EAPC, the estimated annual percentage changes. 
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Fig. 2. Global distribution of cardiovascular diseases attributed to low physical activity burden in terms of deaths (A), ASMR (B) and ASDR (C) in 2019. ASMR = age- 
standardized mortality rate; ASDR = age-standardized DALYs rate; DALY= disability-adjusted life year. 
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physical activity was in North Africa and the Middle East, with 
1984,195.15 [95 % UI: 923,056.11–3607,537.77], while the lowest was 
in Oceania, with 13,265.27 [95 % UI: 4133.25–32,997.73]. The ASDR 
was in North Africa and the Middle East, at 493.78 [95 % UI: 
241.44–856.21], followed by Central Asia at 262.11 [95 % UI: 
102.93–556.53] and Tropical Latin America at 229.6 [95 % UI: 
116.1–370.11]. The two regions with the most significant EAPC 

decreases were Western Europe at − 3.66 [95 % CI: − 3.93 to − 3.39] and 
Australasia at − 3.65 [95 % CI: − 3.83 to − 3.47], while four regions 
showed an increase: Southern Sub-Saharan Africa at 0.44 [95 % CI: 
− 0.17 to 1.05], Oceania at 0.4 [95 % CI: 0.29 to 0.52], Central Asia at 
0.24 [95 % CI: − 0.15 to 0.64], and Southeast Asia at 0.22 [95 % CI: 0.14 
to 0.3] (Table 2). 

Fig. 3. Global number of deaths and death rate (A) and global number of DALYs and DALY rate per 100,000 population (B) of cardiovascular diseases attributed to 
low physical activity by age and sex in 2019. DALY, disability-adjusted life years. 
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3.4. Age and sex patterns 

The number of deaths and DALYs attributed to low physical activity 
were higher in males compared to females before the age of 70–74 age 
group. However, it shifted to females having higher rates than males 
afterward. Death rates for both males and females gradually increased, 
reaching a peak in the 80–84 age group, and then began to decline. 
ASMR for both genders showed a slow increase until the age of 75–79 
age group, followed by a steep rise. Between 85–89 age group, female 
mortality rates were notably higher than those of males. In terms of 
DALYs number, both male and female DALYs numbers increased grad-
ually until the 80–84 age group, then gradually decreased, except for 
males in the 75–79 age group. ASDR showed that before the age of 
75–79 age group, females had slightly higher rates than males, and there 
was little difference between the two before the age of 85–89 age group. 
However, beyond this age group, females exhibited significantly higher 
rates than males, and both male and female ASDR increased gradually 
with age, with a notable increase after the 75–79 age group (Fig. 3). 

3.5. Proportion and relative distribution by cause 

In the global context, as well as within specific SDI regions and 21 
regions, IHD remains a major contributor to the burden of CVDs asso-
ciated with low physical activity. In 2019, on a global scale, 76.2 % of 
deaths related to CVDs resulting from low physical activity were 
attributed to ischemic heart disease, while stroke accounted for 23.8 %. 
This proportion remained relatively stable compared to 1990. In terms 
of DALYs in 2019, IHD accounted for 75.9 %, showing a slight decrease 
from 1990. When comparing 2019 to 1990, it’s noteworthy that, among 
the five SDI regions, only high-middle SDI regions saw a decrease in the 
proportion of stroke-related cases in 2019. Overall, the etiological pat-
terns within the 21 regions did not exhibit significant changes from 1990 
to 2019. Notably, in High-income North America, North Africa and the 
Middle East, and Oceania, the proportion of IHD cases was significantly 
higher compared to other regions (Fig. 4). 

3.6. Association with the SDI 

In 2019, the number of deaths attributed to CVDs due to low physical 
activity was highest in the High-middle SDI region at 199,973.9 [95 % 
UI: 85,794.59–365,651.12], and lowest in the Low SDI region at 
27,249.71 [95 % UI: 11,570.83–55,671.2]. The corresponding ASMR 
was highest in the High-middle SDI region at 10.4 [95 % UI: 
4.49–18.96], and lowest in the High SDI region at 5.04 [95 % UI: 
1.93–9.75]. The EAPC for all five SDI regions showed a decrease, with 
the most significant decline in the High SDI region at − 3.47 [95 % CI: 
− 3.65 to − 3.29] (Table 1). The DALYs number was highest in the 
Middle SDI region at 3294,768.32 [95 % UI: 
1344,450.82–6944,407.97], with the highest ASDR at 150.93 [95 % UI: 
62.57–310.6] In 2019. The EAPC for DALYs also showed a decrease 
across all regions, with the most substantial decline in the High SDI 
region at − 3.06 [95 % CI: − 3.26 to − 2.87], and the lowest in the Low 
SDI region at − 0.19 [95 % CI: − 0.3 to − 0.09] (Table 2). 

We proceeded to investigate the connection between SDI and the 
corresponding ASDR of CVDs linked to low physical activity across 21 
GBD regions from 1990 to 2019. Our findings revealed a distinctive ’n- 
shaped’ relationship between the regional SDI and the associated ASDR 
of CVDs attributed to low physical activity over this period. When SDI 
was below 0.45, the ASDR of CVDs related to low physical activity 
showed a gradual increase with increasing SDI, followed by a significant 
decline. Notably, several regions, including North Africa and the Middle 
East, Tropical Latin America, Central Asia, the Caribbean, and Eastern 
Europe, experienced higher-than-expected burdens of ASDR for CVDs 
attributed to low physical activity from 1990 to 2019. Conversely, 
Southern Sub-Saharan Africa, Eastern Sub-Saharan Africa, Southeast 
Asia, Central Latin America, Andean Latin America, and Southern Latin 

America exhibited lower-than-expected ASDR for CVDs attributed to 
low physical activity. In the early years of the study period, Eastern Sub- 
Saharan Africa, Western Sub-Saharan Africa, Central Latin America, 
South Asia, Oceania, and Central Europe had a higher burden of ASDR 
than anticipated, but this burden decreased in the later years (Fig. 5). 

4. Discussion 

Using data from the GBD 2019, we assessed the burden of CVDs from 
1990 to 2019 at the global, regional, national, and sex-age specific 
levels. We discovered that the burden of CVD deaths and DALYs varied 
greatly between areas and nations and was strongly related with poor 
physical activity. Males had a higher burden than females until later in 
life, when females experienced a greater burden. IHD continues to play a 
significant role in the overall burden of CVDs linked to low physical 
activity. We also observed a distinctive ’n-shape’ relationship between 
the regional SDI and the ASDR of CVDs attributed to low physical ac-
tivity over time. 

According to the 2023 World Heart Report, modifiable risk factors 
for CVDs include behavioral factors (insufficient physical activity, 
excessive alcohol consumption, high sodium intake, and tobacco 
smoking) and metabolic factors (high blood pressure, increased body- 
mass index, high levels of low-density lipoprotein (LDL) cholesterol, 
elevated fasting plasma glucose, and diabetes). Environmental factors, 
such as ambient air pollution, also contribute to CVD risk. The World 
Heart Federation (WHF) Policy Brief on The Impact of Alcohol Con-
sumption on Cardiovascular Health and the WHF Roadmap for Reducing 
Cardiovascular Mortality Through Tobacco Control provide compre-
hensive insights for effective policy implementation. Additionally, the 
Joint Position Paper on Obesity and Cardiovascular Disease by the WHF 
and World Obesity Federation emphasizes the direct and indirect links 
between obesity/being overweight and CVDs, offering recommenda-
tions for mitigating the risk of obesity-related CVDs and mortality. The 
WHO also outlines 20 policy actions aimed at enhancing physical ac-
tivity [18,19]. 

Numerous advantages of physical exercise for cardiovascular health 
include decreasing blood pressure, raising insulin sensitivity, improving 
lipid profiles, reducing inflammation, and avoiding obesity [20]. 
Through processes such as lowered sympathetic tone, enhanced vascular 
endothelial function, and decreased arterial stiffness, exercise lowers 
blood pressure [21]. While reducing LDL and triglycerides, exercise can 
increase HDL cholesterol [22]. Exercise lowers inflammatory cytokines 
like IL-6 and CRP, which decreases systemic inflammation [23]. Addi-
tionally, being active aids weight control by increasing energy expen-
diture and favorably altering appetite regulators [24,25]. Through 
enhanced GLUT4 transporter translocation, it also improves glucose 
uptake [26]. By influencing these physiological processes, physical ex-
ercise protects against atherosclerosis, hypertension, diabetes, and 
obesity-all major risk factors for heart disease and stroke [26]. 

According to our findings, between 1990 and 2019, the number of 
global CVD-related fatalities and DALYs grew by 72.3 % and 59.0 %, 
respectively. This is in line with other research that found an upward 
trend in CVD mortality and morbidity linked to physical inactivity [9]. 
Population expansion, age, and the epidemiological switch from 
communicable to non-communicable illnesses might all contribute to 
the rise in the absolute number of deaths and DALYs. The related ASMR 
and ASDR, however, fell by 31.5 % and 29.8 %, respectively, showing a 
relative advancement in the treatment and prevention of CVDs over 
time. The country’s and the health system’s effort on lowering risk 
factors including high blood pressure, diabetes, and obesity may also be 
reflected in the declining age standardization rate [18]. ()Patients with 
heart failure who receive better IHD care tend to have lower rates of 
heart failure overall [9]. 

The nations with the highest national rates of CVD mortality asso-
ciated with inactivity were China, India, and Russia. This may be 
because to these countries’ sizable populations, fast economic 
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Fig. 4. Deaths (A) and DALYs (B) from ischemic heart disease, stroke, and all-age population attributable fractions of cardiovascular illnesses related to inadequate 
physical activity in 1990 and 2019 by global burden of disease area. DALYs = Disability-Adjusted Life Years. 
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development, and urbanization processes, which have exposed them to 
more CVD risk factors such inactivity and low levels of physical activity. 
The greatest ASMR and ASDR were found in Sudan, Oman, and the 
Syrian Arab Republic, which may be associated to their low socioeco-
nomic position, political turbulence, and weak health systems, which 
limit access to high-quality healthcare and preventative interventions 
[27,28]. The lowest ASMR and ASDR were found in Japan, Singapore, 
and France, which may be connected to their high socioeconomic status, 
cultural norms, and effective health programs that encourage regular 
exercise, a healthy diet, and regular checkups [29]. 

East Asia, North Africa, and the Middle East were the regions with 
the greatest number of CVD fatalities linked to insufficient physical 
activity. The high population density, increasing urbanization, and 
lifestyle changes in these areas that have increased exposure to inac-
tivity and other CVD risk factors may be to blame for this [30]. North 
Africa and the Middle East have the greatest ASMR and ASDR, followed 
by Central Asia and Tropical Latin America. This can be a result of these 
areas’ poor socioeconomic position, environmental difficulties, and 
underdeveloped health systems, which have restricted access to 
high-quality healthcare and preventative treatments [31]. 

There were some discrepancies between the age and sex distributions 
of CVDs linked to inadequate physical activity. Males had more fatalities 
and DALYs than females before the age of 70–74, which is in line with 
earlier research that discovered that men are more prone to be physi-
cally inactive than women [32]. The longer life expectancy of women 
and the higher prevalence of CVD risk factors, such as hypertension and 
diabetes, in older women, may account for the larger numbers and rates 
of females than males beyond this age group [33]. For both sexes, the 

ASMR and ASDR gradually increased with aging, peaked in the 80–84 
age group, and then began to decline. The competing causes of death for 
the elderly, such as cancer, respiratory disorders, and dementia [34], 
may be to blame for this. Females showed considerably higher rates than 
men beyond the ages of 85 to 89, which might be explained by the 
greater burden of CVDs among females in this age range [33]. 

IHD continues to play a significant role in the burden of CVDs linked 
to insufficient physical activity on a worldwide scale. IHD accounted for 
76.2 % of the CVD-related fatalities associated with insufficient physical 
activity in 2019; stroke accounted for the remaining 23.8 %. Notably, 
the percentage of IHD patients dropped somewhat from 1990, although 
the overall CVD pattern linked to inactivity remained consistent. In 
2019, only regions with high-middle SDI levels exhibited a decrease in 
stroke-related cases. High-income The regions with noticeably larger 
proportions of IHD cases were North America, North Africa and the 
Middle East, and Oceania. These results highlight the need for focused 
interventions in these areas to address the link between inactivity and 
CVDs. 

In our study, we discovered that the Middle SDI region had the 
second-highest number of deaths and DALYs, followed by the High- 
middle SDI region. This could be due to the rapid industrialization, ur-
banization, and lifestyle changes that have occurred in these areas, 
which have increased the exposure to other CVD risk factors and low 
levels of physical activity [35–37]. The EAPC for all SDI areas did, 
however, show a decline over time, indicating that there has been some 
improvement in lowering the effect of insufficient physical activity on 
CVDs. The most significant decline was observed in the High SDI region, 
which could be attributed to the higher awareness, prevention, and 

Fig. 5. Age-standardised DALY rates (ASDR) of cardiovascular diseases attributed to low physical activity for 21 GBD regions by Socio-demographic Index, 
1990–2019. Expected values based on Socio-demographic Index and disease rates in all locations are shown as the black line. DALY=disability-adjusted life-year; 
GBD=Global Burden of Diseases. 
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treatment of CVDs in this region [38]. The relationship between SDI and 
ASDR had an ’n-shape,’ showing that when SDI was below 0.45, the 
ASDR increased with increasing SDI, which could be due to the lack of 
physical activity opportunities and facilities in low-income settings . 
However, when SDI was above 0.45, the ASDR decreased with 
increasing SDI, which could be due to the adoption of more active life-
styles and policies in high-income settings. 

Overall, the study highlights significant burdens globally from CVDs 
attributed to physical inactivity, with variations by country, regions and 
development levels. Context-specific strategies and policies are war-
ranted to promote physical activity and reduce CVD risks at the popu-
lation level. Further research can elucidate specific barriers in high-risk 
groups and settings to inform targeted interventions. 

However, there are certain limitations to this study. The assessment 
of poor physical activity was firstly relied on self-reported data, which is 
susceptible to measurement error and recall bias. Second, relative risks 
obtained from observational research, which might not represent causal 
linkages or take into account relevant confounders, were used to attri-
bute CVDs to poor physical activity. Third, the quality and accessibility 
of the data differed among nations and regions, which can have an 
impact on the comparability and accuracy of the estimates. Fourth, the 
SDI index could not include all socioeconomic development factors that 
could affect CVDs and physical activity. 

5. Conclusion 

Our study utilizes data from the GBD 2019 to offer a comprehensive 
assessment of the CVDs burden stemming from low physical activity 
spanning the years 1990 to 2019. While there has been a decline in death 
rates and DALYs since 1990, it’s important to note that the actual 
number of deaths attributable to CVDs due to low physical activity is on 
the rise, highlighting an ongoing public health concern. High to mod-
erate SDI regions carry the most substantial burden of CVDs resulting 
from low physical activity. The elderly population, particularly women, 
continue to bear a significant portion of this burden. These findings hold 
significant implications for the development of targeted interventions 
and policies to prevent and manage CVDs stemming from low physical 
activity across diverse countries and regions, aligning with the broader 
goal of reducing the global CVD burden. 
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