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Introduction: Low physical activity (LPA) is associated with several major non-communicable diseases (NCDs) and premature mortality. In this study, we aimed to assess the global burden and trends in disease attributable to LPA (DALPA) from 1990 to 2019.

Methods: Annual age-standardized disability-adjusted life years (DALYs) and death rates of DALPA [all-cause and five specific causes (ischaemic heart disease, diabetes mellitus, stroke, colon and rectal cancer, and breast cancer)] by sex, age, geographical region and social deprivation index (SDI) score from 1990 to 2019 were available from the Global Burden of Disease (GBD) study 2019. The estimated annual percentage changes (EAPCs) were calculated to quantify the changing trend. A generalized linear model (GLM) was used to explore the relationship between DALYs/death rates of DALPA and sociodemographic factors.

Results: Globally, in 2019, the age-standardized DALYs and death rates of DALPA were 198.42/100,000 (95% UI: 108.16/100,000–360.32/100,000) and 11.10/100,000 (95% UI: 5.66/100,000–19.51/100,000), respectively. There were 15.74 million (8.51–28.61) DALYs and 0.83 million (0.43–1.47) deaths attributable to LPA. Overall, age-standardized DALYs and death rates presented significant downward trends with EAPCs [−0.68% (95% CI: −0.85– −0.50%) for DALYs and −1.00% (95% CI: −1.13– −0.86%) for deaths] from 1990 to 2019. However, age-standardized DALYs and death rates of diabetes mellitus attributable to LPA were substantially increased [EAPC: 0.76% (95% CI: 0.70–0.82%) for DALYs and 0.33% (95% CI: 0.21–0.51%) for deaths]. In the 15–49 age group, DALPA presented significant upward trends [EAPC: 0.74% (95% CI: 0.58–0.91%) for DALYs and 0.31% (95% CI: 0.1–0.51%) for deaths]. The GLM revealed that higher gross domestic product and current health expenditure (% of GDP) were negatively associated with DALYs and death rates of DALPA.

Conclusion: Although global age-standardized DALYs and death rates of DALPA presented downward trends, they still cause a heavy burden worldwide. These rates showed upward trends in the diabetic and 15–49 age groups, which need more attention and health interventions.
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Introduction

Low physical activity (LPA), the most common risk factor, has been linked to several major non-communicable diseases (NCDs), including heart disease, diabetes, colon and breast cancers, mental health disorders, and premature mortality (1, 2). In 2016, the global age-standardized prevalence of insufficient physical activity was 27.5% (95% UI: 25.0–32.2) (3). In 2008, it was estimated that physical inactivity caused 9% of premature mortality or more than 5.3 million of the 57 million deaths globally (4). In the latest research, physical inactivity contributed to 7.2% of all-cause mortality, particularly in middle-income countries, in which 69% of total deaths were associated with physical inactivity (5). At the same time, physical inactivity causes a heavy economic burden worldwide. In 2013, physical inactivity caused $13.7 billion losses in global productivity (6). Healthcare costs due to physical inactivity ranged from 0.3 to 4.6% of total national healthcare expenditures (7). Currently, physical inactivity is recognized as a pandemic that requires global action (6).

However, there is still a lack of a comprehensive picture and dynamic of the global burden of disease attributable to low physical activity (DALPA), which is essential to provide valuable insights for the progress of DALPA and to guide resource allocation, program planning, and strategy development. The Global Burden of Disease (GBD) study, initiated by the World Bank and the World Health Organization, is a global comprehensive health assessment of death and disability resulting from major diseases, injuries, and related risk factors (8). The GBD 2019 provided DALPA data, including all-cause mortality and mortality from five specific causes (ischaemic heart disease, diabetes mellitus, stroke, colon and rectal cancer, and breast cancer) (9). In this study, we first quantitatively described the global burden of DALPA and then calculated the estimated annual percentage changes (EAPCs) in the age-standardized DALYs and death rates of DALPA from 1990 to 2019 at national, regional, and global scales. Finally, we used a generalized linear model (GLM) to estimate the sociodemographic factors associated with the DALYs/death rates of DALPA and sociodemographic factors. We attempted to provide a systematic understanding of DALPA.



Methods


Data sources

The data used in this study were included from the GBD 2019, which is maintained by ongoing multinational collaboration. The GBD 2019 provides the most up-to-date and comprehensive estimation of the global burden of 369 diseases and 87 attributable risk factors over time and by location from 1990 to 2019 (10, 11). Data including the age-standardized DALYs and death rates, as well as DALYs and deaths from DALPA with their 95% uncertainty intervals (UIs), by sex, geographical region, and SDI score from 1990 to 2019 were available from the Global Health Data Exchange GBD Results Tool (http://ghdx.healthdata.org/gbd-results-tool). Countries and territories were further classified into five SDI quintiles (low, low-middle, middle, high-middle, and high SDI scores) and 21 GBD regions (12). Age was further subdivided into three groups (15–49, 50–69, and 70+ years).



The measure and definition of low physical activity

The Global Burden of Disease study 2019 provides a standardized and comprehensive assessment of the magnitude of risk factor exposure, relative risk, and attributable burden of disease. In the GBD 2019, two standardized questionnaires [the Global Physical Activity Questionnaire (GPAQ) and the International Physical Activity Questionnaire (IPAQ)] were used to collect self-reported physical activity information on the intensity, duration, and frequency of activities in the general adult population by random sampling (11). Then, physical activity was quantified by metabolic equivalents (METs, minutes/week), which represented the ratio of the working metabolic rate to the resting metabolic rate (13). One MET is equivalent to 1 kcal/kg/h and is equal to the energy cost of sitting quietly. According to the METs, physical activity was classified into four levels: inactive (<600 MET-minutes per week), slightly active (600–3,999 MET-minutes per week), moderately active (4,000–7,999 MET-minutes per week), and highly active (≥8,000 MET-minutes per week). LPA was defined as <3,000 MET-min per week (14). Finally, 12 separate DisMod models based on the IPAQ and GPAQ datasets were used to estimate the proportion of each country/year/age group/sex subpopulation with each of the above four activity levels, and burdens of disease attributable to LPA were estimated (11).



The measure of disease attributable to low physical activity

The burdens of disease attributable to LPA were estimated using the comparative risk assessment framework established previously, which mainly consists of the following steps (11). First, the relative risks of low physical activity were summarized based on systematic reviews and meta-regression. Second, multiple methods were used to estimate levels of LPA for each age group/sex/location/year based on all available data sources. Third, the theoretical minimum low physical activity exposure level was defined as that associated with the lowest risk identified in published trials and cohort studies. Fourth, the attributable deaths, YLLs, YLDs, and DALYs, were computed by multiplying population attributable fractions (PAFs) by the relevant outcome quantity for each age group/sex/location/year, and the attributable burden for combinations of risk factors was also estimated.
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where a is the age group, s is the sex, l is the location, and y is the year; PAFasly is the PAF for the burden of diseases due to LPA; RR is the relative risks between exposure level x (from 1 to k) of LPA and the burden of diseases; and P is the proportion of the population exposed to low physical activity (14).



Statistical analysis

The age-standardized DALYs and death rates were used to quantify the DALPA. The linear regression model (15) was used to assess the temporal trends of age-standardized DALYs and death rates from 1990 to 2019 at the national, regional, and global levels. The natural logarithm of age-standardized rates (ASRs) was fitted to the model, ln (ASR) = α+βX+ε, where X referred to the calendar year. The EAPC and its 95% CI were calculated as 100 × (exp(β)−1) (16). We regarded the trend as stable if the EAPC's 95% CI included 0 (P ≥ 0.05); otherwise, it is increased (the EAPC and its 95% CI were >0) or decreased (the EAPC and its 95% CI were <0) (17).

The generalized linear model was used to fit the DALYs and death rates of DALPA and sociodemographic factor covariates. The details are as follows: ln (DALYs or death rates) = β0 + β1* Gross domestic product + β2* Current health expenditure (% of GDP) + β3* [Population aged 60+ (% of total population)] + β4* Urban population (% of total population) + β5* Population density. We determined the best-fitting model according to the Akaike information criterion.




Results


Overall burden and trends of diseases attributable to low physical activity

Globally, in 2019, the age-standardized DALYs and death rates of DALPA were 198.42/100,000 (95% UI: 108.16/100,000–360.32/100,000) and 11.10/100,000 (95% UI: 5.66/100,000–19.51/100,000), respectively. There were 15.74 million (8.51–28.61) DALYs and 0.83 million (0.43–1.47) deaths attributable to LPA. The burden of DALPA was higher among males than females (Table 1). The burden of DALPA was higher in countries and regions with middle and low-middle SDI scores and lower in countries with high SDI scores (Table 1). The highest age-standardized DALYs were observed in the regions of North Africa and the Middle East, Oceania, and tropical Latin America, whereas the lowest age-standardized DALYs were seen in eastern sub-Saharan Africa (Figure 1A). The age-standardized death rates demonstrated a similar geographical pattern as that of the age-standardized DALYs (Figure 1B).


TABLE 1 The number and age-standardized rate of DALYs and deaths of disease attributable to low physical activity in 1990 and in 2019.

[image: Table 1]


[image: Figure 1]
FIGURE 1
 Age-standardized DALYs and death rates in 2019, EAPCs in age-standardized DALYs, and death rates from 1990 to 2019 for DALPA. (A) Age-standardized DALYs of DALPA in 2019. (B) Age-standardized death rates of DALPA in 2019. (C) EAPCs in age-standardized DALYs from 1990 to 2019. (D) EAPCs in age-standardized death rates from 1990 to 2019.


During the past 30 years, the global age-standardized DALYs and death rates presented significant downward trends with the EAPCs [−0.68% (95% CI: −0.85– −0.50%) for DALYs and −1.00% (95% CI: −1.13– −0.86%) for deaths]. However, the most prominent increases in age-standardized DALYs and death rates were detected in the region of Central Asia [0.98% (95% CI: 0.71–1.24%) for DALYs and 0.94% (95% CI: 0.54–1.35%) for deaths], Oceania [0.96% (95% CI: 0.88–1.05%) for DALYs and 0.86% (95% CI: 0.76–0.96%) for deaths], and southern sub-Saharan Africa [0.78% (95% CI: 0.16–1.4%) for DALYs and 1.06% (95% CI: 0.44–1.67%) for deaths], whereas the most substantial decrease was detected in high-income regions (Figures 1C,D and Table 1).



Impact of low physical activity on specific causes of mortality

Globally, age-standardized DALYs and death rates of diabetes mellitus attributable to LPA increased significantly [EAPC: 0.76% (95% CI: 0.70–0.82%) for DALYs and 0.33% (95% CI: 0.21–0.51%) for deaths], whereas those of ischaemic heart disease, stroke, colon and rectal cancer, and breast cancer decreased. Regarding SDI quintiles, the diabetes mellitus-related DALYs substantially increased at each SDI level between 1990 and 2019. Except for high and high-middle SDI levels, diabetes mellitus-related deaths also substantially increased. In regions with middle and low SDI levels, DALYs and deaths associated with breast cancer and colon and rectal cancer were substantially increased. DALYs and deaths related to ischaemic heart disease and stroke were significantly decreased at each SDI level (Figure 2 and Supplementary Table 1). The ischaemic heart disease-, diabetes mellitus-, stroke-, colon and rectal cancer-, and breast cancer-related DALYs and deaths attributable to LPA were the highest in the regions of North Africa and the Middle East, Oceania, North Africa and the Middle East, tropical Latin America, and Oceania, respectively (Supplementary Figure 1 and Supplementary Table 2).
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FIGURE 2
 Age-standardized DALYs and death rates of specific causes attributable to low physical activity amongst SDI quintiles from 1990 to 2019. (A) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity worldwide. (B) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity in high SDI countries. (C) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity in higher-middle SDI countries. (D) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity in middle SDI countries. (E) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity in lower-middle SDI countries. (F) Age-standardized DALYs and death rates of each specific cause attributable to low physical activity in low SDI countries.




Disease attributable to low physical activity among the three age groups between 1990 and 2019

Age-specific DALYs and death rates of DALPA are shown in Figure 3. Among the three age groups, elderly people had the highest DALYs and death rates (Table 1). In the 15–49 age group, DALPA showed an upward trend [0.74% (95% CI: 0.58–0.91%) for DALYs and 0.31% (95% CI: 0.1–0.91%) for deaths] (Supplementary Table 3). Notably, diabetes mellitus-related DALYs attributable to LPA were increased in all three age groups. Except among those 50–60 years old, death rates related to diabetes mellitus were increased in both the 15–49 and 70+ age groups.


[image: Figure 3]
FIGURE 3
 DALYs and death rates of disease attributable to low physical activity amongst the three age groups from 1990 to 2019. (A) 15–49 years. (B) 50–69 years. (C) 70 + years. * represents statistically significant.




Sociodemographic factors associated with DALYs and death rates of DALPA

The generalized linear model results revealed that higher gross domestic product and current health expenditure (% of GDP) were negatively associated with DALYs and death rates of DALPA, while a greater proportion of the population aged 60+ (% of the total population) and urban population (% of the total population) were positively associated with DALYs and death rates of DALPA (Table 2). Figure 4 shows the changes in age-standardized DALYs and death rates across SDI scores by the 21 GBD regions from 1990 to 2019. Of the five regions with the highest SDI scores, all of them experienced decreases in the number of LPA-related DALYs and death rates. In contrast, from 1990 to 2019, all five regions with the lowest SDI scores experienced increases in the number of LPA-related DALYs and death rates. The associations between age-standardized DALYs and death rates and SDI scores across countries in 2019 are shown in Supplementary Figure 2.


TABLE 2 Sociodemographic factors associated with DALYs and death rates of DALPA.
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FIGURE 4
 Relationships between the age-standardized DALYs and death rates of disease attributable to low physical activity and SDI level across 21 GBD regions. (A) Age-standardized DALYs. (B) Age-standardized death rates.





Discussion

To our knowledge, this is the first comprehensive report on the disease burden attributable to LPA and its trends from 1990 to 2019 at the global, regional, and national levels. We found that global age-standardized DALYs and death rates of DALPA presented significant downward trends. However, the burden of disease was still great in the middle and low-middle SDI countries, especially in the regions of North Africa and the Middle East, Oceania, and tropical Latin America, which were the so-called hotspot regions with the highest age-standardized DALYs and death rates of DALPA in 2019. For specific causes, the age-standardized DALYs and death rates of diabetes mellitus attributable to LPA presented significant upward trends. In the 15–49 age group, the DALPA presented significant upward trends from 1990 to 2019.

In our study, we found that LPA caused a serious burden and upward trend in many middle and low-middle SDI countries. We found that the gross domestic product and current health expenditure (% of GDP) were significantly negatively associated with DALYs and death rates of DALPA. As the fourth major risk factor for many NCDs and premature mortality, a 10% reduction in the prevalence of insufficient physical activity by 2025 was recognized by the World Health Organization (WHO) as one of the global targets to improve the prevention and treatment of NCDs (18). In 2020, NCDs accounted for 80% of the global burden of disease and seven out of every 10 deaths in low- and middle-income countries (LMICs) (19). Previous studies have reported a high prevalence of inactivity among low-income and less-educated groups (20, 21). Compared to the most educated workers, workers with a primary school or no education were eight times less active (22). A possible explanation for this phenomenon is that people with a higher socioeconomic status are engaged in more leisure-time physical activity (LLPC) than people with a low socioeconomic status, who usually have insufficient resources to engage in LLPC or more actively in other domains of physical activity (23, 24). Many interventions, such as mass media campaigns, social support for physical activity within communities and worksites, and the creation and improvement of access to places for physical activity, are conducive to increasing physical activity (25). However, in LMICs, the evidence from interventions related to physical activity still has substantial gaps (26). Studies on physical activity environments and the built environment in LMICs are also insufficient, which plays a considerable role in determining the population's physical activity behaviors (27, 28). Therefore, we recommend further strengthening the relevant research to understand the correlates, determinants, and effective interventions for physical activity in LMICs, which may contribute to the global prevention of LPA.

We found that the age-standardized DALYs and death rates of diabetes mellitus attributable to LPA presented significant upward trends. The number of diabetic individuals may increase from 366 million in 2011 to 552 million by 2030 (29). A negative correlation between the risk of type 2 diabetes and physical activity has been reported in many studies (30, 31). All types of physical activity were beneficial, including leisure-time activity, vigorous activity, moderate activity, low-intensity activity, and walking (32). Regular exercise helps patients control their HbA1c and lipid levels and body composition, as well as accompanies other physical and mental benefits (33). It was suggested that patients living with a diagnosis of type 1 or type 2 diabetes should aim to engage in at least 150 min of physical activity each week, with some forms of resistance training 2 or 3 days each week (33). Diabetes mellitus is a long-term chronic disease that often necessitates medication, and patients also need to have a strong ability to manage their lifestyle and diet. Previous research showed that nearly half of patients with diabetes after diagnosis do not have good glycemic control (34); at the same time, many adults with diabetes do not meet physical activity recommendations (35). As the number of patients with diabetes increases and the poor lifestyle intensifies, the burden of diabetes mellitus attributable to LPA will continue to increase (36). In contrast, patients with the other four main causes usually have high adherence to medical advice after diagnosis, especially patients with cancer, and post-diagnosis physical activity has stronger associations with mortality risk reduction among patients with cancer (~14%) than pre-diagnosis activity (37, 38). According to our findings, the burden of diabetes mellitus-related DALYs and death rates attributable to LPA remain severe, indicating that more attention and health prevention are necessary. LPA-related DALYs and deaths significantly increased among people aged 15–49 years. The factors that affect physical activity among adults are complex. However, several factors, including community settings, systems of support, environmental circumstances, and educational level, could be modifiable to improve physical activity levels (39). Evidence has shown that increasing physical activity in later adulthood was also associated with a comparably low risk of mortality (40). Our findings show an urgent need to accelerate efforts to reduce the burden of DALPA among adults.



Conclusion

In this study, we first revealed the global disease burden and its trends attributable to LPA. Significant downward trends were found in age-standardized DALYs and death rates of DALPA. However, the burden of disease was still great in countries and regions with middle and low-middle SDI levels. In addition, the DALYs and death rates of DALPA for diabetes mellitus and the 15–49 age group showed significant upward trends, which need more attention and health interventions.
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