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Background: Chinese Tibetans have long hours of sitting without much physical activity given their religious behavior, raising potential harmful health hazards. However, the relationship between sedentary time and metabolic syndrome (MetS) has not been investigated in Chinese Tibetans.

Methods: From Jan 2021 to Jun 2022, residents in Garze Tibetan Autonomous Prefecture in Southwest China's Sichuan province were recruited using a multi-stage, stratified, random-cluster sampling strategy. MetS were ascertained using definition proposed by the International Diabetes Federation. Associations between sedentary time and the prevalence of MetS in the total sample and by age and sex were estimated using logistic regression models.

Results: Among 971 Chinese Tibetan participants (mean age 41.1 years and 73.8% female), 319 (32.9%) were diagnosed as having MetS. We found positive associations of sedentary time over 11 h per day with the prevalence of MetS in crude (OR: 1.23; 95% CI: 1.12–1.36, p < 0.001), age and sex adjusted (OR: 1.18; 95% CI: 1.08–1.29, p < 0.001), and fully adjusted (OR: 1.17; 95% CI: 1.08–1.29, p < 0.001) models, compared to those who had <8 h of sedentary time per day. Sensitivity analyses suggest consistent positive association between sedentary time and each metric of MetS.

Conclusions: Sedentary time longer than 11 h per day is significantly associated with increased risk of MetS, suggesting that polices to advocate health education may alleviate the health burden of MetS among Tibetans in China.
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Introduction

Metabolic syndrome (MetS) is a constellation of metabolic disorders including dyslipidemia, elevation of arterial blood pressure, and impaired fasting glycemia (1, 2). Numerous organizations including the World Health Organization and International Diabetes Federation have acknowledged MetS as a major risk factor for cardiovascular diseases and diabetes. Accompanying the temporal trend of obesity across the world, the fast grow in incidence and prevalence of MetS poses a significant health challenge that requires prompt and effective plans to cope with (3–5).

Similar to the global surge of MetS, the incidence and prevalence of MetS have also been rapidly increasing in the past 20 years in China, owing to miraculous economic growth, expeditious urbanization, adoption of Western pattern diet and sedentary lifestyle (3, 5–8). Tibetans are a special minority Chinese ethnicity group who live in high-altitude, sparsely populated, and less economically developed Western areas (9). Residents in Tibet mostly believe in Tibetan Buddhism and have a long ritual practice of meditation and chanting, resulting in long hours of sitting without much physical activity and potential negative health impacts (10–12). However, there is little evidence on the potential health effects of sedentary lifestyle on MetS in Tibetans Chinese.

Characterizing the relationship between sedentary time and MetS among Chinese Tibetans helps gain insights into a minority group and socially disadvantaged population in Western China. This could further help marching toward the Sustainable Development Goals (SDG) 3 of ensuring healthy livelihood and improve the wellbeing for all people including those disadvantaged groups (13–17). In this large cross-sectional study including 971 residents who live in Garze Tibetan Autonomous Prefecture, Sichuan province, we collected numerous demographic, behavior, and laboratory measure data on the participants. We aim to understand the relationship between sedentary lifestyle and the prevalence of MetS, as well as potential effect modifications.



Methods


Sampling strategies and participants

Garze Tibetan Autonomous Prefecture is in Southwest China's Sichuan province. From Jan 2021 to Jun 2022, a representative sample of individuals aged 18 years and over was enrolled to investigate the prevalence and risk factors of chronic disease. This investigation used a multi-stage, stratified, random-cluster sampling strategy. Three counties in the prefecture (Garze, Shiqu, and Seda) were selected first (Figure 1). In the second stage, Garze town in Garze county, Niga town in Shiqu county, and a Buddhist college (Larung Gar Buddhist Academy) in Seda county were randomly selected. All the eligible individuals 18 years and older were included. In total, we included 1,416 subjects with information about serum uric acid and medical history out of 3,093 subjects overall. This study was approved by the Ethics committee of Guangdong Second Provincial General Hospital (20201229-KJBF-02-01). All of the participants in this study signed an informed consent form.


[image: Figure 1]
FIGURE 1
 Geographic locations of the sample counties in Sichuan province, China. (A) Sample province (Sichuan). (B) Sample counties in Sichuan, China.




Data collection

A face-to-face interview was performed by trained doctors and nurses to collect demographic characteristics (age, sex, and education), lifestyle behaviors (smoking status, drinking status, and physical activity), anthropometric measurement (body mass index [BMI], waist circumference, and blood pressure). Education was divided into three levels (college or above, high school or equivalent, and less than high school). Physical activity was defined as ≥75 min of vigorous activity per week or ≥150 min of moderate activity per week (18). Smoking status and drinking status was classified into never or previous/current. Physical measurements (height, weight, and waist circumference) were measured by trained nurses. BMI was calculated by dividing the weight in kilograms by the height in meters squared. Blood pressure (including systolic blood pressure [SBP] and diastolic blood pressure [DBP]) of the participants was measured two times by a standardized automatic electronic sphygmomanometer after at least 5 min of rest in a seated position. A total of 5 mL venous blood samples of fasting blood were drawn by trained nurses in the morning and sent to the laboratory to evaluate the biochemical parameters, including comprising fasting blood glucose, triglycerides, total cholesterol (TC), LDL-cholesterol (LDL-C), and HDL-cholesterol (HDL-C).



MetS

In line with the definitions made by the International Diabetes Federation and a few previous studies (19, 20), MetS is defined as people with abdominal obesity who meet at least two of the following four criteria: triglycerides ≥1.7 mmol/L; HDL-C < 1.03 mmol/L for male or <1.29 mmol/L in female; SBP ≥130 mmHg or DBP ≥85 mmHg; fasting glucose ≥5.6 mmol/L. Waist circumference was used to describe abdominal obesity (≥85 cm for male or ≥80 cm for female) according to Chinese guidelines (20).



Sitting time

The sitting time was assessed according to the question “How many hours do you usually sit in 1 day?”. The response scale contained 4 options: (1) <8h; (2) 8–9 h; (3) 10–11 h; and (4) >11 h.



Statistics analyses

Pearson Chi-square tests were used to explore the connection between categorical variables and the T-tests were applied to examine the differences of continuous variables between MetS groups in this study. We calculated the odds ratio (OR) for MetS by using a series of logistic regression models based on the sitting time and other covariables. Three models were conducted: crude model including sitting time only; basic model adjusted for age and sex; and fully adjusted model additionally accounted for the other independent variables, including education, smoking status, drinking status, BMI, and physical activity.

We further conducted subgroup analyses by sex (male and female) and age (<40 and ≥40) to examine potential effect modifications. The interaction term of the stratifying covariate with sitting time was implemented to test the differences between subgroups (21).

To test the robustness of our findings to each metric of MetS, we estimated the associations between sedentary time and each measure of MetS (abdominal obesity, triglycerides, HDL-C, hypertension, and hyperglycemia) in separate logistic regression models.

All statistical analyses were performed using R software, version 3.6.1. P < 0.05 was considered statistically significant.




Results


Sample characteristics and the prevalence of MetS

Table 1 shows the demographic information and laboratory test results of the 971 participants involved in this study and stratified by the status of Metabolic syndrome. Among the overall participants, 319 (32.9%) were diagnosed as having MetS according to our definitions. The participants were middle-aged (mean age 41.1 years), mostly female (73.8%), lack of education (72.9% did not receive high school education), high prevalence of previous or current smoking (32.9%), low prevalence of alcohol drinking (11%) and sedentary time <8 h (30.3%). The difference in demographic variables between participants who were included and excluded is shown in Supplementary Table S1. The participants who were included in the final analyses were slightly younger, had higher proportion of females and higher education.


TABLE 1 Characteristics of the overall study participants and by metabolic syndrome.
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Compared to participants who did not have MetS, those with MetS had a higher prevalence of sedentary time >11 h (21.0% in those with MetS and 10.7 in those without MetS); participants with MetS were older, had more male, had a lower level of education, a higher prevalence of smoking and alcohol drinking, and less physical activity. In addition, participants with MetS had much higher BMI and larger waist circumference, higher levels of diastolic and systolic blood pressure, fasting blood pressure, triglycerides, total cholesterol and low-density lipoprotein, compared to those without MetS.



Association between sedentary time and MetS in Chinese Tibetans

Table 2 demonstrates the association between sedentary time and the prevalence of MetS in crude, age and sex adjusted, and fully adjusted models. Compared to participants who had <8 h of sedentary time, we observed significant positive associations of sedentary time over 11 h per day with the prevalence of MetS in crude (OR: 1.23; 95% CI: 1.12–1.36), age and sex adjusted (OR: 1.18; 95% CI: 1.08–1.29), and fully adjusted (OR: 1.17; 95% CI: 1.08–1.29) models. The p for nonlinear trend statistics were all significant, indicating the associations between sedentary time and MetS were not linear. This was supported by the much smaller OR estimates and nonsignificant p-values for sedentary time categories of 8–9 and 10–11 h per day.


TABLE 2 Association between sedentary time and metabolic syndrome in 971 Tibetans in Garze Tibetan Autonomous Prefecture, Sichuan province, China.
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Associations between sedentary time and MetS by age and sex

The associations between sedentary time and the prevalence of MetS by age group and sex are shown in Table 3. We can still observe a consistent pattern of sedentary time > 11 h per day having the largest effect sizes in different sex and age groups. Sedentary time > 11 h per day were statistically significant among female (OR: 1.19; 95% CI: 1.08–1.31), age <40 (OR: 1.13; 95% CI: 1.01, 1.27), and age ≥40 (OR: 1.20; 95% CI: 1.06–1.37) groups, but insignificant among male group, likely due to the small sample size (N = 254) in this group. The magnitude of association between sedentary time > 11 h per day and MetS was slightly stronger in female than in male and in age ≥40 than in age <40, but the p-values for interaction tests were insignificant.


TABLE 3 Association between sedentary time and metabolic syndrome by sex and age group in 971 Tibetans in Garze Tibetan Autonomous Prefecture, Sichuan province, China.
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Sensitivity analyses

To test the robustness of the findings on the association between sedentary time and MetS at specific MetS measurements, we further constructed logistic regression models for the five metrics of MetS (Table 4). We found that sedentary time >11 h were significantly associated with increased risk of abdominal obesity (OR: 1.11, 95% CI: 1.01–1.21), triglycerides (OR: 1.14, 95% CI: 1.03–1.25), HDL-C (OR: 1.18, 95% CI: 1.08–1.29), and hyperglycemia (OR: 1.15, 95% CI: 1.01–1.29), while the association was not significant for hypertension (OR: 1.06, 95% CI: 0.97–1.16). Overall, the trend of positive association between sedentary time >11 h and MetS was consistent at different metrics of MetS.


TABLE 4 Association between sedentary time and components of metabolic syndrome in 971 Tibetans in Garze Tibetan Autonomous Prefecture, Sichuan province, China.
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Discussion

In this large cross-sectional study of 971 participants in Garze Tibetan Autonomous Prefecture of Sichuan, China, 319 (32.9%) were diagnosed as having MetS, and we found that sedentary time > 11 h per day were associated with 17% (95% CI: 8–29%) increase in the odds of MetS, compared to those with sedentary time <8 h per day. The findings were consistent across age and sex groups. To our knowledge, this is the first study that investigates the relationship between sedentary time and MetS among Chinese Tibetans, who reside in rural western China at high altitudes, live in poverty, and hold longer ritual sedentary time influenced by their religious practice.

With the rapid economic development in the last 30 years, China has witnessed substantial social, behavior, lifestyle, and environmental transitions, which lead to a drastic surge in the prevalence of obesity and associated metabolic disorders (22). Although China's national “dynamic zero COVID-19” policy since 2020 has effectively and dramatically reduced the transmission and mortality of COVID-19 (23–25), obesity, mental health, and stagnation of economic growth caused by lockdown, segregation, and mass nucleic acid testing are projected to have substantial synergistic effects on the prevalence of MetS and associated health consequences in Chinese citizens (26–28), including Chinese Tibetans. Although this is a cross-sectional study that could not infer direct causal effects of sedentary time on MetS, but it appears that long sedentary time over 11 h per day is a significant predictor of MetS among Chinese Tibetans, which suggests that reducing sedentary time may help alleviate the burden of MetS among this vulnerable group.

There are a few investigations on the association between sedentary time and metabolic syndrome in China and in other countries. For example, the Nantong Metabolic Syndrome Study reported that 21.6% participant had MetS, and vigorous physical activity was associated with 15–40% decreased odds of metabolic syndrome (29). Another nationwide study of 4,865 adults from the China Health and Nutrition Surveys reported that sedentary time was associated with significantly higher risk of MetS (OR: 1.3; 95% CI: 1.1–1.6) (30). An earlier meta-analysis reviewed 10 cross-sectional studies (n = 21,393) reported that more sedentary time was associated with an increased odds of MetS (OR 1.73, 95% CI 1.55–1.94) (31). Compared to these previous investigations, our study reported consistently positive association but with a lower OR (OR: 1.17; 95% CI: 1.08–1.29). More importantly, our study filled in a knowledge gap of the relationship between sedentary behavior and MetS among Tibetans in China, and the results have policy implications on health equity.

Although our data were collected from a Tibetan-dominant prefecture in Southwest China, several findings are consistent with those in other studies conducted in different areas, which corroborates the validity of our findings. The MetS prevalence of 32.9% in this study is similar to the results of a study among a group older Tibetans in Jiarong (Northwest Sichuan Province) using similar diagnosis criteria, which reported the MetS prevalence of 37.6% (20). Other studies using the China Multi-Ethnic Cohort reported the prevalence of MetS of 17.8% among Tibetans while 11.9% among both Tibetans and Han Chinese using a stricter National Cholesterol Education Program Adult Treatment Panel III (ATP III) criteria (32, 33). The difference in prevalence rate of MetS among Tibetans and a mixture of Han Chinese also reveals the higher prevalence of MetS in minority group Tibetans than the dominate group Han Chinese, suggesting further policy actions to improve health equity in Chinese minority ethnicity groups residing in remote rural areas (34).

Our study has several limitations. First, our study site includes only one prefecture in Sichuan, China, which limits the generalizability of findings to Tibetans in other parts of China. Second, our regression models included a limited set of covariates due to limited data accessibility and quality, which may lead to potential missing covariate bias in our findings. Third, this is a cross-sectional survey that lacks imposed treatment or intervention, which refrains from making causal claims about the relationship between sedentary time and MetS. Fourth, there are several definitions for MetS including those made by the World Health Organization in 1999, National Cholesterol Education Program ATP3 in 2005, and the one by the International Diabetes Federation in 2006 (used in our study); there is not yet consensus on the best definition of MetS, and the uncertainty in MetS definition may cause outcome misclassification and heterogeneity of results across studies. Fifth, sedentary time was collected as category variable and the cutoffs were somewhat arbitrary, and we were not able to construct exposure-response curves in the results.

Nonetheless, this is the first study that investigate the relationship between sedentary time and MetS among Chinese Tibetans. Our study recruited a relatively large sample of about 1,000 middle-aged Tibetan participants using a multi-stage, stratified, random-cluster sampling strategy, and collected a set of variables involving demographics, behavior, and laboratory tests. The findings fill the knowledge gap on the magnitude of association between sedentary time and MetS among Chinese Tibetans, suggesting local efforts to educate Tibetans to boost physical activity and reduce sedentary time to reduce the prevalence of MetS, as well as the resulting cardiovascular health outcomes.



Conclusions

In this large cross-sectional survey of Chinese Tibetans in Sichuan Province, around one third of the participants manifest evidence of MetS, showing high burden of MetS among Chinese Tibetans. Sedentary time longer than 11 h per day is significantly associated with increased risk of MetS. The findings suggest that efforts on health education may alleviate the health burden of MetS among Tibetans in China.
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Age: mean (SD), years 411(1335) 37.6 (12.0) 481 (138) <0.001
Sex: 1 (%) 0.002

Male 254(26.2) 150 (23.0) 104 (32.6)

Female 717(738) 502 (77.0) 215 (674)
Education level: 1 (%) <0.001

College or above 65(6.7) 50(7.7) 15(4.7)

High school or equivalent 198 (20.4) 132 202) 66(20.7)

Less than high school 708 (72.9) 470 (72.1) 238 (74.6)
Smoking: 7 (%) <0.001

Never 564 (58.1) 424(65.0) 140 (43.9)

Previous or current 407 (41.9) 228 (35.0) 179.(56.1)
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Previous or current 107 (11.0) 57(8.7) 50 (15.7)
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Yes 652(67.1) 452(69.4) 200 (62.7)

No 319 (329) 200 (30.6) 119(37.3)
BMI: mean (SD), kg/m? 245(54) 23.1(4.9) 273(5.2) <0.001
Waist circumference: mean (D), cm 843(10.2) 81.3(9.7) 941 (11.1) <0.001
SBP: mean (SD), mmHg 120.7 (18.0) 1138 (13.5) 1349 (17.7) <0.001
DBP: mean (SD), mmHg 78.1(12.7) 736 (9.8) 873 (129) <0.001
Fasting blood glucose: mean (D), mmol/L 53(1.5) 49(1.3) 62(1.7) <0.001
Triglycerides: mean (SD), mmol/L 14(09) 12(06) 19(1.3) 0010
Total cholesterol: mean (SD), mmol/L 50(23) 18(26) 54(1.0) <0.001
HDL- cholesterol: mean (SD), mmol/L. 14(04) 14(04) 15(04) 034
LDL- cholesterol: mean (SD), mmol/L 29(09) 28(10) 3111 <0.001
BMI, body mass index; DBP, diastolic blood pressure; HDL, high-densit; lipoprotein; SBP, systolic blood pressure; SD, standard deviation.
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