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Background

Physical activity (PA) has been associated with decreased incidence of diabetes. However, few studies have evaluated the influence of occupational and domestic PA on the risk of diabetes with a long-term follow-up. We aimed to examine the association between occupational and domestic PA and the risk of diabetes in a long-term prospective cohort of Chinese adults.



Methods

A total of 10,343 adults who were followed up in the China Health and Nutrition Survey from 1997 to 2015 were included in our analysis. Occupational and domestical PA were collected with detailed seven-day data and were converted into metabolic equivalents values. Total PA included occupational, domestic, transportation, and leisure time PA. Diabetes cases were identified by self-reported doctor/health professional diagnosis of diabetes, fasting blood glucose ≥7.0 mmol/L, and glycosylated hemoglobin (HbA1c) ≥6.5%. Cox proportional hazards models were used to calculate hazard ratios (HR) and 95% confidence intervals (CI).



Results

During up to 18 years of follow-up (median 10 years), there were 575 diabetes cases documented. Occupational PA accounted for the majority of total PA (68%) in Chinese population, followed by domestic PA (25%). With adjustments for possible covariates, the highest quartiles of total PA (HR, 0.728 [95% CI, 0.570–0.929]) and occupational PA (HR, 0.765 [95% CI, 0.596–0.982]) were significantly associated with a lower risk of diabetes compared with lowest quartiles. The association between domestic PA and the risk of diabetes was insignificant (P >0.05).



Conclusion

Higher levels of occupational PA were associated with a decreased risk of diabetes risk in the Chinese population. Domestic PA was not associated with the incidence of diabetes.
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Introduction

The incidence of diabetes mellitus (DM) is increasing and has become a major healthcare burden worldwide, especially in China (1, 2). DM is associated with significant morbidity and mortality (3). Therefore, prevention of DM is an effective way to reduce diabetes related complications and mortality. Physical activity (PA) is a key lifestyle factor in the prevention and management of diabetes. Guidelines for the treatment of the type 2 DM always include recommendations for regular PA (4, 5). Several studies have demonstrated a significant negative association between PA levels and the incidence of DM in adults across different populations (6–8). PA can be divided into different types. According to the World Health Organization (WHO), PA involves work, transportation, leisure, and household chores (9). The patterns of PA have also changed in recent years. For example, a reduction in transportation activity, occupational activity, and domestic activity, but sedentary activity increased (10). The exact relationship between the different PA types and the risk of DM remains unclear.

Exploring the relationship between different types of PA and the risk of DM has important public health implications. A meta-analysis based on prospective studies found that all types of PA help prevent diabetes (6). However, most previous studies on the effect of PA on diabetes risk have focused only on leisure time or total PA (6, 11, 12). Only a few studies have divided total PA into leisure time and occupational PA or combined work-related PA with other types of PA (13–17). However, those previous results on the relationship between occupational PA and the risk of DM have been inconsistent (18–21). Few studies have explored the relationship between domestic PA and the risk of DM (21, 22). Thus, this information has rarely been studied, particularly in the Chinese population.

Therefore, this study aimed to explore the association between occupational and domestic PA and the risk of diabetes in the Chinese adult population using the China Health and Nutrition Survey (CHNS) database and to clarify which type of PA plays a major role. To our knowledge, this is the first large-scale, nationally representative, long-term follow-up to evaluate the relationship between occupational and domestic PA and the risk of DM risk in Chinese adults.



Materials and methods


Study population

The CHNS is an ongoing open nationwide cohort study in China was designed to investigate the impact of social and economic transformation on the health and nutritional status of the Chinese population (23). The study was conducted with international collaboration between the University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety of the Chinese Center for Disease Control and Prevention, with CHNS data provided on the website (https://www.cpc.unc.edu/projects/china). The survey used a multistage randomized cluster sampling method, with samples drawn from 15 provinces (Beijing, Chongqing, Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, Shaanxi, Shandong, Shanghai, Yunnan, and Zhejiang) in mainland China, covering most of the northern and southern regions. The CHNS conducted 10 rounds of surveys between 1989 and 2015, with 7 days of examination and data collection by researchers in the fields of nutrition, public health, economics, and sociology (24). Further details and information about the CHNS can be found elsewhere (25).

This present study enrolled 32,752 participants without diabetes at baseline in the CHNS from 1997 to 2015 because information about occupational PA was unavailable before 1997. Furthermore, 22,409 participants were excluded based on the following criteria: age <18 years, missing occupation and domestic PA data, missing diabetes information, who were pregnant or breastfeeding, physically disabled participants, without complete follow-up data, and those with a history of myocardial infarction (MI), stroke, or any type of tumor at baseline.

All research procedures were conducted in accordance with the tenets of the Declaration of Helsinki (as revised in 2013) and were approved by the institutional review boards of the University of North Carolina at Chapel Hill, the National Institute for Nutrition and Health, and the Chinese Center for Disease Control and Prevention. Written informed consent was obtained from each participant.



Diabetes definition

Diabetes status was collected using a staff-administered questionnaire at each follow-up since 1997 and fasting blood samples in 2009. A total of 9,549 CHNS participants’ blood samples were collected. Diabetes cases were identified as those who self-reported a clinical diagnosis of diabetes, or receiving diabetes treatment, or with FBG ≥7.0 mmol/L (126 mg/dL), or with HbA1c ≥6.5%. The treatments for diabetes included in the questionnaires were special diet, weight control, oral medication, insulin injection, traditional Chinese medicine, and home remedies. Blood samples were collected from all participants after 12–14 hours of fasting and were stored in test tubes. All blood samples were analyzed at the central laboratory of the China-Japan Friendship Hospital. Fasting blood glucose was measured with glucose oxidase-peroxidase (GOD-PAP) using a kit manufactured by Landau, UK (26). Further details on the data are available at https://www.cpc.unc.edu/projects/china.



Physical activity assessment

A staff-administered questionnaire collected the self-reported PA of participants, which gathered detailed PA information in four categories: domestic, occupation, transportation, and leisure activity. Participants answered questions related to the average weekly or daily frequency and duration of each type of PA in the previous year. Metabolic equivalent of task (MET) was defined as the ratio of the working metabolic rate to the standard resting (basal) metabolic rate. The time spent per week for different PAs was multiplied by a specific MET value based on the Compendium of Physical Activities to calculate the average MET hours/week to evaluate the intensity and duration of the activity (27). Occupational activities were categorized into light- (sedentary or occasional standing work), moderate- (such as drivers, electricians), and heavy-intensity (such as farmers, athletes, dancers, steel workers, lumberjacks, construction workers) based on specific self-reported work and assigned values of 2.0, 4.0, and 6.0, respectively. The domestic activity was measured based on the following five activities: buying food, preparing food or cooking, doing laundry, cleaning house, and childcare. Transportation activities were measured based on four commuting types (walking, biking, bus, car) to and from work or school. The evaluation of leisure time activities was based on martial arts, gymnastics or dancing, jogging or swimming, playing ball sports (soccer, basketball, tennis, badminton, volleyball, or ping-pong), and other activities (28). Total PA included occupational, domestic, transportation, and leisure time PA. In our study, three different domains of PA were employed: occupational, domestic, and total PA levels.



Data collection of covariates

Anthropometrics were measured by trained investigators following the anthropometric standards recommended by the WHO (29). Three measurements were taken for each participant and analyzed using the mean measurements. Participants wore light clothing, and their weight was measured using a calibrated beam scale with a weight measurement accurate to 0.1 kg. The participants’ height without footwear or barefooted was measured using a portable stadiometer, accurate to 0.1 cm. Body mass index (BMI) was calculated as weight (kg) divided by height (meters) squared. Blood pressure was measured three times after resting in a seated position with an interval of 10 minutes and the average of the three measurements was used to calculate systolic and diastolic blood pressure.

The standardized questionnaire was used by the investigators to collect demographic characteristics, health history, and health-related behaviors, including age, sex, marital status, smoking status (current/ever smoking or not), alcohol consumption (current/ever drinking or not), and educational attainment level (low: lower middle school or below; medium: higher middle school or vocational/technical school; high: college/university or higher). Dietary information was collected through a 3-day dietary review using food weighing methods to assess total energy intake.



Statistical analysis

Continuous variables are expressed as mean ± standard deviation (M ± SD), and categorical data are presented as percentages or frequencies. Participants were divided into four groups according to quartiles of PA, and the lowest quartile was used as a reference. ANOVA tests were used to compare between-group differences for continuous data, whereas chi-squared tests were used to compare between-group differences for categorical data. Kaplan–Meier survival curves were used to assess the relationship between different types of PA and diabetes, and log-rank tests were used to examine significant differences among quartiles. Cox proportional hazards models were used to assess the association between PA and DM, and hazard ratios (HR) and 95% confidence intervals (CI) were calculated. Possible confounding factors were adjusted for in the regression models. Model 1 was adjusted for age and sex; Model 2 was adjusted for the variables in Model 1 plus marital status, education, household per capita income level, and urbanization index; Model 3 was adjusted for the variables in Model 2 plus smoking status, alcohol consumption, total energy intake, and blood pressure; and Model 4 was adjusted for the variables in Model 3 plus BMI. To explore the effect modifications, subgroup analyses were performed according to age (by the median age: <42 years or ≥42 years), sex, BMI (<20, 20–24, >24), smoking status, and alcohol consumption. All statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, North, USA) and R version 4.0.2. A two-sided test of P<0.05 indicates a statistically significant difference.




Results


Baseline characteristics of the participants

A total of 32, 752 participants were eligible for enrollment in the study, and 10,343 participants were finally included based on the exclusion criteria (Figure 1). In the overall study population, the mean age was 41.1(12.9) years, 43.67% were men, and the mean BMI was 22.7 kg/m2(3.3) at baseline. During the 18 years follow-up (median 10.3 years), 575 incident cases of DM were documented, and the mean age of diagnosed DM was 56.1 years. The mean total PA, occupational PA, and domestic PA were 207.3 (127.7) MET·h/week, 149.1 (108.0) MET·h/week, and 44.6 (57.0) MET·h/week, respectively. The baseline characteristics of the participants are presented in Table 1 according to quartiles of total PA, occupational PA, and domestic PA. Table S1 describes the baseline profile of the study population according to sex (30).




Figure 1 | Study population flowchart. Notion: CHNS, China Health and Nutrition Survey; PA, physical activity; MI, myocardial infarction.




Table 1 | Baseline characteristic of the study population.



As total and occupational PA increased, BMI, SBP, and DBP decreased, total energy intake increased, and the proportion of young people, married, with low education level, and smoking also showed a tendency to increase. However, with an increase in domestic PA, the proportion of men, smokers, and alcohol drinkers declined significantly, and energy intake decreased. Men were more likely to have higher occupational PA, energy intake, BMI, and BP, whereas women were more likely to have higher domestic PA, almost twice as much as men were. Table S2 summarizes the different domains of PA in the study population at baseline (30). Among the Chinese population, occupational PA accounted for the majority of total PA (68%), followed by domestic PA (25%), while transportation and leisure PA accounted for only a small percentage (7%).



Association of total, occupational, domestic PA with DM

PA was divided into quartiles, with the lowest quartile considered as the reference group. Kaplan–Meier estimates of DM incidence by quartiles showed that the highest quartile of total PA and occupational PA had the lowest risk of DM (Figure 2), with significant differences in survival time determined by log-rank statistics (P <0.0001). The log-rank statistics for domestic PA also showed differences in survival time among the four groups (P =0.00013).




Figure 2 | Kaplan-Meier estimates of diabetes incidence by quartiles of total (A), occupational (B), and domestic physical activity (C). Notion: PA, physical activity.



Multivariate-adjusted Cox proportional hazard models were used to assess the association between PA and DM. In Models 1, 2, and 3, the highest quartiles of total PA and occupational PA were inversely associated with the risk of diabetes. Further adjustment for BMI in Model 4 attenuated this association, but the highest quartiles of total PA HR = 0.728 [95% CI, 0.571–0.930] and occupational PA HR = 0.765 [95% CI, 0.596–0.982] were still associated with a reduced risk of DM. However, no significant association was observed between domestic PA and the risk of DM after adjusting for various factors (Table 2).


Table 2 | HRs (95% CI) of diabetes according to the quartiles of total PA, occupational PA, and domestic PA.





Subgroup analyses stratified by age, sex, BMI, smoking status and alcohol assumptions

Subgroup analyses were conducted to clarify whether the relationship between total, occupational, and domestic PA and the risk of DM was influenced by other potential factors (Table 3), which are also presented in the Figure 3. The model was adjusted for age, sex, marital status, education, household per capita income level, urbanization index, smoking status, alcohol consumption, total energy intake, blood pressure, and BMI. Stronger associations of total PA (HR = 0.642 [95% CI, 0.470–0.875]) and occupational PA (HR=0.611 [95% CI, 0.445–0.838]) with the risk of DM were observed in participants aged >42 years than in younger adults (aged ≤42 years). Significant subgroup differences in age were found for occupational PA (P-interaction = 0.0175), but not for total PA (P-interaction >0.05). We further divided the study population into three groups (<40 years, 40–60 years, and >60 years) and observed a decreasing trend in the risk of DM among these groups, although the group differences were insignificant (Table S3) (30). No significant modified effects of sex, BMI, smoking status, and alcohol consumption were observed for the associations between total, occupational, and domestic PA and the risk of DM (P-interaction >0.05).


Table 3 | HRs (95% CI) of the risk of DM according to quartiles of total PA, occupational PA, and domestic PA stratified by age, sex, BMI, smoking status, and alcohol consumption.






Figure 3 | Association of total (A), occupational (B), and domestic physical activity (C) with diabetes incidence stratified by age, sex, BMI, smoking status, and alcohol consumption. Notion: All models were adjusted for age and gender (male or female), marriage status (married or not), educational attainment levels (low, medium, or high), household income per capita levels (low, medium, or high), and urbanization index, smoking status (ever/current or never smoker), alcohol consumption (yes or no), total energy intake, SBP, DBP and BMI. The results were the HR (95% CI) of diabetes incidence according to the quartiles of total PA, occupational PA, and domestic PA. HR, hazard ratio; DM, diabetes mellitus; PA, physical activity.






Discussion

This large prospective study observed significant inverse associations between total and occupational PA and the risk of DM in the Chinese population. The protective effects of PA may mainly be derived from occupational PA. Age-specific differences were observed in the negative association between occupational PA and DM, with stronger correlations in middle-aged and older adults than in younger adults. However, no significant association was observed between domestic PA and the risks of DM.

Previous studies conducted in different populations yielded findings consistent with this study that higher PA is associated with a decreased risk of DM (6–8). Some studies have demonstrated that PA can significantly decrease HbA1c and insulin levels (31–33), which may partly explain the inverse correlation between total PA and the risk of DM.

Similar to total PA, occupational PA was inversely associated with the risk of DM in current study. Several studies using data from the NHANS and the Malmö Diet and Cancer Study consistently showed that occupational PA was negatively associated with DM (16, 21). Moreover, a previous study that used the CHNS data found an inverse association between occupational PA and insulin resistance in non-diabetic population, which might explain the relationship between occupational PA and DM and support our findings (34). However, some studies have not observed an association between occupational PA and the risk of DM (13, 14, 18, 19). A study in the Mexican population selected only low-income groups; thus, the inconsistent results might be due to differences in the study population (19). In a study conducted in Canada, occupational PA levels of the study population were derived from a job exposure matrix of occupation titles, whereas our study population was based on the MET to quantify the occupational PA intensity. The different methods of obtaining PA levels may have contributed to the inconsistent findings (13). In addition, previous studies in Asian populations have found no relationship between occupational PA and the risk of DM, which may be due to different PA patterns in different national populations (14, 18). One study mentioned that transportation PA accounted for the majority of total PA in the Korean population, followed by leisure time PA (14), while occupational PA accounted for the highest proportion and leisure time PA for the lowest proportion of total PA in our study. Our findings suggested that occupational PA accounts for most of the total PA in the Chinese population and that there is a consistent negative relationship between total PA and occupational PA and the risk of DM (10). Therefore, occupational PA may play a protective role in DM prevention, and the risk of DM may be elevated in people with low occupational activities.

To date, relatively few studies have evaluated the relationship between domestic PA and the risk of DM. A previous study in a Korean population combined work and housework PA (DWPA) showed that moderate- or high-intensity DWPA increased the DM risk, but the combination of different types of PA may have biased the results of study (22). A previous study using data from the Malmö diet and Cancer study showed that domestic PA was positively associated with the risk of DM (21), whereas no significant associations were found between domestic PA and the risk of DM in the current study. Undoubtedly, it is important to explore the relationship between domestic PA and the risk of DM. Our findings showed that domestic PA accounted for the second largest proportion of total PA and was one of the main sources of energy expenditure for women (30). Another study of a Chinese population also found that a large percentage of older adults were highly involved in domestic-related PA (35). Moreover, domestic PA typically exercises smaller upper body muscles and is characterized by a long duration and highly repetitive rhythm, which differs from leisure time PA (36). Hence, domestic PA may have different effects on the risks of DM from other domains of PA. The association between domestic PA and DM is not yet conclusive and more studies are required in the future.

In addition, our study found that the inverse association between total and occupational PA and the risk of DM was more pronounced in the middle-aged and older populations over 42 years of age. However, the prevalence of DM increased more sharply after middle-age (37). We further divided population into three groups and observed a declining trend in the risk of DM among the groups, with a significant inverse association between total and occupational PA and the risk of DM in the >60 years group. Therefore, the older adults should be more concerned about the health effects of occupational PA. No significant sex disparities were found, but there was a consistent relationship between total and occupational PA and the risk of DM in Chinese adults. We did not observe statistically significant differences among the different BMI subgroups, although the association between PA and the risk of DM was weakened after the model further adjust for BMI.

Several possible mechanisms may explain the relationship between PA and the risk of DM. PA could increase energy expenditure to prevent obesity, a major risk factor closely associated with diabetes (38, 39). Moreover, PA increased insulin sensitivity, improved lipid metabolism, and regulated hepatic glucose output in both normal and insulin-resistant individuals (33, 34). Furthermore, acute PA could increase glucose uptake by skeletal muscle cells through the transfer of glucose transporter 4 (GLUT4) from intercellular sites to the plasma membrane. Long-term PA is associated with alterations in the skeletal muscle, including increases in GLUT4 protein levels and mitochondrial enzyme content, as well as changes in the types of muscle fibers that facilitate glucose transport (40–42).

The present study has several strengths. First, our study systematically assessed the independent effects of occupational and domestic PA on the risk of DM, rather than focusing solely on total or leisure PA. Second, this is a prospective, large-scale study with a long follow-up period, and included data from nationally representative Chinese populations rather than restricted populations, such as the population limited to the older adults or those with diabetes, which improved the generalizability of our findings to the entire Chinese population. Third, METs were calculated to quantify PA levels in our study, which is more accurate. Nevertheless, this study has some limitations. First, PA information was obtained through a questionnaire, which may have led to recall bias. Second, the diagnosis of diabetes was mainly based on self-reports and blood samples were collected only in 2009. This may have led to an inaccurate incidence rate of DM and biased the Cox model results. Finally, although we adjusted covariates in the regression models, residual confounding from unmeasured or unknown factors remains possible.

In conclusion, to the best of our knowledge, this is the first large-scale, nationally representative study with a long-term follow-up to systematically assess the independent association between occupational PA and domestic PA and the risk of DM in Chinese adults. Our findings showed that occupational PA was negatively associated with the risk of DM, whereas domestic PA was not associated with the risk of DM. Therefore, occupational PA may require more attention. Diabetes could be prevented by carrying out more other types of activities to increase the total amount of PA for people with low level of occupational activities. Individualized diabetes prevention and management strategies should be developed for different occupational groups, especially middle-aged and older people.
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