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Objectives: We expressed the combined effect by the ratio of daily sleep time to daily work time. The aim of this study was to discussed the predictive ability of daily sleep hours/work hours (SH/WH) ratio for diabetes risk.
Methods: Cox proportional hazards regression was used to calculate the hazard ratios (HRs) of new-onset diabetes. Restricted cubic spline analyses were performed to visualize the influence trend of SH/WH ratio and diabetes risk.
Results: The RCS model revealed a non-linear and L-shaped correlation between SH/WH ratio and diabetes risk. Compared with the participates with SH/WH ratio <1, those with a ratio ≥1 had a lower risk of developing diabetes. The multivariable adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) of new-onset diabetes in Q2, Q3, Q4 and Q5 groups compared with Q1 group were 0.82 (0.57, 1.19), 1.05 (0.69, 1.59), 0.57 (0.36, 0.91), 0.66 (0.42, 1.06). The Kaplan-Meier curve showed that Q4 group had lower cumulative incidence.
Conclusion: Sleeping longer than working (SH/WH ratio ≥1) can reduce risk for developing diabetes. A minimal risk observed at 1.10–<1.37 (the fourth quintile) of SH/WH ratio.
Keywords: sleep duration, work hours, sleep hours/work hours ratio, new-onset diabetes, prevention
INTRODUCTION
Diabetes mellitus is a serious public health problem worldwide [1]. Global diabetes-related health expenditures were estimated at 966 billion USD in 2021, and are projected to reach 1,054 billion USD by 2045 [2]. Of the estimated 463 million adults with diabetes mellitus globally nearly half live in two large countries: India and China [3, 4]. With the aging population, economic development, urbanization, unhealthy dietary habits and sedentary lifestyle, diabetes mellitus has become a common disease in China. Diabetes and its complications are important causes of the burden of death and disability in China [5]. Therefore, screening for predictors and high-risk populations of diabetes is particularly important for early prevention of diabetes.
It has been demonstrated that sleep duration was closely related to the occurrence of diabetes. Some studies have found that both short and long sleep duration are associated with the risk of diabetes [6–8]. However, the conclusions on the optimal sleep duration are inconsistent. It has been suggested that the lowest diabetes risk is 7–8 h of sleep per day [6]. A reaction study in China have found that the best sleep time is between 6.3 and 7.5 h per night to minimize the risk of developing diabetes [9]. Although there are few studies on working hours and diabetes, the current results support that long working hours significantly increase the risk of diabetes [10–12].
Notably, there is still a lack of studies that consider both sleep and work duration to predict the occurrence and progression of diabetes in the Chinese population. We expressed the combined effect by the ratio of daily sleep time to daily work time. Therefore, based on data from the China Health and Nutrition Survey (CHNS), the aim of this study was to investigate the association of sleep hours/work hours (SH/WH) ratio with risk of diabetes in the general adults.
METHODS
Study Subjects
The CHNS is an ongoing, open, longitudinal cohort survey that began in 1989 and has completed 10 rounds of surveys (1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015). Details of the study design and some findings of the CHNS have been described elsewhere [13–15]. The original data for this study was obtained from a publicly available dataset within the China Health and Nutrition Examination Survey (CHNS) 2004–2015. The initial study cohort included a total of 34,544 participants in China. Participants who met the following criteria had been excluded: < 18 years of age (n = 4837), only one survey wave (n = 7328), baseline diagnosis of diabetes (n = 310), missing diabetes diagnosis (n = 4,343), pregnant (n = 67), no available work time (n = 4,798), no available sleep duration (n = 4,096), extreme dietary energy data (male: >4,200 kcal or <600 kcal, female >3,600 kcal or <500 kcal) (n = 402). Finally, a total of 8,363 participants were recruited into our study cohort (Figure 1).
[image: Figure 1]FIGURE 1 | Flow chart for screening subjects (China, 2022).
This survey was approved by the institutional review boards of the University of North Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety, and the Chinese Center for Disease Control and Prevention. Each participant voluntarily signed a written informed consent before recruitment. All methods were performed in accordance with the relevant guidelines and regulations. The data and study materials that support the findings of this study can be found from the CHNS official website (http://www.cpc.unc.edu/projects/china).
Sleep Hours/Work Hours (SH/WH) Ratio
Sleep duration was derived from self-report questionnaires with a question “How many hours each day do you usually sleep, including during both daytime and nighttime?”.
Working time was derived from self-report questionnaires with a question “For how many hours in a day, on the average, did you work?”.
In this study, the cumulative average length of sleep and work for each participant during the last round visit period from baseline to the date of new onset of diabetes or the end of follow-up was calculated to represent for long-term sleep and work duration and minimize within-person variation.
Covariates Measurements
Lifestyle and demographic information were collected through questionnaires, including sex, age, urban or rural residents, education levels and smoking, alcohol, tea and coffee consumption status. Body mass index (BMI) was a ratio of weight (kg) in comparison to height squared (m2). After the participants rested for 5 min, blood pressure was measured in a standard way by trained researchers using a mercury manometer. Mean systolic and mean diastolic blood pressure from three independent measurements in the same arm were used.
Outcome
Through the interview in the questionnaire survey: “Has a doctor ever told you that you suffer from diabetes?” Participants who answered “yes” were defined as having new-onset diabetes.
The year in which participants were first included in the survey was considered as the baseline. Person-years of follow-up for each participant were calculated from baseline until the first diagnosis with diabetes (the middle date between the survey of the first diagnosis and the nearest survey before), the last survey round before the participant was lost to follow-up, or until being censored at the end of the follow-up period, whichever came first. Incidence rates of diabetes, expressed as per 1,000 person years, were calculated as the number of new-onset diabetes cases divided by the person-years of follow-up.
Statistical Analysis
The ANOVA test was used for normally distributed variables, while the Wilcoxon rank-sum test was used for non-normally distributed variables. All continuous variables are expressed as mean (SD) or medians (interquartile ranges). Differences in categorical variables were examined by the chi-square test and shown as number (n) and percentage (%).
We first divided participants into two groups: (SH/WH) ratio <1 (those who slept shorter than working hours) and SH/WH ratio ≥1 (those who slept equal to or longer than working hours). Cox proportional hazards regression was used to estimate the association of SH/WH ratio and new-onset diabetes. Furthermore, all participants were divided equally into five groups according to the quintiles of SH/WH ratio, including Q1 group (<0.89), Q2 group (0.89–<1.00), Q3 group (1.00–<1.10), Q4 group (1.10–<1.37) and Q5 group (≥1.37). Then, Kaplan-Meier curves were performed to describe the cumulative incidence of diabetes and differences between groups were estimated with the log-rank test. In addition, we performed restricted cubic spline (RCS) Cox regression, with 4 knots (20th, 40th, 60th, 80th percentiles of SH/WH), to evaluate the shape of dose–response association of SH/WH ratio and the risk of diabetes.
R software, version 4.2.3 and STATA 17.0 was used for all data analyses. A p-value < 0.05 (two-sided) was considered statistically significant.
RESULTS
Table 1 shows the baseline characteristics of the researchers. Compared to participants with SH/WH ratio <1, participants with SH/WH ratio ≥1 were older and had a higher proportion of females. In addition, participants with SH/WH ratio ≥1 were more likely to live in rural areas, had lower levels of education, had lower BMI, systolic blood pressure, diastolic blood pressure, fat intake, protein intake and working time, higher energy intake, carbohydrate intake and sleep duration. Notably, the proportions of smoking, drinking alcohol, drinking tea and coffee were lower than those in the group of (SH/WH) ratio <1 (all p < 0.05).
TABLE 1 | Population characteristics by sleep hours/work hours ratio (<1 and ≥1) (China, 2022).
[image: Table 1]The final cohort analysis included 8,363 participants of whom 232 (4.10 per 1,000 person-years) developed diabetes during a median follow-up period of 7.0 years. Overall, the association between SH/WH ratio with the risk of new-onset diabetes followed a L-shape (P for non-linearity <0.001) (Figure 2).
[image: Figure 2]FIGURE 2 | Restricted cubic spline Cox regression of the association of sleep hours/work hours ratio and the risk of new-onset diabetes (China, 2022). Adjusted for age at baseline (<45, 45-<60, ≥60), sex (male/female), residence (urban or rural) and education (Illiteracy, Primary school, middle school, high school or above) BMI (<24 kg/m2, ≥24 kg/m2), SBP (<140 mmHg, ≥140 mmHg), DBP (<90 mmHg, ≥90 mmHg), smoking status (yes/no), alcohol consumption (yes/no), drinking tea (yes/no), drinking coffee (yes/no), total energy intake (continuous), total fat intake (continuous), total carbohydrate intake (continuous) and total protein intake (continuous).
Consistently, when SH/WH ratio divided into two groups: SH/WH ratio <1 and SH/WH ratio ≥1, compared with participants with SH/WH ratio <1 (5.3 per 1,000 person-years), the incidence of diabetes was significantly lower in those with (SH/WH) ratio ≥1 (3.5 per 1,000 person-years). In the initial unadjusted model, (SH/WH) ratio ≥1 was shown to reduce the risk of diabetes (HR: 0.66, 95% CI: 0.51–0.86, p < 0.001) compared with (SH/WH) ratio <1. After adjusting for potential variables such as age, sex, education level, BMI and alcohol consumption, the result remained significant, with an HR of 0.75 (95% CI: 0.57–0.99) (Table 2).
TABLE 2 | The association between sleep hours/work hours ratio (<1 and ≥1) and the risk of new-onset diabetes (China, 2022).
[image: Table 2]Next, SH/WH ratio was assessed as quintiles, with the first quintile (<0.89) as a baseline, the adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) of diabetes were 0.82 (0.57, 1.19), 1.05 (0.69, 1.59), 0.57 (0.36, 0.91) and 0.66 (0.42, 1.06), respectively, for the second quintile (0.89 -<1.00), third quintile (1.00 -<1.10), fourth quintile (1.10 -<1.37), and fifth quintile (≥1.37) after adjustments for age, region, education level, BMI, SBP, DBP, smoking status, drinking status, drinking tea, drinking coffee, and dietary intake (Energy, Carbohydrate, Fat, Protein) (Table 3). The lower risk of new-onset diabetes was found in subjects in the fourth quintile.
TABLE 3 | The association between sleep hours/work hours ratio (quintiles) and the risk of new-onset diabetes (China, 2022).
[image: Table 3]Meanwhile, Kaplan-Meier analysis was utilized to explore the effect of SH/WH ratio on the cumulative probability of diabetes (Figure 3). It was observed that those in the fourth quintile had the lower cumulative incidence of diabetes.
[image: Figure 3]FIGURE 3 | Cumulative incidence rates by quintiles of sleep hours/work hours ratio (China, 2022).
Sensitivity analyses were performed to test the robustness of the results. First, we reanalyzed age, BMI, systolic and diastolic blood pressure as continuous variables, and the results did not change significantly (Supplementary Table S1). Second, when missing values for BMI (500), SBP (437), DBP (437), smoking status (10), alcohol consumption (74), drinking tea (11), drinking coffee (12) were imputed with the use of multiple imputation, we concluded the same results (Supplementary Table S2). Finally, there was no substantial change when we excluded participants whose diabetes event occurred in the first 2 years of follow-up (Supplementary Table S3).
DISCUSSION
This study is the first relatively large retrospective cohort study to examine the joint effect of sleep and work duration on new-onset diabetes in Chinese adults. We expressed the pooled effect as the ratio of daily sleep duration to daily work hours and found a non-linear L-shaped association between the ratio and the risk of diabetes. The results showed that people who slept more than their working hours each day had a 25% lower risk of developing diabetes than those who slept less than their working hours after adjusting for potential variables. When SH/WH ratio was assessed as quintiles, compared to participants in the first quintile, a significantly lower risk (HR: 0.57, 95% CI: 0.36–0.91) of diabetes was found in those in the fourth quintile (1.10–<1.37).
Diabetes and its complications are important causes of the burden of death and disability worldwide. The increasing incidence of diabetes has stimulated the search for new etiological factors. Although there is a strong genetic basis for individual susceptibility to diabetes, current epidemiologic evidence suggests that diabetes can be prevented through lifestyle changes [16, 17]. In recent years, sleep duration has been considered to be independently associated with the occurrence and development of diabetes. Some studies have shown that both short and long sleep duration are associated with an increased risk of diabetes [6, 8, 18, 19]. However, a new study found that accelerometer-measured short but not long sleep duration was associated with a higher risk of incident diabetes [20]. What is now recognized by most people is that short sleep increases the incidence of diabetes through a variety of mechanisms [21–24]. However, the relationship and underlying mechanisms regarding prolonged sleep and diabetes are not clear. According to a consensus statement from the American Academy of Sleep Medicine and Sleep Research Society, adults should sleep 7 or more hours per night on a regular basis to promote optimal health while it is not sure whether sleeping more than 9 h is associated with health risk [25]. It is worth noting that there is no official and clearly defined optimal daily sleep time for individuals. There is less research on the relationship between work hours and diabetes, but previous evidence suggests that longer work hours increase the risk of the disease [10, 12]. Our study provided a new idea for assessing the joint effect of sleep and work duration on new-onset diabetes in the general population. In our study, we found that daily sleep, including daytime and nighttime hours, should exceed the working hours in order to effectively prevent the progression of diabetes. The optimal SH/WH ratio was 1.10–<1.37. In other words, if an adult works 8 h a day, he needs to get a total of 8.80–<10.96 h of sleep per day to reduce the risk of developing diabetes. Due to the fast pace and high pressure of modern society, adults tend to shorten their sleep time to work. Our study shows that adults who sleep less than their working hours each day are at high risk of developing diabetes. This may serve as a cautionary tale for Chinese adults.
To our knowledge, this is the first large national population-based sample study to investigate the combined effect of sleep and work duration on diabetes and to determine the optimal ratio. There were still some limitations to this study. Firstly, as a retrospective study, we cannot ignore the effect of other unknown confounders on our results although we adjusted for multiple covariates. In addition, since this study was conducted in a Chinese population, it may not be applicable to non-Chinese populations. In the present study, the information about new-onset diabetes, sleep duration and work hours were self-reported by the participants, which may be subject to reporting and measurement bias. Further large prospective cohort studies are necessary in the future to elucidate the correlation between combined effect of sleep and work hours and diabetic events in the Chinese population.
Conclusion
In conclusion, there was a L-shaped association between SH/WH ratio and the risk of diabetes. After adjustment for covariates, individuals with ratios between 1.10 and 1.37 had the lowest risk for incident diabetes. Our study suggests that balancing work and sleep schedules is important to prevent the onset of diabetes.
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<0.01
<0.01
<0.01

<0.01
<0.01
<0.01
0.04
<0.01
<0.01
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