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ABSTRACT
Objectives  Systematic evaluation of the influence of 
occupation type on the association between sleep–glucose 
metabolism
Design  A cross-sectional study.
Setting  The Nantong Metabolic Syndrome Study is a 
Chinese population-based study.
Participants  20 502 participants aged 18–74 years old.
Intervention  No intervention.
Primary and secondary outcome measures  Impaired 
fasting glucose (IFG).
Results  A total of 1503 participants (7.33%) with a slightly 
longer sleep duration had IFG. After being stratified according to 
occupation, a sleep duration of ≥10 hours daily corresponded 
to a 1.321-fold risk of IFG (95% CI 1.071 to 1.628, p=0.0092) 
among moderate and heavy physical workers compared with 
those with a daily sleep duration of 7–9 hours. There was no 
significant relationship between sleep and IFG among other 
types of workers. Moreover, we discovered a gender difference 
in the influence of occupation on the sleep–IFG. A positive 
association among moderate and heavy physical men and 
a negative association among light or sedentary men were 
established, but not in unemployed men. However, a positive 
association was evident only in unemployed women; there was 
no significant association among other occupations.
Conclusion  This study highlights the role of occupation 
in the relationship of sleep–glucose metabolism. A 
gender difference was found to have been influenced by 
occupational types on the sleep–metabolic association.

INTRODUCTION
Sleep health is a global health concern. The 
National Sleep Foundation in the USA recom-
mends that a healthy adult’s sleep ranged 7–9 
hours/day. According to the recent data from 
the Centers for Disease Control and Prevention, 
nearly 35.2% of the general US population had 
short sleep duration (<7 hours daily).1 Cumula-
tive evidence suggests that sleep duration, both 
less or excessive, greatly affects human health 
and metabolism, increasing the risk of various 
chronic diseases.2 Human evidence suggests that 
excessive sleep may increase the risk of metabolic 
disorders.3 Recent evidence suggested U-shaped 
relationships between sleep duration and both 

pre-diabetes and diabetes,4 5 indicating that both 
less and excessive sleep durations are associated 
with a high risk of diabetes.

Previous evidence has shown that sociode-
mographic factors,6 psychosocial stress7 and 
lifestyle8 significantly influence sleep quality 
and duration. Furthermore, occupation is an 
important indicator of an individual’s social 
and life status, summarising the social posi-
tion, income, educational level, job stress, 
workload and number of work hours, espe-
cially physical activities performed at work.9 
An observational study in the USA revealed 
that manufacturers had shorter sleep dura-
tion than other workers.10 Similarly, the 
Chinese Suboptimal Health Study in 2008 
also discovered that farmers had a longer 
sleep duration than non-farmers.11 In addi-
tion, previous evidence indicated that all 
aforementioned occupations and related 
factors were linked with metabolic disorders. 
Impaired fasting glucose (IFG) is considered 
an early metabolic abnormality preceding 
diabetes. It is reported that patients with 
IFG were four times likely to have diabetes 
after 1 year compared with normoglycaemic 
people.12 Therefore, occupation is related 
to both sleep and metabolism; thus, it is 
reasonable to suspect that occupation might 
have a critical influence on the sleep–IFG 
association. However, only few epidemio-
logical studies comprehensively examined 
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►► Based on a large-scale population-based cross-
sectional study.

►► Highlights the role of occupation in the sleep–glu-
cose metabolism relationship.

►► Self-reported information on sleep duration and 
physical activity data, the cross-sectional nature of 
data collection and residual confounders might ex-
ist, which may introduce bias.
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the sleep–glucose metabolism association; most studies 
regarded occupation as only a confounding variable.13–15 
In this study, we aimed to comprehensively evaluate the 
influence of occupation types on the sleep–IFG associa-
tion. The regional factor is an important factor that might 
largely influence not only the sleep patterns but also the 
occupational types16; this discrepancy is significant espe-
cially in China. Nevertheless, there are currently less data 
from rural areas. Thus, in this study, we used the data 
from a large-scale survey on two rural towns in Nantong, 
including a relatively high proportion of agricultural and 
heavy manual workers.

METHODS
Patient and public involvement
The Nantong Metabolic Syndrome Study is a cross-sectional 
study conducted in Nantong City, Jiangxi Province of China, 

which recruited a total of 20 502 participants (6997 men and 
13 505 women) of 24 519 residents aged 18–74 years from 
two rural towns in Nantong from July 2007 to August 2008. 
The response rate was 83.6%, and the participant selection 
criteria are illustrated in figure 1. The detailed proposal of 
this study has been published.15 17

Trained researchers conducted face-to-face interviews 
in accordance with standard protocols to collect informa-
tion on sociodemographic characteristics, occupational 
types, personal medical history, family history of chronic 
diseases, history of medication use, current smoking 
status, alcohol consumption, occupational physical 
activity (OPA), leisure physical activity (LPA) and sleep 
duration. Moreover, height, weight and waist circumfer-
ence in centimetre were also measured following a stan-
dard protocol. Body Mass Index (BMI) was calculated as 
weight in kilogram divided by height (in metre) squared.

Figure 1  Participant selection.
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Venous blood samples were obtained from each participant 
after fasting for ≥10 hours, which were then shipped within 
24 hours to the central laboratory and stored frozen at −80° 
until further analysis. Plasma fasting glucose concentrations 
were determined using standardised enzymatic methods. We 
identified the IFG according to fasting plasma glucose levels, 
with fasting glucose levels between 100 and 126 mg/dL and 
without the use of hypoglycaemic medications in the past 2 
weeks.18 If the participants reported having been diagnosed 
with diabetes or having taken antidiabetes drugs, they were 
identified as diabetes.

The hours of sleep duration were determined by the 
following questions: ‘at what time do you go to bed at 
night during the weekday?’ and ‘at what time do you 
wake up during the weekday?’ The sleep duration during 
the weekends were also queried and recorded. Daily 
sleeping hours were calculated as an overall average 
sleep duration (sleep duration in weekday×5+sleep 
duration in weekends×2)/7). We categorised the partic-
ipants into three groups according to their daily sleep 
duration: <7, 7–≤9 and >9 hours.5 Considering the 
large discrepancy in occupation between China and 
the USA, we did not use International Standard Classi-
fication of occupations (ISCO) for classification of occu-
pation. We used the China National Standard Physical 
Labour Intensity Grade (GB 3869–83) to construct the 
occupational categories, which has the widely used and 
accepted occupational categories in China. A total of 
18 standard Chinese occupational types were included: 
farmer, transport worker, construction worker, steel-
worker, driver, electrician, bench worker, metal worker, 
carpenter, retail sales worker, service worker, installation 
worker, teacher, civil servant, specialist, clerk and tech-
nician. One primary occupation was reported for each 
participant. These occupations were clustered into three 
types based on their intensity of physical activity at work: 
medium and heavy physical workers (transport worker, 
construction worker, steel worker and farmer), light 
physical workers (driver, electrician, bench worker, metal 
worker, carpenter, installation worker, retail sales worker 
and service worker) and sedentary workers (civil servant, 
teacher, clerk, technician and computer repairman). 
Only 6.4% of participants were retired, unemployed or 
homemakers; we pooled these participants with unem-
ployed participants.11 19 In addition, we calculated the 
motion equivalent of OPA level for each participant. The 
data on intensity and duration (average daily hours) of 
OPA were obtained through a standardised question-
naire. OPA was classified as sedentary, light, moderate 
and heavy. Moreover, daily metabolic equivalents (METs) 
of OPA were calculated based on the hours of physical 
activity and energy requirements during work: light 
intensity, 3.3 METs (based on walking METs); moderate 
intensity, 4.0 METs; and vigorous intensity, 8.0 METs.20 
Sedentary behaviour refers to activities that involve 
energy expenditure at the level of 1.0–1.5 METs.

Information on potential confounders, including age at 
the time of the interview, education levels (primary school 

or under, middle school, and high school or above), 
monthly personal income (≤￥500 ($75), 501 ($76)–
￥1000 ($150), and ≥￥1001 ($151)), current smoking 
status (yes or no), current alcohol consumption (yes or 
no) and physical activity (vigorous, moderate, light and 
without LPA) were gathered. Current smokers were clas-
sified as those who smoked at least 100 cigarettes in their 
lifetime. Current alcohol drinkers were defined as partici-
pants who had beverage consumption containing approx-
imately 0.5 oz of pure alcohol in 1 month.21 Furthermore, 
information on LPA was obtained using a standardised 
questionnaire and classified into four categories: none, 
light (qi gong and some stretching exercises), moderate 
(jogging and dancing) and vigorous (basketball and 
badminton).22 Similar to OPA, daily METs of LPA were 
calculated accordingly.

We calculated the means±SD for continuous variables 
and frequency and percentage for categorical variables. 
Furthermore, we calculated the case number and the 
prevalence of IFG. t-Tests or Kruskal-Wallis tests were 
performed to compare the differences in continuous 
variables between IFG and normal participants, wherever 
appropriate. The χ2 tests were used for categorical vari-
ables. Crude and multivariable logistic regression models 
were used to estimate the ORs and their 95% CIs, and to 
assess the sleep–IFG associations in different occupational 
types following the adjustment for potential confounders, 
including age at interview, marital status, education 
levels, personal income, current smoking status, current 
alcohol consumption, BMI and LPA. We also conducted 
crude and multivariable logistic regression models to 
calculate the ORs and to assess the association of sleep 
duration and occupational types with IFG risk. Separately, 
we further evaluated the influence of occupational types 
on the sleep–IFG association in men and women. In the 
linear regression, both crude and adjusted models were 
used to estimate the ORs of IFG risk for each 1-hour 
increase in sleep duration and each 1-MET-hour/week 
increase in physical activity.

All statistical analyses were performed using SAS statis-
tical software V.9.4. A two-tailed p value of <0.05 was 
considered statistically significant.

RESULTS
In total, 20 502 participants aged 54±12 years were 
included herein; among them, 34.13% were men. A total 
of 1503 participants (7.33%) were diagnosed with IFG. 
Participants with IFG tended to be older, had a higher 
BMI and wider waist circumference, and had lower educa-
tion levels and personal income (p<0.05 for all). More-
over, participants with IFG were likely to have jobs with 
lower physical activity and less sleep duration compared 
with participants with normal fasting glucose (p<0.05 for 
all) (table 1).

After adjusting for age at the interview, sex, BMI, marital 
status, education levels, personal income per month, 
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current smoking and drinking status and LPA, longer 
sleep duration (≥10 hours daily) significantly corre-
sponded to a high risk of IFG (OR 1321, 95% CI 1.106 
to 1.579, p=0.0022). Meanwhile, OPA (OR 0.996, 95% CI 
0.994 to 0.998, p=0.0001) or moderate and heavy physical 
work (OR 0.696, 95% CI 0.554 to 0.875, p=0.0019) had a 
negative correlation with the risk of IFG (table 2).

After stratification by occupational types, as the amount 
of OPA decreased, the prevalence of IFG was increased 
from 6.74% among moderate and heavy physical workers 
to 13.01% among unemployed workers, and there was 
a positive association between sleep duration and IFG 
among moderate and heavy physical workers, and every 
1-hour increase in daily sleep duration equates to 6.6% 
(OR 1.066, 95% CI 1.005 to 1.130, p=0.0344) increase in 
the risk of IFG. Nonetheless, longer sleep duration was 
concomitant to a higher risk of IFG among moderate 
and heavy physical workers (OR 1.321, 95% CI 1.071 to 
1.628, p=0.0092) compared with workers with 7–9 hours 
of daily sleep duration. However, in other worker groups, 
light physical workers, sedentary workers and unem-
ployed workers, there were non-significant sleep–IFG 
associations (all p values of >0.05) (table 3). We further 
evaluated the influence of occupational types on the 
association between sleep duration and risk of IFG after 
excluding patients with diabetes and found consistent 
results (online supplemental table).

We further evaluated the influence of occupational 
types on the sleep–IFG association between men and 
women (table  4). In men, sleep duration in different 
occupational types had a different influence on the risk 
of IFG. For moderate and heavy physical workers, longer 
duration of sleep indicated a higher risk of IFG; every 
1-hour increase in daily sleep duration corresponded to 
a 1.127 times higher risk of IFG (95% CI 1.015 to 1.251, 
p=0.0253). In contrast to workers with a daily sleep dura-
tion of 7–9 hours, those with ≥10 hours of sleep duration 
per day likely had a high risk of IFG (OR 1.734, 95% CI 
1.191 to 2.524, p=0.0041).

However, the associations were the reverse among 
light or sedentary workers; longer daily sleep dura-
tion was associated with a lower risk of IFG. Every 
1-hour decrease in daily sleep duration corresponded 
to a 22.9% lower risk of IFG (95% CI 0.601 to 0.989, 
p=0.0408) among light physical workers and a 27.5% 
lower risk of IFG (95% CI 0.559 to 0.941, p=0.0156) 
among sedentary physical workers. In comparison to 
those with 7–9 hours of daily sleep, workers with a sleep 
duration <7 hours tended to have a 2.136 times risk 
(95% CI 1.035 to 4.409, p=0.0401) among light physical 
workers and 2.134 times risk (95% CI 0.559 to 0.941, 
p=0.0428) among sedentary physical workers, respec-
tively. Non-significant associations were found between 
unemployed men, while among women, only a posi-
tive sleep–IFG association among unemployed women 
(OR 1.236, 95% CI 1.055 to 1.449, p=0.0088) was deter-
mined. However, there was no significant association 
among other types of occupation.C
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DISCUSSION
Using a large population-based survey, we found a gender 
difference in the influence of occupational type on sleep 
and glucose metabolism. A positive association between 
moderate and heavy physical male workers and a nega-
tive association among light or sedentary physical male 
workers were discovered. However, only a positive asso-
ciation was established among unemployed women. This 
indicated that employed professional men who sleep 
longer for light or sedentary workers and shorter for 
moderate and heavy physical workers would be benefi-
cial for their glucose metabolic health. For unemployed 
women, a shorter sleep duration indicated a low risk of 
IFG.

The influence of occupational types on the sleep–
IFG association might be partially caused by the gender 
difference in occupational types. We found that heavy 
and moderate physical workers had the lowest personal 
income, education level and LPA; however, this group 
had the longest sleep duration in both genders. Men in 
this group had the longest sleep duration and increased 
IFG risk. In general, it was believed that those engaged in 
more physical activity may sleep more; however, Martins 
et al reported that physical exertion at work may not 
improve sleep quality.23 Unlike LPA, OPA is character-
ised by constrained activities related to specific tasks with 
less rest.24 Studies have highlighted that LPA enhanced 
sleep quality and duration,25 26 while highly intense OPA, 
and even those with heavy physical work, had adverse 
effects on sleep.27 28 A longer sleep duration among heavy 
physical workers might be compensated for the physical 
exertion at work. This might partially explain the longer 
sleep duration related with high risk of IFG among heavy 
physical workers. Moreover, low socioeconomic status 
accompanied by complications of immobility29 were 
strongly associated with long sleep duration. Therefore, 
heavy-OPA men with low socioeconomic status and long 
sleep duration were at a high risk of IFG. However, there 
was a non-significant association between long sleep dura-
tion and increased IFG in women who performed heavy 
physical work. Since most of the women in this group 
were farmers, whereas the occupational types of men 
were those of transport worker, build worker and steel-
worker, men had higher levels of OPA with considerable 
productivity and less rest than women.

Our findings demonstrated that short sleep duration 
was significantly associated with increased risk of IFG 
only in men of light or sedentary physical work. The 
effect of short sleep duration on IFG may be exacerbated 
by low OPA level. Men with light or sedentary physical 
work generally had high income or education levels and 
OPA levels but with more screening time and sedentary 
time. A study only supported the synergic effect between 
low OPA and short sleep duration on insulin resistance 
among non-diabetic Chinese adults; conversely, this 
study included both genders.30 Consistently, a study from 
Sweden confirmed that short sleep duration in men was 
associated with an increased incidence of diabetes31 and Ta
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impaired glucose tolerance.32 Recent studies reported 
that both short and long sleep durations were associated 
with diabetes in men but not in women.33–35

Regarding women, some studies have suggested a 
significant U-shaped association between sleep duration 
and diabetes, especially among middle-aged women.36 37 
Our results demonstrated that long sleep duration did 
not increase the risk of IFG in heavy physical, light phys-
ical or sedentary workers but increased the risk of IFG 
in unemployed women. These divergent findings may be 
attributed to differences in age, sample size and fasting 
glucose level definitions. Some studies reported a strong 
association between habitual long sleepers and diabetes 
among middle-aged women.36 37 Unemployed women 
had a relatively longer sleep duration than employed 
women with no or low OPA level and few domestic chores 
and had significantly higher IFG risk. Furthermore, lower 
levels of total physical activity in unemployed women 
might exacerbate sleep quality.38

Our study has several limitations. First, sleep duration 
and physical activity data were obtained from self-reports. 
Second, the cross-sectional nature of data collection 
means that we were unable to draw causal inferences. 
Third, there might be a healthy worker effect, which 
cannot be excluded. Fourth, the regional factor might 
have influenced both OPA and sleep patterns. This study 
was focused on the population from rural areas, which 
is difficult to extend to urban areas, especially for those 
metropolitan. Another limitation is that most of the popu-
lation of our study population was >50 years old, and only 
a few people reported having a shift work, which might 
limit our conclusions. Moreover, other factors, such as 
stress and menopausal status, can interact with sleep, 
which were not included in this study. Finally, we chose to 
combine IFG and diabetes mellitus and relied on a single 
plasma fasting glucose measurement, which could intro-
duce a misclassification bias.

CONCLUSION
The main findings of this study comprise the influence 
of occupational gender difference on the relationship 
between sleep duration and IFG risk, which suggested 
that sleep duration should be decided on the basis of 
occupation types. Under a large population-based survey, 
we discovered that occupational type may influence sleep 
and glucose metabolism among men but not in women. 
Moreover, the direction of the sleep–glucose metabolic 
relationship is dependent on physical occupational types.
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