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ABSTRACT

Background: We aimed to find the relationship between sleep duration and impaired fasting 
glucose according to working type in non-regular workers using the 2016 and 2017 Korean 
National Health And Nutrition Examination (KNHANE, 7th revision).
Method: In the 1st and 2nd year (2016, 2017) of the 7th KNHANE, 16,277 people participated. 
Minors were excluded because this study was intended for individuals aged 19 years and older. 
As this study was based on wage workers, unemployment, self-employed workers, employers, 
unpaid family workers, and those who have insufficient answers such as unknown or no 
response were excluded. Regular workers were excluded because this study was intended for 
non-regular workers. Finally, a total of 2,168 people were included in the survey, except those 
who had been diagnosed with diabetes, had a fasting blood glucose level of 126 mg/dL or 
higher, or taking hypoglycemic agents or receiving insulin injections. To find the relationship 
between sleep duration and impaired fasting glucose according to work type in non-regular 
workers, multiple logistic regression analysis was performed by adjusting the general and 
occupational characteristics after stratification according to work type. All statistical analyses 
were performed using the SPSS software (version 26.0; SPSS Inc., Chicago, IL, USA).
Results: In the case of insufficient sleep duration in irregular female workers, the odds ratio 
(OR) of impaired fasting glucose was statistically insignificant, but in the case of insufficient 
sleep duration in irregular male workers who have shift work, the odds ratio (OR) of impaired 
fasting glucose was significantly higher than that of sufficient sleep duration (Model 1, OR: 
3.05, 95% confidence interval [CI]: 1.18–7.90; Model 2, OR: 2.81, 95% CI: 1.08–7.29).
Conclusions: Our findings demonstrate that insufficient sleep duration was associated with 
an increase in fasting blood glucose levels in non-regular male workers working shifts. This 
means that non-regular workers are in desperate need for adequate sleep and health care. We 
hope that our study will help improve the health of non-regular workers and more systematic 
and prospective follow-up studies will be conducted to further improve the health of non-
regular workers.
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BACKGROUND

Since the 1997 financial crisis, the surge in non-regular workers due to labor cost reduction 
and restructuring has been a serious social problem. According to the data released by the 
Statistic Korea in October 2019, as of August 2018, non-regular workers accounted for 36.4% 
of all wage workers, the highest level since 36.6% in 2007 [1]. The increasing number of non-
regular workers can lead to income inequality and job instability, which can have a negative 
impact on the psychological health, motivation to work, and job satisfaction of individuals. In 
addition, it has a significant impact on family members [2-4]. According to previous studies, 
people with lower occupational classes are more likely to work in harsh environments, 
including shift work, air pollution, and low job control ability. The low occupational class 
here means physical work, where the proportion of non-regular workers is higher than that of 
regular workers [5]. Previous studies have reported that non-regular work increases the risk 
of health problems due to excessive drinking and smoking and death from various cancers 
and other causes [6,7].

Shift work, including night shifts, disrupts the circadian rhythm and can cause many 
problems [8,9]. Many studies have evaluated the effects of shift work on health. Shift work 
can increase the incidence of digestive system symptoms, including indigestion and stomach 
ulcers, resulting from sleep disorders and dietary changes. In addition, it increases the risk of 
glucose metabolism abnormalities, obesity, and hyperlipidemia, thereby increasing the risk 
of cardiovascular diseases. Furthermore, the rate of spontaneous abortion, premature birth, 
and breast cancer may be increased in women working night shifts [10,11].

According to the Organization for Economic Co-operation and Development (OECD) 
statistics, the average daily sleep duration for Koreans is 7 hours and 41 minutes, which is 
41 minutes short of the OECD average of 8 hours and 22 minutes, making it the lowest daily 
sleep duration reported among OECD countries [12]. This includes weekends and non-
working days; therefore, the average sleep duration is expected to be lower on weekdays 
and working days. Adequate sleep duration plays an important role in appetite regulation, 
immune regulation, endocrine function, and glucose metabolism [13]. Previous studies have 
reported a significantly higher risk of metabolic syndrome in groups with less than 6 hours 
of sleep per day on average [14]. In addition, insufficient sleep duration can lead to weight 
gain, increase insulin resistance, and blood glucose disorders, one of the diagnostic criteria 
for metabolic syndrome, as well as increase the incidence of type 2 diabetes [15]. Moreover, 
overseas studies have reported that sleep deprivation increases the incidence of chronic 
diseases and mortality, and decreases quality of life [16].

Impaired fasting glucose (pre-diabetes) is defined as a fasting glucose level of 100–125 mg/
dL, which is measured after 8 hours of fasting among those who have never been diagnosed 
with diabetes by a doctor [17]. Globally, the number of diabetes patients is expected to 
increase rapidly from 1.7 billion in 2000 to 3.7 billion by 2030 [18]. According to the Diabetes 
Fact Sheet in Korea 2018 presented by the Korean Diabetes Association, as of 2016, 1 in 7 
adults (14.4%) had diabetes, and the prevalence of diabetes has increased for 6 years since 
2011. As of 2016, 31.0% of men aged more than 30 years and 19.7% of women aged more 
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than 30 years had impaired fasting glucose levels [19]. Previous study reported that people 
diagnosed with impaired fasting glucose were 1.5 times more likely to develop type 2 diabetes 
than normal people within 10 years [20]. In addition, persons diagnosed with impaired 
fasting glucose can have diabetes for only 3 years unless their blood sugar levels remain high 
even after making certain lifestyle changes [20]. Diabetes is one of the leading causes of 
cardiovascular mortality, including diabetic retinopathy, chronic renal disease due to diabetic 
nephropathy and neuropathy [21]. According to a recent study, in people with impaired 
fasting glucose, the risk of cardiovascular disease was 1.18 times higher than normal people 
[22]. According to another study, in men, no significant association was observed between 
cardiovascular disease and impaired fasting glucose; in women, the risk of cardiovascular 
disease was 1.7 times higher in those with impaired fasting glucose [23].

Several studies investigated the association between sleep duration and diabetes [24]. 
Although some studies examined the association between sleep duration and impaired 
fasting glucose [25], the number of studies is limited. Moreover, Korean studies on the 
association between sleep duration and impaired fasting glucose are insufficient, especially 
among non-regular workers. Therefore, this study aimed to investigate the relationship 
between sleep duration and impaired fasting glucose according to sex and work type among 
non-regular workers aged 19 years and older.

METHODS

Study participants
This study used the 2016 and 2017 Korean National Health And Nutrition Examination 
(KNHANE, 7th revision). The KNHANE is a national representative statistical survey on 
national health and nutritional status conducted by the Korea Centers for Disease Control 
and Prevention under the Ministry of Health and Welfare. The statistics and data collected 
through this survey will be used to establish health policies and programs and conduct 
research for the promotion of national health. A total of 192 areas were included in the 
survey, and 23 sample households were selected using the system extraction method; 
meanwhile, facilities such as nursing homes, military, prisons, and foreign households were 
excluded from the survey. Within the sample households, all household members aged 1 year 
and older who met the requirements for appropriate households were selected for the survey. 
In the 1st and 2nd year (2016, 2017) of the 7th KNHANE, 16,277 people participated. Minors 
were excluded because this study was intended for individuals aged 19 years and older. As 
this study was based on wage workers, unemployment, self-employed workers, employers, 
unpaid family workers, and those who have insufficient answers such as unknown or no 
response were excluded. Regular workers were excluded because this study was intended for 
non-regular workers. Finally, a total of 2,168 people were included in the survey, except those 
who had been diagnosed with diabetes, had a fasting blood glucose level of 126 mg/dL or 
higher, or taking hypoglycemic agents or receiving insulin injections (Fig. 1).

Measurement
General and occupational characteristics
The participants' general characteristics included age (< 30 years, 30–39 years, 40–49 years, 
50–59 years, and ≥ 60 years), education (≤ elementary school, middle school, high school, 
≥ and college), body mass index (BMI) (< 25 normal or ≥ 25 overweight), hypertension 
and hypercholesterolemia (yes or no), alcohol consumption (≤ once a month and ≥ twice a 
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month), and smoking status (never-smoker, ex-smoker, or current smoker). The occupational 
characteristics included physical labor status (non-physical, physical), weekly working hours 
(≤ 52 hours or > 52 hours), monthly income (< 1,000,000 Korean won [KRW], 1,000,000–< 
2,000,000 KRW, 2,000,000–< 3,000,000 KRW, or ≥ 3,000,000 KRW), and work type 
(daytime work or shift work).

Sleep duration
In accordance with the 7th KNHANE, daily sleeping hour was divided into the following 
categories: weekdays (or working day) average daily sleeping hours and weekends (or non-
working day, the day before no work) average daily sleeping hours from average daily sleeping 
hours regardless of weekdays and weekends. The participants were asked to respond to the 
question, “What time do you go to bed and wake up during the weekdays (or working days)”: 
sufficient if the sleep duration is more than 6 hours and insufficient if the sleep time is 6 
hours or less [26].

Impaired fasting glucose levels
In a blood test, a fasting glucose level of 100 mg/dL is considered normal, while a level of 126 
mg/dL or more indicates impaired fasting glucose [17].

Statistical analyses
First, a χ2 test was used to determine the distribution of irregular workers with impaired 
fasting glucose according to their general and occupational characteristics. Next, the 
χ2 test was used to determine the distribution of impaired fasting glucose according to 
sleep duration. Then, the study analyzed the relationship between sleep duration as an 
independent variable and impaired fasting glucose as a dependent variable. After stratifying 
according to the work type in each man and woman, a logistic regression analysis was 
performed by adjusting the general and occupational characteristics. In the unadjusted 
model (Model 1), a univariate logistic regression analysis was performed to determine 
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Total subjects in KNHANE 2016–2017
(n = 16,277)

Final participants
(n = 2,168)

Male
(n = 796)

Female
(n = 1,372)

Non-regular wage workers
with age ≥ 19
(n = 2,557)

Excluded age < 19 or unemployment or
self-employed workers or employers or

unpaid family workers or regular workers
(n = 13,138)

Exclusion (n = 389)
- Missing data
- Diabetes
- Fasting glucose level ≥ 126 mg/dL or higher
- Taking hypoglycemic agents
- Receiving insulin injections

Fig. 1. A flow of the study design. 
KNHANE: Korean National Health And Nutrition Examination.
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the association between sleep duration and impaired fasting glucose levels. In the second 
model, a multiple logistic regression analysis was performed by adjusting the occupational 
characteristics (weekly working hours, physical labor status, and monthly income). In the 
third model, a multiple logistic regression analysis was performed by adjusting the general 
characteristics (age, alcohol, smoking, BMI, hypertension, and hypercholesterolemia). In the 
fourth model, a multiple logistic regression analysis was performed by adjusting the general 
characteristics (age, alcohol, smoking, BMI, hypertension, and hypercholesterolemia) and 
occupational characteristics (weekly working hours, physical labor status, and monthly 
income). The significance level was set at 0.05. All statistical analyses were performed using 
the SPSS software (version 26.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Distribution of impaired fasting glucose according to general and 
occupational characteristics
In both men and women, the higher the age and the lower the education level, the higher the 
incidence of impaired fasting glucose. In women with high BMI, the incidence of impaired 
fasting glucose was high; in men, impaired fasting glucose and BMI showed no significant 
difference. In both men and women with hypertension, the incidence of impaired fasting 
glucose was significantly high. In women with hypercholesterolemia, the incidence of 
impaired fasting glucose was high; however, in men, no significant difference was observed 
between hypercholesterolemia and impaired fasting glucose. No significant difference was 
observed in the incidence of drinking and smoking between men and women. In women, 
a lower monthly income was associated with higher incidence of impaired fasting glucose; 
however, in men, no significant difference was observed between monthly incomes and 
impaired fasting glucose. In both men and women, in the case of physical labor, the 
incidence of impaired fasting glucose was high, but no significant difference was observed 
between weekly working hours and impaired fasting glucose. In men, the incidence of 
impaired fasting glucose was high among shift workers. In women, no significant difference 
was observed between impaired fasting glucose and shift work (Table 1).

Distribution of impaired fasting glucose according to sleep duration
In men with insufficient sleep duration, the incidence of impaired fasting glucose was high. 
However, in women, no significant difference was observed between insufficient sleep 
duration and impaired fasting glucose (Table 2).

Relationship between sleep duration and impaired fasting glucose according 
to work type
In models 1 and 2, in the case of insufficient sleep duration in irregular male workers who 
have shift work, the odds ratio (OR) of impaired fasting glucose was significantly higher than 
that of sufficient sleep duration (Model 1, OR: 3.05, 95% confidence interval [CI]: 1.18–7.90; 
Model 2, OR: 2.81, 95% CI: 1.08–7.29) (Table 3).

DISCUSSION

The study found what relationship sleep duration had with impaired fasting glucose of non-
regular workers in both men and women.
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In this study, the correlation between short sleep duration and impaired fasting glucose 
was significant when the occupational characteristics were adjusted in men. However, the 
correlation between short sleep duration and impaired fasting glucose was insignificant 
when the general and occupational characteristics were adjusted. Previous studies 
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Table 1. General characteristics and distribution of study participants according to impaired fasting glucose (n = 2,168)
Variables Total (n = 2,168) Impaired fasting glucose

Men (n = 796) Women (n = 1,372)
No (n = 551) Yes (n = 245) p-value No (n = 1,091) Yes (n = 281) p-value

Age (years) < 0.001a < 0.001a

< 30 417 166 (96.5) 6 (3.5) 234 (95.5) 11 (4.5)
30–39 330 105 (84.9) 23 (15.1) 177 (87.9) 25 (12.4)
40–49 419 74 (64.6) 45 (35.4) 241 (81.3) 59 (18.7)
50–59 466 77 (54.9) 62 (45.1) 252 (77.2) 75 (2.8)
≥ 60 536 129 (52.1) 109 (47.9) 187 (64.1) 111 (35.9)

Education < 0.001a < 0.001a

≤ Elementary school 357 56 (49.8) 46 (50.2) 160 (64.8) 95 (35.2)
Middle school 254 61 (59.0) 44 (41.0) 106 (74.6) 43 (25.4)
High school 859 244 (77.5) 95 (22.5) 437 (84.1) 83 (15.9)
≥ College 697 190 (80.6) 60 (19.4) 388 (89.0) 59 (11.0)

Income (month) 0.163 < 0.05
< 1 million won 238 57 (83.3) 16 (16.7) 111 (72.8) 54 (27.2)
100–200 353 96 (67.4) 53 (32.6) 149 (75.7) 55 (24.3)
200–300 318 91 (73.0) 47 (27.0) 143 (82.0) 37 (18.0)
≥ 3 million won 1,259 307 (74.8) 129 (25.2) 688 (85.1) 135 (14.9)

BMI 0.71 < 0.001a

< 25 1,525 376 (76.4) 141 (23.6) 848 (86.2) 160 (13.8)
≥ 25 642 175 (69.6) 104 (30.4) 243 (70.4) 120 (29.6)

HTN < 0.001a < 0.001a

Yes 517 124 (53.9) 115 (46.1) 175 (67.4) 103 (32.6)
No 1,650 427 (81.0) 130 (19.0) 915 (85.2) 178 (14.8)

Hypercholesterolemia 0.84 < 0.001a

Yes 395 80 (66.3) 47 (33.7) 191 (71.9) 77 (28.1)
No 1,773 471 (75.2) 198 (24.8) 900 (84.4) 204 (15.6)

Alcohol 0.114 0.685
≤ Once a month 1,155 200 (77.6) 75 (22.4) 694 (81.9) 186 (18.1)
≥ Twice a month 1,008 351 (72.2) 170 (27.8) 393 (82.8) 94 (17.2)

Smoking 0.312 0.286
Never-smoker or ex-smoker 1,758 322 (72.5) 161 (27.5) 1,020 (82.6) 255 (17.4)
Current smoker 404 228 (76.0) 84 (24.0) 67 (78.3) 25 (21.7)

Occupation < 0.001a < 0.001a

Non-physical 1,242 268 (83.8) 71 (16.2) 756 (85.9) 147 (14.1)
Physical 923 283 (65.5) 173 (34.5) 333 (73.6) 134 (26.4)

Working hour 0.288 0.214
≤ 52 hours 1,860 424 (75.1) 183 (24.9) 999 (82.7) 254 (17.3)
> 52 hours 307 127 (70.7) 62 (29.3) 91 (77.8) 27 (22.2)

Working type < 0.05a 0.874
Daytime work 1,738 418 (71.5) 210 (28.5) 879 (82.1) 231 (17.9)
Shift work 427 133 (83.3) 34 (16.7) 210 (82.6) 50 (17.4)

BMI: body mass index, HTN: hypertension.
aCalculated by χ2 test.

Table 2. Distribution of impaired fasting glucose by sleep duration (n = 2,168)
Sleep duration Total Impaired fasting glucose

Men (n = 796) Women (n = 1,372)
No Yes p-value No Yes p-value

> 6 hours 1,620 412 (76.1) 170 (23.9) < 0.05a 833 (83.1) 205 (16.9) 0.247
≤ 6 hours 544 137 (67.4) 75 (32.6) 257 (80.2) 75 (19.8)
aCalculated by χ2 test.
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investigating the association between short sleep duration and blood glucose disorders in 
men reported conflicting results. In an 8-year prospective study of 2,649 adult male workers 
in a Japanese electrical company who had never had diabetes or other chronic diseases, the 
association between sleep disorders and type 2 diabetes was statistically significant after 
adjusting for age, education, occupation, shift work, BMI, leisure time physical activity, 
smoking, alcohol consumption, and family history of diabetes [27]. According to Kim et 
al., in the group with less than 7 hours of sleep per day, the odds ratio between short sleep 
duration and impaired fasting glucose was 1.46 (95% CI: 1.08–1.96) compared with the 
group with 7–8 hours of sleep per day after adjusting for age, BMI, education level, monthly 
income, marital status, smoking, alcohol, regular physical activity, and stress recognition in 
5.868 men aged 19 years and above [28]. However, Choo et al. [29] reported that there was no 
significant association between short sleep duration and diabetes in the group with less than 
6 hours of sleep per day after adjusting for age, BMI, smoking, drinking, exercise, stress, and 
melancholy in 7,036 adult men compared with 6–8 hours of sleep per day. Previous studies 
reported the association between sleep duration and impaired fasting glucose according to 
work type [30]. However, it is difficult to directly compare the results of our study with those 
of previous studies as none of them examined the relationship between sleep duration and 
impaired fasting glucose in non-regular workers. In addition, there are no studies that have 
evaluated the association between short sleep duration and impaired fasting glucose levels 
by adjusting the occupational characteristics. As shown in previous studies, the association 
between sleep duration, impaired fasting glucose, and diabetes in adult men is inconsistent. 
The results of this study showed that there was a significant correlation between lack of sleep 
duration and impaired fasting glucose after adjusting for occupational characteristics in 
male non-regular workers. This finding suggests that insufficient sleep duration may cause 
impaired fasting glucose in non-regular workers.

There are several biological mechanisms in which insufficient sleep duration can adversely 
affect blood glucose metabolism. First, sleep deprivation can lead to changes in the neuro-
hormonal regulation of feeding behavior. Previous studies have shown that sleep deprivation 
can increase the appetite-stimulating hormone “ghrelin” and appetite-suppressing hormone 
“leptin,” which can cause changes in feeding behavior and thus lead to weight gain and 
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Table 3. The odds ratios and 95% confidence intervals of sleep duration on impaired fasting glucose
Sleep duration Impaired fasting glucose

Men (n = 796) Women (n = 1,372)
Daytime work Shift work Daytime work Shift work

OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Model 1a

> 6 hours Reference
≤ 6 hours 1.38 0.92–2.07 3.05 1.18–7.90 1.15 0.79–1.67 1.44 0.69–2.99

Model 2b

> 6 hours Reference
≤ 6 hours 1.4 0.91–2.13 2.81 1.08–7.29 1.15 0.79–1.68 1.53 0.72–3.29

Model 3c

> 6 hours Reference
≤ 6 hours 1.32 0.85–2.05 1.57 0.46–5.32 1.14 0.78–1.68 1.07 0.53–2.16

Model 4d

> 6 hours Reference
≤ 6 hours 1.34 0.85–2.11 1.65 0.78–5.69 1.1 0.74–1.64 0.95 0.47–1.91

Calculated using multiple logistic regression analysis.
OR: odds ratio, CI: confidence interval.
aCrude odds ratio; bAdjusted by working hour, occupation, income; cAdjusted by age, alcohol, smoking, BMI, HTN, hypercholesterolemia; dAdjusted by working 
hour occupation, income, age, alcohol, smoking, BMI, HTN, hypercholesterolemia.
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obesity [31,32]. Sleep deprivation can lead to obesity, which can increase the prevalence 
of diabetes [33]. In another mechanism, sleep deprivation activates the sympathetic 
nerve, resulting in increased cortisol secretion at night. This mechanism increases insulin 
resistance, suppresses pancreatic function, and reduces blood glucose tolerance [34,35]. 
These neuroendocrine changes interfere with glucose control and eventually increase the 
blood glucose levels [36]. In addition, activation of inflammatory pathways due to sleep 
deprivation may play an important role in inhibiting glucose metabolism. Previous studies 
have reported that sleep deprivation is associated with increased tumor necrosis factor alpha, 
interleukin-6, and C-reactive protein [37,38]. Furthermore, these inflammatory factors are 
important predictors of type 2 diabetes [39,40].

For women in this study, there was no significant association between sleep duration and 
impaired fasting glucose regardless of work type in non-regular workers. Looking at previous 
studies investigating the association between sleep duration and blood glucose disorders in 
women, a 10-year follow-up of 70,026 women who had never been diagnosed with diabetes 
in the United States Nurses' Health study found that the risk of developing diabetes in those 
with less than 5 hours of sleep was 1.57(95% CI: 1.28–1.92) [41]. However, a 32-year follow-up 
study of 1,462 Swedish women reported no association between insufficient sleep duration 
and diabetes [42]. In addition, a 12-year follow-up study of 2,663 men and women aged 45–65 
years in Sweden showed that sleep duration of less than 5 hours was reported to increase the 
risk of diabetes in men but not in women [43]. These results support our findings, which 
indicate that there is no significant association between sleep duration and impaired fasting 
glucose in women. According to Roehrs et al., the prevalence of sleep-related respiratory 
disturbance is higher in men than in women; even though sleep-related respiratory 
disturbance is adjusted, sleep efficiency is still low in men [44]. According to Engeda et al. 
[45], who evaluated 2,285 adults aged more than 30 years who had never been diagnosed 
with sleep disorders, those with low quality of sleep and short sleep duration had higher risk 
of pre-diabetes compared with those who had 7–8 hours of sleep per day. For this reason, 
the association between sleep duration and impaired fasting glucose may increase in men. 
According to Heianza et al. [46], who investigated the association of menopause with type 
2 diabetes and pre-diabetes in 6,308 pre-menopausal women and 4,570 post-menopausal 
women in Japan, menopausal state was significantly associated with type 2 diabetes and pre-
diabetes compared with pre-menopausal state. This finding suggests that menstruation also 
has an important effect on blood glucose levels in women.

To date, many studies have evaluated the association between sleep duration and diabetes 
[47-50]. In addition, several studies have reported that shift work can increase the risk of 
diabetes [51,52]. However, only a few studies have investigated the association between sleep 
duration and impaired fasting glucose according to work type. To the best of our knowledge, 
this is the first study to examine the association between sleep duration and impaired fasting 
glucose by sex and work type in non-regular workers.

This study has some limitations. First, as a cross-sectional study, it is difficult to elucidate the 
temporal relationship between sleep duration and the incidence of impaired fasting glucose. 
However, KNHANE is a nationwide date that represents a country, we believe that it can aid 
in the design of future studies that related to non-regular workers. Second, the subdivisions 
of KNHANE's sleep-related survey into the weekday (or working day) and weekend (or non-
working day, the day before no working) were introduced from the 7th KNHANE. Therefore, 
we targeted only the samples of first and second year of 7th KNHANE. However, we had 
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significant results so we believe that further research will be needed when more data is 
accumulated in the future.

One strength of this study is that it is the first study in Korea to evaluate the relationship 
between sleep duration and impaired fasting glucose according to the type of work for 
non-regular workers using KNHANE. A previous study examined the association between 
sleep duration and impaired fasting glucose according to the type of work, but was not 
conducted among non-regular workers. Therefore, this study is meaningful as it suggests the 
importance of health care among non-regular workers. The second KNHANE is a nationwide 
survey using a large sample size. In addition, it is a comprehensive study that evaluates the 
social and economic level, location, lifestyle, and health conditions of individuals. Therefore, 
it is a significant data representing a country.

CONCLUSIONS

In this study, the relationship between sleep duration and impaired fasting glucose was 
examined according to the type of work in non-regular workers. Our findings demonstrate 
that insufficient sleep duration was associated with an increase in fasting blood glucose levels 
in non-regular male workers working shifts. Our study shows that non-regular workers are 
in desperate need for adequate sleep and health care. Sufficient sleep duration can effectively 
lower the fasting blood glucose levels. Furthermore, impaired fasting glucose indicates pre-
diabetes and thus can lower the risk of developing type 2 diabetes. Finally, we hope that more 
systematic and prospective follow-up studies will be conducted to further improve the health 
of non-regular workers.

REFERENCES

 1. Statistics Korea. Korean social trends 2018. Daejeon: Statistics Korea; 2018.

 2. Marmot MG. Job insecurity in a broader social and health context. WHO Reg Publ Eur Ser 1999;81:1-9.
PUBMED

 3. Bartley M, Ferrie J. Glossary: unemployment, job insecurity, and health. J Epidemiol Community Health 
2001;55(11):776-81. 
PUBMED | CROSSREF

 4. Keum J, Cho J. Job instability in the Korean labor market: comparison before and after the IMF economic 
crisis. J Labor Econ 2001;24(1):35-66.

 5. Evans GW, Kantrowitz E. Socioeconomic status and health: the potential role of environmental risk 
exposure. Annu Rev Public Health 2002;23(1):303-31. 
PUBMED | CROSSREF

 6. Kivimäki M, Vahtera J, Virtanen M, Elovainio M, Pentti J, Ferrie JE. Temporary employment and risk of 
overall and cause-specific mortality. Am J Epidemiol 2003;158(7):663-8. 
PUBMED | CROSSREF

 7. Benavides FG, Benach J, Diez-Roux AV, Roman C. How do types of employment relate to health 
indicators? Findings from the second European survey on working conditions. J Epidemiol Community 
Health 2000;54(7):494-501. 
PUBMED | CROSSREF

 8. Reppert S, Moore R. Suprachiasmatic nucleus: the mind's clock. Oxford: Oxford University Press; 1991.

 9. Haus E, Smolensky M. Biological clocks and shift work: circadian dysregulation and potential long-term 
effects. Cancer Causes Control 2006;17(4):489-500. 
PUBMED | CROSSREF

 10. Costa G. The impact of shift and night work on health. Appl Ergon 1996;27(1):9-16. 
PUBMED | CROSSREF

9/12https://doi.org/10.35371/aoem.2020.32.e29

Sleep duration and IFG according to work-type

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/10533424
http://www.ncbi.nlm.nih.gov/pubmed/11604431
https://doi.org/10.1136/jech.55.11.776
http://www.ncbi.nlm.nih.gov/pubmed/11910065
https://doi.org/10.1146/annurev.publhealth.23.112001.112349
http://www.ncbi.nlm.nih.gov/pubmed/14507602
https://doi.org/10.1093/aje/kwg185
http://www.ncbi.nlm.nih.gov/pubmed/10846191
https://doi.org/10.1136/jech.54.7.494
http://www.ncbi.nlm.nih.gov/pubmed/16596302
https://doi.org/10.1007/s10552-005-9015-4
http://www.ncbi.nlm.nih.gov/pubmed/15676307
https://doi.org/10.1016/0003-6870(95)00047-X
https://aoemj.org


 11. Knutsson A. Health disorders of shift workers. Occup Med (Lond) 2003;53(2):103-8. 
PUBMED | CROSSREF

 12. Organisation for Economic Co-operation and Development. Health at a glance 2013: OECD indicators. 
Paris: OECD Publishing; 2013.

 13. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and endocrine function. Lancet 
1999;354(9188):1435-9. 
PUBMED | CROSSREF

 14. Kobayashi D, Takahashi O, Deshpande GA, Shimbo T, Fukui T. Relation between metabolic syndrome 
and sleep duration in Japan: a large scale cross-sectional study. Intern Med 2011;50(2):103-7. 
PUBMED | CROSSREF

 15. Schultes B, Schmid S, Peters A, Born J, Fehm HL. Sleep loss and the development of diabetes: a review of 
current evidence. Exp Clin Endocrinol Diabetes 2005;113(10):563-7. 
PUBMED | CROSSREF

 16. Wingard DL, Berkman LF. Mortality risk associated with sleeping patterns among adults. Sleep 
1983;6(2):102-7. 
PUBMED | CROSSREF

 17. Association AD; American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes 
Care 2014;37 Suppl 1:S14-80. 
PUBMED | CROSSREF

 18. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates for the year 2000 
and projections for 2030. Diabetes Care 2004;27(5):1047-53. 
PUBMED | CROSSREF

 19. Kim BY, Won JC, Lee JH, Kim HS, Park JH, Ha KH, et al. Diabetes Fact Sheets in Korea, 2018: an appraisal 
of current status. Diabetes Metab J 2019;43(4):487-94. 
PUBMED | CROSSREF

 20. Nichols GA, Hillier TA, Brown JB. Progression from newly acquired impaired fasting glusose to type 2 
diabetes. Diabetes Care 2007;30(2):228-33. 
PUBMED | CROSSREF

 21. American Diabetes Association. Standards of medical care for patients with diabetes mellitus. Diabetes 
Care 2003;26 Suppl 1:S33-50. 
PUBMED | CROSSREF

 22. Ford ES, Zhao G, Li C. Pre-diabetes and the risk for cardiovascular disease: a systematic review of the 
evidence. J Am Coll Cardiol 2010;55(13):1310-7. 
PUBMED | CROSSREF

 23. Levitzky YS, Pencina MJ, D'Agostino RB, Meigs JB, Murabito JM, Vasan RS, et al. Impact of 
impaired fasting glucose on cardiovascular disease: the Framingham Heart Study. J Am Coll Cardiol 
2008;51(3):264-70. 
PUBMED | CROSSREF

 24. Rafalson L, Donahue RP, Stranges S, Lamonte MJ, Dmochowski J, Dorn J, et al. Short sleep duration is 
associated with the development of impaired fasting glucose: the Western New York Health Study. Ann 
Epidemiol 2010;20(12):883-9. 
PUBMED | CROSSREF

 25. Lou P, Chen P, Zhang L, Zhang P, Chang G, Zhang N, et al. Interaction of sleep quality and sleep 
duration on impaired fasting glucose: a population-based cross-sectional survey in China. BMJ Open 
2014;4(3):e004436. 
PUBMED | CROSSREF

 26. Luckhaupt SE, Tak S, Calvert GM. The prevalence of short sleep duration by industry and occupation in 
the National Health Interview Survey. Sleep 2010;33(2):149-59. 
PUBMED | CROSSREF

 27. Kawakami N, Takatsuka N, Shimizu H. Sleep disturbance and onset of type 2 diabetes. Diabetes Care 
2004;27(1):282-3. 
PUBMED | CROSSREF

 28. Kim CR, Song YM, Shin JY, Gim W. Association between sleep duration and impaired fasting glucose 
in Korean adults: results from the Korean national health and nutrition examination survey 2011–2012. 
Korean J Fam Med 2016;37(1):51-6. 
PUBMED | CROSSREF

 29. Choo KO, Choi HH, Park HJ, Kim HC, Kim II. The relation between sleep duration with diabetes mellitus 
in Korean adults. Korean J Fam Pract 2015;5(3):1029-34.

10/12https://doi.org/10.35371/aoem.2020.32.e29

Sleep duration and IFG according to work-type

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/12637594
https://doi.org/10.1093/occmed/kqg048
http://www.ncbi.nlm.nih.gov/pubmed/10543671
https://doi.org/10.1016/S0140-6736(99)01376-8
http://www.ncbi.nlm.nih.gov/pubmed/21245632
https://doi.org/10.2169/internalmedicine.50.4317
http://www.ncbi.nlm.nih.gov/pubmed/16320152
https://doi.org/10.1055/s-2005-872944
http://www.ncbi.nlm.nih.gov/pubmed/6878979
https://doi.org/10.1093/sleep/6.2.102
http://www.ncbi.nlm.nih.gov/pubmed/24357209
https://doi.org/10.2337/dc14-S014
http://www.ncbi.nlm.nih.gov/pubmed/15111519
https://doi.org/10.2337/diacare.27.5.1047
http://www.ncbi.nlm.nih.gov/pubmed/31339012
https://doi.org/10.4093/dmj.2019.0067
http://www.ncbi.nlm.nih.gov/pubmed/17259486
https://doi.org/10.2337/dc06-1392
http://www.ncbi.nlm.nih.gov/pubmed/12502618
https://doi.org/10.2337/diacare.26.2007.S33
http://www.ncbi.nlm.nih.gov/pubmed/20338491
https://doi.org/10.1016/j.jacc.2009.10.060
http://www.ncbi.nlm.nih.gov/pubmed/18206734
https://doi.org/10.1016/j.jacc.2007.09.038
http://www.ncbi.nlm.nih.gov/pubmed/20620078
https://doi.org/10.1016/j.annepidem.2010.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24625639
https://doi.org/10.1136/bmjopen-2013-004436
http://www.ncbi.nlm.nih.gov/pubmed/20175398
https://doi.org/10.1093/sleep/33.2.149
http://www.ncbi.nlm.nih.gov/pubmed/14694011
https://doi.org/10.2337/diacare.27.1.282
http://www.ncbi.nlm.nih.gov/pubmed/26885323
https://doi.org/10.4082/kjfm.2016.37.1.51
https://aoemj.org


 30. Jung CH, Jung SH, Lee B, Choi D, Kim BY, Kim CH, et al. Differential impact of sleep duration on fasting 
plasma glucose level according to work timing. Arch Med Res 2018;49(1):51-7. 
PUBMED | CROSSREF

 31. García-García F, Juárez-Aguilar E, Santiago-García J, Cardinali DP. Ghrelin and its interactions with 
growth hormone, leptin and orexins: implications for the sleep-wake cycle and metabolism. Sleep Med 
Rev 2014;18(1):89-97. 
PUBMED | CROSSREF

 32. St-Onge MP. The role of sleep duration in the regulation of energy balance: effects on energy intakes and 
expenditure. J Clin Sleep Med 2013;9(1):73-80. 
PUBMED | CROSSREF

 33. Mesarwi O, Polak J, Jun J, Polotsky VY. Sleep disorders and the development of insulin resistance and 
obesity. Endocrinol Metab Clin North Am 2013;42(3):617-34. 
PUBMED | CROSSREF

 34. Leproult R, Copinschi G, Buxton O, Van Cauter E. Sleep loss results in an elevation of cortisol levels the 
next evening. Sleep 1997;20(10):865-70.
PUBMED

 35. Reaven GM, Lithell H, Landsberg L. Hypertension and associated metabolic abnormalities--the role of 
insulin resistance and the sympathoadrenal system. N Engl J Med 1996;334(6):374-81. 
PUBMED | CROSSREF

 36. Havel PJ, Taborsky GJ. Stress-induced activation of the neuroendocrine system and its effects on 
carbohydrate metabolism. In: Porte D, Sherwin RS, Baron A, Ellenberg M, Rifkin H, editors. Ellenberg & 
Rifkin's diabetes mellitus. New York, NY: McGraw-Hill; 2003. p. 129-50.

 37. Irwin MR, Wang M, Campomayor CO, Collado-Hidalgo A, Cole S. Sleep deprivation and activation of 
morning levels of cellular and genomic markers of inflammation. Arch Intern Med 2006;166(16):1756-62. 
PUBMED | CROSSREF

 38. Meier-Ewert HK, Ridker PM, Rifai N, Regan MM, Price NJ, Dinges DF, et al. Effect of sleep loss on 
C-reactive protein, an inflammatory marker of cardiovascular risk. J Am Coll Cardiol 2004;43(4):678-83. 
PUBMED | CROSSREF

 39. Hu FB, Meigs JB, Li TY, Rifai N, Manson JE. Inflammatory markers and risk of developing type 2 diabetes 
in women. Diabetes 2004;53(3):693-700. 
PUBMED | CROSSREF

 40. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6, and risk of 
developing type 2 diabetes mellitus. JAMA 2001;286(3):327-34. 
PUBMED | CROSSREF

 41. Ayas NT, White DP, Al-Delaimy WK, Manson JE, Stampfer MJ, Speizer FE, et al. A prospective study of 
self-reported sleep duration and incident diabetes in women. Diabetes Care 2003;26(2):380-4. 
PUBMED | CROSSREF

 42. Björkelund C, Bondyr-Carlsson D, Lapidus L, Lissner L, Månsson J, Skoog I, et al. Sleep disturbances 
in midlife unrelated to 32-year diabetes incidence: the prospective population study of women in 
Gothenburg. Diabetes Care 2005;28(11):2739-44. 
PUBMED | CROSSREF

 43. Mallon L, Broman JE, Hetta J. High incidence of diabetes in men with sleep complaints or short sleep 
duration: a 12-year follow-up study of a middle-aged population. Diabetes Care 2005;28(11):2762-7. 
PUBMED | CROSSREF

 44. Roehrs T, Kapke A, Roth T, Breslau N. Sex differences in the polysomnographic sleep of young adults: a 
community-based study. Sleep Med 2006;7(1):49-53. 
PUBMED | CROSSREF

 45. Engeda J, Mezuk B, Ratliff S, Ning Y. Association between duration and quality of sleep and the risk of 
pre-diabetes: evidence from NHANES. Diabet Med 2013;30(6):676-80. 
PUBMED | CROSSREF

 46. Heianza Y, Arase Y, Kodama S, Hsieh SD, Tsuji H, Saito K, et al. Effect of postmenopausal status and age 
at menopause on type 2 diabetes and prediabetes in Japanese individuals: Toranomon Hospital Health 
Management Center Study 17 (TOPICS 17). Diabetes Care 2013;36(12):4007-14. 
PUBMED | CROSSREF

 47. Yaggi HK, Araujo AB, McKinlay JB. Sleep duration as a risk factor for the development of type 2 diabetes. 
Diabetes Care 2006;29(3):657-61. 
PUBMED | CROSSREF

 48. Beihl DA, Liese AD, Haffner SM. Sleep duration as a risk factor for incident type 2 diabetes in a 
multiethnic cohort. Ann Epidemiol 2009;19(5):351-7. 
PUBMED | CROSSREF

11/12https://doi.org/10.35371/aoem.2020.32.e29

Sleep duration and IFG according to work-type

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/29678352
https://doi.org/10.1016/j.arcmed.2018.03.005
http://www.ncbi.nlm.nih.gov/pubmed/23816458
https://doi.org/10.1016/j.smrv.2013.04.003
http://www.ncbi.nlm.nih.gov/pubmed/23319909
https://doi.org/10.5664/jcsm.2348
http://www.ncbi.nlm.nih.gov/pubmed/24011890
https://doi.org/10.1016/j.ecl.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/9415946
http://www.ncbi.nlm.nih.gov/pubmed/8538710
https://doi.org/10.1056/NEJM199602083340607
http://www.ncbi.nlm.nih.gov/pubmed/16983055
https://doi.org/10.1001/archinte.166.16.1756
http://www.ncbi.nlm.nih.gov/pubmed/14975482
https://doi.org/10.1016/j.jacc.2003.07.050
http://www.ncbi.nlm.nih.gov/pubmed/14988254
https://doi.org/10.2337/diabetes.53.3.693
http://www.ncbi.nlm.nih.gov/pubmed/11466099
https://doi.org/10.1001/jama.286.3.327
http://www.ncbi.nlm.nih.gov/pubmed/12547866
https://doi.org/10.2337/diacare.26.2.380
http://www.ncbi.nlm.nih.gov/pubmed/16249549
https://doi.org/10.2337/diacare.28.11.2739
http://www.ncbi.nlm.nih.gov/pubmed/16249553
https://doi.org/10.2337/diacare.28.11.2762
http://www.ncbi.nlm.nih.gov/pubmed/16194623
https://doi.org/10.1016/j.sleep.2005.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23425048
https://doi.org/10.1111/dme.12165
http://www.ncbi.nlm.nih.gov/pubmed/24170752
https://doi.org/10.2337/dc13-1048
http://www.ncbi.nlm.nih.gov/pubmed/16505522
https://doi.org/10.2337/diacare.29.03.06.dc05-0879
http://www.ncbi.nlm.nih.gov/pubmed/19362278
https://doi.org/10.1016/j.annepidem.2008.12.001
https://aoemj.org


 49. Chaput JP, Després JP, Bouchard C, Astrup A, Tremblay A. Sleep duration as a risk factor for the 
development of type 2 diabetes or impaired glucose tolerance: analyses of the Quebec Family Study. Sleep 
Med 2009;10(8):919-24. 
PUBMED | CROSSREF

 50. Chaput JP, Després JP, Bouchard C, Tremblay A. Association of sleep duration with type 2 diabetes and 
impaired glucose tolerance. Diabetologia 2007;50(11):2298-304. 
PUBMED | CROSSREF

 51. Monk TH, Buysse DJ. Exposure to shift work as a risk factor for diabetes. J Biol Rhythms 2013;28(5):356-9. 
PUBMED | CROSSREF

 52. Gan Y, Yang C, Tong X, Sun H, Cong Y, Yin X, et al. Shift work and diabetes mellitus: a meta-analysis of 
observational studies. Occup Environ Med 2015;72(1):72-8. 
PUBMED | CROSSREF

12/12https://doi.org/10.35371/aoem.2020.32.e29

Sleep duration and IFG according to work-type

https://aoemj.org

http://www.ncbi.nlm.nih.gov/pubmed/19332380
https://doi.org/10.1016/j.sleep.2008.09.016
http://www.ncbi.nlm.nih.gov/pubmed/17717644
https://doi.org/10.1007/s00125-007-0786-x
http://www.ncbi.nlm.nih.gov/pubmed/24132061
https://doi.org/10.1177/0748730413506557
http://www.ncbi.nlm.nih.gov/pubmed/25030030
https://doi.org/10.1136/oemed-2014-102150
https://aoemj.org

	Association between sleep duration and impaired fasting glucose according to work type in non-regular workers: data from the first and second year (2016, 2017) of the 7th Korean National Health and Nutrition Examination (KNHANE) (a cross-sectional study)
	BACKGROUND
	METHODS
	Measurement

	RESULTS
	Distribution of impaired fasting glucose according to sleep duration
	Relationship between sleep duration and impaired fasting glucose according to work type

	DISCUSSION
	CONCLUSIONS
	REFERENCES


