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ABSTRACT

Background: Long working hours are known to account for approximately one-third of 
the total expected work-related diseases, and much interest and research on long working 
hours have recently been conducted. Additionally, as the prevalence of prediabetes and the 
high-risk group for diabetes are increasing worldwide, interest in prediabetes is also rising. 
However, few studies have addressed the development of type 2 diabetes and long working 
hours in prediabetes. Therefore, the aim of this longitudinal study was to evaluate the 
relationship between long working hours and the development of diabetes in prediabetes.
Methods: We included 14,258 prediabetes participants with hemoglobinA1c (HbA1c) level of 
5.7 to 6.4 in the Kangbuk Samsung Cohort Study. According to a self-reported questionnaire, 
we evaluated weekly working hours, which were categorized into 35–40, 41–52, and > 52 
hours. Development of diabetes was defined as an HbA1c level ≥ 6.5%. Hazard ratios (HRs) 
and 95% confidence intervals (CIs) for the development of diabetes were estimated using Cox 
proportional hazards analyses with weekly working 35–40 hours as the reference.
Results: During a median follow-up of 3.0 years, 776 participants developed diabetes 
(incidence density, 1.66 per 100 person-years). Multivariable-adjusted HRs of development 
of diabetes for weekly working > 52 hours compared with working 35–40 hours were 2.00 
(95% CI: 1.50–2.67). In subgroup analyses by age (< 40 years old, ≥ 40 years old), sex (men, 
women), and household income (< 6 million KRW, ≥ 6 million KRW), consistent and 
significant positive associations were observed in all groups.
Conclusions: In our large-scale longitudinal study, long working hours increases the risk of 
developing diabetes in prediabetes patients.

Keywords: Longitudinal studies; Working hours; Workload; Diabetes mellitus; Prediabetes; 
Prediabetic state

BACKGROUND

Prediabetes is defined as an intermediate-dysregulation state of hyperglycemia with 
glucose levels above normal but below the diagnostic threshold for diabetes. People with 
prediabetes is at high-risk for developing of type 2 diabetes mellitus (diabetes).1 The 
definition and screening criteria for prediabetes differ between guidelines published by 
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different institutions; hence, prediabetes prevalence estimates vary. However, despite these 
differences, it is clear that its prevalence has increased rapidly.2 Prediabetes is not only a 
remarkable risk factor for diabetes but is also considered as an independent, dangerous 
metabolic state after several studies have shown that it is associated with an increased risk 
of chronic kidney disease,3 retinopathy,4 neuropathy,5 and cardiovascular disease,6 which 
are traditionally considered complications of diabetes. Several studies have confirmed 
the importance of interventions in individuals identified with prediabetes.7-10 Given the 
increasing prevalence and many pathologies, it is necessary to identify modifiable risk factors 
and prevent the onset of diabetes from a public health and clinical standpoint.

In South Korea, the average annual working hours per worker is 1,908 hours in 2020, which is 
one of the highest among OECD countries.11 Long working hours increase the risk of various 
adverse health outcomes. Several studies have shown that long working hours increase the 
risk for developing negative health outcomes such as obesity,12 hypertension,13 stroke and 
coronary heart disease,14 non-alcoholic fatty liver disease, 15 sleep,16 occupational injuries17 
and so on. Similar to many other health outcomes, long working hours can play a crucial role 
in glycemic control and the development and progression of diabetes in Koreans, especially 
in high-risk groups, such as those with prediabetes. Much interest and research on long 
working hours has been recently conducted, but few longitudinal studies have addressed 
the relationship between prediabetes and long working hours. Therefore, this longitudinal 
study aimed to assess the relationship between long working hours and the development of 
diabetes in adults with prediabetes.

METHODS

Study population
The Kangbuk Samsung Cohort Study is a study on South Korean men and women aged at 
least 18 years who underwent a comprehensive annual or biennial health examination at the 
Kangbuk Samsung Hospital Total Healthcare Center in Seoul and Suwon, South Korea. More 
than 80% of the examinees were employees of various companies and local governmental 
organizations and their spouses. The present study included a total of 218,904 participants 
who underwent comprehensive health examinations from January 1, 2012 to December 31, 
2017, and had undergone at least one other screening examination before December 31, 
2018. We selected prediabetes patients with an hemoglobinA1c (HbA1c) level of 5.7%–6.4%, 
except those who previously had been diagnosed with diabetes by a doctor and those who 
had previously used anti-diabetic drugs or insulin (n = 63,932). Among potential 63,932 
participants, we excluded 21,337 participants who had any of the following conditions at 
baseline: missing data regarding working hours (n = 2,674); fasting blood glucose > 126 
mg/dL (n = 734); self-reported history of cancer (n = 1,473); working less than 35 hours per 
week (n = 13,880); shift workers (n = 4,803). We regarded workers who worked for less than 
35 hours a week as part-time. We excluded part-time and shift workers to minimize work-
schedule-biased health effects. In addition, participants who experienced a change in their 
working hours during the follow-up period, resulting in a change in their working hours 
group, were excluded (n = 28,337). Finally, 14,258 individuals were selected as participants for 
this study (Fig. 1).
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Working hours
Based on the Labor Standards Act, the study subjects were divided into three groups based 
on working hours: 35–40, 41–52, and > 52 hours per week. In South Korea, adult working 
hours should not exceed 40 hours per week, and 12 additional hours per week are permitted 
if agreed between parties. Working on weekends was not subject to regulation until 2018; 
therefore, if workers worked on a Saturday or Sunday, they could legally work more than 52 
hours per week.18 Additionally, working hours of adolescents should not exceed 35 hours 
per week (five additional hours per week are allowed with workers’ agreement). Based on 
this standard, we evaluated the working hours using a self-reported questionnaire. Weekly 
working hours were assessed based on the following question: “How many hours did you 
work in one week, on average, in your job for the past year, including overtime?”

Measurement of HbA1c and definition of prediabetes and development of 
diabetes
HbA1c levels were measured using an immunoturbidimetric assay with a Cobra Integra 800 
automatic analyzer (Roche Diagnostics, Basel, Switzerland). Participants were identified 
as having prediabetes if they had an HbA1c level between 5.7% and 6.4%. An HbA1c level ≥ 
6.5% at follow-up was defined as the development of diabetes. HbA1c is considered to be a 
more reliable test for impaired glucose homeostasis than fasting blood glucose.2 HbA1c has 
several advantages over fasting blood glucose, including greater convenience (since fasting 
is not required) and less intra-individual variation.19 Our participants were individuals who 
came for a health check-up and were informed to fast more than 8 hours prior to visiting the 
hospital, but we used HbA1c to rule out the possibility of non-fasting.

https://doi.org/10.35371/aoem.2022.34.e4

Working hours and developing diabetes with prediabetes

Participants who underwent health examination between January 1, 2012, and December 31, 2017 
and had at least one follow-up visit through December 31, 2018 (n = 218,904)

Exclusion I (n = 154,972): some individuals met more than one criterion for exclusion at baseline

- Participants with HbA1c level ≤ 5.6% or ≥ 6.5% (n = 153,196)
- Previous diabetes diagnosis by physician (n = 5,068)
- Previous or current anti-diabetic drugs or insulin use history (n = 3,522)

Exclusion II (n = 21,337): some individuals met more than one criterion for exclusion at baseline

- Missing data on working hours (n = 2,674)
- Fasting blood glucose > 126 mg/dL (n = 734)
- History of cancer (n = 1,473)
- Woking less than 35 hours per week (n = 13,880)
- Shift workers (n = 4,803)

Exclusion III (n = 28,337)

- Participants who had a change in their woking hours during the follow-up period, resulting in a 
   change in their woking hours group

Potential participants (n = 63,932)

Participants included in the final analysis (n = 14,258)

Fig. 1. Flowchart of study participants. 
HbA1c: hemoglobinA1c.
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Measurement of variables
Data on age, sex, smoking status, alcohol consumption, regular exercise frequency, marital 
status, education level, medication for hypertension or dyslipidemia, and history of cancer 
were collected using self-administered questionnaires. Blood pressure, height, and weight 
were measured by trained nurses. Body mass index (BMI) was calculated as weight in 
kilograms divided by height in meters squared. Obesity was defined as a BMI ≥ 25 kg/m2, 
which is the proposed cut-off for the diagnosis of obesity in Asians. Blood samples were 
collected after fasting for at least 8 hours. Clinical chemistry parameters, such as fasting 
glucose, and HbA1c, and high-sensitivity C-reactive protein (hsCRP) levels were measured. 
Insulin resistance was assessed using the homeostasis model assessment of insulin 
resistance (HOMA-IR) equation as follows: fasting insulin (μU/mL) × fasting glucose (mg/
dL)/405.20 Smoking status was categorized as currently smoking or not. Alcohol consumption 
status was categorized as heavy consumption or not. Heavy alcohol consumption was defined 
as ≥ 20 g/day for women and ≥ 30 g/day for men.21,22 Exercise habits were evaluated using the 
following question: “Frequency of vigorous leisure-time physical activity per week.” Regular 
exercise was defined as exercising three or more times per week. A high education level was 
defined as a college graduate or higher. Monthly household income was divided into eight 
categories ranging from less than 0.5 million Korean won (KRW) per month to more than 6 
million KRW per month. Among each category, a household income of ≥ 6 million per month 
was the highest. We defined 6 million KRW as a high household income and conducted a 
subgroup analysis based on this to make the ratios of the two groups similar.

Statistical analysis
The baseline characteristics of the study participants were presented according to their 
weekly working hours. The primary endpoint was the development of diabetes, defined as 
an HbA1c level ≥ 6.5%. Participants were followed from the baseline visit to the visit wherein 
diabetes was diagnosed or to the last available follow-up before December 31, 2018. We 
calculated person-years from the date of the baseline examination to the date of the first 
development of diabetes at the follow-up examination or the date of the last examination.

Incidence density was calculated as the number of incident cases divided by person-years 
during the follow-up period. Cox proportional hazards regression analyses were performed 
to assess the association between working hours and the development of diabetes. In model 
1, we adjusted for age and sex. In model 2, we further adjusted for alcohol consumption, 
smoking, regular exercise, medication for hypertension or dyslipidemia, BMI, HOMA-IR 
and hsCRP. In model 3, we adjusted for social factors such as education, marital status, 
and household income, in addition to model 2. To explore the mechanism underlying the 
observed associations between working hours and the development of diabetes, subgroup 
analysis was performed by age (< 40 years vs. ≥ 40 years), sex (women vs. men), and 
household income (< 6 million KRW vs. ≥ 6 million KRW). For all p-values (2-sided), < 0.05 
was considered statistically significant. All statistical analyses were performed using STATA 
version 16.1 (StataCorp LP, College Station, TX, USA).

Ethics statement
The Institutional Review Board of Kangbuk Samsung Hospital approved this study (IRB No. 
KBSMC 2021-10-034) and waived the requirement for informed consent. This was due to the 
use of anonymized data that were routinely collected as part of a health checkup program.
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RESULTS

Of the study participants, 5,460 worked 35–40 hours per week, and those who worked 
41–52 hours and > 52 hours totaled 6,960 and 1,838, respectively. The mean age of study 
participants at baseline was 40.9 ± 8.3 years and 70.7% were men. Weekly working hours 
were positively associated with men, current smoking status, heavy alcohol consumption, 
high education levels, obesity, fasting glucose levels, HOMA-IR and hsCRP levels, whereas 
they were inversely associated with age, regular exercise, marital status, and hypertension or 
dyslipidemia medication (Table 1).

During 46625.2 person-years of follow-up (median, 3.0 years), total of 776 participants 
developed diabetes (incidence density, 1.66 per 100 person-years). Participants with longer 
working hours had a higher incidence of diabetes. The age- and sex-adjusted hazard ratio 
(HR) (95% confidence interval [CI]) for the development of diabetes in the longest working 
hours group compared to the reference group was 2.33 (1.88–2.88). Finally, in addition to 
model 2, after adjusting for social factors, such as education, marital status, and household 
income in model 3, the association did not change (HR: 2.00; 95% CI: 1.50–2.67) (Table 2).

In subgroup analyses by age (< 40 years vs. ≥ 40 years), sex (men vs. women), and household 
income (< 6 million KRW vs. ≥ 6 million KRW), consistent and significant positive 
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Table 1. Characteristics of participants with prediabetes at baseline by weekly working hours
Characteristics Overall Weekly working hours P for trend

35–40 41–52 > 52
Number 14,258 5,460 (38.3) 6,960 (48.8) 1,838 (12.9)
Age (years) 40.9 ± 8.3 43.6 ± 8.7 38.9 ± 7.4 40.1 ± 8.2 < 0.001
Men 10,075 (70.7) 2,792 (51.1) 5,738 (82.4) 1,545 (84.1) < 0.001
Current-smoker 3,404 (23.9) 941 (17.2) 1,836 (26.4) 627 (34.1) < 0.001
Heavy alcohol drinkinga 2,299 (16.1) 845 (15.5) 1,071 (15.4) 383 (20.8) 0.002
Regular exerciseb 1,775 (12.5) 795 (14.6) 791 (11.4) 189 (10.3) < 0.001
Marital status (married) 12,155 (85.3) 4,934 (90.4) 5,708 (82.0) 1,513 (82.3) < 0.001
High education levelc 12,284 (86.2) 4,349 (79.7) 6,325 (90.9) 1,610 (87.6) < 0.001
High household incomed 5,473 (38.4) 2,211 (40.5) 2,521 (36.2) 741 (40.3) 0.001
Medication of hypertension 1,060 (7.4) 524 (9.6) 392 (5.6) 144 (7.8) < 0.001
Medication of dyslipidemia 624 (4.4) 288 (5.3) 248 (3.6) 88 (4.8) 0.011
Obesitye 5,675 (39.8) 1,827 (33.5) 2,961 (42.5) 887 (48.3) < 0.001
Fasting glucose (mg/dL) 97.4 ± 9.2 97.0 ± 9.6 97.6 ± 9.0 98.2 ± 9.2 < 0.001
HbA1c (%) 5.83 ± 0.16 5.84 ± 0.16 5.83 ± 0.15 5.84 ± 0.17 0.191
HOMA-IRf* 1.47 (0.95–2.21) 1.35 (0.88–2.01) 1.54 (1.00–2.31) 1.58 (1.00–2.37) < 0.001
hsCRP (mg/L)* 0.05 (0.03–0.11) 0.05 (0.03–0.10) 0.06 (0.03–0.11) 0.06 (0.03–0.13) 0.003
Data are expressed as mean ± standard deviation, median (interquartile range) or percentage.
HbA1c: hemoglobinA1c; HOMA-IR: homeostasis model assessment of insulin resistance; hsCRP: high-sensitivity C-reactive protein.
aWomen ≥ 20 g/day, men ≥ 30 g/day; b ≥ 3 times/week; c ≥ College graduate; dTotal monthly income ≥ 6 million KRW; ebody mass index (≥ 25 kg/m2); fHomeostasis 
model assessment of insulin resistance.

Table 2. Development of diabetes in prediabetes according to weekly working hours
Weekly working hours PY Incident cases Incidence density 

(per 100 PY) (95% CI)
Multivariable-adjusted HR (95% CI)

Model 1a Model 2b Model 3c

35–40 18,302.3 229 1.25 (1.10–1.42) 1.00 1.00 1.00
41–52 23,171.5 389 1.68 (1.52–1.85) 1.22 (1.02–1.46) 1.23 (0.99–1.53) 1.28 (1.00–1.64)
> 52 5,151.4 158 3.07 (2.62–3.58) 2.33 (1.88–2.88) 2.03 (1.57–2.63) 2.00 (1.50–2.67)
P for trend < 0.001 < 0.001 < 0.001
PY: person-years; HR: hazard ratio; CI: confidence interval.
aModel 1: age, sex adjusted; bModel 2: model 1 plus adjusted for alcohol consumption, smoking, regular exercise, medication for hypertension or dyslipidemia, 
body mass index, homeostasis model assessment of insulin resistance, and high-sensitivity C-reactive protein; cModel 3: model 2 plus adjusted for education, 
marital status, and household income.
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associations in all groups were observed. In particular, women with prediabetes exposed 
to long working hours were 2.94 times more likely to develop diabetes (HR: 2.94; 95% CI: 
1.16–7.46). And the group with a household income less than 6 million KRW also showed a 
high risk of developing diabetes (HR: 2.28; 95% CI: 1.55–3.34). The association between long 
working hours and the development of diabetes did not differ by age, sex, and household 
income (Table 3). In addition, long working hours showed a significant association with 
prediabetes regardless of shift work (Supplementary Table 1).

DISCUSSION

This study investigated whether working hours are an independent risk factor for the 
development of diabetes in patients with prediabetes. In our large-scale cohort study, long 
working hours had a significant effect on diabetes incidence in adults with prediabetic state at 
baseline. Participants who worked more than 52 hours per week had a significantly higher risk 
of diabetes compared to reference group, participants who worked 35–40 hours per week.

As our study subjects were relatively young, had a low prevalence of underlying diseases, 
and underwent medical checkups every year or two, we tried to avoid healthy worker bias in 
relation to developing diabetes. Therefore, in model 3, we adjusted for social factors such as 
education, marital status, and household income. As a result, the positive association between 
weekly working hours and diabetes incidence weakened slightly, but it was still maintained.

The exact mechanisms involved are not clear yet. Several possible mechanisms have been 
proposed relating to how long working hours increase the risk of diabetes in prediabetes. 
First, longer working hours may lead to changes in lifestyle behaviors that decrease exercise 
and increase smoking or alcohol consumption,23,24 which are known as risk factors for 
diabetes.25,26 Decreased regular exercise can result in body weight gain, and body weight 
control is important to prevent the progression of prediabetes to diabetes.27 After adjusting 
for lifestyle variables such as alcohol consumption, smoking and regular exercise, the 
association was slightly weakened in this study. However, the statistical significance was still 
maintained, suggesting that variables other than lifestyle should be considered. Second, the 
more working hours, the higher the likelihood that workers will not be able to eat regularly. 
The time of the day chosen for food intake affects human energy expenditure and metabolic 
response to meals.28 Therefore, long working hours that lead to the omission of breakfast 
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Table 3. Hazard ratios (95% CI) for development of diabetes in prediabetes by weekly working hours in clinically relevant subgroups
Subgroup PY Incident 

cases
Incidence density  

(per 100 PY) (95% CI)
Weekly working hours P for trend P for interaction

35–40 41–52 > 52
Age (years) 0.527

< 40 (n = 6,835) 23,621.0 294 1.24 (1.11–1.40) 1.00 1.20 (0.78–1.83) 1.75 (1.06–2.89) 0.023
≥ 40 (n = 7,423) 23,004.2 482 2.10 (1.92–2.29) 1.00 1.16 (0.86–1.57) 2.16 (1.51–3.08) < 0.001

Sex 0.527
Men (n = 10,075) 32,603.5 682 2.09 (1.94–2.25) 1.00 1.23 (0.94–1.60) 1.89 (1.39–2.57) < 0.001
Women (n = 4,183) 14,021.8 94 0.67 (0.55–0.82) 1.00 1.89 (0.98–3.64) 2.94 (1.16–7.46) 0.007

Household income 0.731
< 6 million KRW (n = 6,598) 22,476.8 384 1.71 (1.55–1.89) 1.00 1.30 (0.95–1.78) 2.28 (1.55–3.34) < 0.001
≥ 6 million KRW (n = 5,473) 17,136.3 291 1.70 (1.51–1.90) 1.00 1.29 (0.88–1.90) 1.89 (1.22–2.94) 0.004

CI: confidence interval; PY: person-years.
Estimated from Cox proportional hazard models adjusted for age, sex, alcohol consumption, smoking, regular exercise, medication for hypertension or 
dyslipidemia, body mass index, homeostasis model assessment of insulin resistance, high-sensitivity C-reactive protein, education, marital status, and 
household income.
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along with a late-night dinner could result in poor glycemic control in prediabetes. In the US 
study, men who did not consume breakfast had a 21% higher risk of diabetes than men who 
consumed breakfast, even after adjusting for known risk factors for diabetes, including BMI.29 
Late-night dinner (later than 8 pm) was shown to be independently associated with poor 
glycemic control in type 2 diabetes patients.30 Third, long working hours could cause increased 
psychosocial stress.31 Repetitive stress could lead to the dysregulation of glucose metabolism 
through neuroendocrine mechanisms (catecholamine, glucocorticoids, and inflammation).32 
One study showed that various pro-inflammatory and anti-inflammatory markers were 
associated with progression from prediabetes to diabetes, suggesting that inflammation could 
be a useful target in preventing the progression of prediabetes to diabetes.33

We confirmed that the positive association did not change in all groups through subgroup 
analyses according to age (< 40 years old vs. ≥ 40 years old), sex (men vs. women), and 
household income (< 6 million KRW vs. ≥ 6 million KRW) (Table 3). According to the Korea 
Diabetes Association, diabetes screening tests are recommended annually for adults aged 
over 40 years or adults aged over 30 years with risk factors.34 In addition, according to the 
Diabetes Fact Sheet in Korea 2020, the prevalence of diabetes in both men and women 
increases with increasing age, and the prevalence of diabetes in men exceeds 10% in their 
40s and in women in their 50s.35 Therefore, we observed the development of diabetes with 
age based on the age of 40 years. Notably, we found that the HRs were more pronounced in 
women than men. It suggests that women are more vulnerable to the effects of long working 
hours than men. A recent prospective study in Brazil showed that job stress was associated 
with the risk of prediabetes and diabetes only among women. In addition, it showed that 
highly educated women with job stress were four times more likely to develop diabetes.36 
This study showed similar to the finding that women have a higher HR than men in our 
study, which consisted mostly of highly educated people. Moreover, according to a recent 
study using data from the Korea National Health and Nutrition Examination Survey, long 
working hours (> 52 hours per week) were associated with poor glycemic control (HbA1c > 
9%) compared to shorter working hours (≤ 40 hours per week) only among elderly (≥ 60 years 
of age) female workers with diabetes.37 Our study shows a unique strength that extends the 
results of this cross-sectional study to longitudinal-cohort study.

In contrast to our findings, a meta-analysis of 23 cohort studies on working hours and the 
incidence of type 2 diabetes identified lower socioeconomic status as a significant risk factor.38 
It showed that long working hours (≥ 55 hours per week) are related to the risk of diabetes in 
workers with lower socioeconomic status. Our study has extended results showing that long 
working hours are a significant risk factor, even in high-household income groups.

Meanwhile, a previous Japanese study in which race, sample size, duration of follow-up, 
and the covariates used for adjustment were similar to ours, reported that persistently 
long working hours were not associated with the development of diabetes in prediabetes.39 
Healthy worker effect was presented as a reason for the null findings. However, compared 
to this Japanese study, the subjects of in our study were younger, baseline conditions such as 
smoking and HbA1c levels were better, and the conversion rate from prediabetes to diabetes 
was lower (5.4% vs. 8.9%). And risk of working hours for the development of diabetes was 
observed only in our study.

The present study had several strengths. First, relatively long working hours (compared 
with other countries) provided a unique opportunity to evaluate the association between 
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working hours and the development of diabetes in prediabetes. Based on meta-analysis, shift 
work was associated with an increased risk of diabetes,40 and the risk of diabetes associated 
with long working hours differed by shift work schedules.41 Since shift workers and part-
time workers (less than 35 hours per week) were excluded in this study, we focused on the 
effect of working hours only. The same analysis was additionally performed in this study, 
including shift workers. As a results, long working hours showed a stronger negative health 
effect on shift workers (Supplementary Table 1). Second, our study population consisted of 
apparently healthy, highly educated young and middle-aged Korean men and women. Other 
variables were well controlled, and working hours were considered appropriate to obtain 
consistent results. Moreover, a recent community-based cohort study in older adults showed 
that regression to normoglycemia or death was more frequent than diabetes progression 
among older adults with prediabetes. These findings suggest that prediabetes may not be a 
strong diagnostic entity in the older adult groups.42 Because our study consisted of young and 
middle-aged men and women, this study is appropriately designed to assess the progression 
of diabetes in individuals with prediabetes. Finally, our study ensured an accurate estimate of 
HbA1c levels with standardized laboratory procedures.

However, this study had several limitations. First, since this study collected working hour 
data using a questionnaire, it may have self-reported bias. Second, the differences between 
occupations and occupational characteristics were not adequately considered in this study. 
Since diabetes is a disease that is affected by physical activity, not only the working hours 
but also the occupational type and intensity could be one of the important factors in the 
progression of diabetes. The differences between the type and intensity of work should be 
fully examined in future studies. Third, the conversion rate from prediabetes to diabetes is 
low in this present study. While estimates vary from study to study, approximately one-fourth 
of individuals with prediabetes will develop diabetes within 3–5 years.43 However, in our 
study, a total of 5.4% developed diabetes during the median 3.0 years follow-up. The healthy 
worker effect may have played a role in this conversion rate. This effect may have affected 
the conversion rate, but it did not seem to have affected the present positive conclusion. 
Moreover, it appears that the follow-up period was not too short to observe the progression 
of prediabetes to diabetes. To examine the effect of working hours on diabetes development, 
it takes a long time to observe healthy adults with normal HbA1c levels. Our study observed 
prediabetes, and accordingly, it was possible to observe the development of diabetes in a 
relatively short time. According to the American Diabetes Association, more than two-thirds 
of individuals with prediabetes eventually progress to diabetes within their lifetime.1 For 
more accurate analysis, future studies should be conducted with longer follow-up periods 
to possibly uncover the exact mechanisms of the effects of long working hours on the 
development of diabetes.

As with other diseases, it is very important to recognize and intervene in modifiable risk 
factors for prediabetes, a high-risk group for diabetes. Our study is meaningful in that it 
identified a novel and modifiable risk factor called long working hours. Our results suggest 
that it is not only important to reduce long working hours but also that interventions such as 
occupational health care during working hours is required in prediabetes.

https://doi.org/10.35371/aoem.2022.34.e4
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CONCLUSIONS

In conclusion, our cohort study showed that long working hours were positively associated 
with the development of diabetes in people with prediabetes. In particular, the positive 
association did not change in any subgroup analyses by age, sex, and household income. 
Additional longitudinal studies are needed to determine the mechanism of the progression 
from prediabetes to diabetes due to long working hours.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Hazard ratios (95% confidence interval) for development of diabetes in prediabetes by weekly 
working hours according to type of work schedule

Click here to view
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