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Abstract 
The aim of this study was to identify the correlation between stress, lifestyle, and hyperglycemia 
among middle-aged Japanese male workers. We also analyzed the obese (OB) and non-obese (non- 
OB) groups pertaining to the risk of hyperglycemia. A total of 353 male employees aged between 
50 and 59 years taking health checkup sat a company in Japan were examined. The data were col-
lected using validated scales of occupational stress and medical examination. Of the 353 em-
ployees, 335 (effective response rate 95%) were analyzed. “Support from colleagues” and “reward 
from work” reported by the OB group were lower than the non-OB group. The items “eating until 
satiety” and “having greasy meal often” were significantly more common in the OB group than in 
the non-OB group. There was a significant correlation between less sleep time and hyperglycemia 
in the OB group than in the non-OB group. The non-OB group reported more overtime hours than 
the OB group. Hyperglycemia in the non-OB group was positively correlated with long working 
hours, “workload,” and “mental workload.” The results indicated that the OB group would benefit 
from lifestyle interventions, for example, improvement in sleep time and eating habits may pre-
vent hyperglycemia and eventually in obesity. Furthermore, it was suggested that stress in re-
sponse to “workload” and “mental workload” owing to long working hours leads to hyperglycemia 
in the non-OB group. Therefore, the improvement of the workplace environment, reducing the 
number of hours at work, and stress management are required to prevent hyperglycemia in the 
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non-OB group. 
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1. Introduction 
According to the 2012 National Health and Nutrition Examination Survey Overview of the Ministry of Health, 
Labor and Welfare of Japan [1], approximately 20,500,000 people who may develop diabetes, and 9,500,000 are 
considered to be suspected diabetes in Japan. 

Obesity may be associated with the onset of diabetes; therefore, weight control is important for the prevention 
of diabetes among middle-aged people [2]. Since 2008, specific health checkups (specific medical examinations) 
for the early detection of metabolic syndrome (MetS) have been conducted to provide guidance regarding health 
and living habits [3] [4]. Early intervention in MetS to prevent its progression to diabetes and cardiovascular 
diseases is an important step in curbing the rise in the national medical expenses. 

However, there is a risk that the number of non-obese (non-OB) diabetic patients with cardiovascular meta-
bolic markers may increase [5]. Hyperglycemia, high blood pressure, and lipid metabolism abnormalities have 
been reported as risk factors for the development of cardiovascular disease [6] [7]. Therefore, we reviewed the 
specific health diagnoses and health guidance pertaining to obese (OB) subjects from 2013 and evaluated the in-
cidence of hyperglycemia among non-OB subjects [1]. Stress can result from poor glycemic control in patients 
with diabetes, and when combined with occupation-related life-style, it can promote the onset of diabetes and 
associated complications [8]. Various stress levels have been reported to be strongly associated with the severity 
of diabetes [9]. 

In addition, it has been reported that the introduction of excessive overtime and new technologies may be risk 
factors for the development of diabetes [8], and a correlation between stressful situations with harsh working 
conditions and glycated hemoglobin levels has been demonstrated [9] [10]. 

The aim of this study was to verify the correlation between lifestyle and fasting blood glucose levels among 
OB and non-OB male workers in their fifties experiencing occupational stress. 

2. Subjects and Methods 
2.1. Subjects  
A total of 356 male employees (age, 50 - 59 years) of a chemical manufacturing company in a rural city in Japan, 
353 employees underwent regular health checkups in 2007, were surveyed. 

2.2. Survey Content 
The parameters of the survey included blood tests (blood sugar and HbA1c), subject characteristics [height, 
weight, body mass index (BMI), and waist circumference] collected according to medical records, and lifestyle 
habits (sleep duration, smoking history, alcohol consumption, overtime hours, and occupational stress status) 
collected by questionnaire survey. These parameters are discussed in detail below. 

2.3. Items for Blood Test, Subject Characteristics, and Lifestyle Habits 
Of the periodic health examination items, height, weight, BMI, waist circumference, and fasting blood sugar 
level were used for analysis. For lifestyle assessment, the following set of data were obtained: “alcohol con-
sumption in 1 week,” “average daily number of cigarettes smoked,” “previous month’s overtime hours,” “aver-
age daily sleep duration,” “eating until satiety,” “having greasy meal often,” and “eating out often.” 

2.4. Occupational Stress 
The occupational stress scale used in this study was created by Nishikido et al. [11] (2000) and was composed 
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of 20 items comprising the following six subscales: “workload,” “mental workload,” “job control,” “problems in 
personal relationships,” “support from colleagues,” and “rewards from work.” Each subscale was graded on a 
scale of 1 - 4. The degree of stress was measured using the total score that was obtained in this survey and the 
average score for each subscale was calculated. Α Cronbach’s alpha in the range of 0.77 - 0.92 was considered 
to be a stable measure of the coefficient of reliability for each subscale. 

2.5. Methods of Analysis 
Anonymous regular health checkup data obtained by the researchers were analyzed. Characteristics of the 
non-OB (waist circumference, <85 cm), OB (waist circumference, >85 cm), normoglycemic (fasting blood sug-
ar level, <110 mg/dL), and hyperglycemic (fasting blood sugar level, >110 mg/dL) groups were compared using 
the chi-square test. The Mann-Whitney U-test was used to compare demographic data and blood sugar levels 
according to extent of obesity among groups. Then, based on the presence or absence of hyperglycemia in the 
obesity groups, the Spearman’s rank correlation coefficient was used to assess the relationship between stress 
and lifestyle. A probability (p) value of <0.05 was considered statistically significant. All statistical analyses 
were performed using SPSS ver. 22.0 statistical software for Windows. 

3. Ethical Considerations 
The Research Ethics Committee of Hiroshima University (Hiroshima, Japan) approved the study protocol (ap-
proval number: 223). Completed questionnaire surveys were anonymously submitted. Subjects provided in-
formed consent after receiving explanations regarding the purpose and significance of the study, privacy protec-
tion, data handling, and the manner in which the research results would be reported. 

4. Results 
4.1. Subject Characteristics 
Comparisons of participant background data among groups are presented in “Table 1”. Of a total of 353 male 
employees (aged, 50 - 59 years) who underwent regular health checkups in 2007, 17 having missing values in 
the questionnaire and 1 subject showing the outlying value of blood sugar were excluded. Therefore, a total of 
335 employees (effective response rate, 95%) were included for analysis. 

There were significant differences in the fasting glucose level (97.4 ± 12.4 vs. 101.4 ± 12.2 mg/dL), height 
(167.8 ± 5.2 vs. 169.8 ± 5.9 cm), weight (62.5 ± 6.5 vs. 73.8 ± 5.5 kg), BMI (22.2 ± 2.1 vs. 25.5 ± 1.9 kg/m2), 
and waist circumference (77.4 ± 5 vs. 88.3 ± 3.2 cm) between the OB and non-OB groups, respectively; howev-
er, no significant difference in age (56.0 ± 1.9 vs. 56.0 ± 1.7 years) was observed between the OB and non-OB 
groups, respectively. 

All the subjects graduated from high school or university, and their job categories were 14.6% of clerical 
staffs, 12.0% of research staffs and 73.4% of the manufacturing staffs, respectively. There was no difference in 
educational background and job categories between the OB and non-OB groups. 
 
Table 1. Comparison of participant background data between obese and non-obese groups (n = 335). 

Variable 
OB (n = 96) non-OB (n = 239) 

p-value 
mean SD mean SD 

Average age (years) 56.0 1.7 56.0 1.9 p = 0.82 

Fasting blood sugar level (mg/dL) 101.4 12.2 97.4 12.4 p < 0.01 

HbA1c (%) 5.2 0.7 5.1 0.5 p = 0.22 

Height (cm) 169.8 5.9 167.8 5.2 p < 0.01 

Weights (kg) 73.8 5.5 62.5 6.5 p < 0.01 

BMI (kg/m2) 25.6 1.9 22.2 2.1 p < 0.01 

Waist circumference (cm) 88.3 3.2 77.4 5.0 p < 0.01 

Mann-Whitney U-value Calculator. OB: obese. 
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4.2. Comparison of Stress and Lifestyle between the OB and Non-OB Groups 
Comparisons of stress and lifestyle between the OB and non-OB groups are shown in “Table 2”. Regarding 
stress status, the responses to “support from colleagues” and “rewards from work” were significantly lower in 
the OB group than in the non-OB group (2.53 ± 0.62 vs. 2.70 ± 0.56, p < 0.05 and 2.42 ± 0.66 vs. 2.62 ± 0.62, p 
< 0.05, respectively). 

Average overtime for the previous month was significantly higher in the non-OB group than in the OB group 
(14.1 ± 17.1 h vs. 10.8 ± 14.6 h, respectively; p < 0.05). Subjects in the OB group had a significantly shorter 
sleep duration than those in the non-OB group (6.9 ± 0.8 vs. 7.1 ± 0.9 h; p < 0.05). 

4.3. Eating Habits in the OB and Non-OB Groups 
Eating habits of the subjects in the OB and non-OB groups are presented in “Table 3”. Significantly more sub-
jects in the OB group answered “yes” to the items “eating until satiety,” and “having greasy meals often,” as 
compared with those in the non-OB group (p < 0.05). 

4.4. The Prevalence of Normoglycemia and Hyperglycemia in the OB and Non-OB Groups 
The prevalence of normoglycemia and hyperglycemia in the OB and non-OB groups is shown in “Table 4”. Of 
the 96 employees in the OB group, 75 (78.1%) had normoglycemia and 21 (21.9%) had hyperglycemia. Of the  
 
Table 2. Comparison of stress and lifestyle habits between obese and non-obese groups (n = 335). 

Variable 
OB (n = 96) non-OB (n = 239) 

p-value 
mean SD mean SD 

Stressa      

Workload 1.95 0.69 1.89 0.67 p = 0.48 

Mental workload 1.88 0.7 1.77 0.61 p = 0.29 

Job control 2.51 0.65 2.59 0.59 p = 0.63 

Problem in personal relationship 1.62 0.54 1.62 0.56 p = 0.96 

Support from colleagues 2.53 0.62 2.7 0.56 p = 0.04 

Reward from work 2.42 0.66 2.62 0.62 p = 0.03 

Lifestyle      

The amount of drinking for 1 week (g) 180.4 149.7 194.2 171.8 p = 0.74 

1-day average smoking number 9.6 12.7 10.1 12.3 p = 0.71 

Overtime for the previous month (h) 10.8 14.6 14.1 17.1 p = 0.04 

1-day average sleeping hours (h) 6.9 0.8 7.1 0.9 p = 0.03 

a: Stress; score range, 1 - 4. Mann-Whitney U-value Calculator. OB: obese. 
 
Table 3. Comparison of eating habits between obese and non-obese groups (n = 335). 

Variable No (%) Yes (%) Total (%) p-value 

Eat until satiety 
OB (96) 74 (77.1) 22 (22.9) 96 (100) 

p = 0.02 
non-OB (239) 210 (87.9) 29 (12.1) 239 (100) 

Greasy meal often 
OB (96) 80 (83.3) 16 (16.7) 96 (100) 

p = 0.03 
non-OB (239) 219 (91.6) 20 (8.4) 239 (100) 

Eating out often 
OB (96) 79 (82.3) 17 (17.7) 96 (100) 

p = 0.06 
non-OB (239) 216 (90.4) 23 (9.6) 239 (100) 

Fisher’s direct method of chi-square test. OB: obese. 
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239 employees in the non-OB group, 209 (87.4%) had normoglycemia and 30 (12.6%) had hyperglycemia. 
Hyperglycemia was significantly more prevalent in the OB group (χ2 = 4.612, p < 0.05) than the non-OB group. 

4.5. Correlation between Stress and Lifestyle Habits among Subjects with Hyperglycemia 
in the OB and Non-OB Groups 

Correlation between stress and lifestyle habits among subjects with hyperglycemia in the OB and non-OB 
groups is shown in “Table 5”. Among subjects with hyperglycemia in the OB group, there was a negative cor-
relation between “mental workload” and “average daily number of cigarettes smoked” (r = −0.51, p < 0.05). On 
the other hand, among subjects with hyperglycemia in the non-OB group, there was a significant correlation 
between “overtime hours in the previous month,” “workload” (r = 0.64, p < 0.01), “mental workload,” (r = 0.45, 
p < 0.05), and “problems in personal relationship” (r = 0.39, p < 0.05). 

5. Discussion 
In this study, we identified the correlation of stress and lifestyle with the prevalence of normoglycemia and 
hyperglycemia between OB and non-OB male workers (age, 50 - 59 years) of a chemical manufacturing com-
pany in Japan. OB was strongly correlated with hyperglycemia, suggesting that OB was a factor responsible for 
the development of hyperglycemia. Based on the report, more than 90% of OB subjects are at a high risk of type 
2 diabetes [12]. Furthermore, the findings of this study suggested a strong correlation between obesity and high 
blood sugar. 

In this study, the number of hours of sleeping was less in the OB subjects than the non-OB subjects. The re-
port stated that sleep deprivation decreases the secretion of leptin, which is known to increase energy consump-
tion and suppress appetite. Conversely, lack of sleep increases the secretion of ghrelin, which enhances appetite 
and has been reported to increase the degree of obesity [13]-[16]. Therefore, it is necessary for OB individuals to 
adopt a lifestyle that can improve sleeping habits. 
 
Table 4. The prevalence of nomoglycemia and hyperglycemia in obese and non-obese groups (n = 335). 

Variable Normoglycemia (%) Hyperglycemia (%) Total (%) p-value 

OB (n = 96) 75 (78.1) 21 (21.9) 96 (100) 
p = 0.04 

non-OB (n = 239) 209 (87.4) 30 (12.6) 239 (100) 

Total 284 (84.8) 51 (15.2) 335 (100)  

Chi-square test. χ2 = 4.612, OB: obese. 
 
Table 5. Correlation between stress and lifestyle habits among subjects with hyperglycemia in obese and non-obese groups 
(n = 51). 

Variable 

OB (n = 21)  non-OB (n = 30) 

The amount 
of drinking 
for 1 week 

1-day  
average 
smoking 
number 

Overwork 
the previous 

month 

1-day  
average 
sleeping 

hours 

The amount 
of drinking 
for 1 week 

1-day  
average 
smoking 
number 

Overwork 
the previous 

month 

1-day  
average 
sleeping 

hours 

Stress         
Workload −0.18 −0.33 0.17 −0.24 −0.10 0.25 0.64** −0.23 

Mental workload 0.09 −0.51* 0.07 −0.19 −0.28 0.27 0.45* 0.03 

Job control 0.10 0.16 0.17 −0.11 −0.31 0.03 −0.12 0.08 

Problems in personal relationship −0.12 −0.18 0.10 0.12 −0.32 −0.06 0.39* −0.01 

Support from colleagues 0.18 −0.16 0.10 −0.28 0.22 −0.10 −0.09 −0.01 

Reward from work 0.29 0.29 0.17 0.05 −0.025 −0.13 0.01 0.04 

Spearman’s rank correlation coefficient. *p < 0.05 and **p < 0.01 OB: obese. 
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The OB group was more likely to respond positively to “eat until satiety,” “greasy meal often,” and “eat out 
often,” indicating poor dietary habits. This suggests a change in appetite-inhibiting hormone levels owing to lack 
of sleep. As a result, it is important for a person to understand that eating until satiety is not ideal and that re-
fraining from eating out can prevent the onset of obesity [17]. 

Approximately 60% of patients with diabetes are reportedly not OB [5]. Chan [18] reported that Asians are at 
higher risk of developing type 2 diabetes in comparison with Europeans. Asians are more likely to develop the 
disease even at a lower BMI. This means that even if obesity is not present, the risk of developing diabetes may 
be high in the Japanese. Clinical observations by Tanabe [19] indicated the benefits of educating those at risk of 
hyperglycemia who are not yet overweight. 

In this study, subjects with hyperglycemia in the non-OB group performed significantly more overtime work 
and reported more stress, including “workload” and “mental workload,” than subjects with hyperglycemia in the 
non-OB group. If continuous chronic stress persists, noradrenaline is constantly secreted followed by tension 
and suffering. If tension continues, sympathetic hyperactivity continues and pancreatic cells are damaged be-
cause of excessive active oxygen. Therefore, this condition is further considered to cause hyperglycemia [20]. 
Then, high “work-load” promotes chronic stress action and suggests that it is easy to develop hyperglycemia. 

By this study, it is suggested that the main causes underlying hyperglycemia in the OB and non-OB groups 
are different. OB group revealed that hyperglycemia may occur because of lack of sleep and the related lifestyle. 
On the other hand, non-OB group revealed that hyperglycemia may occur because of stress owing to long work 
hours. 

6. Conclusion 
The results of this study suggest that obesity leads to hyperglycemia. Sleep duration was significantly shorter in 
the OB group than in the non-OB group in this study. Hence, the OB group would likely benefit from lifestyle 
interventions such as improvement in sleep patterns and eating habits to prevent hyperglycemia and eventual 
obesity. For non-OB people, it has been suggested that stress, including “workload” and “mental workload” be-
cause of long work hours can lead to hyperglycemia. Therefore, improvement of the workplace environment, 
reducing the work hours, and stress and stress management, are required in order to prevent hyperglycemia. 
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