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IntroductIon

Rapid economic growth increases the demand for labor. 
In most developing countries, legal systems to protect 
employees from overwork have not been fully established. 
In such circumstances, long working hours often result in 
health problems. Japan experienced such a situation in the 
period of dramatic economic growth following the World 
War II. In the late 1970s, the incidence of death from brain 
or heart disease caused by overwork was named “karoshi.”[1]

Karoshi has now become a serious social problem in China, 
which is achieving rapid economic growth. The Chinese 

Social Media have reported that nearly 600,000 people die 
from overwork in the mainland of China.[2] In a survey of 
the general population in 5 cities in China, 36.8% reported 
severe stress.[3] The working generation of those aged 
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35–44 years accounted for a considerable degree of this 
percentage.[3] It is known that obesity, hypertension, type 2 
diabetes mellitus, and dyslipidemia are risk factors for the 
incidence of brain and heart diseases.[4‑6] Many studies[7‑12] 
have examined the relationship between job stress and 
obesity, hypertension, and type 2 diabetes mellitus, but only 
a few studies have focused on the relationship between job 
stress and dyslipidemia.

Bo th  hype r‑ low‑dens i ty  l i popro te inemia  and 
hypo‑high‑density lipoproteinemia (hypo‑HDL) are risk 
factors for atherosclerotic cardiovascular diseases.[13] 
However, the influence of each dyslipidemic condition 
on cardiovascular events might differ between Asian and 
non‑Asian populations. A large cohort study conducted 
in the Asian‑Pacific area has shown that the prevalence 
of hypo‑HDL was higher in Asian than in non‑Asian 
populations.[14] Moreover, isolated hypo‑HDL was an 
independent risk factor for cardiovascular disease in Asian 
people, including Chinese, but this was not the case in 
Caucasians in New Zealand and Australia.[14] Recently, 
we have reported that hypo‑HDL is a better predictor for 
stroke than other lipid measures in the Japanese general 
population.[15] Therefore, it is important to examine the 
treatment of isolated hypo‑HDL in the prevention of 
cardiovascular diseases in Asian people.

There are several pharmacological choices for the treatment 
of hyper‑low‑density lipoproteinemia; however, none of 
the therapeutic drugs to increase high‑density lipoprotein 
cholesterol (HDL‑C) have succeeded in improving 
cardiovascular prognosis.[16] Thus, nonpharmacological 
therapy is a more realistic strategy for hypo‑HDL. It is well 
recognized that increases in body weight or smoking reduce 
HDL‑C while regular exercise and alcohol intake increase 
HDL‑C.[17] However, only a few studies have examined 
the relationship between job stress and HDL‑C in Asian 
people.[18‑20]

The aim of this study was to examine the relationship 
between job stress and hypo‑HDL of Chinese workers in 
Shanghai who participated in the Japan‑China cooperative 
study for the prevention of karoshi.[7,21]

There have been three major job stress models such as 
effort‑reward imbalance model,[22,23] job‑demand‑control 
model,[24] and the model of organizational justice.[25] 
It has been well recognized that these models predict 
cardiovascular diseases,[26] lipid profiles,[20] and metabolic 
syndrome.[8‑10] In this study, we used job‑demand‑control 
model because we have used the questionnaire of 
the National Institute for Occupational Safety and 
Health (NIOSH),[27] which quantified job control and job 
demand, allowing to determine the modified version of 
job strain condition. We focused not only on job strain 
but also its individual components because recently we 
found in the Japanese male workers that lower job control 
was independently associated with higher diastolic blood 
pressure.[11]

Methods

Study population
We studied Chinese individuals in Shanghai who underwent 
health evaluations at the Shanghai Tongji University Medical 
Hospital or its related institutions. The registration period for 
this study was from October 2010 to November 2011. During 
this period, 2994 consecutive Chinese individuals (mean age, 
45.5 ± 11.5 years; 60% men) were registered in this study. 
The participants visited the health check‑up centers after 
overnight fasting. They were initially requested to answer a 
questionnaire, followed by anthropometric measurements and 
blood sampling. Blood was collected from the antecubital vein 
in the morning from 8 to 10 a.m. at least 10 h after fasting.

Questionnaire and measurements
For the questionnaire, the participants were asked about 
their age, gender, race, marital status, education, medical 
history, family history, history of present illness, smoking 
status, drinking status, and exercise habits. Regarding 
work‑related information, the participants were asked about 
the category of their work (managerial, service, professional, 
technical, mechanical operation, clerkship, manual labor, and 
others) and the number of weekly work hours (<25, 25–34, 
35–44, 45–54, and ≥55 h). Regarding daily‑life information, 
participants were asked about their usual weekday sleep 
hours during the previous year, the average hours of 
walking/day (almost none, <1, 1–2, and >2 h), and their 
food intake (usually moderate, moderate due to health issues, 
sometimes small and sometimes large, and mostly until full).

To examine job stress, we used a stress questionnaire that 
was edited by the NIOSH. The validity of this questionnaire 
has been reported both in English and Japanese.[27,28] Among 
13 scales on job stressors, we selected 2 scales concerning 
quantitative job requirement and job control. Quantitative 
job requirement is a 4‑item scale that measures how much 
quantity the respondent has to treat/deal with one’s daily 
job (distribution of scores, 4–20; a higher score indicates 
higher stress) and, thus, is considered as a measure for “job 
demand.” Job control is a 16‑item scale that measures how 
much the respondent feels one’s tasks, workplace setting, 
and decision at work are controllable (distribution of scores, 
16–80; a lower score indicates higher stress).

The Japanese version was translated into Chinese by two 
independent bilingual translators, and each examined the 
accuracy of the translation of the other, leading to final 
agreement. The α‑coefficients of job control and job demand 
in 2219 Chinese workers were 0.99 and 0.96, respectively. 
The variance ratios explaining the primary comportments of 
job control and job demand by principal component analysis 
were 81.9 and 89.2, respectively. These α‑coefficients and 
the variance ratios indicated that the Chinese version of 
the NIOSH stress questionnaire had a sufficient internal 
consistency and factorial validity.

We considered modified version of job strain model based 
on job demand and job control measures examined by the 
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NIOSH. According to the previous reports,[12] high job 
demand was defined by the score higher than the median of 
whole group; similarly, low job control was defined by the 
score lower than the median. We defined binary variable for 
job stress: job strain (high demands and low control) versus 
no job strain (all other combinations).

Height and body weight were measured after the completion 
of the questionnaire. Next, fasting blood was collected 
to examine lipid profiles (low‑density lipoprotein 
cholesterol [LDL‑C], HDL‑C, and triglycerides). Plasma 
levels of HDL‑C and LDL‑C were estimated by automated 
analyzer using commercially available kits (Sekisui Medical, 
Japan).[29] Triglyceride was measured using assay kit 
purchased from BioAssay Systems (CA, USA).[30] To ensure 
the accuracy of measurements, all laboratories in this study 
successfully completed a standardization and certification 
program of the Shanghai Quality Control Centre. This study 
was approved by the Ethics Committees of Tohoku Rosai 
Hospital and Tongji University Medical Hospital. All cases 
provided written informed consent.

Statistical analysis
After excluding cases with missing data for lipid 
profiles (n = 775), 2219 cases (mean age, 44.0 ± 10.6 years; 
1412 men; response rate, 74.1%) were included in the 
statistical analysis. All data are expressed as mean and 
standard deviation (SD). Cases were divided into two 
groups according to the presence or absence of hypo‑HDL; 
hypo‑HDL was defined as a plasma HDL‑C concentration 
of <1.04 mmol/L (40 mg/dl).[31,32] Unpaired t‑test and 
Chi‑squared tests were used to compare the groups.

Job stress condition was categorized as job strain and 
nonjob strain. Job strain components, or job control and 
job demand scores also were divided into tertiles. The 
number of weekly working hours was categorized as <45, 
45–54, and ≥55 h, and the group working <45 h served as 
the reference because the legal number of working hours 
per week in China is <45 h. Multivariate logistic regression 
analysis was conducted using hypo‑HDL as the dependent 
variable. Both crude and adjusted odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated to examine 
the association between job strain or its components and 
hypo‑HDL. Data were analyzed according to gender because 
a previous study reported that men and women experienced 
different stressors at work.[33]

We examined two logistic regression models. The first model 
was crude and the second model was fully adjusted. In the 
analysis for hypo‑HDL as dependent variables, the model 
was adjusted for age, body mass index (BMI), smoking, 
heavy drinking (over 40 ml/day for men and over 20 ml/day 
for women in terms of alcohol conversion), exercise habits, 
the number of hours of walking in a day, weekday sleep 
hours, the quantity of food intake, use of dyslipidemic agents, 
and occupational categories. Recent Chinese survey has 
shown that age‑ and gender‑adjusted standardized prevalence 
of low HDL‑C was 18.8% in Beijing communities.[18] The 

minimum sample size needed, therefore, would be nearly 
585 for each gender. Hence, our sample size seems to be 
fully satisfied with this level. The lowest tertile group served 
as the reference for weekly working hours and job demand, 
and the highest tertile group served as the reference for job 
control. Statistical analyses were performed using IBM SPSS 
Statistics (version 20.0; IBM, Somers, NY, USA). P < 0.05 
was considered statistically significant.

results

Table 1 compares the clinical characteristics between 
hypo‑HDL and nonhypo‑HDL groups by gender. BMI and 
triglyceride concentration were significantly higher in the 
hypo‑HDL group than in the nonhypo‑HDL group in men. 
LDL‑C concentration was lower and LDL/HDL‑C ratio was 
higher in the hypo‑HDL group than in the nonhypo‑HDL 
group in both genders. Frequency of the cases with job strain 
did not differ between hypo‑HDL and nonhypo‑HDL groups 
in either gender. Scores for job control was lower in the 
hypo‑HDL group than in the nonhypo‑HDL group in women 
while no job stress scores differed between the hypo‑HDL 
group and the nonhypo‑HDL group in men. Lifestyle 
characteristics such as the smoking status, frequency of 
heavy drinking, and hours of daily walking did not differ 
between the hypo‑HDL group and the nonhypo‑HDL group 
in either men or women. The distribution of occupational 
categories differed between the hypo‑HDL group and 
the nonhypo‑HDL group in women but not in men. The 
frequency of weekly working hours was similar between 
the hypo‑HDL group and the nonhypo‑HDL group in both 
genders. Frequency of dyslipidemic agents was significantly 
lower in the hypo‑HDL group than in the nonhypo‑HDL 
group in men.

Table 2 shows the results of logistic regression analysis 
for hypo‑HDL, as dependent variables. On crude analysis, 
intermediate and low levels of job control were associated 
with a significantly higher OR for having hypo‑HDL 
compared with a high level of job control in male 
workers (OR = 1.40, 95% CI, 1.06–1.85, P = 0.018; and 
OR = 1.42, 95% CI, 1.07–1.89, P = 0.015, respectively). 
Those associations were hardly affected by adjustments 
for age, BMI, lifestyle, dietary factors, use of dyslipidemic 
agents, and occupational categories (OR = 1.39, 95% CI, 
1.04–1.86, P = 0.028; and OR = 1.39, 95% CI, 1.03–1.87, 
P = 0.034, respectively). In female workers, on crude 
analysis, low level of job control was associated with a 
significantly higher OR for having hypo‑HDL compared with 
a high level of job control (OR = 1.75, 95% CI, 1.08–2.83, 
P = 0.023). This significance disappeared after adjustments 
for multiple covariates (OR = 1.51, 95% CI, 0.88–2.56, P 
= 0.132). In binary model of job strain, high job strain was 
not related to hypo‑HDL in either gender.

dIscussIon

A key finding of this study was that the low job control 
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Table 1: Clinical characteristics of nonhypo‑HDL and hypo‑HDL groups by gender

Variables Men (n = 1412) Women (n = 807)

Nonhypo‑HDL 
(n = 998)

Hypo‑HDL 
(n = 414)

Statistics P Nonhypo‑HDL 
(n = 655)

Hypo‑HDL 
(n = 152)

Statistics P

Age (years) 46.0 ± 10.5 45.5 ± 10.2 0.80* 0.424 40.8 ± 10.2 40.3 ± 9.3 0.53* 0.595
Weight (kg) 72.2 ± 9.8 74.1 ± 9.7 3.32* 0.001 57.4 ± 8.7 59.1 ± 9.5 2.06* 0.040
BMI (kg/m2) 24.5 ± 2.9 25.1 ± 2.8 3.28* 0.001 22.2 ± 3.1 22.7 ± 3.5 1.93* 0.055
Triglyceride (mmol/L) 1.7 ± 1.6 2.1 ± 1.6 3.96* <0.001 1.1 ± 1.2 1.2 ± 1.0 1.42* 0.158
HDL‑C (mmol/L) 1.3 ± 0.4 0.9 ± 0.1 30.98* <0.001 1.5 ± 0.3 0.9 ± 0.1 37.15* <0.001
LDL‑C (mmol/L) 3.1 ± 0.8 2.7 ± 0.6 11.06* <0.001 2.8 ± 0.7 2.5 ± 0.5 6.55* <0.001
LDL‑C/HDL‑C 2.3 ± 0.7 2.9 ± 0.6 11.26* <0.001 2.0 ± 0.7 2.7 ± 0.4 16.08* <0.001
Job control 49.9 ± 13.4 48.5 ± 12.9 1.77* 0.077 46.0 ± 13.6 43.5 ± 10.0 2.60* 0.010
Job demand 10.2 ± 3.8 10.4 ± 4.0 0.98* 0.327 10.0 ± 3.7 10.2 ± 3.7 0.53* 0.594
Binary job strain category 0.01† 0.908 0.24† 0.621

No job strain 791 (79.3) 327 (79.0) 491 (75.0) 111 (73.0)
Job strain 207 (20.7) 87 (21.0) 164 (25.0) 41 (27.0)

Smoking status 0.12† 0.941 1.48† 0.478
Never 487 (48.8) 204 (49.3) 641 (97.9) 150 (98.7) 0.423
Previous 52 (5.2) 23 (5.6) 2 (0.3) 1 (0.7)
Current 459 (46.0) 187 (45.2) 12 (1.8) 1 (0.7)

Heavy drinking 2.78† 0.096 0.02† 0.982
No 881 (88.3) 378 (91.3) 650 (99.2) 151 (99.3)
Yes 117 (11.7) 36 (6.0) 5 (0.8) 1 (0.7)

Exercise habits 1.67† 0.198 1.00† 0.317
No 582 (58.3) 226 (54.6) 483 (73.7) 106 (69.7)
Yes 416 (41.7) 188 (45.4) 172 (26.3) 46 (30.3)

Walking in a day (h) 0.58† 0.901 1.69† 0.640
Almost none 241 (24.4) 103 (25.1) 159 (24.5) 40 (26.3)
<1 541 (54.7) 223 (54.3) 337 (51.9) 80 (52.6)
1–2 166 (16.8) 65 (15.8) 115 (17.7) 27 (17.8)
>2 41 (4.1) 20 (4.9) 38 (5.9) 5 (3.3)

Weekday sleep (h) 0.85† 0.624 3.64† 0.162
<5 45 (4.5) 23 (5.6) 16 (2.5) 4 (2.6)
5–6 633 (63.4) 264 (63.8) 363 (55.6) 97 (63.8)
>6 320 (32.1) 127 (30.7) 274 (42.0) 51 (33.6)

Quantity of food intake 0.45† 0.930 5.40† 0.145
Usually moderate 438 (44.2) 178 (43.1) 276 (42.3) 77 (50.7)
Moderate due to health issues 158 (15.9) 63 (15.3) 100 (15.3) 14 (9.2)
Sometimes small or large 138 (13.9) 62 (15.0) 122 (18.7) 26 (17.1)
Mostly until full 258 (26.0) 110 (26.6) 154 (23.6) 35 (23.0)

Occupational categories 4.61† 0.595 13.24† 0.039
Clerkship 102 (10.2) 43 (10.4) 95 (14.5) 22 (14.5)
Managerial 467 (46.8) 176 (42.5) 197 (30.1) 31 (20.4)
Service 52 (5.2) 19 (4.6) 75 (11.5) 11 (7.2)
Professional 198 (19.8) 97 (23.4) 227 (34.7) 71 (46.7)
Technical 130 (13.0) 61 (14.7) 50 (7.6) 16 (10.5)
Mechanical operation 27 (2.7) 8 (1.9) 2 (0.3) 0
Manual labor 22 (2.2) 10 (2.4) 9 (1.4) 1 (0.7)

Weekly work (h) 0.04† 0.982 1.22† 0.542
<45 697 (69.8) 291 (70.3) 492 (75.1) 110 (72.4)
45–54 192 (19.2) 79 (19.1) 135 (20.6) 37 (24.3)
≥55 109 (10.9) 44 (10.6) 28 (4.3) 5 (3.3)

Use of dyslipidemic agents 5.87† 0.015 1.17† 0.280
No 984 (98.6) 414 (100.0) 650 (99.2) 152 (100.0)
Yes 14 (1.4) 0 5 (0.8) 0

Data are presented as mean ± SD or n (%). *t value; †χ2 value. Hypo‑HDL: Hypo‑high‑density lipoproteinemia; BMI: Body mass index; 
HDL‑C: High‑density lipoprotein cholesterol; LDL‑C: Low‑density lipoprotein cholesterol; SD: Standard deviation.
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group demonstrated a significantly higher OR for having 
hypo‑HDL compared with the high job control group in male 
Chinese workers. This association was significant even after 
adjustments for age, BMI, smoking, drinking, exercise habits, 
daily walking hours, sleep hours, the quantity of food intake, use 
of dyslipidemic agents, and occupational categories. These data 
suggest that job control could be related to HDL‑C metabolism 
independent of known factors affecting HDL‑C concentration. 
When we compared the data of fully adjusted model, the OR 
for having hypo‑HDL in the low job control group was reduced 
from 1.42 to 1.39 for men, and the significant association 

between low job control and hypo‑HDL was no longer 
observed in women. These data suggest that the relationship 
between low job control and hypo‑HDL might be mediated 
in part through lifestyle factors and/or job categories. In fact, 
the distribution of job categories significantly differed between 
the hypo‑HDL and nonhypo‑HDL groups in women, and the 
frequency of hypo‑HDL tended to be higher in professional and 
technical occupations compared with others. Of note, neither 
job demand nor job strain was related to hypo‑HDL either in 
men or women. These data suggest that job control could be 
an independent modulator for HDL metabolism.

Table 2: Association between hypo‑HDL and job stress by multivariate logistic regression analysis

Variables Number with 
hypo‑HDL/group, n/N

Crude Fully adjusted*

OR (95% CI) P OR (95% CI) P
Male

Weekly work (h)
<45 291/988 1 1
45–54 79/271 0.98 (0.73–1.32) 0.900 0.93 (0.68–1.26) 0.625
≥55 44/153 0.96 (0.66–1.40) 0.830 0.94 (0.63–1.39) 0.745
P‑for trend 0.851

Job control
High 142/559 1 1
Middle 139/440 1.40 (1.06–1.85) 0.018 1.39 (1.04–1.86) 0.028
Low 132/412 1.42 (1.07–1.89) 0.015 1.39 (1.03–1.87) 0.034
P‑for trend 0.019

Job demand
Low 139/482 1 1
Middle 119/425 0.93 (0.73–1.30) 0.851 0.95 (0.68–1.25) 0.615
High 156/504 1.14 (0.87–1.50) 0.353 1.04 (0.78–1.40) 0.782
P‑for trend 0.461

Job strain
No job strain 327/1118 1 1
Job strain 84/294 1.05 (0.79–1.40) 0.716 0.97 (0.72–1.31) 0.830
P‑for trend 0.908

Female
Weekly work (h)

<45 110/602 1 1
45–54 37/172 1.23 (0.81–1.87) 0.339 1.21 (0.79–1.87) 0.383
≥55 5/33 0.79 (0.30–2.09) 0.630 0.96 (0.34–2.65) 0.929
P‑for trend 0.716

Job control
High 27/198 1 1
Middle 51/266 1.51 (0.91–2.52) 0.111 1.26 (0.71–2.24) 0.427
Low 74/342 1.75 (1.08–2.83) 0.023 1.51 (0.88–2.56) 0.132
P‑for trend 0.025

Job demand
Low 53/277 1 1
Middle 60/311 1.01 (0.67–1.53) 0.949 0.99 (0.64–1.52) 0.965
High 39/218 0.93 (0.59–1.48) 0.769 0.91 (0.56–1.49) 0.714
P‑for trend 0.740

Job strain
No job strain 111/602 1 1
Job strain 41/205 1.10 (0.74–1.65) 0.629 1.01 (0.66–1.54) 0.953
P‑for trend 0.621

*Adjusted for age, BMI, smoking, heavy drinking, exercise habits, the number of hours of walking in a day, weekday sleep hours, the quantity of 
food intake, use of dyslipidemic agents and occupational categories. Hypo‑HDL: Hypo‑high‑density lipoproteinemia; OR: Odds ratio; 95% CI: 95% 
confidence interval; LDL: Low‑density lipoproteinemia; BMI: Body mass index.
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Our data are consistent with the previous report showing 
that job strain was not related to HDL‑C in Taiwanese 
white‑collar workers.[19] In the Stress and Health in Shenzhen 
Workers Study, high effort, over‑commitment, low reward, 
and effort‑reward imbalance at work did not relate to the 
HDL‑C level in white‑collar workers such as civil servants, 
management level workers, and teachers.[18] None of the 
two studies, however, examined the association of job 
control and HDL‑C. In other words, our study might be a 
rare study to examine the relationship between job control 
and hypo‑HDL in a Chinese population including various 
kinds of occupations. We have recently shown in the same 
Chinese cohort that the OR for having diabetes mellitus 
was significantly higher in men who work ≥55 h per week 
compared with those who work <45 h per week.[7] Those 
relationships were not observed for women. In this study, 
we could not find a significant relationship between weekly 
working hours and the prevalence of hypo‑HDL in either 
gender. These data suggest that HDL and glucose metabolisms 
are differently related to quantitative and qualitative job 
stress, respectively. A study conducted in Western population 
showed a link with job strain and hypo‑HDL.[34] In this study, 
however, we failed to demonstrate such relationship.   The 
reason of the discrepancy between our data and previous 
studies is unclear, but difference in ethnics of studied 
population, used questionnaire might be involved. Moreover, 
it is also possible that job demand score of this population 
might be generally low, reducing the power to establish true 
strain group.

Regarding the mechanism linking with job stress and 
hypo‑HDL, an activation of the hypothalamic–pituitary–
adrenal axis and/or sympathetic nervous system might 
be involved. It has been suggested that high job stress 
activates the sympathetic nervous system and increases the 
production of cortisol,[35,36] leading to hyperinsulinemia.[37] 
As a result, the production of HDL‑C might be reduced by 
the suppression of lipoprotein lipase activity by insulin.[38] 
Recently, we found in Japanese male workers that lower job 
control is associated with higher diastolic blood pressure 
independent of sympathetic nervous system or  hypothalamo‑
pituitary‑adrenocortical system activities.[11] Thus, other 
mechanisms linking with low job control and physiologic 
stress response might exist.

There are several limitations in this study. First, this is a 
cross‑sectional study and thus cannot discuss the causal 
relationship between job stress and hypo‑HDL. To clarify 
this point, we need a prospective study. Second, this study 
examined only Chinese cases. Therefore, it is unclear if the 
results would be applicable to other Asian population. Third, 
we studied workers only in Shanghai; hence, it might be 
difficult to apply the present results to rural workers. Finally, 
we failed to obtain information on menopause, which might 
be an important confounding factor in women.

In conclusion, low job control but not job strain was 
significantly related to hypo‑HDL in male Chinese workers. 
To further confirm our results, prospective longitudinal 

studies are required in the general Asian population. 
Alternatively, another way to examine the hypothesis might 
be to examine whether stress management for workers with 
low job control increases HDL‑C concentration.
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