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Abstract
Objective: The aim of the study was to investigate the associations of total sleep 
time (TST) and occupational stress based on the Brief Job Stress Questionnaire 
(BJSQ) with cholesterol levels in an occupational cohort of Japanese office 
workers.
Methods: The present study is a secondary analysis of a subset of participants 
from a randomized controlled trial. Participants were 179 employees from 5 com-
panies in Tokyo who participated as the intervention group in a 3-month lifestyle 
intervention study among office workers with metabolic syndrome or at risk of 
metabolic syndrome. All intervention-group participants used a mobile app and 
a wearable device. The final population for analysis in the present study were 173 
participants. Cholesterol measures were derived from participants' annual health 
check-up data in the fiscal year preceding their inclusion in the study. Multiple 
linear regression models were used to determine the association between expo-
sures and outcome.
Results: Overall, stress levels were significantly and inversely associated with 
LDL-C (−7.12 mg/dl; 95% CI: −11.78, −2.45) and LDL-C/HDL-C ratio (−0.16 mg/
dl; 95% CI: −0.27, −0.04) per standard deviation increase. Compared to average 
TST 5.9-7.2  hours, average TST of 4.0-5.3  hours (−4.82  mg/dl; 95% CI: −9.22, 
−0.43) was inversely associated with HDL-C.
Conclusion: Incremental increases of stress were significantly and inversely as-
sociated with LDL-C and LDL-C/HDL-C ratio. The shortest average TST was in-
versely associated with HDL-C. The results should be interpreted with care given 
certain methodological limitations.
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1   |   INTRODUCTION

Noncommunicable diseases (NCDs) account for approx-
imately 70% of all deaths in the world.1 NDCs such as 
hypertension, dyslipidemia, diabetes, and cardiovascular 
disease (CVD) are lifestyle-related and develop through 
unhealthy behaviors, for which occupational stress can be 
considered a direct or indirect risk factor.2

The increasing burden of NCDs in Japan, including 
MCI and dementia necessitates the identification of risk 
factors and subsequent implementation of preventive 
measures. High-density lipoprotein cholesterol (HDL-C) 
is used to predict cardiovascular risk3 and low-density li-
poprotein cholesterol (LDL-C) is associated with athero-
sclerotic CVD.4 Moreover, high levels of midlife HDL-C 
are associated with reduced odds of developing MCI.5 
Similarly, optimal HDL-C: total cholesterol (TC) ratio may 
reduce the risk of dementia and MCI.6 Although HDL-C 
level might play a key role in identifying the future onset 
of NCDs, previous studies indicate that cholesterol level 
itself is influenced by a number of factors. Among these, 
sleep deprivation is associated with low HDL-C levels,7 
and work-related stress is associated with sleep problems 
and increasing total cholesterol levels.8 Further, short 
sleep duration is associated not only with decreased con-
sumption of dietary fat and increased consumption of 
carbohydrates, but also with dyslipidemia-related indices, 
including body mass index, total cholesterol, and LDL-
C.9 Of note, both short10 and long sleep durations11 are 
associated with low HDL-C levels. These studies, how-
ever, used self-reported sleep measures, which are prone 
to recall bias. Indeed, most previous studies investigating 
the association between sleep duration and cholesterol 
levels used self-reported sleep measures.7,11-14 Collection 
of objective sleep data is therefore critical in reducing 
such bias. A recent study validated the use of a consumer 
wearable device for global sleep measures in a naturalistic 
environment, indicating its suitability for use in epidemi-
ologic studies.15 The use of wearable devices validated for 
longitudinal studies will allow the investigation of sleep 
variables and outcomes with significantly greater accu-
racy than before.

The effects of occupational stress and objectively mea-
sured total sleep time on cholesterol levels remain to be 
quantified. In Japan, an increase in the number of cases 
of work-related psychological distress prompted the 
Ministry of Health, Labour and Welfare (MHLW) to es-
tablish a stress check system in 2015 to prevent the onset 
of mental disorders and improve occupational environ-
ments.16 Employees who had high stress on the Brief Job 
Stress Questionnaire (BJSQ), a validated and widely used 
measure of workplace stress in Japan, had a higher risk 
of sickness absence.17 Even though some previous studies 

showed an association between work-related stress and 
cholesterol levels,8,18 few studies have investigated the ef-
fects of occupational stress on cholesterol levels using the 
BJSQ.

The primary objective of this study was to investigate 
total sleep time using a validated wearable device and 
occupational stress using questionnaires, and their asso-
ciation with cholesterol levels in an occupational cohort. 
We hypothesized that insufficient and excessive total sleep 
time, and high levels of work-related stress are associ-
ated with low HDL-C levels, high LDL-C levels, and high 
LDL-C/HDL-C- ratio.

2   |   METHODS

2.1  |  Study population

The participants of this study were part of a lifestyle inter-
vention study that recruited participants from five compa-
nies in Tokyo. Each of the companies had more than 1000 
employees, and all participants were full-time profession-
als, managerial or clerical workers. The details of the study 
have been described elsewhere. In brief, 272 participants 
were enrolled in a 3-month randomized controlled trial 
(RCT) for lifestyle change. Of these, 181 were randomized 
to the intervention group and 71 as controls. The 179 eli-
gible participants in the intervention group were given a 
wearable device at the start of the study and asked to use 
it around the clock, in addition to a dedicated mobile ap-
plication, for the duration of the 3-month study period. 
Participants in the control group were asked to complete 
a web-based questionnaire and were gifted the wearable 
device at the end of the study period. The present study 
was a secondary analysis of a subset of participants from 
the RCT. Annual health check-ups (AHC) are obligatory 
in Japan.19 Participants were recruited among 7437 em-
ployees who had completed the AHC and had been cat-
egorized with metabolic syndrome or at risk of metabolic 
syndrome based on their AHC data.

All research was conducted in accordance with rele-
vant ethical guidelines and regulations. All participants 
received detailed information about the study and its 
purpose. Information was provided in writing as well as 
during a face-to-face explanation. All participants under-
stood that participation was entirely voluntary and could 
be discontinued at any time and for any reason without 
any penalty or disadvantage. All participants provided 
written informed consent and the study was approved 
by the Ethical Committee of the School of Engineering, 
The University of Tokyo (approval number: KE18-44). 
As an incentive to participate, participants were pro-
vided the wearable device if they completed the required 
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final questionnaire. The research was supported by the 
Center of Innovation Program from the Japan Science 
and Technology Agency (Grant Number JPMJCE1304), 
and Kanagawa prefecture's "A project to expand the use of 
metabolic syndrome risk index in municipalities" (2018). 
The funders had no role in the design of the study; collec-
tion, analysis, and interpretation of data; writing of the 
report; or decision to submit the paper for publication.

For the purpose of the present study, we focused on 
the participants in the intervention group. Two of the par-
ticipants originally randomized to the intervention arm 
declined to provide consent before the start of the study 
and were thus excluded. The remaining 179 individuals 
with 16,110 observations were eligible for analysis. Given 
the nature of repeated measures data, a participant may 
have had missing observations for one or several days (for 
example, if the participant did not wear the wearable de-
vice) yet be included in the analysis. We excluded partic-
ipants who did not complete the intervention (n = 1; 90 
observations) and those with missing data (n = 2; 180 ob-
servations) or unreasonable values (LDL-C of 50  mg/dl: 
n  =  1; 90 observations) for the main outcomes, HDL-C 
and LDL-C; missing data (n = 0; 3154 observations) or un-
reasonable values (TST of 0 minutes: n = 0; 5 observation) 
for the main exposure, TST; and those with unreasonable 
values (daily step count <1000: n = 0; 218 observations) 

or missing data (n = 2; 4050 observations) for covariates 
(Figure  1). Finally, 173 participants with 8323 observa-
tions were used for analyses.

2.2  |  Wearable device

The Fitbit Versa (FV) is a consumer wearable device man-
ufactured by Fitbit Inc Details of the FV can be found on 
the company website (https://www.fitbit.com). In brief, 
the FV connects with a dedicated smartphone app using 
Bluetooth technology and provides the user with informa-
tion about measures related to sleep (eg total sleep time, 
sleep stage, sleep efficiency), physical activity (eg step 
count and distance), and others. Sleep can be registered 
using one of two modes: stages (provides detailed infor-
mation on sleep) and classic (provides a simplified sleep 
pattern without any information on sleep stages). The 
latter occurs if the device is worn too loosely; the user 
manually enters sleep mode; the user sleeps for less than 
3 hours; or the battery is insufficiently charged. All sleep 
records were tracked using the "normal" setting.

All participants of this study received written instruc-
tions and a demonstration on how to wear the FV in ac-
cordance with the manual. Each participant was provided 
with a unique Fitbit username and password to allow: 

F I G U R E  1   Flowchart detailing the inclusion and exclusion of participants in the present study

Excluded individuals:
• Who did not complete the interven
on (n=1; obs.=90)
• With missing data or unreasonable values of main outcomes (HDL-C, LDL-C)

(n=3; obs.=270)
• With missing data or unreasonable values of main exposures (n=0; 

obs.=3,159):
Sleep dura
on (n=0; obs.=3,159)
Stress ques
onnaire (n=0; obs.=0)

Eligible par
cipants
(n=179; obs.=16,110)

Par
cipants with complete data on main 
exposures and outcomes

(n=175; obs.=12,591)

Number of complete measures for 
analysis

(n=173; obs.=8,323)

Excluded individuals with:
• Missing data or unreasonable values on covariates (n=2; obs.=4,268):

Step count (n=0; obs.=218)
Alcohol consump
on (n=2; obs.=3,147)
Sleep sa
sfac
on (n=0; obs.=865)
Staple foods (n=0; obs.=24)
Main dishes (n=0; obs.=11)
Dairy products (n=0; obs.=3)

https://www.fitbit.com
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(1) synchronization of the device with the mobile app 
throughout the study period, and (2) retrieval of data re-
corded on the Fitbit using application programming inter-
face calls. All researchers were blinded to the allocation of 
usernames to study participants.

2.3  |  Main exposures

The main exposures of this study were the self-reported 
Brief Job Stress Questionnaire (BJSQ) and total sleep time 
(TST), obtained using a wearable device.

The MHLW initiated use of the BJSQ in 2015 and pro-
vides it to assess occupational stress level and prevent 
psychological distress for employees.16 Our present partic-
ipants answered the BJSQ as baseline questionnaire at the 
start of the 3-month study period. The BJSQ consists of 57 
items which assess job stressors, psychological and physical 
stress responses, buffering factors, and job and life satisfac-
tion. The BJSQ score is calculated from all questions except 
two items (job and life satisfaction). Following guidance 
from the MHLW,20 we summed the 4-point Likert scale re-
sponses, which ranged from 1 (low stress) to 4 (high stress), 
with reverse-scoring of questions 1-7, 11-13, 15, and 18-20. 
The maximum score was 200 points. Two criteria are used 
to assess high stress: the first considers a cut-off minimum 
score of 77 for psychological and physical stress response, 
while the second considers a combined score of 76 or more 
for job stressor and job and life satisfaction, in addition to a 
minimum score of 63 for psychological and physical stress 
response. We obtained a binary variable (low stress and high 
stress) based on these cut-off criteria. Moreover, we used the 
total score and the standard deviation (SD) for the whole 
sample as a continuous variable, in which each incremental 
increase corresponded to one SD increase in BJSQ score.

TST was obtained using FV's "stage" mode, and has 
been validated for use in naturalistic epidemiological stud-
ies.15 For the purpose of this study, we used the TST ob-
tained from night-time weekday and weekend sleep. Each 
participant's TST data was used to calculate a participant-
specific mean TST for the entire 3-month study period. 
TST was converted from minutes to hours (TST in min-
utes/60) and considered as a categorical variable based on 
terciles: 4.0-5.3  hours, 5.4-5.9  hours, and 5.9-7.2  hours. 
Tercile 3 (T3; 5.9-7.2 hours) was used as the reference cate-
gory. Terciles were chosen to allow for a sufficient number 
of participants in each quantile.

2.4  |  Outcome measures

Outcome measures of the present study were LDL-C, 
HDL-C, and LDL-C/HDL-C ratio. Blood samples were 

collected at different healthcare facilities in the Tokyo 
area, and participants were instructed to fast for at least 
10 hours before the blood sampling.21 Cholesterol levels 
were obtained from AHC in the latest fiscal year before 
the start of the present study. Under MHLW regulations, 
Japanese employers are required to provide employees 
with an annual health check-up at least once a year.22

2.5  |  Covariates

Age (continuous) was considered at the time of participa-
tion in the present study; smoking status was a categori-
cal variable defined as non-smoker, past-smoker, current 
smoker <20 cigarettes, or current smoker ≥20 cigarettes; 
mean alcohol consumption (continuous) for the entire 
study period was calculated for each participant based 
on the daily amount of beer, sake, shochu, chu-high (a 
Japanese drink made of shochu and carbonated water), 
cocktail, wine, whiskey, and plum wine; body mass index 
(BMI) was used as a variable categorized according to 
Japanese population criteria, ie <18.5, 18.5-25, 25-30, or 
≥30 kg/m2; hemoglobin A1c (HbA1c [%]; continuous); the 
mean number of servings per day of staple foods, ie rice, 
noodles of any kind, bread, and cereal; the mean number 
of servings per day of main dishes, including eggs, fish, 
meat and soybeans; the mean number of servings per day 
of dairy products, including milk, cheese, and yogurt; 
mean standardized daily step count (continuous per 100 
steps), mean sleep satisfaction of the preceding night's 
sleep ranging from 1  =  very unsatisfied to 5  =  com-
pletely satisfied, snoring (yes/no), and consistent bedtime 
(≥4  days per a week; yes/no). Sex, age, smoking status, 
snoring, consistent bedtime, waist circumference, BMI, 
and HbA1c were obtained at the time of the baseline ques-
tionnaire. Alcohol consumption, sleep satisfaction, and 
number of servings of food were assessed daily through-
out the study period. Step count and TST were obtained 
using the wearable device. For the variables that were col-
lected on a daily basis (through daily questionnaires and 
the wearable device), a single mean value for the entire 
study period was calculated and subsequently used in the 
statistical analyses.

2.6  |  Statistical analyses

To statistically compare baseline characteristics, the t-test 
was used for continuous variables and the chi-square test 
for categorical variables.

Multiple linear regression models were used to deter-
mine the association between stress level and TST, respec-
tively, and cholesterol level. Model 1 was adjusted for sex 
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and age. Model 2 was additionally adjusted for smoking 
status and mean alcohol consumption. Model 3 was ad-
ditionally adjusted for BMI, HbA1c, and mean number 
of servings per day of staple foods, main dish, and dairy 
products. Model 4 was further adjusted for mean daily 
step count, mean sleep satisfaction, snoring, and consis-
tent bedtime.

All statistical analyses were performed using Stata/MP 
version 17.0 (StataCorp LP).

3   |   RESULTS

Table 1 shows baseline characteristics of the participants 
according to low and high levels of the BJSQ. Individuals 
in the high stress group were 4.7 years younger (P = .03) 
and reported lower mean sleep satisfaction (P  =  .01). 
Although not significantly different, the high stress group 
had a higher prevalence of current smokers (<20 ciga-
rettes/day), and severe obesity. In addition to these fac-
tors, individuals in the high stress group were more likely 

to have lower mean daily alcohol consumption and had a 
slightly lower mean daily step count.

Stress levels assessed using the BJSQ were inversely 
associated with LDL-C (Model 1: −4.26  mg/dl; 95% CI: 
−8.68, 0.17) per SD increase (Table 2). The association was 
significant in models 2-4 (Model 4: −7.12 mg/dl; 95% CI: 
−11.78, −2.45). The BJSQ was inversely associated also 
with LDL-C/HDL-C ratio (Model 1: −0.07 mg/dl; 95% CI: 
−0.18, 0.05) per SD increase. This association became sig-
nificant in models 3 and 4 (Model 4: −0.16 mg/dl; 95% CI: 
−0.27, −0.04). There was no association between incre-
mental increases per SD of the BJSQ and HDL-C. When 
considering the results of the BJSQ as a binary variable, a 
high stress level when compared to the low stress group, 
was not significantly associated with LDL-C, HLD-C or 
LDL-C/HDL-C ratio.

The shortest TST (T1), when compared to T3, was sig-
nificantly and inversely associated with HDL-C in all mod-
els. The effect size was the largest in Model 1 (−6.19 mg/
dl; 95% CI: −10.65, −1.72), and was only slightly attenu-
ated with the addition of covariates (Model 4: −4.82 mg/

T A B L E  1   Baseline characteristics according to the Brief Job Stress Questionnaire score

Characteristics
BJSQ low stress
n = 159

BJSQ high stress
n = 14 P valuea 

Men (%) 93.08 92.86 .98

Age at screening (mean [years ± SD]) 43.8 ± 7.7 39.1 ± 9.6 .03

Lifestyle factors

Smoking status (%)

Non-smoker 44.0 35.7 .83

Past smoker 28.9 35.7

Current smoker (<20 cigarettes/day) 15.7 21.4

Current smoker (≥20 cigarettes/day) 11.3 7.1

Snoring (%) 69.8 78.6 .49

Consistent bedtime ≥3 days/week (%) 96.2 100.0 .46

Body mass index kg/m2 (%)

<25 34.6 35.7 .10

25-29.9 59.1 42.9

≥30 6.3 21.4

HbA1c [mean (% ± SD)] 5.4 ± 0.3 5.3 ± 0.2 .11

Daily components

Alcohol consumption (mean [ethanol g/day ±SD]) 36.4 ± 35.2 25.4 ± 17.6 .25

Sleep satisfaction (5-point scale) (mean ± SD) 3.5 ± 0.5 3.2 ± 0.5 .01

Number of servings of staple foods (mean ± SD) 4.3 ± 0.9 4.5 ± 0.6 .31

Number of servings of main dish (mean ± SD) 4.3 ± 1.1 4.7 ± 0.8 .15

Number of servings of dairy product (mean ± SD) 36.4 ± 35.2 25.4 ± 17.6 .25

Number of steps/day (mean ± SD) 11 120.4 ± 2658.8 10 281.4 ± 2014.0 .25

Total sleep (hours)/day (mean ± SD) 5.6 ± 0.6 5.6 ± 0.6 .98

Abbreviation: BJSQ, the Brief Job Stress Questionnaire, SD: standard deviation.
at-test for age at screening and HbA1c; Chi-square test for categorical variables; generalized estimating equations for daily component variables.
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dl; 95% CI: −9.22, −0.43). No association was seen be-
tween TST and either LDL-C or LDL-C/HDL-C ratio.

4   |   DISCUSSION

This study shows that increasing stress levels are inversely 
associated with LDL-C and LDL-C/HDL-C ratio, and that 
the shortest TST is inversely associated with HDL-C. The 
inverse associations of increasing stress with LDL-C and 
LDL-C/HDL-C ratio, respectively are contrary to our hy-
pothesis, whereas the association of short TST and HDL-C 
is consistent with it.

One notable finding about the association between 
work-related stress and cholesterol level is that stress 
was inversely associated with LDL-C in all but the min-
imally adjusted model when the BJSQ was evaluated in 
terms of incremental increases per SD. Moreover, each 
incremental SD increase of the BJSQ score was inversely 
associated also with LDL-C/HDL-C ratio. When consid-
ering both of these results, we find that, contrary to our 
expectations, incrementally increasing stress is associ-
ated with more beneficial cholesterol profiles. There are 
at least two possible explanations for these paradoxical 
results. First, we need to take into consideration residual 
confounding. Although several important variables have 
been considered in the models, as discussed below, there 
may be additional confounders that need to be accounted 
for. Second, these associations are found when stress is 
treated as a continuous variable that does not distinguish 
between established low- and high stress groups. As such, 
although a statistically significant association appears, 
there may be no meaningful interpretation of such a re-
sult. Indeed, when the BJSQ was considered as a binary 
variable in accordance with recommended cut-offs, high 
stress compared to low stress was not associated with any 
of the outcome measures. However, care needs to be taken 
also when interpreting this result as the number of par-
ticipants in the high stress group was limited to only 14 
individuals, which may have limited the statistical power 
to detect associations for this specific exposure. Moreover, 
it is possible that a different BJSQ cut-off would show 
different results. Indeed, one study showed that high job 
stress using the BJSQ was associated with low LDL-C,23 al-
though the researchers used only 17 of the BJSQ's 57 items 
in constructing the binary cut-off between low and high 
stress, and the study participants were all women engaged 
in shift work. The study population thus differed from 
ours, which was predominantly men without shift work.

Overall, psychological stress at work is associated 
with both high LDL-C18 and low HDL-C.18,24 Although 
moderate physical work and psychological stress are not 
associated with high LDL-C and moderate and heavy 

physical work are also not associated with high LDL-C 
or low HDL-C, psychological stress is associated with 
low HDL-C regardless of physical work. Suitable physical 
work may reduce dyslipidemia, as previously reported.18 
Even though our present participants were office workers 
and were assumed to have less work activity than other 
physical occupations, our analyses were adjusted for aver-
age daily step count. This indicates that the found effects 
of stress on LDL-C and LDL-C/HDL-C ratio in the pres-
ent study are independent of at least one physical activity 
measure. Assessing work-related stress level using differ-
ent measures have shown the same association.18

Lipid profile is influenced by dietary characteristics, 
such as consumption of dietary fat and carbohydrates, 
and amount of food intake. Some foods reduce cholesterol 
levels, while others raise them, and food combination is 
also associated with cholesterol levels.25 Food selection 
and amount of food intake depend on the individual, 
and are influenced by appetite and dietary literacy. One 
study reported that well-educated people are more likely 
to have beneficial information and knowledge on leading 
a healthier lifestyle, including food intake, and to conse-
quently have lower LDL-C levels than those with lower 
educational attainment.26,27 The participants of the pres-
ent study were office workers, and relatively well edu-
cated. LDL-C level remained lower with the continuous 
BJSQ scoring even after adjustment for eating habits and 
food intake in the daily questionnaire.

In the present study, an average TST of 5.9-7.2 hours 
(T3) was used as reference as it is closer to the recom-
mended sleep duration. Our study showed that an aver-
age TST between 4.0-5.3 hours is inversely associated with 
HDL-C. Sleep deprivation leads to low HDL-C levels,7 and 
work-related stress is associated with sleep problems and 
increased total cholesterol levels.8 Previous studies have 
indicated that both short10 and long11 sleep durations 
were associated with significantly lower HDL-C. In our 
study population of Japanese office workers, TST might 
have been shorter than in the general population there-
fore limiting the possibility of detecting any associations 
between long average TST and HDL-C.

The present study did not find any association between 
TST and LDL-C. A previous study, however, reported that -  	
compared to 7  hours -  a sleep duration of 8, but not 9, 
hours was associated with abnormal (high) LDL-C.13 
Several reasons may explain these contradictory results. 
First, whereas the above study used self-reported sleep 
duration, our present study relied on objective measure-
ment of TST. Self-reported sleep time is likely to be lon-
ger than observed objective sleep time,28 and subjective 
measures of sleep may be prone to recall bias. However, 
a recent study found no significant association of objec-
tive sleep duration with HDL-C or LDL-C, despite using 
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repeated measures analyses of both the exposure and 
outcome over the course of 12 months.29 This result does 
not directly contradict our present findings, but instead 
may serve as an indicator that time periods longer than 
one year need to be considered in studies aiming to pro-
spectively detect any association between sleep time and 
corresponding change in cholesterol levels. Second, given 
that the present study was conducted in an occupational 
cohort with predominantly male participants, there may 
be a difference in population characteristics. Indeed, at 
least one study using a population with similar charac-
teristics to our own supported our findings of a positive 
association between longer sleep duration and HDL-C.14 
However, that study considered <5 hours as referent sleep 
duration, which is far from ideal given that sleep dura-
tions <5 hours are known to be associated with a number 
of incident disease30 and mortality31 outcomes. Further 
investigation of the association between longer TST and 
HDL-C and LDL-C in studies with larger populations and 
objectively measured TST are thus encouraged.

Objective measures may have a key role not only in 
providing more precise assessments but also in disease 
prevention and in policy recommendations. Using a wear-
able device might facilitate the detection of associations 
in real-world contexts. Indeed, wearable devices allow for 
the seamless collection of validated sleep data in larger 
populations than in the present study, as recent studies 
have demonstrated. An experimental study showed how 
self-regulation influences physical activity and the asso-
ciation between physical activity and well-being.32 The 
collection of objective markers such as TST and physical 
activity data within a company may provide important in-
formation on employee health and recognize discrepan-
cies in lifestyle-related indices between divisions within 
a company. Such information can potentially be used to 
identify individuals at risk of developing lifestyle-related 
diseases. Moreover, companies or divisions that have a 
high proportion of employees with unhealthy lifestyle pat-
terns could be mandated to undergo more frequent stress 
checks in order to improve working conditions. This may 
be particularly important among Japanese workers who 
often report long working hours, in particular overtime 
working hours among men,33 albeit in the positive context 
of the overtime work being appreciated by co-workers and 
senior employees.34 Longer working hours are not only as-
sociated with high job stress35 but also the cause of short-
ened sleep time in both Japanese men and women.36

In this study, we found no associations of average TST 
with LDL-C/HDL-C ratio. This result might have been 
related to the inverse associations between average TST 
and HDL-C and no association between average TST and 
LDL-C. To our knowledge, only a few studies have inves-
tigated the association between sleep and LDL-C/HDL-C 

ratio. One study found a significant association between 
obstructive sleep apnea (OSA) severity and atherogenic 
index of plasma using LDL-C/HDL-C ratio to assess lipid 
profile.37,38 Indeed, OSA needs to be considered in research 
investigating the association between TST and cardiovas-
cular risk factors. In the present study, we adjusted our sta-
tistical models for snoring and BMI, which combined could 
be considered a proxy for OSA. Another study reported 
that total cholesterol (TC)/HDL-C ratio may be more use-
ful as a marker of the cluster of metabolic abnormalities 
than LDL-C/HDL-C ratio in men.38 The use of TC/HDL-C 
ratio may need to be considered in future studies.

The present study has a few limitations. First, choles-
terol levels were retrieved from the latest AHC preceding 
the start of the study. This is a major limitation of the 
study and warrants great care when interpreting the re-
sults. Follow-up analyses are required in studies where 
cholesterol levels are measured in conjunction with re-
maining questionnaire- and wearable device data. Future 
studies are therefore encouraged to replicate our findings. 
However, it should be mentioned that it is unlikely that 
cholesterol levels, in particular HDL-C, would have nota-
bly changed before the start of the study. Second, the study 
population may not be representative of the Japanese gen-
eral population. Nevertheless, the results are generalizable 
to the occupational settings of Japanese office workers. 
Third, LDL-C values were used as they were provided by 
each health check-up center. LDL-C can be either directly 
measured or calculated using the Friedewald formula; 
however, this information was not provided by the health 
check-up centers. Fourth, our analyses are cross-sectional 
in nature and future studies should consider using re-
peated measures not only for TST but also for HDL-C and 
LDL-C. This may allow the identification of prospective 
associations.

Allowing for these limitations, the study also has sev-
eral strengths. First, we used validated TST obtained from 
objective measures to construct the average TST of each 
participant for the study period. This is in contrast to most 
previous studies that have used subjective self-reported 
sleep measures. Second, the participants were asked to 
wear the wearable device continuously round the clock 
during the study, thereby allowing us to capture lifestyle-
related indices such as step count. Third, our analyses 
were adjusted for a number of covariates known to be 
associated with both exposure and outcome measures. 
Finally, stress levels were assessed using guidelines from 
the MHLW of Japan, and the results are therefore rele-
vant for the definition of stress in Japanese occupational 
settings.

In conclusion, this study presents two main findings: 
(1) incremental increases in occupational stress are in-
versely associated with LDL-C and LDL-C/HDL-C ratio; 
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and (2) average TST between 4.0-5.3 hours is inversely as-
sociated with HDL-C when compared to average TST be-
tween 5.9-7.2 hours. Future studies should prospectively 
investigate the association of occupational stress and TST 
with lipid profiles.
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