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Abstract: Autonomic imbalance is one of the important pathways through which psychological
stress contributes to cardiovascular diseases/sudden death. Although previous studies have focused
mainly on stress at work (work stress), the association between autonomic function and stress at
home (home stress) is still poorly understood. The purpose was to clarify the effect of work/home
stress on autonomic function in 1,809 Japanese male workers. We measured corrected QT (QTc)
interval and QT index on the electrocardiogram along with blood pressure and heart rate. Par-
ticipants provided self-reported information about the presence/absence of work/home stress and
the possible confounders affecting QT indicators. Home stress was related positively to QT index
(p=0.040) after adjusting for the possible confounders, though work stress did not show a significant
relation to QTc interval or QT index. The odds ratio of home stress to elevated QT index (=105) was
2.677 (95% CI, 1.050 to 6.822). Work/home stress showed no significant relation to blood pressure
or heart rate. These findings suggest that autonomic imbalance, readily assessed by QT indicators,
can be induced by home stress in Japanese workers. Additional research is needed to identify dif-

ferent types of home stress that are strongly associated with autonomic imbalance.
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Introduction

The association between autonomic imbalance and
increased cardiovascular disease (CVD) risks has been
emphasized by earlier studies’ ?. A relative or absolute
decrease in vagal activity or an increase in sympathetic
activity influences heart rate and beat-to-beat rhythm?).
Autonomic imbalance increases arrhythmias involved
in coronary occlusion and lowers ventricular fibrillation
threshold resulting in sudden death?. Electrocardiographic
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(ECG) QT intervals, as well as heart rate variability
(HRV)¥, blood pressureé’ " and heart rate®, have been
considered as a biomarker of the development of ventricu-
lar arrhythmia or of the susceptibility to sudden death” ',
because QT intervals represent the duration between ven-
tricular depolarization and subsequent repolarization'".
Nonetheless, little is known about lifestyles affecting
the QT or corrected QT (QTc) intervals, except for shift
work !> 19,

Altered autonomic imbalance is one of the important
pathways through which psychological stress contributes
to CVD'>'7. Although stress includes some uncomfort-
able emotional experience accompanied by predictable
biochemical, physiological, and behavioral changes'®,
such as stress at workplace or school, stress concerning
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family and relationship, and stress accompanied by health
problems'?), previous studies have focused mainly on
chronic psychological stress at work and its relevance
to CVDs!'®. Only a few studies have examined stress at
home, demonstrating the influence of marriage, having
children, or doing housework on CVD risks’* . Fur-
thermore, experimental mental stress like a 1-min mental
arithmetic has been reported to induce QT prolongation®,
but little research has been done to address an association
between chronic psychological stress and QT indicators.
For promoting the primary prevention of CVD or sud-
den death, therefore, it is crucial to clarify an association
between psychological stress not only at work (hereafter,
work stress) but also at home (home stress), and asymp-
tomatic autonomic failure.

The objective of this study was to examine the effects of
work stress and home stress on autonomic function. HRV
and QT-related indicators at rest have been utilized in epi-
demiological studies™ '*7'* 2*27) and the standardization
and interpretation have been established® 2?. However,
HRV measurement requires not only specific equipment,
but also a longer administration compared to QT measure-
ment®?). For this reason, we used QT-related indicators,
which can be obtained from annual health checkups, as the
present main outcomes. We also investigated the associa-
tion with other physiological indicators, such as blood
pressure and heart rate, which are consistent with the

previous studies® ™.

Materials and Methods

Study sample

In February-March 2012, a self-reported questionnaire
was distributed to approximately 2,200 employees belong-
ing to a health insurance union of motor vehicle dealer-
ships in northeast Japan. They were male aged between 19
and 59 yr old, being engaged in non-supervisory sales task,
machinery maintenance, or clerical job. Of them, 1,857
men consented to participate in the present study and
returned the questionnaire form to the occupational health
nurse of the union (response rate =84%). Forty-eight
respondents were excluded; those who did not undergo
an annual health checkup conducted under the Industrial
Safety and Health Law in Japan in April-July 2012, those
who suffered from stroke, heart disease including obvious
pathological ECG, diabetes mellitus, alcoholic dependency
diagnosed by psychiatrist, and those whose forms were not
completed. The institutional ethics committee of the Akita
University Graduate School of Medicine reviewed and ap-
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proved the procedures of this study.

Measurement

Participants reported whether they felt any stress at the
workplace (yes/no) and at home (yes/no). Home stress
included all kinds of stress that participants could have
at home (e.g., marital stress, stress concerning parent-
child relation, care-giving stress, or housework stress).
Participants also indicated whether they smoked (yes/no)
and whether they exercised regularly (yes/no). Regular
exercise was categorized according to whether or not they
exercised for more than 30 min at least once per week.
Nighttime sleep duration (min) was computed as the dif-
ference between bedtime and wake time on workdays®".
They stated their weekly amount of each type of alcoholic
beverage consumed. A total of 100% ethanol equivalent
dose (g/day) was calculated according to our previous
report*?.

The ECG test during the annual health checkup was
conducted by trained public health nurses of Akita Health
Promotion Center, using the ECG-9202 electrocardiograph
(Nihon Kohden Co., Japan) after the subjects rested in the
supine position for 2 min. Since QT intervals are known to
be affected by heart rate®> 2, QTc interval was calculated
from the RR and QT intervals on the ECG according to the
Bazett’s formula'> '*3¥: QTc (msec'’?) = (QT interval)/
v (RR interval). QT index defined by Rautaharju et al.>¥
also was calculated as (measured QT / predicted QT) x
100, where the predicted QT = 656 / (1 + 0.01 heart rate).
At the same time, systolic and diastolic blood pressure (SBP
and DBP) and heart rate were measured by trained public
health nurses, using the BP-103i blood pressure monitor
(Omron Healthcare Co., Japan), 2 min after sitting in a
chair with their backs supported and their arms bared and
supported at heart level. Hypertension was defined as SBP
>140 mmHg or DBP >90 mmHg.

Statistical analysis

The significance of differences between the subjects
with and without work stress or home stress in QT-related
indicators, blood pressure and heart rate, along with pos-
sible confounders (age, body mass index (BMI, kg/m?),
sleep duration, regular exercise, smoking habit, and
ethanol ingestion) was analyzed by Student ¢ test or Fisher
exact probability. Multiple regression analysis was done to
examine the relations of work/home stress and the above
confounders with the QT and cardiovascular indicators.
Likewise, multiple logistic regression analysis was used
to calculate the odds ratio (OR) and 95% confidence
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Table 1. Basal characteristics of 1,809 male workers stratified by work stress or home stress
Work stress Home stress

Presence Absence  p value? Presence Absence P value®

(N=1,154) (N=655) (N=331) (N=1,478)
Age (yr) 35.9+8.7 34.6+9.9 0.003 354+83 354+£94 0.940
Body mass index (kg/m?) 23.4+3.8 23.0+£99 0.031 233+39 233+3.7 0.881
Sleep duration (min) 416 £ 56 425+£52 <0.001 412+ 59 421 +£54 0.016
Regular exercise (%) 18.0 17.9 0.949 16.0 18.4 0.342
Smoking habit (%) 60.1 60.8 0.803 66.2 59.0 0.018
Drinking habit (%) 70.4 64.4 0.010 72.2 67.3 0.090
Ethanol ingestion (g/day) 21.8+30.6  19.1+28.8 0.071 23.4+32.1 20.2+£29.5  0.080
Systolic blood pressure (mmHg) 119+ 14 118+ 14 0.615 118+ 14 119+ 14 0.280
Diastolic blood pressure (mmHg) 71+ 11 70+ 11 0.043 70+ 11 71+11 0.202
Heart rate (beats/min) 68+ 10 68+ 10 0.510 68 + 10 68+ 10 0.554
QTc interval (msec'?) 393 +20 391 +£20 0.048 395 +20 392 +£20 0.040
QT index (%) 94.7+4.4 943+4.5 0.067 95.0+4.4 944 +4.4 0.032

2 Student ¢ test or Fisher exact probability

interval (CI) of the stress on autonomic nervous and
cardiovascular functions after adjusting for the confound-
ers>?). Asymptomatically abnormal QT was defined as QTc
interval >420 msec'’? and QT index >105'Y. In addition,
high heart rate was defined as heart rate >75 beats/min ac-
cording to one report on a predictor of sudden death®. All
analyses with two-sided p values were performed using
the Statistical Package for Biosciences Ver. 9.65%Y, and
the significance level was set at p<0.05.

Results

Basal characteristics of 1,809 workers stratified by
work stress and home stress are summarized in Table 1.
The proportion of those who experienced work stress was
63.8%. The workers with work stress were significantly
older than those without work stress; similarly, the former
had higher BMI, shorter sleep duration, higher DBP, and
longer QTc interval compared to the latter. A significantly
higher proportion of those with work stress developed
drinking habits. Next, the proportion of those who had
home stress was 18.3%. The workers with home stress
had shorter sleep duration, longer QTc interval, and higher
QT index than those without home stress. A significantly
higher proportion of those with home stress smoked.

The association between stress and cardiovascular or
autonomic nervous function after adjusting for possible
confounders is represented in Table 2. Home stress was
associated positively with QT index, though work/home
stress did not show any significant relation to blood pres-
sure or heart rate. Regarding possible confounders, QTc

interval was significantly related to age, BMI, and ethanol
ingestion, while QT index was significantly connected
with age, regular exercise, and ethanol ingestion.

Table 3 represents ORs of work/home stress for hyper-
tension, high heart rate, and abnormal QT after adjusting
for possible confounders. In stress model 1, the OR of
home stress for elevated QT index was 2.677 (p=0.039),
but no significant associations were seen between work/
home stress and hypertension, heart rate or prolonged QTc.
In stress model 2, two kinds of stresses were divided into
four as shown in Table 3. Given the same confounders as
in Table 2 in the multiple logistic model, the OR of work
stress (—)/home stress (+) for elevated QT index was 9.949
(»=0.012), and the OR of work stress (+)/home stress (+)
for elevated QT index was 3.585 (p=0.053).

Discussion

The principal finding of our study was that psycho-
logical stress was associated with abnormal QT among
Japanese male workers. Especially, the OR of home stress
to elevated QT index (>105) was statistically significant.
In other words, home stress affected autonomic nervous
function assessed by QT indicators. This result is similar
to those addressing the clinical relationship between home
stress and cardiovascular risks, indicating that unhappy
marriage was associated with increased risks for recurrent
coronary events’” and cardiovascular mortality*". Like-
wise, marital concerns have been reported to affect saliva
cortisol levels and to elevate blood pressures regardless
of gender’®. On the other hand, the asymptomatic effect
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Table 2. Psychological stress and confounders relating to blood pressure, heart rate, and QT indicators in 1,809 male workers: results of

multiple regression analysis

Systolic blood pressure  Diastolic blood pressure Heart rate QTc interval QT index
Standard Standard Standard Standard Standard
regression  p value regression  p value regression  p value regression  p value regression  p value
coefficient coefficient coefficient coefficient coefficient
Psychological stress
Work stress -0.016 0.462 0.010 0.602 0.006 0.808 0.017 0.465 0.013 0.577
Home stress —-0.020 0.335 -0.030 0.119 0.011 0.653 0.044 0.062 0.048 0.040
Possible confounders
Age 0.186 <0.001 0.418 <0.001 0.052 0.031 0.239 <0.001 0.251 <0.001
Body mass index 0.416 <0.001 0.327 <0.001 0.156 <0.001 0.051 0.027 0.010 0.669
Sleep duration 0.077 <0.001 0.083 <0.001 0.063 0.007 0.031 0.183 0.019 0.408
Regular exercise ~ —0.025 0.236 -0.018 0.333 -0.077 0.001 0.021 0.352 0.053 0.020
Smoking habit —-0.060 0.004 —-0.081 <0.001 0.030 0.204 —-0.001 0.958 —0.014 0.546
Ethanol ingestion ~ 0.096 <0.001 0.120 <0.001 0.031 0.190 0.055 0.019 0.053 0.024
R? 0.497 <0.001 0.601 <0.001 0.195 <0.001 0.273 <0.001 0.278 <0.001

@ Multiple correlation coefficient

Table 3. Odds ratios of psychological stress for hypertension, high heart rate, and raised QT indicators in 1,809 male workers after adjusting

for possible confounders®: results of multiple logistic regression analysis

Hypertension® Heart rate >75 QTc interval >420 QT index >105
Odds ratio 95% CI¢ Odds ratio 95% CI¢ Odds ratio 95% CI°¢ Odds ratio 95% CI¢

Stress model 1

Work stress(+) 0.993 0.675-1.460 0.937 0.740-1.186 0.974 0.679-1.397 1.230 0.452-3.351

Home stress(+) 0.979 0.605-1.586 1.066 0.797-1.425 1.460 0.968-2.202 2.677 1.050-6.822
Stress model 2

Work(—)/Home(-) (N=613) 1.000 1.000 1.000 1.000

Work(+)/Home(-) (N=865) 0.959 0.643-1.432 0.876 0.684-1.122 0.929 0.635-1.359 1.855 0.571-6.025

Work(—)/Home(+) (N=42) 0.611 0.121-3.076 0.524 0.214-1.279 0.954 0.279-3.267 9.949 1.651-59.94

Work(+)/Home(+) (N=289) 0.993 0.579-1.703 1.040 0.751-1.441 1.445 0.904-2.310 3.585 0.981-13.11

2 Possible confounders were age, body mass index, sleep duration, regular exercise, smoking habit, and ethanol ingestion (Table 2). ® Hypertension

(N=160) was defined as systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg; the number of workmen with heart rate >75 beats/
min was 429; that with QTc interval >420 msec'? was 162; and, that with QT index >105 was 22. ¢ 95% confidence interval

on autonomic nervous function is still limited. Previous
works focused on HRV changes to evaluate the autonomic
nervous influences of psychological factors such as depres-
sion®”, anxiety disorder’®, and psychological stress*> 4%,
Thus, this may be the first study to demonstrate the effect
of psychological stress on QT-related indicators in relation
to its pathophysiology. This implication is that elevated
QT index (e.g., more than 105), readily assessed by annual

health checkups of workers!> 1%

, can predict the presence
of home stress to some degree, if the worker does not
show obvious pathological ECG.

In the present study, although a significant association
between work stress and prolonged QTc interval is shown

in Table 1, QT index appears to be a more useful indica-

tor of detecting home stress than QTc interval (Table 3).
This supports a recent result, suggesting that QTc index,
unaffected by heart rate®®, reflected autonomic nervous
function rather than QT interval’®. By contrast, we failed
to find any significant relation of work stress with QT
indicators or cardiovascular functions, though earlier stud-
ies using work stress classification, such as the job strain
model*" and the effort-reward model‘u), demonstrated
close associations of work stress with both high blood

43,44 and autonomic nervous activities*). Two

pressure
possible reasons for this disagreeable result on work stress
are as follows. First, we employed self-reported binary
variables to assess work stress. Second, work stress in

the Japanese workers, possibly different from Caucasian
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workers, may have been less serious than home stress ac-
cording to the result of stress model 2 in Table 3, though
Karoshi (death from overwork) has been suggested to be
associated with work stress*® 7. In either case, our study
with QT-related indicators emphasized the importance of
home stress in Japanese workers. Further research with
continuous data rather than binary data is required to de-
tect such potent associations.

The current study indicated that larger BMI, shorter
sleep duration, and overdrinking were significantly con-
nected with work stress in Japanese workers, as shown
in Table 1; similarly, shorter sleep duration and smoking
habit were associated with home stress. These findings are
consistent with the previous reports showing negative links
between psychological distress and both sleep duration*®
and smoking cessation*”). In addition, sleep duration had
a close relation to autonomic nervous function even in
children®". Thus, sleep duration, along with age, BMI,
and drinking and smoking habits, should be considered as
possible confounders in the assessment of psychological
stress, whereas the temporal sequence between the psy-
chological stress and change in sleep duration should also
be scrutinized.

There may have been some limitations to be noted in
this study. First, it is difficult to infer causal relationships
because of the cross-sectional study design. Nevertheless,
there was a temporal difference of 1-6 months between
the stress assessed by the questionnaire and autonomic
endpoints. Second, we addressed overall stress at home;
for this reason, we could not specify what type of stress
experience at home (e.g., marital stress, care-giving stress,
and housework stress) led to QT abnormality. Third, al-
though a self-reported questionnaire might introduce bias,
its effect in this study would be limited because this study
used a large number of subjects in the same occupational
setting and the outcomes were measured objectively®” 3%
Finally, potential confounders such as age, BMI, sleep
duration, regular exercise, ethanol ingestion, and smok-
ing habit, were considered in the data analysis. Thus, it
appears that measurement bias and confounders did not
heavily influence our data.

In conclusion, our finding suggests that home stress,
as well as job stress*> °*, can affect autonomic nervous
function in Japanese male workers. Moreover, QT index
appears to be a more useful indicator of autonomic im-
balance compared to QTc interval. Using the Japanese
samples also added new evidence to the previously less
surveyed populations; in fact, the majority of works
exploring the link between work/home stress and CVDs

E MAEDA et al.

employed Caucasian samples. In future studies, female
participants should be included because both genders per-
ceive home stress differently.
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