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Objectives The purpose of this study was to determine whether shift work affects the heart-rate-adjusted QT 
interval (QTc) in electorcardiography (ECG) and the blood pressure of workers without overt cardiovascular 
dysfunction. 
Methods At a copper smelter, 158 shift workers and 75 day workers who underwent an ECG examination and 
blood pressure measurements in 1986 were followed for 10 years. In 1996, biochemical indicators such as high- 
density lipoprotein cholesterol and triglycerides were measured, together with the QTc. 
Resuits In 1986 and 1996, the QTc was significantly longer in the shift workers than in the day workers. Of 180 
workers with a normal QTc (<420 ms112) in 1986,15% had developed aprolonged QTc (420 m ~ l / ~ )  in 1996 (18% of 
the 117 shift workers and 11% of the 63 day workers). Among the workers with a normal QTc in 1986, the shift 
workers had a significantly longer QTc than the day workers when the QTc was examined in 1996. In addition, 
shift-day work in the group with a normal QTc was significantly related to the QTc in 1996 after control for age, 
work duration, biochemical indicators, smoking, and drinking habits. However, the blood pressures of the shift and 
day workers did not differ significantly, and in 1996 the values of both groups were significantly elevated. 
COIIC~US~OIIS These data suggest that shift work is associated with QTc prolongation. This evidence may explain 
the increased risk for cardiovascular diseases due to shift work. 
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The causal relation between shift work and cardiovascu- 
lar dysfunction remains unclear, although there is some 
evidence that shift work contributes to excess cardiovas- 
cular morbidity or mortality (1-7). The most reaso- 
nable estimate of the relative risk for cardiovascular dis- 
eases (CVD) induced by shift work has been suggested 
to be around 1.4 (3,7), and other authors have also con- 
sidered the link between shift work and CVD as causal 
(1,2,6) .  A few researchers, on the contrary, have report- 
ed that shift work does not increase the risk of death from 
ischemic heart disease (8-1 1). Much less information 
has been developed concerning a pathophysiological 
mechanism of the association between shift work and 
CVD (2). 

In a study on the short-term effect of shift work on 
hospital nurses, blood pressure and heart rate tended to 
be higher on night shifts than on evening shifts (12). An 
elevation in plasma adrenaline was also found after work 

on night shifts. Likewise, the 24-hour blood pressure and 
heart rate of white-collar workers have been shown to 
increase with overtime work (13). The parasympathetic 
component of heart rate variability in white-collar work- 
ers with longer commuting time (290 min) has also been 
reported to be significantly depressed when compared 
with that in workers with shorter commuting times (<90 
min) (14). These findings, taken together, would suggest 
that cardiovascular functions, especially autonomic nerv- 
ous functions, can be influenced by shift work. 

The purpose of this study was to clarify whether shift 
work causes cardiovascular changes, especially in work- 
ers without overt cardiovascular dysfunction. For this 
purpose, the heart-rate-adjusted Q T  interval (QTc) in 
electrocardiography (ECG) and blood pressure, both of 
which have been reported to have a close relationship to 
CVD (15-22), were followed among shift and day 
workers employed at a copper smelter. 
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Subjects and methods 

Subjects 

The research cohort consisted of 280 workers who un- 
derwent a cardiovascular examination in 1986; female 
workers were not included because the shift workers were 
all men. In this study, general exclusion criteria such as 
disorders affecting cardiovascular and nervous functions, 
retirement from the company, and change of occupation 
between shift work and day work were applied. For this 
reason, 40 workers were excluded during the 10-year 
period: 8 workers suffered from diabetes mellitus; 19 left 
at retirement age; and 13 transferred from shift work to 
day work because of occupational unfitness or physical 
reasons. Furthermore, 7 workers could not undertake the 
ECG examination by chance in 1996. Finally, 233 work- 
ers had been followed for 10 years. Of these, 158 had 
worked as shift workers (ie, blue-collar workers) in divi- 
sions of the roaster, smelter, converter, anode casting, and 
fire and electrolytic refining. Shift work was predomi- 
nantly a 4-shift schedule including a day-off shift, 1 
week, and a forward rotation system. Seventy-five day 
workers (ie, white-collar workers) were engaged in ad- 
ministrative and clerical work. There was no significant 
difference in age between the shift workers (20-48 
years, mean 36) and day workers (20-47 years, mean 
36). In the early spring of 1996, they underwent the bio- 
chemical and physical examinations together with the 
ECG measurement and filled out a self-rating question- 
naire. In spite of the nature of the industry, this plant has 
employed the latest automated production system with a 
high standard of industrial hygienic control in which reg- 
ular monitoring indicated that no heavy exposure to haz- 
ardous substances such as lead, arsenic, cadmium, or 
sulfides had existed. 

Methods 

The examinations used in this study were among the 
mandatory health-checkup items under the Industrial 
Safety and Health Law in Japan. The workers were en- 
couraged not to take drugs, alcohol, or beverages con- 
taining caffeine for 12 hours prior to each examination. 
At the time of the health examinations in 1986 and 1996, 
systolic and diastolic blood pressure was measured in a 
quiet setting with the subject in a seated position; there- 
after the subject lay quietly supine for 5 minutes, a elec- 
trocardiogram (ECG) was recorded using an Autocardi- 
na FCP-221 electrocardiograph (Fukuda Denshi Co, Ja- 
pan) to assess the cardiovascular function in the morn- 
ing of the day or day-off shift. The electrocardiograph 
automatically calculated the QTc from the RR and QT 
intervals of the obtained ECG according to Bazett's for- 
mula (23) (ie, QTc = (QT interval)/(RR interval)112. High- 
density lipoprotein cholesterol, tsiglycesides, alanine ami- 
notransferase activity (ALT), fasting blood glucose, and 

hemoglobin, together with height and body weight to cal- 
culate the body mass index, were determined after fast- 
ing blood was taken from each worker in the morning of 
the day, day-off, or night shift. The subjects also com- 
pleted a questionnaire regarding their past and present 
histories of illness, smoking, and drinking habits, which 
were confirmed by an occupational health nurse. 

According to the criteria for hypertension published 
by the World Health Organization (24), the subjects with 
a systolic blood pressure of <I40 mm Hg (<18.62 kPa) 
and a diastolic blood pressure of <90 mm Hg (<11.97 
kPa) were diagnosed as normotensive, those with either 
a systolic pressure of 2160 mm Hg (221.28 kPa) or a di- 
astolic blood pressure of 295 mm Hg (212.64 H a )  were 
diagnosed as hypertensive, and values of 140 to 4 6 0  mm 
Hg(18.62-<21.28 kPa) and 90 to <95 mm Hg (11.97- 
<21.28 Ha] ,  respectively, were considered to be border- 
line hypertensive. In addition, a QTc of 2420 ms1I2 was 
defined as prolonged and a QTc of 2440 msln was de- 
fined as abnormal (16). 

Data analysis 

The comparison between the cardiovascular data of 1986 
and 1996 was made by the paired-sample t-test. The trig- 
lyceride and ALT values were transformed into common 
logarithmic values in the analyses because these data 
were highly skewed to the left. The differences between 
the workers with and those without prolonged QTc and 
between workers with and without hypertension were 
tested by a 2-way analysis of variance with repeated 
measurements (SS model of type 11). The significance 
level of the differences between the day and shift work- 
ers without prolonged QTc and between the workers from 
these 2 groups without hypertension was determined us- 
ing the Student's t-test and an analysis of covariance to 
control for age, or Fisher exact test. 

For the workers without a prolonged QTc (or with- 
out hypertension) at the start of the study, the proportion 
of those with a prolonged QTc (or hypertension) after 10 
years was calculated, and a multiple regression analysis 
was performed to examine the relations of work status 
(ie, day or shift work), work duration, body mass index, 
high-density lipoprotein cholesterol, triglycerides, ALT, 
fasting blood glucose, hemoglobin, age, smoking and 
drinking habits (15, 25) to the cardiovascular function 
measured in this study (QTc, systolic and diastolic blood 
pressure and heart rate). All the analyses were performed 
using the Statistical Package for the Biosciences (Wines- 
teem Institute of Community Medicine, Japan). 

Results 

The QTc of the 158 shift workers was significantly longer 
than that of the 75 day workers in 1986 and 1996 (table 
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Table 1.Changes in the heart-rate-adjusted QT interval, systolic 
and diastolic pressure, and heart rate among 75 day workers and 
158 shift workers between 1986 and 1996. 

1). By contrast, the systolic and diastolic blood pressures 
and heart rate of both the day workers and the shift work- 
ers were significantly elevated after 10 years, but there 
were no significant differences between the 2 work 
groups. 

Table 2 shows the data of the workers according to 
the QTc and blood pressures in 1986. The proportion of 
smokers and the mean values for the QTc and heart rate 
in 1996 were significantly higher in the cohort with a pro- 
longed QTc than in the cohort with a normal QTc (<420 
r n ~ l / ~ ) .  In addition, there was a significant interaction be- 
tween the QTc and hypertension only in relation to body 
mass index (table 2). 

In 1996, the proportion of prolonged QTc values 
among the workers who had normal QTc (<420 m ~ l / ~ )  
values in 1986 was 15.6% (18% of the shift workers and 
11% of the day workers), and the proportion of hyper- 
tension in the cohort without hypertension in 1986 was 
21.8% (24% of the shift workers and 17% of the day 
workers). In the group with normal QTc values, the QTc 
was significantly longer among the shift workers than 
among the day workers (table 3), although the QTc did 
not differ between the shift and day workers in 1986. 

1986 1996 Matched Proba- 
difference bilitya 

Mean SD Mean SD Mean SD 

Heart rate-adjusted QT 
interval (msii2) 

Day workers 
Shift workers 

Systolic blood 
pressure (mm Hgb) 

Day workers 
Shift workers 

Diastolic blood 
pressure (mm Hgb) 

Day workers 
Shift workers 

Heart rates (beatslmin) 
Day workers 
Shift workers 

a Paired-sample t-test. 
l r nm Hg~0.133 kPa. 

* P=0.036, * *  P=0.0001 (Student's t test). 

Table 2. Data obtained from workers when grouped according to the heart-rate-adjusted QT interval (QTc) and blood pressures in 1986. 
( H D L  = high-density lipoprotein, ALT = alanine aminotransferase) 

Without prolonged Without prolonged With prolonged With prolonged P values by 
Qtc ( 420 msin) QTc and with QTc and without QTc and ANOVAb 
or hypertensiona hypertensiona hypertensiona hypertensiona 

(N=151) (N=29) (N=37) (N=16) 

N % Mean SD N % Mean SD N % Mean SD N % Mean SD QTcC Hyper- 
ten- 

sioWe 

Cardiovascular data in 1986 
QTc (msv2) 
Systolic blood pressure (mm Hgf) . 
Diastolic blood pressure (mm Hgf) . 
Heart rate (beatslmin) 

Cardiovascular data in 1996 
QTc (ms1I2) 
Systolic blood pressure (mm Hgf) . 
Diastolic blood pressure (mm Hgf) . 
Heart rate (beatslmin) 

Basic data in 1996 
Age (years) 
Working duration (years) 
Body mass index (kg/m2) 
HDL cholesterol (mgIl00 ml) 
Triglycerides (mg1100 ml)g 
Liver enzyme, ALT (KU)e 
Fasting blood glucose (mg1100 ml) . 
Hemoglobin (gldl) 
Shift workers 99 
Smokers 92 
Drinkers 128 

a Hypertension included the workers with borderline hypertension. See the Methods section. 
Two-way analysis of variance with repeated measurements. 
Comparison between the workers with and those without a prolonged QTc. 

d Comparison between the workers with and those without hypertension. 
A significant interaction between QTc and hypertension was observed for body mass index (P=0.021). 

I 1 mm Hgz0.133 kPa. 
g These data were transformed into common logarithmic values. 
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and drinking to the QTc were examined in the multiple 
regression analysis. 

Discussion 

So far, there have been no reports evaluating the influ- 
ence of shift work on cardiovascular function. In our 
study, the QTc of the shift workers was significantly pro- 
longed in comparison with that of the day workers in both 
1986 and 1996. In the groups with normal QTc values or 
without hypertension, the QTc in 1996 was significantly 
longer among the shift workers, whereas, since these 
workers were not clinical patients with CVD, the differ- 
ence in the QTc between the 2 groups was small (table 
3). In addition, shift work was significantly related to an 
increased QTc in the group with normal QTc values (ta- 
ble 4). These results were internally consistent and, there- 
fore, suggest that shift work is associated with prolonga- 
tion of the QTc. 

The comparability of this study was preserved be- 
cause all the subjects were male, they worked in the same 
company, and age was comparable between the shift and 
day workers. The effects of other confounding factors, 
such as smoking and drinking, were controlled for in the 
process of the data analyses. (Moreover, the residuals in 
the multiple regression analysis were normally distribut- 
ed.) A prospective design beginning with its measure at 
preemployment would be desirable as an approach to 
address the issue of interpersonal and intrapersonal dif- 
ferences (26); we selected day and shift workers with a 
normal QTc at the start of this study instead of the ab- 
sence of data at preemployment. Nevertheless, there may 
have been selection bias (ie, healthy worker effect) for 
the subjects inasmuch as the workers who moved from 
shift work to day work, those who suffered from diabe- 
tes mellitus, and those who could not undertake the ECG 
examination in 1996 were excluded. [The average val- 
ues of the QTc, systolic and diastolic blood pressures, 
and heart rate of the 13 dropouts in 1986 were not sig- 
nificantly different from those in table 1, being 
405 ms1I2, 130 mm Hg (17.29 kPa), 79 mm Hg (10.51 
kPa), and 68 beatslmin, respectively.] And such a bias 
would have weakened the outcome (27), in that, without 
the bias, the true association between shift work and QTc 
prolongation could have been stronger. 

Shift work is known to disrupt biological rhythms and 
disturb social and family life, and therefore negatively 
affect performance efficiency, health, and social relations 
(28). Especially regarding mortality from CVD, 2 review 
articles (3,6) indicated that shift work increases the risk 
for CVD, whereas one did not. In the case of the nega- 
tive result, the reduced risk of death from CVD among 
the shift workers was explained as a healthy worker ef- 
fect (10). The QTc is also prognostic of sudden death in 

patients with myocardial infarction, and an abnormal 
QTc contributes to an increased risk of cardiac death 
(16-22). Accordingly, our results may provide indirect 
evidence for the pathophysiological mechanism between 
shift work and CVD morbidity or mortality. Further re- 
search with many shift workers is necessary to determine 
which of the combined factors, such as a disturbance in 
circadian rhythm, sleep or work stress, affects QTc pro- 
longation. 

In our study, neither the systolic nor diastolic blood 
pressure differed between the shift and day workers al- 
though the blood pressures of both groups was signifi- 
cantly elevated after a 10-year period. The normotensive 
cohort showed no significant relationship between shift 
work and blood pressure either (table 3). This negative 
finding is concordant with the results of studies conduct- 
ed by Japanese and European researchers. According to 
2 Japanese studies (12,29), there was no significant dif- 
ference in heart rate or blood pressure between the day 
or evening shift workers and night workers despite the 
presence of an increasing trend for the night shift. Simi- 
larly, European shift workers were unlikely to have high- 
er blood pressure (10, 25). On the other hand, Hayashi 
et a1 (13) used 24-hour monitoring of systolic and diasto- 
lic blood pressure and observed higher blood pressure 
among white-collar workers with overtime work as com- 
pared with workers without overtime work. One possi- 
ble explanation for this paradox is that intermittent meas- 
urements of blood pressure may be less sensitive to work 
state than 24-hour measurements of blood pressure, be- 
cause Hayashi et a1 (13) failed to find a significant dif- 
ference in intermittently measured blood pressure be- 
tween the 2 groups. Additional study with the concur- 
rent measurements of QTc and 24-hour blood pressure, 
if possible, would be highly suggestive. Such a study 
would help clarify whether the QTc reflects the average 
24-hour blood pressure. 

For the cohort without hypertension in our study, 
drinking habit was selected as a significant independent 
variable of systolic and diastolic blood pressure (table 4), 
but smoking habit or ALT did not enter into the regres- 
sion model. Heavy drinking has been shown to increase 
mortality from coronary artery disease in different stud- 
ies (15). Acute and chronic alcohol intake has been re- 
ported to attenuate heart-rate variability (30, 31). There- 
fore, our findings suggest that drinking habit may influ- 
ence cardiovascular function independently of shift work. 

It has been suggested that shift work including night 
shifts results in QTc prolongation; the study in question 
pointed at the importance of sympathetic arousal in the 
association between shift work and cardiovascular risk 
(32). There are many shift workers in developed and de- 
veloping countries, and the work conditions and such 
shift patterns as permanent night work versus alternat- 
ing night and day work, rosters versus regular shift work, 
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long versus short shifts (33) differ in culture, task (eg, 
overtime or monotonous, stressful or noisy work), and 
gender. Studies should be carried out on the specific ef- 
fects of shift conditions in which objective and conven- 
ient methods are used. At least, the QTc appears to be 
one of the most applicable methods to such a field study. 
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