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Objectives  This study attempted to clarify the acute effects of cigarette smoking on autonomic nervous
function among taxi drivers under ordinary work conditions.

Methods Holter electrocardiographic recordings from 20 healthy middle-aged taxi drivers were analyzed for
the time from 0800 in the morning to 0159 at night. The amplitudes (milliseconds) of the high-frequency (HF)
component and the ratio of the low-frequency component to HF (LF/HF) were calculated as changes in the R-R
interval, and time-course changes were investigated by a complex demodulation method. The exact starting time
of smoking was identified with the use of a specially designed cigarette lighter. The mean LF/HF and HF for 5
minutes immediately prior to smoking were calculated as the baseline, and the means for every 5 minutes up to
15 minutes were calculated. The average values of these parameters for all of the cigarette smoking within the
same time span of 0800-1659 and 1700-0159 were also determined.

Results The LF/HF significantly increased (P<0.05) within 5 minutes from the baseline immediately after
smoking. This significant change in LF/HF was observed only at night. Although the interactive effect of the
time of day on time course changes was not significant for the LF/HF or HF, the reactivity to increase LF/HF and
decrease HF was more prominent at night.

Conclusions Cigarette smoking significantly increased LF/HF within 5 minutes during ordinary taxi driving.
Nighttime smoking seemed to have a more potent acute effect on the cardiac modulation of taxi drivers than in
the daytime. The sympathomimetic and parasympatho-withdrawal response of smoking may play an additional
role in increasing cardiac risk among taxi drivers.

Key terms  autonomic nervous activity; cardiovascular disease; circadian rhythm; complex demodulation;
parasympathetic activity; smoking; sympathetic activity.

Various epidemiologic studies have revealed that the
incidence (1-5) and hospitalization rate (6, 7) of cardi-
ovascular disease are high, and taxi-driver patients are
characterized by more extensive coronary atherosclero-
sis in association with a higher prevalence of diabetes
mellitus and obesity than nontaxi-driver referents (8).
In Japan, a notable number of taxi drivers is involved
in karoshi (death from overwork) cases (9). Tokudome
(10) also estimated the risk in taxi drivers to be around
16 times that of drivers in the general population by an-
alyzing 20 traffic accident cases caused by sudden and
unexpected death during driving. Nevertheless, the mech-
anisms underlying the increased risk of cardiovascular
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disease among taxi drivers have not yet been fully in-
vestigated. An increase in blood pressure caused by long
hours of driving together with various work-related
stressors (4, 7, 11-15), such as dealing with passengers,
searching for potential customers along streets and
roads, waiting at taxi stands for customers, traffic jams,
rain, and highway driving, may contribute substantially
to the increased cardiovascular risk. Some neurophysi-
ological mechanisms (11, 15-17), including dysfunction
of the autonomic nervous system, hyperreactivity of the
cardiovascular system, and disturbed circadian rhythms
of the endocrine system, may also occasionally result
in fatal arrhythmia or chronically accelerated coronary
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atherosclerosis. Smoking, which has been reported to be
prevalent among taxi drivers (3, 18), may have potent
acute or chronic effects on these processes. Although
smoking is a personal habit, there is cross-sectional ev-
idence that smoking behavior is directly related to the
total burden of occupational stressors faced by profes-
sional drivers (19). It can therefore contribute to in-
creased cardiovascular risk synergetically with some
work-related factors. In our study, we attempted to clar-
ify the acute effects of smoking on autonomic nervous
function among taxi drivers under their ordinary work
conditions.

Study population and methods

We asked a company nurse of a taxi company to select
about 25 persons from among its approximately 2000
taxi drivers and to recommend them to participate in the
study. The selection criteria for the participants were
male, aged between 40 and 55 years, working on night
duty for at least 1 year, and having no diagnosis of car-
diovascular diseases such as coronary heart disease,
hypertension, or arrhythmia with no medical treatment,
and smoking for more than 1 year. Twenty-three male
taxi drivers who agreed to participate in the study after
being fully informed of the protocol that had been ap-
proved by the Ethical Committee of Aichi Medical Uni-
versity were selected, and written informed consent was
obtained from each.

Table 1 shows the overall characteristics of the par-
ticipants. The mean age was 49.0 (range 42-55) years,
and their mean taxi driving experience was 16.7 (range
4-32) years. The participants had smoked a mean of
35.7 (range 10-60) cigarettes per day for 29.3 (range
26-40) years. We analyzed the data recorded between
0800 and 0159 because all of the participants were
awake and working during this period. Their health con-
dition was ascertained by reference to health records for
the previous 5 years, conducted annually by the taxi
company. The age, height, and weight of the participants
were obtained from their health check-up record. Infor-
mation on experience as a driver, the number of ciga-
rettes smoked per day, and years of cigarette smoking
was obtained in an interview. The standard workhours
were from about 0700 in the morning to 0700 the fol-
lowing day, with possible naps after around 0200, fol-
lowed by two consecutive nonwork days. The partici-
pants were not restricted in terms of their normal daily
life activities for the purposes of the study and were in-
structed to act as they usually would while working.

A Holter electrocardiograph (ECG) (DMC-3253, Ni-
hon Kohden, Japan) was used on each participant. Af-
ter the participant wore the apparatus in a room at the
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taxi company, the measurements were started by a time
signal (phone no 117) between 0700 and 0750. The de-
vice was removed around 0700 the next morning in the
same room. From the waveforms obtained with the Hol-
ter ECG, the heartbeat was visually confirmed, and, af-
ter arrhythmia and artifacts had been identified and ex-
cluded, the R-R interval was determined with an ana-
lyzer (DMC-4050, Nihon Kohden). The amplitudes
(milliseconds) of the high-frequency (HF) component
(central frequency of 0.30 Hz) and the low-frequency
(LF) component (central frequency of 0.09 Hz) were
calculated as changes in the R-R interval, and time-
course changes were investigated by a complex demod-
ulation method (20, 21)- The complex demodulation
method (CDM) has been proposed for analyzing the
variability of heart rate under nonstationary conditions
that provides time-dependent changes in signal ampli-
tude and frequency on a continuous basis, and it may
yield insights into short-term changes in autonomic reg-
ulation (20). HF was used as the parameter of parasym-
pathetic activity, and the LF to HF ratio (LF/HF) was
used as the parameter for the dominance of sympathet-
ic activity. The participants were instructed to record the
time of their meals in a diary. Data obtained during and
up to 30 minutes after meals were omitted. The partici-
pants were also instructed to use a specially designed
cigarette lighter when they smoked. The voltage gener-
ated at the start of ignition was amplified throughout the
system, and an event mark on a Holter ECG channel was
recorded as 5-Hz rectangular waves for 5 seconds (fig-
ure 1). The exact starting time of smoking was identi-
fied from the marks. Then the mean LF/HF and HF for
5 minutes just before smoking were calculated as the
baseline values, and the means for every 5 minutes af-
ter the marks up to 15 minutes were calculated. The se-
ries of smoking data that was recorded within 30 min-
utes of the previous smoking time was omitted from the
analysis. We then obtained a series of LF/HF and HF
values for each participant for every hour. When there
were two marks for a participant in the same hour, a
mean value was used as the representative datum. Fi-
nally, the average parameters for all of the participants
within daytime (0800-1659) and nighttime (1700-0059)
were calculated. One participant was excluded because

Table 1. Characteristics of the participants.

Characteristic Mean SD
Age (years) 49.0 3.1
Height (cm) 163.2 53
Weight (kg) 65.8 71
Body mass index (kg/m?) 22.9 2.6
Experience as a driver (years) 16.7 7.9
Cigarettes smoked per day (N) 35.7 14.7
Cigarette smoking (years) 29.3 3.6
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Piezoelectric

Figure 1. Diagram of a smoking marker circuit.
[ECG = electrocardiograph, sec = second(s)]

Figure 2. Total number of smoking marks by time of
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Table 2. Analysis of variance for heart rate variability. (df = de-
gree of freedom, LF/HF = ratio of the low-frequency component
to the high frequency component of the electrocardiogram, HF =
high frequency component of the electrocardiogram)

df F-value
LF/HF HF
Time from the start of smoking (time) 3 3.32¢  1.57
Time span of smoking (time span) 1 044  13.02°
Time x time span 3 0.22 0.70
2 P=0.022.
b P=0.033.

of a frequent premature ventricular beat, which com-
prised over 1.0% of the total heartbeat in his Holter re-
cording. Two participants were also excluded because
of their incomplete smoking mark records due to equip-
ment failures. The data from the remaining 20 partici-
pants were then used for the analysis. A two (time of
day: daytime, nighttime) by four (time from the start of
smoking: baseline, 0-5 minutes, 5-10 minutes, 10-15
minutes) analysis of variance (ANOVA) was conduct-
ed for LF/HF and HF, followed by Dunnett’s two-tailed
test. The statistical analysis was performed on a personal
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day.

computer using the SAS program package, version 8.12
(SAS Institute, Cary, NC, USA), and the critical value
was set at a 5% level of significance.

Results

Figure 2 shows the total number of marks of smoking
by the time of day. From 241 smoking marks in the day-
time and 215 at night, we finally obtained 172 and 155
marks, respectively, that were suitable for analysis. Ta-
ble 2 presents the F-scores of an ANOVA for the time
course change in LF/HF and HF (time) and the time of
day. For LF/HF, the main effect of time was significant
(P=0.022), but that of the time of day was not. For HF,
on the other hand, the main effect of the time of day
was significant (P=0.033), whereas that of time was not.
The interaction between time and the time of day was
not significant for either LF/HF or HF. Table 3 shows
the mean LF/HF and HF for the baseline and every 5
minutes after smoking up to 15 minutes by the time of
day. The LF/HF increased significantly within 5 minutes
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Table 3. Time course changes in heart rate variability after smoking (N=20). (LF/HF = ratio of the low-frequency component to the high
frequency component of the electrocardiogram, HF = high frequency component of the electrocardiogram, day = 0800-1659, night =
1700-0100)

LF/HF HF
Whole day Day Night Whole day Day Night
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Baseline 3.85 0.50 3.88  0.51 383 0.53 14.49 1.37 14.07 1.44 14.76 1.39
~5 minutes 4.30 0.542 428 0.54 432 0542 14.07 1.25 13.84 1.32 14.24 1.25
~10 minutes 412 0.54 4.00 0.56 420  0.56 14.49 1.41 14.34 1.47 14.65 1.45
~15 minutes 3.83 0.48 3.75 0.48 389 051 14.37 1.33 13.85 1.30 14.74 1.43
2 P<0.05, changes from the baseline values, Dunnett’s test.
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Figure 3. Comparison of the degree of change from the baseline level between daytime and nighttime.

from the baseline immediately after smoking (P<0.05,
Dunnet’s test) and returned to the baseline level within
15 minutes. This significant change in LF/HF was ob-
served only at night. Although the time course change
in HF did not reach a significant level, it showed a ten-
dency to decrease within 5 minutes immediately after a
participant smoked and to recover towards the baseline
level for 15 minutes. During the day, the HF decreased
within 5 minutes and then showed a remarkable increase
for up to 10 minutes. This pattern of change differed
from that of nighttime. In figure 3, the degree of change
in LF/HF and HF is compared between the daytime and
nighttime by presenting the ratio of the parameters for
each time section divided by the baseline values. For
LF/HF, the ratio at night proved to be higher through-
out the measurements. For HF, a prominent decrease
was observed only at night.

Discussion

We used LF/HF and HF as indices of cardiac autonom-
ic nervous function. There is substantial evidence that
HF components are a reliable index of vagus-mediated
parasympathetic activity, but it remains controversial as
to whether changes in LF/HF are a marker of sympa-
thetic activity (22, 23). Some investigators, however,

consider the LF/HF to mirror the sympathovagal bal-
ance (23, 24). This study did not regard LF/HF as a pa-
rameter of separate cardiac sympathetic nervous activi-
ty, but rather as an index of sympathetic predominance
determined by sympathetic activation or parasympathet-
ic withdrawal.

Time-course changes in these two parameters were
investigated with the use of the CDM. Hayano, in a sim-
ulation study (20), examined the reliability and validity
of the CDM and showed that it has sufficient frequency
resolution to measure low and high frequency ampli-
tudes separately, with a time resolution of less than 15
seconds, and that it is robust in relation to changes in the
frequency of the components. In a field study such as ours,
CDM is therefore more suitable for assessing acute chang-
es in cardiac autonomic parameters in occupational psy-
chophysiological studies than the Fourier transform, which
needs much longer stationary periods (25).

We found a significant acute increase in LF/HF af-
ter smoking. While the decreasing tendency of HF did
not reach a significant level, these findings are consist-
ent with the results of previous studies suggesting ei-
ther acute sympathetic activation or parasympathetic
withdrawal or both as a result of smoking (26-28).
These acute effects of smoking have also been reported
in smoking cessation intervention (28, 29), with a rapid
increase in heart rate variability appearing as quickly
as | day after smoking cessation. As it is well established
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that plasma catecholamine levels increase within 1
minute after a person smokes (30, 31), the short-term
changes in LF/HF and HF after smoking should depend
on an increased release or a reduced clearance of cate-
cholamines at the neuroeffector junctions (32). There-
fore, it is highly probable that the parameter changes
observed within 15 minutes after smoking in our study
are a consequence of cigarette smoking.

Although we could not find any statistically signifi-
cant effects of the time of day on the time-course chang-
es in cardiac autonomic parameters after smoking (ta-
ble 2), LF/HF showed a significant increase immediately
after smoking only at night (table 3), while sympatho-
mimetic or parasympatho-withdrawal effects seemed to
be more prominent at night than during the day (fig-
ure 3). These data suggest that smoking at night has a
more potent acute effect on the cardiac modulation of
taxi drivers than during the day. Previous studies have
confirmed the presence of a circadian rhythm with the
prevalence of sympathetic activity during the day and a
marked increase in parasympathetic activity during the
night (14, 33-35). At night, smoking taxi drivers are
therefore assumed to have their own circadian rhythms,
which originally decrease sympathetic activities and in-
crease parasympathetic ones, disturbed by the effects of
smoking. These conflicting effects of smoking on cir-
cadian rhythm may contribute to some extent to the in-
crease the physiological burden (14, 36) of taxi drivers.

In an experimental study, LF/HF more than doubled
towards the end of a 4-hour drive when compared with
the LF/HF of the earlier period, and there was a signifi-
cant linear increase in 0.1 Hz heart rate variability as a
function of the distance driven (37). In addition, the uri-
nary excretion of norepinephrine generally increased at
the end of the workday and during driving in fog (38).
From these results, the effect of work-related factors
such as long taxi driving or long workhours (11) on car-
diac autonomic modulation may be increased by smok-
ing, especially during nighttime work.

Enhanced sympathetic or decreased vagal modula-
tion of cardiac function has been associated with an in-
creased risk of coronary heart disease and mortality (39,
40) and angiographic progression of coronary athero-
sclerosis (41), as well as arrhythmia and sudden cardi-
ac death (25). Thus smoking at work, the prevalence of
which is high among professional drivers (3, 18), espe-
cially among Japanese taxi drivers (42, 43), may play
an additional role in the increased risk of cardiovascu-
lar morbidity and mortality via unfavorable effects on
cardiac autonomic nervous balance in taxi drivers.

Clinical implications

To eliminate the confounding effects of aging, gender,
and ongoing medical treatment, we selected only
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untreated middle-aged male taxi drivers for our study.
In addition, their average duration of work experience
as a taxi driver was over 16 years, and they were there-
fore well experienced and adapted to their work. The
study therefore might show the effect of smoking on a
highly selected healthy group. Acute sympathetic acti-
vation through smoking at night might have a much
more potent effect on the progression of coronary
atherosclerosis or even be likely to trigger cardiovascu-
lar events in taxi drivers who are less experienced, aged,
with some coronary risk factors or diseases such as dia-
betes, hypertension, arrhythmia, or other ischemic cor-
onary heart diseases.

Limitations

We did not attempt to standardize the smoking behav-
ior of the participants, for example, how frequently
should they smoke per minute, when to stop smoking,
and so on. Therefore, the smoking behavior during the
day may have had carry-over effects on the cardiac re-
sponse at night. We could not control many other fac-
tors affecting cardiac autonomic modulation, and data
during and up to 30 minutes after meals of the partici-
pants were omitted because of the obvious sympatho-
activating effects. Postures, physical activities, caffeine
intake, or temperatures, for instance, may have also in-
fluenced the cardiac autonomic balance. In addition, in
their everyday work, Japanese taxi drivers are exposed
to the second-hand cigarette smoke of their smoking
passengers. Acute short-term passive smoke exposure
has been shown to alter cardiac autonomic function (32)
or elicit a modest increase in muscle sympathetic nerve
activity in healthy nonsmokers (44). The relationship
between circadian rhythm and smoking effects was dis-
cussed only on the basis of the data between 0800 and
0100 by comparing the two roughly divided times be-
cause of the small number of participants. Figure 3
shows that HF increased 5-10 minutes after smoking
only in the daytime. Some vagal compensatory mecha-
nisms are thought to be possible (26), but this possibili-
ty has not yet been fully investigated. The time course
change of the parameters may, therefore, be somewhat
unclear due to such a variety of factors. A more precise
acute smoking effect on cardiac autonomous modula-
tion after control for the aforementioned factors should
be clarified in well-designed experimental studies in the
future.

Concluding remarks

Cigarette smoking significantly increased LF/HF with-
in 5 minutes during ordinary taxi driving. Nighttime
smoking seemed to have a more potent acute effect on
the cardiac modulation of taxi drivers than daytime



smoking. The sympathomimetic and parasympatho-
withdrawal response of smoking may play an addition-
al role in increasing cardiac risk among taxi drivers.
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