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Abstract:  Autonomic nervous function in response to cold was investigated in 21 patients with
vibration-induced white finger (VWF) and 17 healthy controls of similar age, using power spectral
analysis of heart rate variability.  In a supine position, electrocardiogram and skin temperature of
both index fingers were measured during immersion of right hand in cold water at 10°C for 10
minutes.  Autonomic nervous activity was evaluated from the power of the low-frequency component
(LF: 0.02–0.15 Hz), the high-frequency component (HF: 0.15–0.40 Hz) and the ratio of the LF to the
HF power (LF/HF ratio).  The LF/HF ratio, an index of sympathetic nervous activity, significantly
increased during the immersion in the VWF patients, but did not significantly increase in the controls.
The LF/HF ratio was then significantly greater in the patients than in the controls during the first 1–
2 minutes of the immersion.  The HF power related to parasympathetic nervous activity did not
change significantly in either group.  Finger skin temperature of the immersed right hand was
significantly lower in the VWF patients than in the controls during the last five minutes of the
immersion and in the recovery period.  The present results indicate that sympathetic nervous response
to cold is significantly enhanced in VWF patients.  The exaggerated sympathetic response to cold in
these patients is considered to contribute to the enhanced vasoconstriction of their extremities.
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Introduction

Prolonged vibration exposure can cause vibration-induced
white finger (VWF) among operators of hand-held vibratory
tools.  The blanching attacks are induced by pathological
vasospasm of the finger, usually following exposure of the
whole body to cold conditions in winter1).  Such enhanced
vasospastic response to cold is considered to result from an
exaggerated central sympathetic vasoconstrictor reflex and
local changes in the digital vessels (e.g., thickening of the

muscular wall, endothelial damage, functional receptor
changes)2–4).  The authors have previously indicated that VWF
patients have lower skin temperature in both fingers and
toes, and that they are more likely to complain of coldness
in the four extremities, as compared with healthy subjects5, 6).
The low skin temperature of the extremities can be linked
with their increased sympathetic response to cold7).

In recent years, power spectral analysis of heart rate
variability has been developed and used as a quantitative
and noninvasive means of assessing autonomic nervous
function8–11).  The method is also used in occupational and
environmental health fields12).  The analysis can provide an
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indicator of sympathetic and parasympathetic nervous
functions separately, by dividing the power spectrum of heart
rate variability into high-frequency (HF) and low-frequency
(LF) components.  The former is related to parasympathetic
nervous activity, while the ratio of the LF to the HF power
is considered as an index of sympathetic nervous activity
or sympatho-vagal balance.

Using the power spectral analysis of heart rate variability,
the present study aimed to evaluate the autonomic nervous
response to cold in VWF patients and to investigate its
relationship to their vasospastic characteristics.

Subjects and Methods

The subjects were 21 male patients with VWF and 17
healthy male volunteers.  The patients had experienced VWF
within the last year.  They were selected from among patients
under treatment at a hospital in Oita, Kyushu, Japan.  They
all had been officially diagnosed with hand-arm vibration
syndrome through specific examinations including cold
provocation test13).  The control volunteers were collected
from among healthy residents near the hospital who had no
occupational experience of operating vibrating tools.  Both
subjects were selected from those aged 50–65 years without
heart disease, hypertension, cerebrovascular disease, diabetes
mellitus, rheumatic disease, liver disease or severe injuries
to the upper extremities.  All subjects gave informed consent
to the study.

In a supine position, the subjects rested quietly for about
30 minutes (rest period), then immersed their right hand up
to the wrist in cold water at 10°C for 10 minutes (cold water
immersion), and thereafter kept their hand out of the water
for 10 minutes (recovery period).  In the meantime, surface
electrocardiogram (ECG) and respiratory wave (nose-tip
thermistor) were continuously recorded on a 2-channel Holter
ECG recorder (SM-50, Fukuda Denshi Co., Japan).  Skin
temperature of both index fingers was also automatically
measured through an electrode thermometer (HR116, Takara
Thermistor Instrument Co., Japan) at an interval of 30
seconds.  The room temperature under study ranged within
27 ± 1°C.

After the experiment, ECG signals were converted to RR
interval signals in a digitized form with a sampling time of
2 ms.  Power spectral analysis was then performed with a
microcomputer (PC-9801, NEC Co., Japan), using the
algorithm of maximum entropy method14).  The power spectra
of RR intervals were divided into the low-frequency
component (LF: 0.02–0.15 Hz) and the high-frequency
component (HF: 0.15–0.40 Hz), and the ratio of the LF to

the HF component power (LF/HF ratio) was calculated.
In the rest period, RR interval data were analyzed for 128

seconds, which ended one minute before immersing the hand
in cold water.  During the immersion, four consecutive series
of 128-second RR interval data were analyzed, with the first
series starting 30 seconds after the immersion.  In the recovery
period, the first series began one minute after the end of the
immersion, and in total four consecutive series of 128-second
RR interval data were analyzed.  The respiratory rate per
minute was calculated from 128-second respiratory wave
data corresponding to 128-second RR interval data analyzed.

Statistical comparison between the VWF patients and the
controls was made with repeated measures analysis of
variance and t-test evaluated using the p-value that was
multiplied by the number of t-tests made.  Changes from
the initial values in the rest period were statistically analyzed
by repeated measures analysis of variance and Dunnet t-
test.

Results

As shown in Table 1, the mean age was similar in both
groups: 59.3 years (SD 3.7, range 52–65) in the VWF patients
and 58.8 years (SD 4.6, range 51–65) in the controls.  There
were no significant differences in height, weight, and drinking
or smoking habits.

Figs. 1, 2 and 3 present the changes of power spectrum
of heart rate variability in the cold water immersion.  The
LF power in both groups significantly changed in the
immersion (F=3.67, p<0.01, for the VWF patients; F=3.00,
p<0.01, for the controls).  A significant increase was found
at the first spectral analysis (around the first 1–2 minutes)
during the immersion in both groups (p<0.05).  The LF power
at that moment tended to be greater in the patients, but the
difference was not significant.  The HF power did not show
a significant increment during the immersion in either group.
The LF/HF ratio significantly increased in the patients

Table 1.   Demographic characteristics of subjects (means ± SD)

VWF patients Controls

(n=21) (n=17)

Age (years)   59.3 ± 3.7   58.8 ± 4.6

Height (cm) 161.3 ± 5.0 162.5 ± 5.4

Weight (kg)   59.7 ± 5.7   61.7 ± 8.3

Years operating vibratory tools   22.5 ± 5.6 –

Years of treatment     3.5 ± 2.5 –

Smoking (%) 11 (52%)   8 (47%)

Drinking (%) 13 (62%) 13 (68%)
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(F=2.48, p<0.05), but did not significantly increase in the
controls.  The ratio in the patients significantly rose at the
first spectral analysis during the immersion (p<0.05), and it
was then significantly greater than in the controls (p<0.05).

The mean values of RR intervals in the rest period were

significantly larger in the VWF patients than in the controls
(p<0.01, Table 2).  The coefficient of variation (CV) tended
to be smaller in the patients, but there was no significant
difference between them.  During the cold water immersion,
RR intervals became significantly shorter (i.e., heart rate
increased) in both groups (F=16.5, p<0.01, for the VWF
patients; F=6.10, p<0.01, for the controls).  Meanwhile,
respiratory rates (around 15 or 16 per minute) were not
significantly different between the two groups.

Figs. 4 and 5 show the changes in skin temperature of

Table 2.   Changes of RR interval (ms) during immersion of right
hand in cold water at 10°C for 10 minutes

VWF patients Controls

(n=21) (n=17)

Rest 1044 ± 30 929 ± 19

   Standard deviation (ms) 35 ± 3 38 ± 4

   Coefficient of variation (%) 3.3 ± 0.3 4.2 ± 0.5

Cold water immersion - 1 1004 ± 30 ** 891 ± 23 **

- 2 1002 ± 30 ** 912 ± 24

- 3 1020 ± 32 919 ± 23

- 4 1036 ± 30 916 ± 22

Recovery - 1 1060 ± 31 944 ± 21

- 2 1076 ± 31* 948 ± 20

- 3 1077 ± 30* 954 ± 19

- 4 1088 ± 31** 957 ± 19

Values are means ± SE.  *p<0.05, **p<0.01 statistical comparison with

initial value at rest by Dunnet t-test.

Fig. 1.   Changes in LF power during immersion of right hand in cold
water at 10°C for 10 minutes.
Values are means ± SE.  + p<0.05, statistical difference compared with

initial value in the rest period by Dunnet t-test.

Fig. 2.   Changes in HF power during immersion of right hand in cold
water at 10°C for 10 minutes.
Values are means ± SE.

Fig. 3.   Changes in LF/HF ratio during immersion of right hand in
cold water at 10°C for 10 minutes.
Values are means + SE.  *p<0.05, statistical difference between VWF

patients and controls by t-test evaluated as multiple comparison.  + p<0.05,

statistical difference compared with initial value in the rest period by

Dunnet t-test.
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index fingers in the cold water immersion.  Skin temperature
of both index fingers in the rest period was not significantly
different between the two groups, though it tended to be
lower in the VWF patients.  But skin temperature of the
right finger in the cold water immersion was significantly
lower in the VWF patients than in the controls (F=19.33,
p<0.01).  Significant differences between them were
encountered during the last five minutes of the immersion
and in the recovery period (p<0.05 or 0.01).  Skin temperature
of the left finger also significantly decreased during the
immersion (F=4.23, p<0.01), and it was significantly lower
in the patients than in the controls (F=5.11, p<0.05).

Discussion

In earlier studies, autonomic nervous function was assessed
using the CV of heart rate variability at rest, which is known
to reflect cardiac vagal tone or cardiac parasympathetic
nervous activity15).  These investigations showed that the
CV in VWF patients is significantly smaller than that in
healthy controls, and that sympathetic nervous activity is
dominant in VWF patients as a result of suppressed
parasympathetic nervous activity16–20).  The present study
also observed that the CV tended to be smaller in the VWF
patients than in the controls, though the difference was not
significant.  The main findings of these studies are that
parasympathetic nervous activity in VWF patients is
suppressed at rest.  However, they do not show the autonomic

nervous response to cold conditions.
The present study evaluated autonomic nervous function

during cold water immersion using power spectral analysis
of heart rate variability.  In the analysis, the LF/HF ratio, an
index of sympathetic nervous activity, significantly increased
in the VWF patients during the first few minutes of
immersion.  The ratio was then significantly greater in the
VWF patients than in the controls.  Meanwhile, the HF power
related to parasympathetic nervous activity did not change
significantly.  The present findings have shown that in cold
water immersion of the hand sympathetic nervous activity
is significantly increased in VWF patients, while
parasympathetic nervous activity is not changed significantly.

Sympathetic nervous activity in the VWF patients during
the hand immersion in cold water at 10°C for 10 minutes
was markedly increased in the first few minutes of the
immersion and then decreased to about its initial value.  This
is consistent with the previous findings.  Shiomi et al. reported
that systolic blood pressure in chain-saw operators was
significantly increased at the second minute in 10°C water
immersion21).  Nakamoto also indicated that the level of
plasma norepinephrine in healthy persons was increased only
for the first few minutes of the immersion in 10°C water22).
Thus, in the case of the hand immersion in 10°C water,
sympathetic nervous activity in VWF patients is enhanced
in the first few minutes of the immersion.

In the rest period, finger skin temperature of both hands
did not significantly differ between the VWF patients and

Fig. 5.   Changes in skin temperature of left index finger during
immersion of right hand in cold water at 10oC for 10 minutes.
Values are means + SE.  *p<0.05, statistical difference between VWF

patients and controls by t-test evaluated as multiple comparison.

Fig. 4.   Changes in skin temperature of right index finger during
immersion of right hand in cold water at 10°C for 10 minutes.
Values are means + SE.  *p<0.05, **p<0.01, statistical difference between

VWF patients and controls by t-test evaluated as multiple comparison.
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the controls, though it tended to be lower in the patients.
But during the cold water immersion skin temperature of
the right finger dropped rapidly and thereafter, particularly
during the last five minutes of the immersion, it was
significantly lower in the patients than in the controls.  During
the immersion, the skin temperature of the left finger also
decreased so as to become significantly lower in the VWF
patients.  It is, hence, considered that hand cooling causes
increased sympathetic nervous activity in VWF patients
which contributes to their lower skin temperature during
the immersion.

Nakamoto reported that whole-body cooling produced a
constant increase in plasma norepinephrine during cold
exposure, whereas hand cooling increased plasma
norepinephrine temporarily for the first few minutes of the
cooling22).  This finding indicates that sympathetic nervous
activity in VWF patients is likely to be continuously enhanced
by whole body cooling.  This may be a reason why blanching
attacks in VWF patients are frequently induced by whole-
body cooling in winter.

The exaggerated sympathetic activity in response to cold
among VWF patients has been shown by examining finger
systolic blood pressure with and without local anesthesia
of the digital nerves23), the cardiac systolic time interval24),
and the level of plasma norepinephrine22, 25) or skin
sympathetic nervous activity26).  The present study has also
shown that sympathetic nervous response to cold is
significantly enhanced in VWF patients compared with
healthy controls.  The exaggerated sympathetic response to
cold in the patients is considered to contribute to the enhanced
vasoconstriction of their extremities that may lead to the
blanching attacks.
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