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Increased heart rate in depressed subjects in spite of unchanged
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Abstract

A clinical study was conducted to examine the effects of depression on cardiac autonomic control. Cardiac autonomic
control was measured in 26 nonmedicated patients (19 females) suffering from Major Depression, melancholic type, and in
26 age- and sex-matched normal controls. We measured heart rate and high frequency heart rate variability (respiratory sinus
arrhythmia), pulsewave velocity and blood pressure, during 10 min of supine rest under controlled conditions. Using a log
transformed time domain measure of respiratory sinus arrhythmia (logRSA), we found an inverse linear dependence between
cardiac vagal tone and age in the healthy subjects as well as the depressed patients. lJogRSA was 0.22:20.25 in the patients
and 0.25%+0.16 in the control group. While this difference was not significant (P >0.1), the deviations from the regression
line were significantly (P < 0.0005) greater in the patients (0.21=0.12) than in the control group (0.09+0.07), indicating a
more heterogenous vagal tone in the depressed patients. Heart rate was also significantly (P < 0.03) greater in the depressed
patients (76.6+12.4) than in the control group (69.5+6.9). No between-group differences were found in pulsewave velocity
or systolic blood pressure, but diastolic blood pressure was lower in depressed patients (73.5+8.7 vs. 80.8+9.1). We discuss
the possibility that the increased heart rate seen in the absence of vagal tone changes may not be due to altered vagal or
sympathetic tone, as measured in this study. Other factors, including altered autonomous heart rate, may be responsible for
the higher heart rate in the depressed group. © 1998 Elsevier Science BV.
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1. Introduction

Autonomic dysfunctions in psychiatric disorders
have gained increased interest during recent years
(e.g. Fahrenberg, 1980; Hoehn-Saric and McLeod,
1993; Lehofer et al., 1997; Liebmann et al., 1994). In
Major Depression, autonomic dysfunctions play an
important role in diagnosis and in assessment of the
recovery process. In particular, sleep disturbances, as
well as changes in appetite and chronobiological
structure, indicate an important dysregulation of the
autonomic system in these patients (e.g. Bicakova-
Rocher et al., 1996; Davidson and Turnbull, 1986;
Zapotoczky, 1994). Symptoms such as dry mouth or
constipation suggest that parasympathetic activity is
decreased in drugfree patients (Davidson and Tur-
nbull, 1986), whereas diarrhoea points to increased
sympathetic tone.

Recent results from biological studies support the
hypothesis of increased sympathetic tone in patients
suffering from Major Depression. Veith et al. (1994)
and Lechin et al. (1995) found an elevated norepi-
nephrine appearance in depressed patients when
compared with controls. The latter group also found
increased free-serotonin values, leading the authors
to conclude that parasympathetic activity was ele-
vated as well.

Results of psychophysiological studies with de-
pressed patients are inconsistent. Some authors have
reported decreased phasic and tonic skin conductance
in depressed patients (Christie et al., 1980; Guinjoan
et al.,, 1995; Iacono et al., 1983; Williams et al.,
1985), suggesting lowered sympathetic tone. On the
other hand, Noble and Lader (1971) found that
salivary flow was reduced in these patients and
Guinjoan et al. (1995) reported poorer performance
in the Valsalva experiment and lying-to-standing
manoeuvres. These results indicate a state of reduced
parasympathetic tone. Results of four studies
measuring heart rate variability also suggest de-
creased parasympathetic tone in depressed patients
(Balogh et al.,, 1992; Dalack and Roose, 1990;
Rechlin et al., 1994a; Roose et al., 1989), but only a
non-significant trend in this direction was found by
others (Jacobsen et al., 1984; Yeragani et al., 1991).
Most studies have found an increased heart rate in
depressed patients (Lahmeyer and Bellur, 1987;
Carney et al., 1988; Dawson et al., 1977; Gotthardt
et al.,, 1995; Lechin et al., 1995), but this has not

always been the case (Lader and Wing, 1969).
Gotthardt et al. (1995) found that blood pressure was
elevated in depressed patients but Lechin et al.
(1995) did not. To our knowledge, pulse wave
velocity has never been investigated in depressed
subjects.

Different diagnostic criteria, the presence or ab-
sence of medication, or possibly a failure in match-
ing the control groups might be responsible for the
inconsistencies found in the above studies. Age
(DeMeersman, 1993; Hellman and Stacy, 1976) and
sex (Moser et al., 1996), in particular, have been
found to influence parasympathetic tone and hence
respiratory sinus arrhythmia. Peripheral cardiac vagal
tone is known to decrease with age in healthy
subjects (DeMeersman, 1993; Hellman and Stacy,
1976). Whether a patient is taking medication is
another important variable. Tricyclic antidepressants
have anticholinergic effects, one of which is to lower
cardiac vagal tone (McLeod et al., 1992; Rechlin et
al,, 1994b; Walsh et al.,, 1994). Thus, there are
physiological differences between medicated and
unmedicated patients which should, but have not
always been, separated in some studies (Dalack and
Roose, 1990; Dawson et al., 1977, 1985).

1. Cardiac vagal tone, representing parasympathetic
nervous activity at the level of the heart, can be
calculated from heart rate variability. During the
last decade it became clear that respiratory sinus
arrhythmia (RSA) mirrors cardiac vagal tone
(Akselrod et al.,, 1981; Billman and Dujardin,
1990; Fouad et al., 1984; Hayano et al., 1991).
RSA is the high frequency variability in heart rate
mediated by respiration. It can be derived from
beat to beat changes in heart rate extracted from
the ECG. The short response time typical of the
parasympathetic nervous system is responsible for
the fact that vagal, but not sympathetic, activity is
reflected in RSA (Moser et al., 1994). This is
supported and validated by studies which show a
dose dependent reduction in RSA by the para-
sympatholytic atropine (Billman and Dujardin,
1990; Fouad et al., 1984; Hayano et al., 1991).
Depending on respiratory rate, RSA is usually
observed in the narrow band of heart rate varia-
tions ranging from 2-5 s (Moser et al., 1994).

2. Pulse wave velocity is influenced by the stiffness
of the arterial system, which is greater when
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sympathetic vasomotor control is activated. In-
creases in pulse wave velocity therefore represent
increased sympathetic tone in the cardiovascular
system (Busse, 1995; Schandry, 1989).

3. Heart rate is influenced by both branches of the
autonomic nervous system in different ways. It is
an expression of the balance of the autonomic
regulation. Resting heart rate remains stable
throughout the ages, whereas the maximal exer-
cise value shows a tendency to decrease, which is
described by the equation: 220 minus age (Busse,
1995; Folkow and Svanborg, 1993).

RSA, pulse wave velocity, and heart rate represent
a multidimensional description of autonomic activity
in the cardiovascular system.

Given the inconsistency in the results of the above
mentioned studies, the present study sought to de-
termine whether autonomic regulation of the car-
diovascular system differs between patients with
major depression, melancholic type, and age-
matched, nondepressed control subjects using a
multidimensional psychophysiological approach.

2. Methods
2.1. Subjects

The investigation was performed with two groups
of subjects. Twenty six subjects (19 female) suffer-
ing from Major Depression, melancholic subtype,
were diagnosed by the Structured Clinical Interview
for DSM-III-R (Wittchen et al., 1991). Their ages
ranged from 16-53 years of age, with a mean of 33.7
years. All were physically healthy and remained
medication free for at least 3 months before the
investigation. Normal controls consisted of 26 heal-
thy subjects (19 female) with a mean age of 34.1
(19-53) years. Major life events and participation in
competitive athletic activity within 3 months prior to
the study were exclusion criteria for all subjects.

2.2. Physiologic measures

To exclude circadian influences, all measurements
were performed between 3 p.m. and 7 p.m. After 20
min of supine rest in a quiet air conditioned room,
chest wall ECG was recorded during 10 min of rest,

using a small micro-data-logger (Moser et al., 1992).
R-R intervals were determined off-line accurately to
1 ms using a moving matched filter algorithm
(Moser et al., 1994). Optical inspection of the data
revealed some premature beats, which, along with
the first heartbeat following each extra systole, were
excluded by deleting all values greater than 20%
below or above the previous R-R interval (Berger et
al., 1986). The resulting R—R time series was used
for further processing. Following the resting period,
grip force of the dominant hand was measured in the
patients. First, maximal voluntary contraction
(MVC) force was determined using an electronic
hand dyhamometer (Gallasch et al., 1991). 70% of
MVC was then calculated and the patients had to
press the hand dynamometer with the calculated
force for 1 minute. The actually achieved force of
the 20 stable seconds was than used as a measure for
the physical training state of the patients.

Vagal tone was calculated as follows: The inter-
beat intervals were converted to heart rate and the
absolute heart rate differences (in beats-per-min)
from one heart beat to the next were calculated for
the whole 10 min period. This procedure acts as a
high-pass filter that passes the high frequency varia-
tions attributed to respiratory sinus arrhythmia but
not the slow variations originating from combined
sympathetic and parasympathetic activity. The me-
dian of the absolute beat-to-beat differences next was
transformed by taking its logarithm (Moser et al., in
preparation). This method was originally described
by Eckoldt (1990) and modified by us (Moser et al.,
1994). The logarithm was chosen because the in-
dividual median values were not distributed normal-
ly, but as a log—normal distribution. The logarithmic
transformation of the medians produced a normal
distribution. LogRSA was chosen as an indicator of
vagal tone because it is easy to calculate and is
highly correlated with the spectral estimation of
cardiac vagal tone (» = 0.88; n = 220) (Moser et al.,
in preparation). Heart rate was calculated as the
mean+1 SD of heart rate during the 10 min rest
period.

Pulses from the carotid, finger and heel arteries
were recorded by means of optical pulse sensors with
high time resolution (Rafolt et al, 1992). Pulse
transit time (PTT) to finger and leg was determined
off line from the steepest ascent (maximum of first
derivative) of the pulse wave in the carotid artery to
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the steepest ascent of the pulse wave in the finger
and heel arteries (Moser et al.,, 1992). Pulse wave
velocities in arm and leg arteries were calculated
from the arterial lengths determined on the body
surface, divided by the PTTs (in m/s). Systolic and
diastolic blood pressure values were determined at
the end of the resting phase in supine position using
the Riva Rocci cuff method.

2.3. Self ratings

To determine the severity of depression; patients
rated themselves on the Beck Depression Inventory
(Beck and Beck, 1972). Anxiety was measured with
the State Trait Anxiety Inventory (Spielberger et al.,
1970).

2.4. Epidemiological data
Durations of the recent depressive episodes were

collected by asking the patients during the SCID
interview.

2.5. Statistics

Slopes, intercepts, regression lines and correlation
coefficients (r) were calculated separately for both
groups. A Student t-test was applied to test the
niveau differences of the regression lines for signifi-
cance. Slope differences were checked using a test
for parallelism (Kleinbaum and Kupper, 1978).
Correlation coefficients were calculated separately
for both groups and the significance of differences
was tested. Since all patients had a matched control
subject, significance was calculated by paired Stu-
dent 7-tests.

3. Results

Table 1 summarizes the group means*1 S.D., as
well as the significance of differences between the
groups. Scores on the BDI, the STAI-S, and the
STAI-T were significantly different between patients
and controls. Physiologically, heart rate was sig-
nificantly higher in patients and diastolic blood

Table 1
Age and self-ratings as well as physiologic measures of unmedicated depressed patients
Depressed Matched Significance Deviation from Significance
Patients Controls of Difference Regression Line of Difference
unmedicated N =26 between Groups between
N =26 (19 female) D:C Depressed Matched Groups d:c
(19 female) C Patients Controls
D d [
Age and self-ratings
Age 33.7+11.05 34.1+10.5 N.S.
BDI 23.5+9.6 1.5%1.7 < 0.001
STAI-S 57.5+10.7 29.6x4.7 <0.01
STAL-T 57.3%9.6 30.0x4.7 < 0.001
Physiologic Measures
Heart rate/min. 76.6x12.4 69.5+6.9 <0.03 9773 5.0+4.6 <0.01
High frequency band 6.50+6.56 6.83+4.57 N.S. 0.40+0.20 0.24x0.17 <0.006
LogRSA 0.22+0.25 0.25x0.16 N.S. 0.21+0.12 0.09+£0.07 <0.0005
Pulse wave velocity arm 4.67%0.77 4.85+0.705 N.S. 0.58+0.48 0.51+0.46 N.S.
Pulse wave velocity foot 4.07£1.01 3.98+0.88 N.S. 0.74+0.56 0.56x0.61 N.S.
Diast. blood pressure 73.5%8.7 80.8+9.1 <0.02 7.4+40 6.7£6.0 N.S.
Syst. blood pressure 119.1x144 123.3+11.9 N.S. 10.3£9.7 9.9+6.5 N.S.
Blood pressure amplitude 45.6+13.0 42.5+10.5 N.S. 10.9%6.6 9.0*5.0 N.S.

Note: D, compared to their age and sex matched controls (mean*1 SD); C, deviation from the regression line between parameter and age in
depressed patients; d, compared to their age and sex matched controls; c.
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pressure was significantly higher in controls. No
other between-group differences in physiologic mea-
sures were found. The means*1 S.D. of deviation
from the regression lines between the respective
physiologic measures and age are listed in the right
panel of Table 1. Highly significant differences in
this deviation were found for heart rate, high fre-
quency heart rate variability and logRSA. In all
cases, depressed patients showed a greater deviation
from the regression line than the controls. Although
this tendency was present for the other physiological
measures as well, none reached statistical signifi-
cance.

A highly significant correlation (P <<0.001) be-
tween vagal tone (logRSA) and age was found in
healthy subjects (Fig. 1), whereas this correlation
was only marginally significant (P <0.06) in the
patients. The regression lines were almost identical
and no significant differences were found for slopes
or y-axis intercepts. Similar results were found for
spectral estimation of vagal tone (Fig. not shown,
results see Table 1). Heart rate shows no age
dependence, neither in patients nor in control sub-
jects (Fig. 2) There is, however, a remarkable
increase in heart rate in depressed subjects indepen-
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Fig. 2. Age dependence of heart rate in unmedicated depressed
patients (D) and age and sex matched control subjects (C).

o C: HR =0.090 X age + 66.1 r = 0.14 (N =26, n.s.)

+ D: HR=0.128 X age + 73.0 r =0.12 (N = 26, n.s.)

dent of age indicated by the difference in level of the
regression lines (Fig. 2).

No significant age dependencies were found for
pulse wave velocities in the arm (Fig. 3) or leg
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Fig. 1. Age dependence of vagal tone (logRSA) in unmedicated depressed patients (D) and age and sex matched control subjects (C).
o C: logRSA = —0.0100 X age + 0.591 r= ~ 0.66 (N =26, P <0.001)

+ D: logRSA = —0.0083 X age + 0.500 r = —0.36 (N =26, P <0.06)

For comparison, the linear scale for RSA (b/min) is placed next to logRSA.
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Fig. 3. Age dependence of pulsewave velocity in the arm arteries
in unmedicated depressed patients (D) and age and sex matched
control subjects (C).

o C: PWVa=0.008 X age + 4.575 r=0.12 (N =26, n.s.)

+ D: PWVa=0.0156 X age + 4.156 r =0.23 (N =26, n.s.)

arteries (Fig. 4), although there was a slight tendency
for an increase in pulse wave velocity with age in the
leg artery. No significant differences were found
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Fig. 4. Age dependence of pulsewave velocity in the leg arteries in
unmedicated depressed patients (D) and age and sex matched
control subjects (C).

o C: PWVI1=0.0226 X age + 3.213 r=0.27 (N = 26, n.s.)

+ D: PWVI=0.0324 X age +2.989 r =037 (N = 0.26, n.s.)

between the regression lines for depressed and
control subjects.

4. Discussion

In this study, different aspects of autonomic
circulatory regulation were investigated in unmedi-
cated depressed patients compared to age- and sex-
matched controls. All measurements were performed
during rest in a supine relaxed state. This measure-
ment condition was considered to be reproducible
and similar for patients and control subjects. The
data recording system used was originally developed
for space application in cosmonauts and was opti-
mized in terms of reducing patient load due to the
measurements (Moser et al., 1992). The measure-
ment room was calm and the least possible stress
was exerted on the patients. The results obtained
therefore are representative for the resting state and
do not offer information about conditions of emo-
tional or physical load.

Vagal tone was calculated using a time domain
method (logRSA) as well as a frequency domain
method (high frequency HRV). Although the nu-
merical values of the results are not identical (Fig. 1,
Table 1) due to different calculation procedures,
similar group differences appear in both vagal esti-
mates. The depressed patients showed slightly lower
mean vagal tone, regardless of the method used,
although this difference was not significant. This
result is consistent with those of Jacobsen et al.
(1984) and Yeragani et al. (1991), but not with those
of others, who found decreased vagal tone in de-
pressed patients (Balogh et al., 1992; Dalack and
Roose, 1990; Rechlin et al.,, 1994a; Roose et al.,
1989). This discrepancy might be explained by the
different criteria used for recruiting patients. In the
present study, patients were included only if they had
not been taking psychotropic medications for at least
3 months prior to study participation. Our patients
thus consisted mainly of newly admitted depressed
patients and patients who suffered a relapse follow-
ing a symptom-free period of at least 3 months.
Other studies reported washout periods of only 1
week for their drug free patients or included patients
who were still taking medication at the time of the
study (e.g. Dalack and Roose, 1990; Dawson et al.,
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1977, 1985). Several studies have shown that medi-
cations, especially tricyclic antidepressants, produce
a severe vagal depression (McLeod et al., 1992;
Lehofer et al., 1996, 1997; Moser et al., 1996). It is
quite possible that vagal tone was influenced by
medication in studies that did not carefully separate
medicated and unmedicated patients.

Although we have investigated only patients be-
tween 17 and 53 years of age, the age dependency of
vagal tone is quite pronounced and does not differ
between patients and control subjects (Fig. 1). There
was one difference between patients and control
subjects that can be found in heart rate as well as in
vagal tone (Table 1): The mean deviation of the
single measurements from the regression line be-
tween the parameter and age is significantly greater
for the patients in all cases. This can be also seen in
Figs. 1 and 2, in which the scatter around the
regression line is remarkably higher in the patients
than in the control group. Whether this is an indica-
tion that diagnosis according to DSM III R does not
yield a completely homogenous group of patients
suffering from Major Depression, or that this disease
is characterized by increased scatter in physiologic
parameters, is not clear. Given the small degree of
stress created by the experimental situation (for the
reasons given above), it is remarkable that some
patients displayed relatively high vagal tone (Fig. 1),
indicating a relaxed state, whereas others showed
reduced vagal tone, indicating either some sort of
stress or simply lower tonic vagal levels. Control
subjects usually were found in the middle between
these extremes (Fig. 1).

To test the hypothesis, that confounding variables
might be responsible for the higher scatter around the
regression line found in depressed patients, we
investigated the influence of state and trait anxiety,
depression rating and duration of episode upon vagal
tone versus age residuals. We found no significant
correlation between the vagal tone residuals and state
(r= —0.25, n.s.) and trait anxiety ( = 0.03, n.s.) nor
depression rating (r = 0.22, n.s.). We therefore con-
clude, that neither the intensity of depression nor of
anxiety significantly influence vagal tone.

Yet there was a significant negative correlation
between vagal tone residuals and duration of the
recent depressive episode (Fig. 5). This was true for
both measures of vagal tone, logRSA (r= —0.53,

0.5
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Fig. 5. Dependence of vagal tone vs. age residuals in unmedicated
depressed patients upon duration of depression episode.

o Vagal tone (logRSA) = 0.00986 X duration + 0.1795 r = — .53
N =26, P<0.01)

P <0.01) as well as high frequency HRV (r = 0.48,
P <0.02). It is known from other studies (Eckoldt,
1990) that vagal tone also depends on physical state
of the subject. It seemed therefore possible, that the
immobilisation caused by the disorder leads to the
observed dependence of vagal tone on duration of
depressive episode. To clarify this question, we
investigated a possible correlation between the hand-
grip strength (as an indicator of physical state) and
the vagal tone residuals. There was a non-significant
negative correlation (r = — 0.27, P: n.s.) instead of
the expected positive correlation, which indicates
that vagal tone was not positively influenced by
physical state in our patients.

We therefore conclude from this part of the
investigation that the duration of the depressive
episode is the most important confounding variable
influencing vagal tone besides age and that the
correlation shown in Fig. 5 is not caused by the
physical state of the patients.

Heart rate values were found to be significantly
increased by about 10% (7 beats/min) in the patient
group (Table 1) and displayed no significant age
dependency (Fig. 2). The regression lines are parallel
for both patients and controls, so the difference is
independent of age. Heart rate is determined by three
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components: (1.) The ‘“autonomous’ rate of the
heart, which is known to be around 100 beats/min.
This can be found in transplanted hearts that are not
yet reinnervated (Shapiro, 1996) or in subjects with
experimentally produced total autonomic blockade
(Fouad et al., 1984). (2.) The vagal innervation,
which reduces ‘“‘autonomous heart rate’” to normal
values of around 70 beats/min and can even halt the
heart if strong emotions (fear) increase the vagal
drive. (3.) The sympathetic innervation which in-
creases and determines the long time level of heart
rate.

In this study we found a significant increase in
heart rate (Fig. 2) but at the same time found no
differences in cardiac vagal tone (Fig. 1). An in-
creased sympathetic tone or an increased autonom-
ous heart rate in depressed patients both could be
responsible for this observation. To find out which of
the possibilities is more likely we investigated pulse
wave velocity, which is considered to be an indicator
of vascular sympathetic tone due to the purely
sympathetic innervation of peripheral arterial vessels
(Kirchheim, 1982). No significant differences be-
tween patients and control subjects were found in
pulse wave velocity, either in the arm or in the leg
arteries. (Table 1, Fig. 3, Fig. 4).

Systolic and diastolic blood pressure were also
measured in this study, using the Riva Rocci cuff
method. Depressed patients showed slightly de-
creased blood pressure values, with diastolic blood
pressure significantly lowered by 10%, suggesting
reduced peripheral resistance. If morphological dif-
ferences in the arterial system can be excluded,
decreased blood pressure can be attributed to low
sympathetic tone, even though heart rate is higher.

Higher heart rates in depressed patients are found
consistently in literature (Lahmeyer and Bellur,
1987; Carney et al., 1988; Dawson et al., 1977,
Gotthardt et al., 1995; Lechin et al., 1995), whereas
the status of vagal tone is less clear (Balogh et al.,
1992; Dalack and Roose, 1990; Jacobsen et al.,
1984; Rechlin et al.,, 1994a; Roose et al., 1989;
Yeragani et al., 1991). To our knowledge, pulse
wave velocity has not been systematically investi-
gated in depressed patients. In this study, we found
an increased heart rate in the absence of reduced
vagal tone in depressed patients. Pulse wave velocity
in leg and arm arteries and systolic blood pressure

were similar in patients and control subjects. Dias-
tolic blood pressure was decreased, further indicating
decreased rather than increased sympathetic tone.

Taken together (Fig. 6), our results suggest that
autonomous heart rate is higher in depressed patients
than in age and sex matched nondepressed controls.
Also, since all regression lines involving age were
similar for patients and controls, we can conclude
that this difference in the autonomous heart rate is
independent of age. Interestingly several studies have
revealed an up to six times higher incidence of
cardiovascular diseases (for overview: Dalack and
Roose, 1990) in depressed compared to nondepres-
sed subjects.

The alternative explanation, that increased sympa-
thetic drive is responsible for the observed increased
heart rate, is inconsistent with our pulse wave
velocity and blood pressure findings. It is not clear
yet whether our findings reflect the fact that de-
pressed patients have less well trained hearts re-
sulting from a history of reduced physical exercise or
that higher autonomous heart rate is actually a
physiological state or trait marker of depression.

Finally, we found a significantly increased scatter
in vagal tone in depressed subjects which is highly
correlated to the duration of the recent depressive
episode but not to anxiety or depression measures.
There was a nonsignificant negative correlation
between vagal tone and handgrip strength. We there-
fore conclude that it is not the physical fitness which

finding possible reason
pulsewave velocity
normal
diastolic blood pressure increased sympathetic

decreased \ drive

heart rate in .
depressed subjects g;creas;d autonomous
increased
imished vagal to
vagal tone (logRSA) dimished vagal tone
normal

Fig. 6. Possible physiological factors determining heart rate (right)
and findings of this study (left) indicating, that increased au-
tonomous heart rate is most likely the reason for the significantly
increased heartrate in depressed subjects.
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is responsible for the scatter in vagal tone in
depressed subjects.
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