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Abstract

A high sympathetic andyor a low cardiovagal activity in patients with major depression(MD) may contribute to
the higher cardiac morbidity and mortality of MD patients. Standardized tests of heart rate variability(HRV) allow
a quantitative estimation of autonomic nervous system function. However, previous studies on the relationship between
HRV and MD have revealed conflicting results. Our study compared time and frequency domain HRV indices(5-
min resting study, deep breathing test, Valsalva test) between 32 patients with MD(DSM-III-R) and 64 non-depressed
controls. The severity of depressive symptoms was assessed by the Hamilton Depression Scale(HAM-D); patients
were divided into subgroups with moderate(M-HAM-D-25) or severe depressive symptoms(S-HAM-D025). After
controlling for age, gender and smoking, S-HAM-D patients showed a higher heart rate and a significantly lower
modulation of cardiovagal activity compared to controls. Although some of the HRV indices of the M-HAM-D group
did not differ significantly from controls, they were in the expected direction. There was a significantly negative
correlation between the HAM-D scores and the vagal HRV indices, suggesting a direct association between the
severity of depressive symptoms and the modulation of cardiovagal activity. Clinical consequences arising from these
findings and possible implications for treatment are discussed.
� 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

There is accumulating clinical evidence indicat-
ing that (1) the existence of a depressive disorder
is associated with increased cardiovascular morbid-

*Corresponding author. Tel.:q49-209-160-1601; fax:q49-
209-160-2685.

ity and mortality, and that(2) depression represents
an independent predictor for an inferior outcome
in patients with a pre-existing cardiovascular dis-
ease(summarized in Musselman et al., 1998). A
possible explanation for this relationship is that
depressive disorders influence autonomic nervous
system(ANS) function in a manner characterized
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Table 1
Demographic data of the study population

Controls Patients with major depression

total (ns64) M-HAM-D (ns16) S-HAM-D (ns16)

Mean age(years) 46.6"11.9 44.3"12.6 53.5"15.8
(Range) (29–76) (30–74) (29–74)
Gender(myw) 22y42 5y11 6y10
Smokersynon-smokers 21y43 5y11 4y12

Patients with MD were divided into two subgroups according to the severity of depressive symptoms assessed by the HAM-D
score(group M-HAM-D-25 points, group S-HAM-D025 points).

by a reduced parasympathetic andyor increased
sympathetic tone. Accepting on the one hand that
a raised sympathetic activity is related to a higher
susceptibility towards life-threatening cardiac
arrhythmias and the development of coronary heart
disease(Schwartz et al., 1992), and on the other
that vagal activity exerts a cardioprotective effect
(Lown and Verrier, 1976; Ben-David and Zipes,
1988), it is tempting to speculate that a higher
sympathetic and a lower parasympathetic activity
in patients with depressive disorders are related to
the high cardiac morbidity and mortality of these
patients.
Standardized measurements of heart rate varia-

bility (HRV) represent a cost-effective, non-inva-
sive procedure for investigating cardiac ANS
function (Task Force Report, 1996). However,
experts disagree as to whether a depressive mood
can affect HRV: depressive patients show a reduc-
tion of HRV (Dalack and Roose, 1990; Rechlin et
al., 1994; Guinjoan et al., 1995; Tulen et al., 1996;
Stein et al., 2000) or no difference compared to
non-depressed controls(Yeragani et al., 1991;
Moser et al., 1998). These divergent results might,
on the one hand, be explained by methodological
differences in measuring HRV(e.g. application of
various HRV tests at rest or with various provo-
cation maneuvers) and, on the other hand, by
differences in the patient samples(e.g. age, sex
and severity of depressive symptoms). This prob-
lem was addressed in our study by applying strict
inclusion criteria, a standardized diagnostic proce-
dure, an adequate statistical analysis of HRV
considering age, sex and the severity of depressive
symptoms, and by comparing patient data with
those obtained from a large group of healthy

controls. Our study compared HRV between
untreated patients with DSM-III-R major depres-
sion (MD) and healthy controls. The study was
undertaken to clarify whether(1) MD patients
compared to healthy controls show a reduction in
HRV as an expression of a reduced modulation of
vagal activity to the heart, and(2) whether a
correlation exists between the severity of depres-
sive symptoms and the cardiovagal modulation of
heart rate.

2. Methods

2.1. Study population

The study was approved by the ethical commit-
tee of the University of Bochum. Patients and
controls gave their written informed consent. The
sample comprised 35 patients, who in a structured
interview fulfilled the DSM-III-R criteria for a
major depressive disorder(Wittchen et al., 1991),
and who showed a normal sinus rhythm in the
ECG. The patients were neither suffering from nor
had a history of any other psychiatric illnesses.
Fifteen patients(7 male, 8 female) had received a
tricyclic antidepressant(TCA) before the start of
the study. Six patients had received doxepine
(dosing in 5 cases 100 mgyd, in 1 case 150 mgy
d) and six had received amitriptyline(dosing in 4
cases 75 mgyd, in the remaining 2 cases 100 mgy
d); the remaining three patients had received imip-
ramine (75 mgyd). For medications with
anticholinergic side effects, a washout period of at
least 48 h before testing HRV has been recom-
mended(Low and Pfeifer, 1993). We only includ-
ed patients who had not received any
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antidepressant medication for at least 6 days before
study entry. Seven of the 15 patients had received
no treatment for at least 2 weeks. Twelve patients
had received incidental treatment with lorazepam
(up to 3 mgyd) during the week before study
entry. Patients who had taken medications with
very long half-lives (e.g. fluoxetine) within 4
weeks before the start of the study were excluded.
The severity of the depressive symptoms was

classified according to the Hamilton Depression
Scale(HAM-D). The rating was performed by an
experienced psychiatrist(M.A.), who was blind to
the results of the autonomic tests. Patients were
divided into two subgroups according to the sever-
ity of depressive symptoms. As the cut-off level,
we chose the median HAM-D score(24.5 points).
In this way two groups were formed of equal size
for statistical comparisons: patients with a HAM-
D score-25 points formed the M-HAM-D group
with a moderate severity of depressive symptoms,
while the remainder formed the group with severe
depressive symptoms(S-HAM-D).

The control group consisted of students, physi-
cians, nurses, office employees and other workers
(e.g. warehouse workers, kitchen and cleaning
personnel) of the hospitals in Gelsenkirchen and
Bochum. None of them had a history of any
psychiatric illness and all were free of any medi-
cation. Patients and controls were matched accord-
ing to their socioeconomic background and were
comparable in physical state and fitness. Neither
controls nor depressed subjects had any history of
cardiovascular, respiratory, endocrinological, neu-
rological or other physical illnesses known to
affect HRV (including alcohol or drug abuse).
Smokers were not excluded.

2.2. Autonomic nervous system function tests

Subjects were asked to take their normal break-
fast on the study day, although caffeine-containing
drinks and smoking were not allowed before the
recording session. Examinations of patients and
controls were all performed in the same order and
between 8:30 and 10:00 in the morning. We chose
three HRV tests to allow an evaluation of HRV
under various conditions: during a standardized 5-
min resting study(Task Force Report, 1996), HRV

is measured with relaxed spontaneous respiration,
while with the deep breathing test, forced, con-
trolled, metronomic breathing is employed. The
third test, the Valsalva maneuver, involves complex
interplays between several populations of afferent
autonomic receptors, and between efferents from
both the sympathetic and parasympathetic branch
of the ANS (Eckberg, 1980). Therefore, the Val-
salva ratio depends on a functional integrity
between both sides of the ANS, and does not
primarily reflect parasympathetic activity alone.
The evaluation and execution of HRV measure-

ments was based on previously published experi-
mental procedures(Task Force Report, 1996;
Agelink et al., 2001b) and will only be explained
in brief here. For HRV analyses we used the
NEURODIAG software program(Lambeck, Munich,
update of the ProSciCard). The study started with
a 5-min resting examination followed by an HRV
measurement during deep respiration and the Val-
salva test. The resting heart rate(HRr) was defined
as the average heart rate during the 5-min resting
examination. In the time domain, the coefficient
of variation (CV) and the root mean square of
successive differences(RMSSD) both at rest(e.g.
CVr; RMSSDr) and during deep respiration(e.g.
CVd; RMSSDd) served to describe parasympath-
etic modulation. Power spectral analysis was cal-
culated by a Fast-Fourier transformation, whereby
three frequency bands were automatically separat-
ed: VLF band(very low frequency: 0.003–0.04
Hz), LF band(low frequency: 0.04–0.15 Hz), HF
band (high frequency: 0.15–0.4 Hz). Due to the
short 5-min analysis period, a conclusive interpre-
tation of the VLF power was not possible(Task
Force Report, 1996), and for this reason we
restricted the evaluation to LF and HF power: the
HF band coincides with the respiratory frequency
and reflects mainly respiration-linked variations in
heart rate resulting from centrally mediated cardiac
vagal control(Task Force Report, 1996). The LF
band is probably associated with both parasym-
pathetic and sympathetic modulation(Akselrod et
al., 1981; Pomeranz et al., 1985; Task Force
Report, 1996). The normalised LFnu(HFnu) pow-
er was calculated by dividing the absolute power
by the total power(defined as the sum of each
spectral component) and multiplying by 100. The
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LFyHF ratio was calculated from the absolute
values of the LF and HF power for each subject
and is considered by some(Pagani et al., 1986;
Lanza et al., 1997), although not all researchers
(Eckberg, 1997), as an indicator of the sympathet-
icyparasympathetic balance. For the deep respira-
tion test(DBT), probands were instructed to take
six deep breathsymin. The coefficient of variation
(CVd) and the RMSSDd were calculated from a
total of 100 artifact-free R–R intervals(Agelink
et al., 2001b). For the Valsalva test the patients
rested in a sitting position and were instructed to
use a mouthpiece with an air leak to maintain a
mercury manometer at 40 mmHg for 15 s. The
Valsalva ratio was defined as the quotient of the
longest R–R interval in a period of 20 heart beats
after stress divided by the shortest interval during
stress.
Blood pressure was measured manually using a

cuff fixed on the left arm. The average arterial
resting blood pressure was defined as the mean of
two consecutive measurements made at 2-min
intervals, after the patients had been lying at rest
for at least 10 min on an examination bench.

2.3. Statistics

Demographic data of patients and controls were
compared using the Mann–WhitneyU-test and
x -test, wherever appropriate. Because the HRV2

indices were skewed, all HRV indices(except the
LFyHF ratio) were log-transformed; after logarith-
mic transformation, the HRV indices showed a
normal distribution. To compare the HRV between
patients and controls, a multivariate analysis was
used employing group(controls, M-HAM-D, S-
HAM-D) and gender as independent factors, HRV
indices as dependent variables, and age and smok-
ing as covariates. Statistical significances of group
differences were re-evaluated using a one-way
ANOVA with a post hoc comparison of means
using Duncan’s multiple range test. Correlations
between variables were calculated using Pearson
correlation coefficients.

3. Results

3.1. Clinical data

In order to guarantee a high quality of HRV
recordings, only patients who showed at least 98%

artifact-free and correctly identified QRS complex-
es within the measuring period of all three HRV
tests were considered for statistical evaluation; this
criterion was fulfilled in 32 patients. As expected,
patients of the M-HAM-D group showed a lower
mean HAM-D score(P-0.001): on average it
was 22.1(S.D. 1.3 points; range 20–24) in the
M-HAM-D group and 28.5(S.D. 3.0 points, range
25–34) in the S-HAM-D group. Seven patients of
the M-HAM-D group and eight patients of the S-
HAM-D group had received a TCA before the
start of the study, which in all cases had already
been discontinued at least 6 days prior to HRV
measurement. Significant differences were not
found regarding the demographic variables(age,
sex, smoking) when comparing the two patient
subgroups, and when comparing each of the two
subgroups with non-depressed controls(Table 1).

3.2. Heart rate variability and blood pressure

With all patients, resting blood pressure was
within normal ranges; there were no significant
differences in blood pressure between healthy con-
trols and MD patients(data not shown). Multivar-
iate analysis(covariates age and smoking), with
the independent factor ‘group’(controls, M-HAM-
D, S-HAM-D) and the HRV indices as dependent
variables(MANCOVA, d.f.s2,91), showed a sig-
nificant effect for the factor ‘group’ on the resting
heart rate(Fs3.96, Ps0.022), the CV, and the
RMSSD both at rest(CVr, Fs3.01, Ps0.050;
RMSSDr, Fs3.20, Ps0.045) and during deep
respiration(CVd, Fs3.31, Ps0.041; RMSSDd,
Fs4.34, Ps0.016), the spectral HF power(Fs
3.70, Ps0.029) and on the Valsalva ratio(Fs
5.49,Ps0.006). All these significant group effects
remained when gender was considered as a second
independent factor(MANCOVA, d.f.s2,88) in
addition to group, although there was only a trend
regarding the resting heart rate(Fs2.48, Ps
0.09). Since some patients had already received
TCAs (which are known to reduce HRV), we
repeated the statistical calculation on untreated MD
patients alone(ns17). This process produced no
new findings: multivariate analysis(covariates age
and smoking) showed either a clear trend or a
significant effect for the factor ‘group’(controls,
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Table 2
Summary of the time and frequency domain HRV indices in patients with MD and non-depressed controls

Controls Patients with major depression

total (ns64) M-HAM-D (ns16) S-HAM-D (ns16)

5-min resting
HRr (bpm) 71.4"9.0 78.2"14.0* 76.7"13.6*

log CVr (%) 0.61"0.17 0.59"0.15 0.45"0.20*,**

log RMSSDr(ms) 1.36"0.24 1.30"0.24 1.15"0.26*

log LF power(ms )2 2.80"0.42 2.76"0.36 2.58"0.53
LF power(nu)a 34.0"13.9 31.7"11.1 35.7"10.5
log HF power(ms )2 2.58"0.47 2.45"0.55 2.13"0.52*

HF power(nu)a 22.5"13.5 20.7"16.7 15.7"10.8
LFyHF ratio 2.33"2.07 3.03"2.62 3.86"3.22*

Deep respiration
log CVd (%) 0.80"0.21 0.81"0.23 0.59"0.28*,**

log RMSSDd(ms) 1.49"0.25 1.43"0.35 1.22"0.34*,**

Valsalva
Valsalva ratio 1.41"0.23 1.27"0.22* 1.20"0.20*

The values given are means("S.D.). List of abbreviations: resting heart rate(HRr); nu, normalized units; time domain HRV
indices included the coefficient of variation(CV) and the root mean square of successive differences(RMSSD); frequency domain
HRV indices included the low frequency(LF) power(0.04–0.15 Hz) and the high frequency(HF) power(0.15–0.4 Hz); the LFy
HF ratio serves to describe the sympathovagal balance. Statistical comparisons involved a one-way ANOVA with a post hoc
comparison of means by Duncan’s multiple range test.

The normalised LFnu(HFnu) power was calculated by dividing the absolute LF(HF) power by the total power(defined asa

the sum of each spectral component) and multiplying by 100.
P-0.05 compared to healthy controls.*

P-0.05 compared to the M-HAM-D group.**

M-HAM-D, S-HAM-D ) on resting heart rate(Fs
2.86,Ps0.064), the CV and the RMSSD both at
rest(CVr, Fs2.90,Ps0.061; RMSSDr,Fs2.64,
Ps0.068) and during deep respiration(CVd, Fs
4.69, Ps0.012; RMSSDd,Fs5.94, Ps0.004),
the spectral HF power(Fs3.13, Ps0.049) and
the Valsalva ratio(Fs5.29,Ps0.007). All these
significant group effects also remained when gen-
der was considered as a second independent factor
(MANCOVA, d.f.s2,75) in addition to group.
Table 2 shows the mean values of the HRV

indices between the patient sub-groups and con-
trols. Post hoc comparison of means demonstrated
that patients of the S-HAM-D group had the lowest
HRV indices; significant differences compared to
non-depressed controls resulted for all the HRV
indices studied except spectral LF power. Analysis
of only untreated patients revealed the same result
(ns17). The mean CV and the RMSSDd in the
S-HAM-D group were significantly lower not just
in comparison to healthy controls, but also com-

pared to the M-HAM-D group(ANOVA with
Duncan’s multiple range test,P-0.05). This result
was confirmed also when untreated patients were
analyzed alone. The only significant differences
between patients of the M-HAM-D group and
healthy controls related to the resting heart rate
and the Valsalva ratio(Table 2).
With the exception of the LF power and the

LFyHF ratio, the remaining HRV indices mainly
reflect modulation of vagal activity to the heart.
Overall, therefore, the described pattern of findings
illustrates that vagal modulation is lowered under
both conditions, i.e. at rest and during deep
breathing, amongst S-HAM-D patients compared
to non-depressed controls. The reduced modulation
of vagal activity is accompanied by a subsequent
displacement of the sympathovagal balance in
favour of sympathetic modulation(expressed as a
higher LFyHF ratio) and a higher resting heart
rate amongst patients of the S-HAM-D group
compared to healthy controls.
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There was a significantly negative correlation
(P-0.05) between the severity of depressive
symptoms(assessed by the HAM-D score) and
vagal HRV indices; this concerned the variation
coefficients (CVr, rsy0.42; CVd, rsy0.48),
the root mean square of successive differences
(RMSSDr, rsy0.44; RMSSDd,rsy0.39) as
well as the absolute spectral HF power(rs
y0.40). For the HF power expressed in normali-
sed units(HFnu), statistical analysis only revealed
a trend(rsy0.31). When untreated patients were
considered alone, a similar picture was seen with
correlation coefficients ranging fromy0.41 (e.g.
CVr) to y0.55 (e.g. RMSSDr); for the spectral
HFnu there was now a significant effect(rsy
0.50). No correlation existed between the Valsalva
ratio, the resting heart rate and the HAM-D scores.

4. Discussion

4.1. Reduced HRV in patients with major
depression

This study compared cardiac ANS function
assessed by standardized tests of HRV between
untreated MD patients and healthy controls. We
found that MD patients had a higher resting heart
rate and a lower Valsalva ratio compared to non-
depressed controls. This finding replicates the
results of our earlier study(Agelink et al., 2001a).
However, in the current study, we also compared
HRV between patient subgroups with a moderate
and severe expression of depressive symptoms
(measured by their HAM-D scores): we found that
only severely depressive patients(HAM-D
score025 points) showed a reduced HRV, and
more precisely, a significantly lower modulation
of cardiac vagal activity compared to non-
depressed controls. Associations between a
reduced HRV and a higher risk of cardiovascular
morbidity andyor mortality have been shown for
a number of clinical conditions such as alcoholism,
diabetes mellitus, myocardial infarction and chron-
ic congestive heart failure(Johnson and Robinson,
1988; Ewing and Clarke, 1986; Multicenter Post-
infarction Research Group, 1987; La Rovere et al.,
1998; Szabo et al., 1987). Moreover, an imbalance
in cardiac ANS function in favour of sympathetic

activity (measured as a high LFyHF ratio) increas-
es the risk for cardiac morbidity or mortality in
patients with pre-existing cardiac diseases such as
unstable angina or myocardial infarction(Lanza et
al., 1997), and even in apparently healthy subjects
without structural heart disease(Molgaard et al.,
1991). For this reason it seems plausible that the
pattern of findings consisting of a reduced HRV
and a displacement of sympathovagal balance in
favour of sympathetic modulation, which we found
here amongst severely depressive patients, is at
least partly responsible(together with other poten-
tial factors; for a summary, see Musselman et al.,
1998) for the higher cardiovascular mortality seen
in severely depressive patients. However, epide-
miological studies have found that even mildly
depressed patients are at increased risk for mortal-
ity, although less so than more severely depressed
patients(Barefoot and Schroll, 1996; Lesperance
et al., 1996). Although in our study some of the
HRV indices of the M-HAM-D group did not
differ significantly from the HRV indices in non-
depressed controls, they were in the expected
direction. Thus, the results of our study are consis-
tent with previous findings from prognostic stud-
ies. The present study, together with our earlier
results(Agelink et al., 2001a), allows even a direct
correlation to be assumed between the degree of
severity of depressive symptoms and modulation
of cardiovagal activity; the more severe the depres-
sive symptoms, the lower is the cardio-
vagal activity (measured according to time and
frequency domain HRV indices at rest and with
deep metronomic breathing).

4.2. Clinical consequences and implications for
antidepressive treatment

In overview, our study showed that MD patients
have disturbed cardiac ANS function, manifested
clinically as an increase in resting heart rate and a
reduction in HRV. What are the consequences of
these findings? If there is indeed a correlation
between the raised cardiovascular mortality of MD
patients and an MD-associated disruption of neu-
rocardiac regulation, two questions are of particular
interest: (1) Are these disruptions of autonomic
neurocardiac regulation reversible after remission
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of the depressive disorder(e.g. after successful
antidepressive therapy), or do they persist despite
remission(which would mean that they represent
practically a marker for MD)? (2) What influence
does antidepressive therapy itself have on an MD-
associated disruption of autonomic neurocardiac
regulation?
The fact that we and others(Kittayaphong et

al., 1997; Stein et al., 2000) found an association
between the severity of depressive symptoms and
diverse vagal HRV indices leads to the hypothesis
that a reduction of depressive symptoms might
result in an increase in cardiovagal modulation of
heart rate. Even though the few studies until now
allow no definitive conclusions to be made regard-
ing this, a number of notable findings have been
produced; an increase in HRV has indeed been
seen after successful treatment of depression
involving electroconvulsive therapy(Nahshoni et
al., 2001; Agelink et al., 1998), although contra-
dictory findings have also been reported(Schultz
et al., 1997). Only recently, an extensive study
showed that successful antidepressive behaviour
therapy of patients with coronary artery heart
disease results in a reduction of heart rate and an
increase in short term HRV(RMSSD) (Carney et
al., 2000). Since the RMSSD, unlike the frequen-
cy-dependent HRV indices, is linearly dependent
on heart rate(Agelink et al., 2001b), and since no
untreated control group was studied, this study still
allows no definitive conclusions to be drawn on
the effects of a successful behaviour therapy on
short-term HRV. In the cited study, successfully
treated MD patients showed an improvement, but
not a normalisation, of heart rate and RMSSD
compared to non-depressed controls. This finding
is consistent with the hypothesis that depression,
even when successfully treated, may have residual
neurophysiological effects that will never normal-
ise (Post, 1992). This hypothesis implies that in
MD patients at least a proportion of the pathology
in cardiac ANS function is clearly independent of
the existence(and therefore also of the severity)
of depressive symptoms. Considering this, it seems
remarkable that in our study MD patients had a
reduced Valsalva ratio independent of the severity
of depressive symptoms. This pattern of findings
corresponds well with our earlier study showing

that MD patients had a lowered Valsalva ratio
compared to healthy individuals independent of
the severity of depressive symptoms(Agelink et
al., 2001a). Although the Valsalva ratio is usually
interpreted as an index of parasympathetic function
(since the bradycardiac phase can be altered to a
large extent by atropine), it does in fact involve
complex interplays between several populations of
afferent autonomic receptors, and between effer-
ents from both sides of the ANS(Eckberg, 1980).
Considering the physiological processes underly-
ing the Valsalva maneuver, our findings suggest
the presence of functional disturbances in the
interaction between the sympathetic and parasym-
pathetic system, affecting patients who suffer from
MD (independent of the severity of depressive
symptoms). Following from this, our results lead
us to ask whether such disruptions of autonomic
neurocardiac regulation may represent a trait mark-
er for MD.
The effects of psychotropic drugs on HRV

appear to be dependent mainly on the receptor
profiles of each of the substances. The best-
replicated finding in the literature is that classical
TCAs reduce HRV; this has been attributed to an
anticholinergic activity of TCAs(Rechlin, 1994).
The effects of another class of antidepressants, the
serotonin reuptake inhibitors(SSRIs), is not clear:
three studies from independent researchers found
evidence that treatment with paroxetine or fluoxe-
tine increased HRV in healthy heart patients(Bal-
ogh et al., 1993), and at least transiently increased
HRV in coronary heart disease patients(Roose et
al., 1998b), or shifted and even normalised the
sympathovagal balance in favour of cardiovagal
modulation amongst patients with panic disorders
and dysthymia(measured as a reduction in the
LFyHF ratio) (Tucker et al., 1997). However, other
investigators failed to confirm these findings
(Rechlin, 1994; Lederbogen et al., 2001). None of
the studies mentioned investigated an untreated
control group. Directly compared to TCAs, SSRIs
appear to be better tolerated especially amongst
patients with a pre-existing cardiac disease(Roose
et al., 1998a,b); whether this clinical observation
occurs simultaneously with a favourable effect of
SSRIs on HRV needs to be clarified in controlled
studies. Another class of substances which are
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known to reduce heart rate and increase HRV are
the beta-blockers. According to our knowledge,
there is no information available in the literature
showing whether beta-blockers exert a favourable
effect on the modulation of cardiovagal activity in
MD patients, and whether on the basis of such an
effect this might contribute to a reduction in
cardiovascular mortality.
Finally, newer studies suggesting that vagal

nerve stimulation(VNS) has an antidepressive
effect (George et al., 2000; Elger et al., 2000;
Rush et al., 2002) have fed further speculation on
the role of vagal dysfunction in the pathophysiol-
ogy of MD. Considering this, it would be interest-
ing to study whether, and if so, what influence the
VNS has on autonomic regulation in afflicted
patients. Because surgical intervention is required
to institute VNS, a predictable outcome of thera-
peutic success would be more desirable than would
be the case when applying medication. Before
implantation of the stimulator, it would certainly
be interesting to determine whether autonomic
regulation differs between responders and non-
responders to VNS.

4.3. Study limitations

Some limitations need to be considered when
interpreting the results of this study. Firstly, MD is
an episodic phenomenon. Since no standardized
guidelines currently exist for measuring HRV in
MD patients(e.g. timepoint of measurement dur-
ing the course of a depressive episode), compari-
son of results between different studies is
complicated. Moreover, there is no consensus on
the criteria for describing the severity of depres-
sion. In our study we used a practical, although
arbitrary, classification of patients according to
their HAM-D scores. The cut-off level was defined
as the median HAM-D score for moderately or
severely depressed patients, so that two subgroups
of equal size could be compared. Secondly, the
washout phase for TCAs(some of our patients
had been undergoing such therapy before the
study) was at least 6 days, and in this way was
relatively short in some cases. There are two
reasons why we consider it unlikely that this
condition may have falsified our results: a separate

statistical calculation including only non-pretreated
MD patients also disclosed a reduction of vagal
HRV indices in severely depressed patients com-
pared to healthy individuals. Moreover, our results
as well as those of other groups(Kittayaphong et
al., 1997; Stein et al., 2000) allow us to assume a
direct association between the severity of depres-
sive symptoms and modulation of cardiovagal
activity. Thirdly, HRV decreases with increasing
age. Since the age range of the population sample
was wide(29–74 years), it is conceivable that the
statistical difference in the HRV indices may at
least in part be due to age differences. For this
reason, and despite the fact that age differences
between patient subgroups and controls were not
significant, age was always considered as a co-
variate for all multivariate analyses. Moreover, the
patient collective was also subdivided into two
equally sized groups around the median patient
age, from which it was found that an inverse
correlation existed between the severity of depres-
sive symptoms(assessed by the HAM-D score)
and vagally mediated HRV indices both in the
younger and older patient groups. Fourthly, even
though published guidelines for measuring and
interpreting HRV have been considered(Task
Force Report, 1996), the interpretation of the
results given here(reduction of cardiovagal mod-
ulation of heart rate and displacement of sympa-
thovagal balance in favour of sympathetic nerve
activity in patients with MD) should not lead to
an oversimplification in understanding of the
extremely complicated regulatory cycle of auto-
nomic neurocardiac regulation, since the measured
HRV represents the outcome of an end-organ
response, determined by the nerve firing rates,
electrochemical coupling, cardiac adrenergic recep-
tor sensitivity, postsynaptic signal transduction,
and multiple neural reflexes(Kingwell et al.,
1994). Thus, studies on HRV allow no statements
to be made regarding the type and topographical
classification of damage to the autonomic regula-
tory cycle that underlies the autonomic dysregu-
lation. For this reason our study can not
definitively differentiate whether the vagal dysre-
gulation found in MD patients underlies an alter-
ation in function of either the central or peripheral
nervous system. However, we did exclude patients
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with diseases that might be associated with a
peripheral autonomic neuropathy(e.g. diabetes
mellitus). Considering on the one hand that HRV
studies were used originally to detect peripheral
neuropathy, and on the other that the presence of
MD is probably associated with a central autonom-
ic regulatory disorder(e.g. hyperactivity of the
HPA system), the results of our study allow us to
assume the presence of a central autonomic regu-
latory disturbance in MD, which can be clearly
detected using standardized investigations of HRV.
Finally, a number of methodologically sound stud-
ies have not been able to find any relationship
between sympathetic nerve activity(measured as
muscle sympathetic nerve activity or catechola-
mine concentrations) and spectral estimates of
sympathetic activity(e.g. LF, LFnu, LFyHF ratio)
(Kingwell et al., 1994; Sloan et al., 1996). The
study presented here focused on cardiovagal mod-
ulation in MD patients; for adequately assessing
sympathetic nerve activity, additional studies are
urgently recommended(e.g. MSNA, cardiac
noradrenaline spillover).
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