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Abstract
Background: The literature measuring effects of antidepressant and electroconvulsive therapy
(ECT) for major depression on heart rate variability (HRV) in medically well individuals was
reviewed.
Methods: Fourteen studies evaluating HRV were included. Twenty three pre-post or within group
comparisons were available. Treatment impact on measures of HRV was pooled over studies. We
examined different classes of antidepressants, and for short and long electrocardiogram (ECG)
recordings separately.
Results: Tricyclic antidepressants (TCAs) were associated with declines in most measures of HRV
and significant increase in heart rate (HR) in studies with short recording intervals. No significant
changes were found for longer recording times.
Treatment effects with selective serotonin reuptake inhibitors (SSRIs) were more variable. Shortrecording studies revealed a significant decrease in HR and an increase in one HRV measure. In two
24-hour recording studies no significant changes were observed. No relationship between ECT and
HRV has been established in the literature. The effects of other drugs are reported.
Limitations: Few studies measure the effects of treatment of depression on HRV. Existing studies
have generally used very small samples, employing a variety of measurements and methodologies.
Conclusion: We confirm that TCAs are associated with a large decrease in HRV and increase HR.
However, data for SSRIs is not clear. Although the effect of SSRIs on HRV is weaker than for TCAs,
evidence shows that SSRIs are associated with a small decrease in HR, and an increase in one
measure of HRV. The use of TCAs in depression leads to changes in HRV that are associated with
increased risk of mortality.

Background
Heart rate variability (HRV) refers to the beat-to-beat
alterations in heart rate. Its measurement is used to assess

cardiac autonomic function and it is related to outcomes
following cardiac events [1-5]. There is some evidence that
major depressive disorder (MDD) is associated with
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decreased heart rate variability [6-9], and that medications
used in the treatment of MDD also affect HRV. HRV in
depression and in its treatment is an important issue since
both depression and decreased HRV have been shown to
be predictors of mortality in cardiac patients. Moreover
studies have shown that depression is associated with a
higher rate of development of coronary heart disease and
of death after an index myocardial infarction (MI) [10],
and that a low HRV after MI is associated with considerable risk of mortality [2,11-14] As a result there has been
substantial interest in the relationship of HRV with
depression and with antidepressant medications.
The purpose of the current paper is to provide an overview
of the literature examining the effects of pharmacologic
and physical treatments for depression on HRV in medically otherwise well patients with MDD. The present
paper describes the methodologies and HRV measures
used in the study of the effects of treatment of depression
on HRV, and reviews the effects of two major classes of
antidepressants on HRV: tricyclic antidepressants (TCAs)
and selective serotonin reuptake inhibitors (SSRIs). In
addition, we review the small group of studies examining
the effects of other antidepressants on HRV, as well as the
effects of electroconvulsive therapy (ECT).
Defining and Measuring Heart Rate Variability
Before reviewing the relationship between HRV and treatments for depression, it is important to first describe
methods for measuring HRV. In studies examining the
effects of treatments for depression on HRV a variety of
measures of HRV have been employed across different
studies, and as a result, there is a lack of consistency in
approach to HRV measurement. Four common
approaches to measurement of HRV (beat-to-beat alterations in heart rate) are: time domain, spectral or frequency
domain, nonlinear, and geometric methods [15,16].

Because time- domain and spectral or frequency domain
methods are the two methods generally used for assessing
the effects of psychiatric treatments for depression on
HRV, we briefly describe these below.
HRV Measures: Time Domain Methods
Time domain methods reflect various statistical
approaches of measuring and representing the differences
in the intervals between adjacent normal R waves, referred
to as normal to normal (NN) intervals, over a specified
period of time [15]. The Task Force of the European Society of Cardiology (1996) describes seven time domain
methods. Four of these have been reported in the literature on HRV and antidepressants. These include SDNN,
(the standard deviation of all NN intervals); SDANN, (the
standard deviation of means of all NN intervals measured
from successive five-minute recording segments over a 24-
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hour assessment time) RMSSD, (the square root of the
mean of the sum of squares of differences between all
adjacent NN intervals), and pNN50, (the percentage of
NN interval differences >50 ms from the preceding interval).
Of the four time domain methods, SDNN is the simplest
to compute and the most commonly used measure of
HRV.
The different time domain measures are thought to be
influenced by different factors. Both SDNN and SDANN
are thought to reflect changes of HRV mediated by both
the influence of parasympathetic efferent and sympathetic
efferent nerve factors. RMSSD and pNN50 are thought to
reflect the changes of HRV mainly mediated by parasympathetic efferent nerves [15]. Bigger et al have reported
associations of decreases in time domain measures with
increased cardiac mortality [17,18]. After adjusting for
other risk factors, SDANN emerged as the most powerful
predictor of cardiac mortality, followed by pNN50.
RMSSD and SDNN were less powerful but were still significant predictors of mortality [18]. Because of the moderate
correlation between heart rate and HRV the coefficient of
variation (CV) calculation is sometimes also reported in
which SDNN in each five minute interval is divided by the
mean NN interval (SDNN/NN) which attempts to control
for differences in heart rate [19].
HRV Measures: Frequency-domain Methods
Time domain methods focus on variations in the length of
the interbeat interval. Although spectral domain methods
also take this into account by breaking it down into specific components at each frequency, the focus is on frequency variations. Frequency domain HRV measures the
underlying variance (power) in the heart rate pattern at
different frequencies. Short-term (two to five minute)
electrocardiogram (ECG) recordings for spectral analysis
tend to produce three peaks, a high frequency (HF) peak
between 0.15 and 0.40 Hz, a low frequency (LF) peak
between 0.04 and 0.15 Hz, and a very low frequency
(VLF) peak below 0.04 Hz [20]. Twenty-four hour ECG
recordings also provide an ultra-low frequency (ULF)
peak below 0.003 Hz [11,21]. Total power represents the
total variability in the record.

HF power reflects HRV attributable to respiratory sinus
arrhythmia, and is regarded as a marker of vagal modulation of R-R intervals and a cardiac parasympathetic effect
[22]. In twenty-four hour recordings, HF power correlates
most highly with RMSSD and pNN50. LF power may be
modulated by baroreflex activity, and appears to reflect
sympathetic and parasympathetic influence on the RR
intervals [23,24]. In twenty-four hour recordings, LF
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power correlates most highly with SDNN averaged over
five minute intervals. It is argued that the LF/HF ratio estimates sympathovagal balance However, the measurement
of sympathovagal balance has been the subject of controversy [25,26].
VLF power represents a measure of uncertain value. VLF
power may indicate thermoregulation or vasomotor activity, although this has been disputed [27,28]. It may
involve a parasympathetic component [28,29] and possibly engage the rennin-aldosterone system [28,30,31]. ULF
power is far less clear, but has a strong relationship with
SDANN [11].
HRV Measures – Spectral Methods
Non-linear measures of HRV have been demonstrated to
be potentially superior in predicting sudden death in
post-infarction patient populations [32,33]. Yeragani et al
studied the effects of paroxetine and nortriptyline on HRV
in patients with ischemic heart disease and major depression employing various methods of HRV measuring,
including non-linear components of HRV. Evidence suggests that non-linear assessments may provide additional
information about cardiac autonomic modulation, and
more particularly about vagal modulation [34,35]. However, these measures have not been reported in studies of
the effects of antidepressants on healthy volunteers.
Factors Affecting HRV
Various factors influence the accuracy and usefulness of
the HRV components being measured. These include the
duration of the recording and the effect of the various
physical and physiological changes that occur during the
recording period [15,36].

Spectral analysis of short-term, two to forty minute ECG
recordings provides information about the autonomic
status of the heart, reflecting mainly vagal activity [15].
Short recording times hold the advantage over long
recording times only in as far as the shorter duration
makes it possible to create physiologically fixed or stationary states, without too much difficulty; whereas with longterm recordings, it is harder to create and maintain strict
standardized conditions. Longer recording times are
needed for measurement of low frequency (VLF and ULF)
components of the recoding and LF and HF components
are best suited to short-term recording times [15,37].
In addition to difficulties with maintaining a steady state,
long-term recording times also pose difficulties with antidepressant studies in particular. The overall effect of the
natural environment on the autonomic nervous system
and its influence on the heart is best assessed over a longer
24-hour recording period. However, they are problematic
for drug studies because the antidepressants themselves
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can cause both physiological changes and behavioural
changes (e.g. increased activity) both of which may influence a twenty-four hour recording. For this reason it
seems that with drug studies, short recordings under
standardized conditions (e.g. supine) may give a purer
view of physiological changes.
Both short and long recordings have shown a relationship
between decreased HRV and mortality. Almost all of the
early predictive studies of mortality used twenty-four hour
recordings but recent studies have shown a similar relationship using shorter recordings [18].
Long-term and short-term recordings each have their
advantages and their disadvantages [36]. It is likely that
this fact that has led to the variation in approaches to the
assessment of HRV changes associated with antidepressants. In addition, in research examining the effects of
antidepressants on cardiac autonomic function there is no
clear consensus as to which HRV measures are most valuable to assess, nor which would be the preferred recording-time duration (i.e., short or long), and there is rarely
a justification given for the choice of measures in these
investigations.
The present study reviews the evidence describing changes
in HRV associated with pharmacological and physical
treatments for depression. Different measures of HRV are
examined separately as are measures from short and long
recordings. Classes of drugs (TCAs and SSRIs) are also
examined separately.

Methods
Searches were made in Medline and PsycInfo for studies
including the terms "antidepressant" (and specific antidepressant drugs) combined with "heart rate variability" or
"heart period variability", or "RR variability". A total of 65
potential papers resulted from these searches, in addition
to potential papers referenced in these papers. Studies
were selected for the present study based on the following
criteria. First, patients were adults (aged 18 or more) with
major depression as assessed by the Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria appropriate for the year of the study. Second, patients were
administered an antidepressant, or ECT. Third, HRV was
assessed and could be compared either pre- or post-drug
initiation, or between a treated group and an untreated or
placebo contrast group. Fourth, if a study included two
treatment conditions it was only included if the participants were randomly assigned to treatments. Fifth, studies
using a variety of drugs were only included if the data were
broken down by each specific drug. In cases where comparisons between a treatment group and a control group
within the treatment group (pre-post) were possible, only
the pre-post data were included since this was the only
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comparison in the majority of the studies. Fourteen
papers met these criteria, and since some of these examined more than one treatment a total of 23 comparisons
were possible.
Effect sizes (Cohen's d) were computed for each comparison. In instances where standard deviations for a particular study were not reported they were estimated as the
mean of the standard deviations reported in the other
studies in the group. Calculation of d in repeated measures requires an estimate of the correlation between the
measures at the two observations. In cases where this
could not be estimated from the data reported, the
median of test-re-test correlations for the particular HRV
measure found in the literature [19,38-48] was employed.
The variables summarized were heart rate, and time
domain measures (RMSSD, SDNN, SDANN, pNN50, and
CV), as well as frequency domain measures of HRV (HF,
LF, lnHF, and LF/HF). These values were included because
they were the measures most often reported in the studies
examined. (The log transformation of HF, lnHF, was
examined separately from HF). Studies reported one or
several measures of HRV and there was considerable
diversity in the measures reported and the length of the
recording time. In some instances missing values were calculated from the available data if they were not specifically reported in the paper (e.g. CV from SDNN and HR in
five minute recordings). Data for frequency domain variables were included only if the frequency ranges reported
corresponded closely to the ranges set out by the Task
Force as some early studies used different ranges [49].
Values were grouped by length of ECG recording (short
versus 24 hour). In short recording studies, only data from
the supine condition were included, as this was the condition common to most studies. Almost all short recording
time studies used five-minute recordings. (range = 2 to 8
minutes). The statistical significance of the difference of
mean values of d from zero was calculated using one sample t tests or between group t tests as appropriate.
This paper is a review of the literature that did not require
research ethics board approval.

Results
1. HRV Response in Patients with MDD treated with TCAs
The only TCAs studied were amitriptyline, imipramine
and doxepin. Data from the studies yielded 10 comparisons for the effects of specific TCAs on HRV. All but two of
these comparisons used short recording times. The summary results are shown in Table 1, and the data for each
study is presented in Table 3.
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In the short recording studies (where patients were
supine), treatment with the TCAs led to a sharp decrease
in all measures of HRV reported, and to an increase in
heart rate. The mean effect sizes for all measures were very
large ranging from 2.40 to 9.32 indicating a powerful
effect. However, in the two long recording studies (where
patients were ambulatory), the changes were smaller and
inconsistent. Lederbogen's [50] results showed decreases
in SDNN and SDANN, whereas Khaykin [51] found
opposite results, with significant increases in SDNN and
SDANN, as well as a decrease in RMSSD. Generally, the
findings in the short recording studies were strong and
robust, demonstrating greatly decreased HRV on a
number of measures, while the findings in the longer
recording studies were weaker and markedly inconsistent.
2. HRV Response in Patients with MDD Treated with SSRIs
Papers investigating HRV response to SSRI treatment
yielded a total of seven comparisons. The medications
investigated in these studies were fluvoxamine, paroxetine, and fluoxetine. In five of the comparisons, HRV
parameters were obtained from short recordings and in
two studies 24-hour recording methods were employed
(See Table 1).

With respect to the short-term recording studies there was
a significant decrease in HR associated with the drug treatment in all five studies. The change in HR was much
smaller and in a different direction than that in the TCA
studies. The only reliable change in HRV was a marginally
significant increase in SDNN. The very wide range of values for the different parameters (see Table 3) and the
small number of studies limits the power of this analysis.
As in the TCA comparisons, the results of the two longterm (24-hour) recording studies were markedly contradictory. Lederbogen [50] found little change in HR, but
again found moderate and significant decreases in SDNN
and SDANN. Conversely, Khaykin [51] found moderate
increases in SDNN and SDANN, as well as an increase in
RMSSD. In summary, the short-term recordings of
patients treated with SSRIs showed a decrease in HR, and
a marginally significant increase only in SDNN. Again, the
long-term studies were markedly contradictory, and thus
it is difficult to comment on these results.
3. HRV Responses in Patients with MDD with Other
Treatments
Table 2 sets out the results of studies examining other
pharmacological and physical treatments of depression.
The treatments are diverse and include ECT, bupropion,
mirtazapine, nefazodone and reboxetine. The significant
changes (as reported by the authors or in our re-analysis
of the data from one study [52] were confined to an
increase in HR with nefazodone and with mirtazapine,
and decreases in all reported measures of HRV with
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Table 1: Patients with MDD using TCA and SSRI medication where Cohen's d reflects the difference between treatment and contrast
condition.
Measure
Units
TCAs – short (2–10 minute) supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
t
p
TCAs 24 hour ambulatory
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
t
p
SSRIs – short (2–10 minute) supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
t
p
SSRIs 24 hour ambulatory
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
t
p

Heart Rate
bpm

SDNN
ms

SDANN
ms

RMSSD
ms2

75.91
20.8%
8
4.83
7.53*
0.00

32.28
-62.9%
8
-2.43
9.32*
0.00

82.60
7.5%
1
1.98

115.85
-16.1%
2
-0.20
0.10
0.94

106.7
-3.7%
2
0.31
0.10
0.94

31.00
-12.9%
1
-2.71

76.00
-2.0%
4
-0.63
6.33*
0.01

28.67
1.0%
3
0.06
3.46**
0.07

26.375

26.38
-2.4%
4
1.42
0.54
0.63

81.30
-0.5%
1
-0.10

30.08
1.7%
2
0.51
0.30
0.82

118.1
0.0%
2
0.43
0.41
0.75

30.00
16.7%
1
1.76

21.60
-67.3%
6
-3.34
7.79*
0.00

LF
ms2

LnHF
ms2

HF
ms2

5.80
-35.5%
2
-4.54
2.40
0.25

0.51
-79.4%
4
-0.96
5.85*
0.01

LF/HF
ratio

CV
ratio

pNN50
percent

4.07
-55.2%
8
-5.52
4.17*
0.00
10.00
-30.0%
1
-3.34

5.60
-1.4%
1
-0.15

0.507
-14.8%
1
-0.26

3.60
-1.9%
3
-0.26
2.71
0.11
9.00
33.3%
1
1.76

Two studies used 24 hour monitoring. Only studies have been included where effects of specific drugs could be evaluated. Negative values indicate
decreases in the parameter with treatment, positive values indicate increases. (* indicates p < .05, ** indicates p < .10)

bupropion and mirtazapine. No significant effects were
found for ECT or reboxetine. No attempt was made to
combine the effect sizes across studies because of differences in classes of specific drug or differences in recording
time.

Discussion
The literature relating HRV to pharmacologic and physical
treatments for depression is small. In the studies that do
exist, there is considerable diversity in combinations of
HRV measures used, as well as a lack of an obvious consistency in the manner in which measures were selected
for a particular study. In our meta-analysis of the available
literature, the short-term studies generated the most consistent results. With the short-term recording studies,
TCAs (imipramine, doxepin, and amitriptyline) given to
patients suffering from MDD were associated with a very
large decrease in most measures of HRV and a large
increase in HR, whereas the effect of SSRIs (fluvoxamine,
fluoxetine and paroxetine) was much less clear. With
SSRIs, we did find a significant decrease in heart rate and
a marginally significant increase in only one measure of
HRV, SDNN. These changes were of a much smaller magnitude compared to those associated with TCAs. Bupropion and mirtazapine also were associated with decreases

in HRV. Clinically this indicates that SSRIs have less
impact on heart rate and its variability than do TCAs and
other drugs with anticholinergic effects, but that they do
still reduce HR and increase SDNN.
There were only two studies using long-term recording of
HRV, and these studies (which both looked at TCAs and
SSRIs separately) generated inconsistent results. No systematic effect was observed for either class of drug in these
two studies, and it is not possible to reconcile the differences between them as they examined different drugs in
different populations (inpatients and outpatients).
There may be an explanation for our findings of less reliable effects with increased recording time. In recordings
under controlled conditions (the short recordings), HRV
is primarily vagally modulated, as well as being influenced by humoral factors, rhythmicity of the intrinsic cardiac pacemaker, and the effects of respiration. In 24 hour
recordings the HRV is also influenced by activity and environmental factors. The inconsistent findings of the long
recording studies may be due in part to the effects of the
drugs on physical activity. Because patients do not remain
supine during the recording period, changes in physical
activity over 24 hours would lead to changes in HRV not
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Table 2: Changes in HRV related to physical treatments for depression other than SSRIs or TCAs.
Measure
Units
Reboxetine short supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
Nefazodone short supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
Bupropion short supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
Mirtazapine short supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
ECT short supine
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size
ECT 24 h
Mean Baseline Value
Mean Percent Change
Number of Comparisons
Mean Effect Size

Heart Rate
bpm

SDNN
ms

SDANN
ms

82.60
5.6%
1
1.32 ns
75.80
-5.9%
1
-1.60 *

30.08
14.3%
1
0.08 ns

RMSSD
ms

LF
ms2

lnHF
ms2

HF
ms2

18.50
-1.6%
1
-0.04 ns

946.00
-18.9%
1
-0.38 ns

354
21.8%
1
0.79 ns

24.50
4.1%
1
0.11 ns

864.00
-5.7%
1
-0.08 ns

480
-10.4%
1
-0.20 ns

LF/HF
ratio

CV
ratio

2.97
-5.7%
1
-0.16 ns

3.80
-2.6%
1
-0.21 ns

pNN50
percent

28.10
-42.7%
1
-1.99 *
66.00
15.29%
1
3.10 *

49.60
-35.7%
1
-2.47 *

6.50
-21.5%
1
-1.81 *
548.00
-42.9%
1
-0.88 ns

69.65
6.2%
1
0.51 ns

5.40
-25.9%
1
-3.97 *
264.00
50.4%
1
0.84 ns
8.64
34.3%
1
0.90 ns

All treatments on this table are represented by only one study except ECT where the two studies employed different recording times.
ns indicates that original study or our reanalysis showed the change as non-significant, * indicates that the original study reported that the change
was significant (p < .05).

directly related to the physiological effects of the drug
(and in the case of TCAs in the opposite direction to those
of the drug), and these changes would tend to obscure the
physiological effects of the drug. This idea is supported by
the fact that Khaykin [51] and Karpyak [52], both reported
increases in some measures of HRV in individuals who
responded to treatment compared to those who did not
respond. Perhaps the changes in physical activity in those
who responded to treatment that led to the increased HRV
observed in these 24 hour studies for responders relative
to non-responders decreased the reliability of the measures.
The consensus among the authors of the various studies is
that increases in HR and decreases in HRV are due, at least
in part, to the anticholinergic (i.e., antimuscarinic) properties of TCAs and of bupropion and mirtazapine, leading
to diminished cardiac vagal tone.
Nahshoni and colleagues [53] conclude that the literature
has not shown a reduction in HRV associated with SSRIs,
and they suggest that SSRIs may in fact increase vagal modulation. The present data partially support this conclu-

sion. We found a small increase in SDNN with SSRIs but
not on other measures of HRV. The studies that we
reviewed examining HRV and the treatment of depression
have generally employed small samples of depressed, but
otherwise medically well individuals, and the only reliable result in our review is that there is a possibly an
increase in SDNN recorded while the participant was
supine, with drugs in this class. The fact that the other
measures do not show such a change is not in any way
conclusive, as the individual studies report a wide range of
changes in measures of HRV ranging from a reduction of
27% to an increase of 20%. This finding suggests that
methodological factors may be influencing the results.
However, our failure to find reliable changes in HRV with
SSRIs is consistent with data from a large sample of cardiac patients as reported in the SADHART study [54]. That
study failed to show significant changes in several measures of HRV with sertraline in depressed individuals who
were not medically well. Further research is required to
clarify whether the causes of variability between studies of
SSRIs is due to differences in measurement or difference
in medications.
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First Author
(reference)

Rechlin[55]
Rechlin [56]
Rechlin [57]
Rechlin [58]
Rechlin [59]
Rechlin [59]
Tulen[9]
Volkers[60]
Khaykin[51]
Lederbogen[50]
Rechlin [56]
Rechlin [59]
Rechlin [59]
Straneva-Meuse[61]
Volkers[60]
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Khaykin[51]
Lederbogen[50]
Agelink[62]
Agelink[63]
Straneva-Meuse[61]
Tulen[9]
Karpyak[52]
Nahshoni[53]

N

Design

TCAs Short time recording
24
pre post
24
pre post
104
drug vs control
26
drug vs control
8
pre post
8
pre post
9
pre post
24
pre post
TCAs Long time recording
9
pre post
14
pre post
SSRIs Short time recording
24
pre post
8
pre post
8
pre post
17
vs control
17
pre post
SSRIs Long time recording
5
pre post
14
pre post
Other Treatments
25
pre-post
25
pre-post
17
vs control
8
pre post
11
pre post
10
pre-post

Recording Time

Drug

Treatmen
t Period
(Weeks)

*CB

Effect Size (Cohen's d)
HR

SDNN

5 min
5 min
5 min
5 min
5 min
5 min
8 min
5 min

amitriptyline
amitriptyline
amitriptyline
amitriptyline
amitriptyline
doxepin
imipramine
imipramine

2
2
1
2
2
2
4
4

Y
Y
Y
Y
Y
Y
Y
Y

4.43
5.52
1.60
3.81
6.11
7.87
4.81
4.52

-1.61
-2.59
-1.53
-2.55
-1.88
-3.51
-2.44
-3.32

24 h
24 h

doxepin
amitriptyline

6
5

N
N

1.98

1.80
-2.20

5 min
5 min
5 min
2 min
5 min

paroxetine
fluvoxamine
paroxetine
paroxetine
fluvoxamine

2
2
2
8
4

Y
Y
Y
N
Y

-0.45
-0.83
-0.77

0.05
0.03
0.09

24 h
24 h

fluoxetine
paroxetine

6
5

N
N

5 min
5 min
2 min
8 min
24 h
NS

reboxetine
nefazodone
bupropion
mirtazapine
ECT
ECT

3
3
8
4
**
***

Y
Y
N
Y
NS
NS

HR = heart rate.
CV = coefficient of variability.
NS = Not Stated.
*CB = Controlled Breathing;.
**ECT performed 3 times per week to a maximum of 10 treatments.
***ECT performed 2 times per week to a maximum of 12 treatments.

SDANN

RMSSD

LF

-2.97
-2.93
-1.87
-3.58
-3.66
-5.04

HF

LF/HF

-0.87
-1.19
-0.54
-1.25

3.64
-3.01

CV

pNN50

-9.44
-8.85
-4.76
-3.97
-10.86
-21.44
-3.97
-5.52

-6.43
-2.64
-2.71

-3.34

-0.61
1.47
-0.39
-1.99

-0.30

-0.47

-0.09
-0.42
-0.27

-0.15

-0.10

2.24
-1.21

1.32
-1.60

0.08

4.81

ln HF

2.81
-1.95

1.76

-0.04
0.11
-1.99

1.76

-0.38
-0.08

-2.44
0.51

0.79
-0.20
-1.81

-0.16

-0.21
-3.97
0.90

-0.88

0.84
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Table 3: Effect Sizes for all measures in all studies examined.
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Conclusion
This review highlighted several important difficulties
associated with research in the area of HRV. First, there
exists a paucity of studies examining the effects of antidepressants on HRV; second, with one exception, published
studies have used very small sample sizes, ranging from n
= 6 to 24 (SSRIs), and n = 8 to 104 (TCAs); third, a variety
of methodologies were used in assessing and measuring
HRV; fourth, recording times vary between studies; and
fifth, not all studies use the same medication within medication groups. The present study confirms that three
TCAs decrease HRV and increase HR. The findings for the
three SSRIs are less clear; however they do indicate a
decrease in HR and a possible increase in SDNN with SSRI
treatment. Increased HRV with SSRIs may have, theoretically at least, positive outcome implications with regard to
morbidity and mortality. The less than robust effect that
has been demonstrated may to some extent explain why
only a statistical trend to better outcomes in depressed,
recent post-MI patients receiving a SSRI was observed in
the SADHART study. Further studies of the effect of specific SSRIs on HRV using consistent methodology are
required.

3.

4.

5.
6.

7.
8.
9.

10.

11.

List of Abbreviations
HRV: heart rate variability; HR: Heart rate; NN: Normal to
normal; SDNN: Standard deviation of all NN intervals;
SDANN: Standard deviation of the 5-minute average NN
intervals; RMSSD: Square root of the mean of the squared
differences between adjacent NN intervals; CV: Coefficient of variation; HF: High frequency; LnHF: og transformation of HF. LF: Low frequency; VLF: Very low
frequency; PNN50: the percentage of NN interval differences >50 ms from the preceding interval.

15.

Competing interests

16.

The study was unfunded. The lack of funding did not limit
the ability of the authors to research and produce this
paper. No conflicts of interest were identified. None are
declared.

Authors' contributions
Concept and design: LTVZ, TH. Acquisition of data: LTVZ,
TH. Analysis and interpretation of data: LTVZ, TH. Drafting of manuscript: LTVZ, TH. Critical revision of manuscript: KN.

12.

13.
14.

17.

18.

19.

Acknowledgements
The authors wish to acknowledge the contribution of Paul Davidson, PhD,
for providing statistical expertise.

20.

References

21.

1.
2.

Kleiger RE, Miller JP, Bigger JT Jr., Moss AJ: Decreased heart rate
variability and its association with increased mortality after
acute myocardial infarction. Am J Cardiol 1987, 59:256-262.
La Rovere MT, Bigger JT Jr., Marcus FI, Mortara A, Schwartz PJ:
Baroreflex sensitivity and heart-rate variability in prediction

of total cardiac mortality after myocardial infarction.
ATRAMI (Autonomic Tone and Reflexes After Myocardial
Infarction) Investigators. Lancet 1998, 351:478-484.
Lombardi F, Sandrone G, Pernpruner S, Sala R, Garimoldi M, Cerutti
S, Baselli G, Pagani M, Malliani A: Heart rate variability as an
index of sympathovagal interaction after acute myocardial
infarction. Am J Cardiol 1987, 60:1239-1245.
Saul JP, Arai Y, Berger RD, Lilly LS, Colucci WS, Cohen RJ: Assessment of autonomic regulation in chronic congestive heart
failure by heart rate spectral analysis 2. Am J Cardiol 1988,
61:1292-1299.
Wolf MM, Varigos GA, Hunt D, Sloman JG: Sinus arrhythmia in
acute myocardial infarction 2. Med J Aust 1978, 2:52-53.
Agelink MW, Boz C, Ullrich H, Andrich J: Relationship between
major depression and heart rate variability. Clinical consequences and implications for antidepressive treatment. Psychiatry Research 2002, 113:139-149.
Nahshoni E, Aravot D, Aizenberg D, Sigler M, Zalsman G, Strasberg
B, Imbar S, Adler E, Weizman A: Heart rate variability in patients
with major depression. Psychosomatics 2004, 45:129-134.
Rechlin T, Weis M, Spitzer A, Kaschka WP: Are affective disorders
associated with alterations of heart rate variability? Journal of
Affective Disorders 1994, 32:271-275.
Tulen JH, Bruijn JA, de Man KJ, Pepplinkhuizen L, van den Meiracker
AH, AJ MV: Cardiovascular variability in major depressive disorder and effects of imipramine or mirtazapine. J Clin Psychopharmacol 1996, 16:135-145.
Lett HS, Blumenthal JA, Babyak MA, Sherwood A, Strauman T, Robins
C, Newman MF: Depression as a risk factor for coronary artery
disease: evidence, mechanisms, and treatment. Psychosomatic
Medicine 2004, 66:305-315.
Bigger JT Jr., Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, Rottman JN: Frequency domain measures of heart period variability and mortality after myocardial infarction. Circulation 1992,
85:164-171.
Bigger JT Jr., Fleiss JL, Rolnitzky LM, Steinman RC: Frequency
domain measures of heart period variability to assess risk
late after myocardial infarction. Journal of the American College of
Cardiology 1993, 21:729-736.
Billman GE, Schwartz PJ, Stone HL: Baroreceptor reflex control
of heart rate: a predictor of sudden cardiac death. Circulation
1982, 66:874-880.
Cripps TR, Malik M, Farrell TG, Camm AJ: Prognostic value of
reduced heart rate variability after myocardial infarction:
clinical evaluation of a new analysis method. Br Heart J 1991,
65:14-19.
Kleiger RE, Stein PK, Bosner MS, Rottman JN: Time domain measurements of heart rate variability. Cardiology Clinics 1992,
10:487-498.
Kleiger RE, Stein PK, Bigger JT Jr.: Heart rate variability: measurement and clinical utility. Annals of Noninvasive Electrocardiology
2005, 10:88-101.
Bigger JT Jr., Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE, Rottman JN: Correlations among time and frequency domain
measures of heart period variability two weeks after acute
myocardial infarction. Am J Cardiol 1992, 69:891-898.
Filipovic M, Jeger RV, Girard T, Probst C, Pfisterer M, Gurke L, Studer
W, Seeberger MD: Predictors of long-term mortality and cardiac events in patients with known or suspected coronary
artery disease who survive major non-cardiac surgery. Anaesthesia 2005, 60:5-11.
Van Hoogenhuyze D, Weinstein N, Martin GJ, Weiss JS, Schaad JW,
Sahyouni XN, Fintel D, Remme WJ, Singer DH: Reproducibility
and relation to mean heart rate of heart rate variability in
normal subjects and in patients with congestive heart failure
secondary to coronary artery disease. Am J Cardiol 1991,
68:1668-1676.
Malliani A, Pagani M, Lombardi F, Cerutti S: Cardiovascular neural
regulation explored in the frequency domain. Circulation 1991,
84:482-492.
Bigger JT Jr., Albrecht P, Steinman RC, Rolnitzky LM, Fleiss JL, Cohen
RJ: Comparison of time- and frequency domain-based measures of cardiac parasympathetic activity in Holter recordings
after myocardial infarction. American Journal of Cardiology 1989,
64:536-538.

Page 8 of 10
(page number not for citation purposes)

BioPsychoSocial Medicine 2008, 2:12

22.
23.
24.

25.
26.
27.

28.
29.
30.

31.

32.

33.

34.

35.

36.
37.

38.
39.

40.

41.

42.

Tucker P, Adamson P, Miranda R Jr., Scarborough A, Williams D,
Groff J, McLean H: Paroxetine increases heart rate variability
in panic disorder. J Clin Psychopharmacol 1997, 17:370-376.
Billman GE, Dujardin JP: Dynamic changes in cardiac vagal tone
as measured by time-series analysis. Am J Physiol 1990,
258:H896-H902.
Bloomfield DM, Kaufman ES, Bigger JT Jr., Fleiss J, Rolnitzky L, Steinman R: Passive head-up tilt and actively standing up produce
similar overall changes in autonomic balance. Am Heart J 1997,
134:316-320.
Eckberg DL: Sympathovagal balance: a critical appraisal. Circulation 1997, 96:3224-3232.
Malliani A: The Pattern of Sympathovagal Balance Explored in
the Frequency Domain. News Physiol Sci 1999, 14:111-117.
Kitney RI: An analysis of the thermoregulatory influences on
heart-rate variability. In The Study of Heart Rate Variability Edited
by: Kitney RI and Rompleman O. Oxford, Clarendon Press;
1980:81-106.
Taylor JA, Carr DL, Myers CW, Eckberg DL: Mechanisms underlying very-low-frequency RR-interval oscillations in humans.
Circulation 1998, 98:547-555.
Campbell BC, Sturani A, Reid JL: Evidence of parasympathetic
activity of the angiotensin converting enzyme inhibitor, captopril, in normotensive man. Clinical Science 1985, 68:49-56.
Bonaduce D, Marciano F, Petretta M, Migaux ML, Morgano G, Bianchi
V, Salemme L, Valva G, Condorelli M: Effects of converting
enzyme inhibition on heart period variability in patients with
acute myocardial infarction. Circulation 90(1):108-13, 1994,
90:108-13.
Lombardi F, Gnecchi-Ruscone T, Montano N, Finocchiaro ML, Contini M, Malliani A: Restraining effect of captopril on cardiovascular sympathetic efferent neural activity.
Journal of
Hypertension - Supplement 7(7):S55-6, 1989, 7:S55-6.
Huikuri HV, Makikallio TH, Peng CK, Goldberger AL, Hintze U,
Moller M: Fractal correlation properties of R-R interval
dynamics and mortality in patients with depressed left ventricular function after an acute myocardial infarction. Circulation 2000, 101:47-53.
Makikallio TH, Huikuri HV, Makikallio A, Sourander LB, Mitrani RD,
Castellanos A, Myerburg RJ: Prediction of sudden cardiac death
by fractal analysis of heart rate variability in elderly subjects.
J Am Coll Cardiol 2001, 37:1395-1402.
Yeragani VK, Roose S, Mallavarapu M, Radhakrishna RK, Pesce V:
Major depression with ischemic heart disease: effects of paroxetine and nortriptyline on measures of nonlinearity and
chaos of heart rate. Neuropsychobiology 2002, 46:125-135.
Yeragani VK, Pesce V, Jayaraman A, Roose S: Major depression
with ischemic heart disease: effects of paroxetine and
nortriptyline on long-term heart rate variability measures.
Biol Psychiatry 2002, 52:418-429.
Tarkiainen TH, Timonen KL, Tiittanen P, Hartikainen JE, Pekkanen J,
Hoek G, Ibald-Mulli A, Vanninen EJ: Stability over time of shortterm heart rate variability. Clin Auton Res 2005, 15:394-399.
Malik M: Heart Rate Variability and Baroreflex Sensitivity. In
Cardiac Electrophysiology: From Cell to Bedside Volume 89. Fourth edition. Edited by: Douglas P.Zipes MD and José Jalife MD. Philadelphia,
PA, W.B. Saunders; 2004:823-830.
Amara CE, Wolfe LA: Reliability of noninvasive methods to
measure cardiac autonomic function. Can J Appl Physiol 1998,
23:396-408.
Bigger JT Jr., Fleiss JL, Rolnitzky LM, Steinman RC: Stability over
time of heart period variability in patients with previous
myocardial infarction and ventricular arrhythmias. The
CAPS and ESVEM investigators. Am J Cardiol 1992, 69:718-723.
Gerritsen J, TenVoorde BJ, Dekker JM, Kingma R, Kostense PJ,
Bouter LM, Heethaar RM: Measures of cardiovascular autonomic nervous function: agreement, reproducibility, and reference values in middle age and elderly subjects. Diabetologia
2003, 46:330-338.
Kleiger RE, Bigger JT, Bosner MS, Chung MK, Cook JR, Rolnitzky LM,
Steinman R, Fleiss JL: Stability over time of variables measuring
heart rate variability in normal subjects. Am J Cardiol 1991,
68:626-630.
Lord SW, Senior RR, Das M, Whittam AM, Murray A, McComb JM:
Low-frequency heart rate variability: reproducibility in car-

http://www.bpsmedicine.com/content/2/1/12

43.
44.
45.

46.
47.

48.
49.

50.

51.

52.
53.

54.

55.
56.

57.

58.

59.
60.

61.

diac transplant recipients and normal subjects. Clin Sci (Lond)
2001, 100:43-46.
Marks BL, Lightfoot JT: Reproducibility of resting heart rate variability with short sampling periods. Can J Appl Physiol 1999,
24:337-348.
Perini R, Veicsteinas A: Heart rate variability and autonomic
activity at rest and during exercise in various physiological
conditions. Eur J Appl Physiol 2003, 90:317-325.
Pitzalis MV, Mastropasqua F, Massari F, Forleo C, Di MM, Passantino
A, Colombo R, Di BM, Rizzon P: Short- and long-term reproducibility of time and frequency domain heart rate variability
measurements in normal subjects. Cardiovasc Res 1996,
32:226-233.
Sandercock GR, Bromley PD, Brodie DA: The reliability of shortterm measurements of heart rate variability. Int J Cardiol 2005,
103:238-247.
Sinnreich R, Kark JD, Friedlander Y, Sapoznikov D, Luria MH: Five
minute recordings of heart rate variability for population
studies: repeatability and age-sex characteristics. Heart 1998,
80:156-162.
Toyry J, Mantysaari M, Hartikainen J, Lansimies E: Day-to-day variability of cardiac autonomic regulation parameters in normal subjects. Clin Physiol 1995, 15:39-46.
Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology: Heart rate variability: standards of measurement, physiological interpretation and clinical use. Task Force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology. Circulation 93(5):1043-65, 1996.
Lederbogen F, Gernoth C, Weber B, Colla M, Kniest A, Heuser I,
Deuschle M: Antidepressive treatment with amitriptyline and
paroxetine: comparable effects on heart rate variability. J
Clin Psychopharmacol 2001, 21:238-239.
Khaykin Y, Dorian P, Baker B, Shapiro C, Sandor P, Mironov D, Irvine
J, Newman D: Autonomic correlates of antidepressant treatment using heart-rate variability analysis. Can J Psychiatry 1998,
43:183-186.
Karpyak VM, Rasmussen KG, Hammill SC, Mrazek DA: Changes in
heart rate variability in response to treatment with electroconvulsive therapy. J ECT 2004, 20:81-88.
Nahshoni E, Aizenberg D, Sigler M, Strasberg B, Zalsman G, Imbar S,
Adler E, Weizman A: Heart rate variability increases in elderly
depressed patients who respond to electroconvulsive therapy. J Psychosom Res 2004, 56:89-94.
Glassman AH, O'Connor CM, Califf RM, Swedberg K, Schwartz P,
Bigger JT Jr., Krishnan KRR, van Zyl LT, Swenson JR, Finkel MS,
Landau C, Shapiro PA, Pepine CJ, Mardekian J, Harrison WM, for the
Sertraline Antidepressant Heart Attack Randomized Trial Group:
Sertraline Treatment of Major Depression in Patients With
Acute MI or Unstable Angina. JAMA 2002, 288:701-709.
Rechlin T, Claus D, Weis M: Heart rate analysis in 24 patients
treated with 150 mg amitriptyline per day. Psychopharmacology
(Berl) 1994, 116:110-114.
Rechlin T, Weis M, Claus D: Heart rate variability in depressed
patients and differential effects of paroxetine and amitriptyline on cardiovascular autonomic functions. Pharmacopsychiatry
1994, 27:124-128.
Rechlin T, Claus D, Weis M, Kaschka WP: Decreased heart rate
variability parameters in amitirptyline treated depressed
patients: Biological and clinical significance. European Psychiatry
1995, 10:189-194.
Rechlin T: Decreased parameters of heart rate variation in
amitriptyline treated patients: lower parameters in melancholic depression than in neurotic depression--a biological
marker? Biol Psychiatry 1994, 36:705-707.
Rechlin T: The effect of amitriptyline, doxepin, fluvoxamine,
and paroxetine treatment on heart rate variability. J Clin Psychopharmacol 1994, 14:392-395.
Volkers AC, Tulen JH, van den Broek WW, Bruyn JA, Passchier J,
Pepplinkhuizen L: Effects of imipramine, fluvoxamine and
depressive mood on autonomic cardiac functioning in major
depressive disorder. Pharmacopsychiatry 2004, 37:18-25.
Straneva-Meuse PA, Light KC, Allen MT, Golding M, Girdler SS:
Bupropion and paroxetine differentially influence cardiovascular and neuroendocrine responses to stress in depressed
patients. J Affect Disord 2004, 79:51-61.

Page 9 of 10
(page number not for citation purposes)

BioPsychoSocial Medicine 2008, 2:12

62.

63.

http://www.bpsmedicine.com/content/2/1/12

Agelink MW, Ullrich H, Baumann B, Strum S, Majewski T: Effects of
reboxetine, a selective norepinephrine reuptake inhibitor,
on sympathetic and parasympathetic outflow to the heart:
preliminary data. Psychopharmacology (Berl) 2002, 163:151-156.
Agelink MW, Majewski T, Wurthmann C, Postert T, Linka T, Rotterdam S, Klieser E: Autonomic neurocardiac function in patients
with major depression and effects of antidepressive treatment with nefazodone. J Affect Disord 2001, 62:187-198.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

