
285

Hypertens Res
Vol.30 (2007) No.4
p.285-293

Original Article

Specific Serotonin Reuptake Inhibition in 
Major Depressive Disorder Adversely Affects 

Novel Markers of Cardiac Risk

Tye DAWOOD1),2), Elisabeth A. LAMBERT1), David A. BARTON1),2), Dominique LAUDE3), 

Jean-Luc ELGHOZI3), Murray D. ESLER1),2), Deepak HAIKERWAL1), David M. KAYE1), 

Elodie J. HOTCHKIN1), and Gavin W. LAMBERT1),2)

There exists a growing body of evidence linking depression with cardiovascular events, although the mech-

anisms responsible remain unknown. We investigated the role of the autonomic nervous system and inflam-

mation in the link between coronary heart disease and major depressive disorder (MDD), and examined the

cardiac risk modification following pharmacological treatment of depression. We measured cardiac barore-

flex function, heart rate variability, pulse pressure and high sensitivity C-reactive protein (hsCRP), all of

which have an impact on cardiac risk, pre- and post-treatment in 25 patients with MDD, with no history of

coronary heart disease, and in 15 healthy subjects. Treatment consisted of selective serotonin reuptake

inhibitors for approximately 12 weeks. No significant differences were observed between untreated MDD

patients and healthy subjects in blood pressure, heart rate, baroreflex sensitivity or heart rate variability.

Pulse pressure and hsCRP, however, were significantly elevated in patients with MDD prior to treatment

(p=0.023 and p=0.025, respectively). Moreover, while pharmacotherapy was effective in alleviating depres-

sion, surprisingly, each of cardiac baroreflex function, heart rate variability, pulse pressure and hsCRP was

modified (p<0.05) in a manner likely to increase cardiac risk. In conclusion, this study demonstrated higher

pulse pressure and hsCRP plasma levels in patients with MDD, which might contribute to increased cardiac

risk. Following treatment vagal activity was reduced, as indicated by reductions in baroreflex sensitivity and

heart rate variability, accompanied by increases in pulse pressure and plasma hsCRP levels. Mechanisms

potentially responsible for generating cardiac risk in patients treated with selective serotonin reuptake inhib-

itors may need to be therapeutically targeted to reduce the incidence of coronary heart disease in this pop-

ulation. (Hypertens Res 2007; 30: 285–293)
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Introduction

There is strong evidence that patients with major depressive

disorder (MDD) are at increased risk of developing coronary
heart disease (1–4). While the mechanism of increased car-
diac risk attributable to MDD is not known, a number of
reports indicate that the autonomic nervous system and

From the 1)Baker Heart Research Institute, Melbourne, Australia; 2)Department of Medicine, Monash University, Alfred Hospital CECS, Melbourne,

Australia; and 3)INSERM U652, Clinical Pharmacology Unit, Necker Hospital, Paris, France.

This work was supported by a National Health and Medical Research Council (NHMRC) of Australia Project Grant (#225121), an NHMRC Career

Development Fellowship (#182829; G.W.L.), an Australian Rotary Health Fund grant and a Postgraduate Research Scholarship from the National Heart

Foundation of Australia (#PS 01M 0552; T.D.). Lundbeck Australia provided citalopram for use in this study.

Address for Reprints: Tye Dawood, Ph.D., Baker Heart Research Institute, P.O. Box 6492 St Kilda Road Central, Victoria 8008, Australia. E-mail:

tye.dawood@baker.edu.au

Received August 17, 2006; Accepted in revised form December 4, 2006.



286 Hypertens Res Vol. 30, No. 4 (2007)

inflammatory-mediated atherogenesis may play a role. Over
recent years in the cardiology arena, much attention has
focused on measures of heart rate variability and baroreflex
sensitivity as markers of vagal function and indicators of
future cardiac events (5). Indeed, reduced sensitivity of the
arterial baroreflex, which is predominantly under vagal con-
trol, predicts poor outcome in patients following myocardial
infarction (6). Diminished heart rate variability, which is also
attributable to reduced modulation of heart rate by the cardiac
vagus, has been described in patients with MDD (7).

The importance of inflammatory-mediated atherogenesis in
the development of cardiac pathology is widely acknowl-
edged. The observation of elevated plasma inflammatory
cytokine concentrations in patients with MDD (8–10) raises
the possibility that enhanced inflammatory-mediated athero-
genesis may also be of importance in generating cardiac risk
in MDD. A large prospective study investigating depression
and inflammatory markers showed that participants with no
history of coronary heart disease but with depression exhib-
ited higher levels of high sensitivity C-reactive protein
(hsCRP) than non-depressed participants (11). C-reactive
protein (CRP) is an acute phase inflammatory marker and is
an independent predictor of death from myocardial infarction
(12). Lowering of CRP levels following statin therapy in
patients with acute coronary syndromes results in better clin-
ical outcomes and a reduction in the progression of athero-
sclerosis (13).

In patients with MDD with no underlying heart disease
there is little definitive evidence that treating depression
reduces the frequency or severity of cardiac events. However,
a recent population-based case control analysis by Schlienger
et al. indicated that current use of selective serotonin reuptake
inhibitors (SSRIs) may be associated with a slight reduction
in risk of an acute cardiac event (14).

Reduced heart rate variability, diminished baroreflex sensi-
tivity, increased pulse pressure, and elevated plasma levels of
hsCRP have been associated with an increased risk of future
cardiac events in healthy subjects and in patients with existing
coronary heart disease (15–17). However, whether these
markers of cardiac risk are of relevance in the setting of MDD
is currently uncertain. Moreover, whether antidepressant
medications modify cardiac risk factors in a manner likely to
reduce cardiac risk in those with no underlying cardiac
pathology remains unknown. Accordingly, in this study we
examined, in the setting of SSRI therapy of MDD, cardiac
baroreflex function, heart rate variability, pulse pressure and
hsCRP levels, which may have an impact on cardiac risk
through their relation to cardiac vagal activity, arterial com-
pliance and atherogenesis.

Methods

Participants

Twenty-five patients (11 male/14 female, aged 45±11 years)

fulfilling the DSM-IV diagnostic criteria for MDD and 15
healthy subjects with no history of mental or physical illness
(9 male/6 female, aged 39±11 years) were recruited from the
general community by means of a newspaper advertisement.
None of the patients or controls were on any form of medica-
tion. Patients were either newly diagnosed (n=4), or currently
untreated after a recent relapse (n=21). All patients were
screened for inclusion using two diagnostic instruments: the
Mini International Neuropsychiatric Interview (MINI) and
the Composite International Diagnostic Interview (CIDI
[anxiety and mood disorders sections only]). The Hamilton
Depression Scale (17 item) and Hamilton Anxiety Rating
Scale (Ham D & A, respectively), the Clinical Global Impres-
sions scale (CGI), and the Beck Depression Inventory (BDI-
1) were used to monitor progress. Subjects who met all of the
following criteria were eligible for entry: Ham D>18;
BDI>18; positivity for major depression on MINI and CIDI;
and assessment as having a significant major depression as
the primary illness on interview by a psychiatrist. Exclusion
criteria included coexistence of any of the following: heart
disease, diabetes, medicated hypertension, alcohol/drug
abuse, infectious diseases, co-morbid psychotic disorders,
eating disorders, mental retardation, high suicide risk, person-
ality disorders and epilepsy. Initial research studies were per-
formed within 10 days of a confirmed diagnosis of MDD.
Patients then commenced treatment with an SSRI according
to standard dosing ranges for antidepressants (n=16 citalo-
pram [40 mg/day], n=5 sertraline [200 mg/day], n=3 fluvox-
amine [200 mg/day], n=1 fluoxetine [40 mg/day]). The
choice of SSRI was based on clinical grounds and was made
by the participating psychiatrist in consultation with the par-
ticipant. Repeat research studies were performed after
approximately 12 weeks of therapy (mean, 94±29 days).
Patients were reviewed weekly for the purposes of the study,
or more frequently if required on clinical grounds. Improve-
ment in symptoms was defined by a decrease of >50% in
Ham D scores and remission was defined as a Ham D<8. One
patient, in whom treatment was voluntarily discontinued, did
not return for follow-up study and was subsequently removed
from the analyses. Healthy subjects were studied on only one
occasion. Two subjects in both the control and MDD groups
had elevated blood pressure (BP), and two participants in
each group were smokers. The research protocol conformed
to the relevant guidelines of the National Health and Medical
Research Council of Australia and was approved by the
Alfred Hospital Ethics Review Committee. Written informed
consent was obtained from each subject prior to the study.

All investigations were performed with subjects in the
supine position. Studies were conducted in the morning and
caffeinated beverages and tobacco smoking were prohibited
for 12 h prior to the study. Blood samples were obtained from
a percutaneously inserted catheter placed in either the bra-
chial or radial artery under strict sterile conditions as previ-
ously described (18). Data was obtained after at least 20 min
of supine rest. Beat-to-beat BP was measured following arte-
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rial catheterization. Heart rate and cardiac interval were deter-
mined from the lead III ECG recording. Measures of heart
rate variability, baroreflex function, pulse pressure and
hsCRP plasma concentration were determined by investiga-
tors blinded both to the group assignment and treatment
phase.

Determination of BP and Heart Rate Variability

Hemodynamic data (i.e., BP and lead III ECG) were acquired
at 1,000 Hz using a PowerLab recording system (model
ML785/8SP; ADInstruments, Castle Hill, Australia). For cal-
culation of BP and heart rate variability, BP and ECG record-
ings were resampled at 10 Hz. Heart rate and systolic blood
pressure (SBP) variability were quantified by use of a Fast
Fourier Transform on a 1,024-point stationary time series

(19). To perform spectral analysis, a resampling rate of 10 Hz
was chosen without interpolation; that is, SBP and RR inter-
val values were replicated every 0.1 s until a new BP cycle or
R wave occurred within a 0.1 s window. The power of the
SBP or RR interval spectrum was given in units of mmHg2 or
ms2, respectively. The low frequency (LF) component was
obtained by integrating the values of the consecutive bands
from 0.04 to 0.15 Hz of the SBP or RR interval spectrum in
order to include the 10-s (0.1 Hz) rhythm, and the high fre-
quency (HF) component of the SBP or RR interval was fixed
as 0.15–0.4 Hz according to the Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology (20). The pulse pressure was
calculated by subtracting the diastolic blood pressure (DBP)
from the SBP.

Table 1. Demographic Data of Patients and Healthy Subjects

Patients with depression 
(n=24)

Healthy controls 
(n=15)

p value

Male/Female 10/14 9/6 0.33
Age (years) 45±11 40±11 0.15
BMI (kg/m2) 26±4 24±5 0.16
Trait anxiety score 64±7 35±9 <0.001***
State anxiety score 59±10 32±9 <0.001***
BDI 29±7 NA NA
Ham D 26±3 NA NA

BDI, Beck Depression Inventory; Ham D, Hamilton Depression Scale; NA, not available. Mean±SD.

Table 2. Blood Pressure, Heart Rate, Spectral Analysis, Cross Spectral Analysis and Spontaneous Sequences in Patients with
MDD and Healthy Subjects

Patients with depression Healthy controls p value

Blood pressure (SBP/DBP) (mmHg/mmHg) 131±14/69±9 132±18/69±10 0.76/0.69
Heart rate (bpm) 66±12 66±8 0.42
Pulse pressure (mmHg) 61±11 61±13 0.99
SBP and heart rate variability

LF power (mmHg2) of SBP 5.7±6.0 6.6±5.8 0.77
HF power (mmHg2) of SBP 2.35±2.0 1.61±1.3 0.16
LF power (ms2) of RR 1,122±1,244 (605) 1,015±137 (596) 0.53
HF power (ms2) of RR 795±1,248 (204) 644±1,462 (217) 0.75

Cross spectral analysis
LF gain (ms/mmHg) 11±8 12±9 0.93
HF gain (ms/mmHg) 16±21 18±20 0.78

Spontaneous sequences
% of beats 36±15 38±20 0.98
Slope (ms/mmHg) 20±14 27±23 0.57

Inflammatory markers
hsCRP (mg/l; median [25–75 percentile]) 0.9 [0.5–1.7] 0.4 [0.2–1.0] 0.02

Data in parentheses represent the median value. MDD, major depressive disorder; SBP, systolic blood pressure; DBP, diastolic blood
pressure; LF, low frequency; HF, high frequency; hsCRP, high sensitivity C-reactive protein.
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Cardiac Baroreflex Analysis

Cardiac baroreflex function was assessed using both cross
spectral analysis (21, 22) and the sequence method (23). In
the sequence method of estimating baroreflex sensitivity,
computer scanning is used to identify “spontaneous”
sequences of three or more consecutive beats in which the
SBP progressively rises and the cardiac interval progressively
lengthens (type 1 sequences), or in which the SBP progres-
sively falls and cardiac interval progressively shortens (type 2
sequences), with a lag of one beat. For each sequence, the lin-
ear correlation coefficient between the cardiac interval and
SBP was computed and the sequence was validated when
r>0.85. The slope between the cardiac interval and SBP was
calculated for each validated sequence. The percentage of
beats involved in such baroreflex sequences (%) and the aver-
age slope were calculated for each recording.

C-Reactive Protein

High sensitivity CRP plasma levels were determined using a
particle-enhanced immunoturbidimetric assay (Roche Diag-
nostics, Mannheim, Germany). The principle of the assay is
that anti-CRP antibodies, coupled to latex micro-particles,
react with CRP antigens in the samples to form a complex
which is measured turbidimetrically. The lower detection
limit of the assay was 0.03 mg/l and coefficient of variance
was 0.62% within runs and 3.6% between runs (n=21).

Statistical Analyses

For comparing data between patients and healthy subjects,
Student’s t-test or the Mann-Whitney test were used as appro-
priate. A paired t-test or sign-ranked test was used to assess

the effect of SSRI therapy. Normally distributed data are
expressed as the mean±standard deviation, non-Gaussian dis-
tributed data are presented as the median with 25–75 percen-
tile, and values of p<0.05 were considered to indicate
statistical significance. Correlations between variables were
determined using Pearson product-moment correlation, or
Spearman rank order correlation if data were not normally
distributed.

Results

Baseline Results

Demographic data for healthy subjects and patients are pre-
sented in Table 1. On average, patients had experienced 2.6
previous episodes of depression, with 72% having had 2 or
more previous episodes. In 16% of patients the current epi-
sode was the first episode. In 16% of the population, the dura-
tion of the current episode was less than 3 months, while in
56% the duration of the current episode was greater than 12
months. Twenty-four percent described being depressed for
over 5 years, and 67% of these patients had not been on an
adequate previous treatment with an antidepressant. Thirty-
two percent of patients had never been treated with antide-
pressants prior to this trial.

BP, heart rate, measures of baroreflex function and heart
rate variability were similar in patients with untreated MDD
and healthy subjects (Table 2). However, pulse pressure was
significantly higher in the unmedicated depressed group
compared with the healthy group (t=−2.387, df=33,
p=0.023). Furthermore, hsCRP plasma concentrations
were significantly elevated in the unmedicated depressed
group (median 0.900 mg/l [25–75 percentile 0.500–1.700]
vs. 0.400 mg/l [0.200–0.975], T=233, n(small)=15,

Fig. 1. High sensitivity plasma C-reactive protein levels in healthy subjects and patients with depressive illness pre- and post-
treatment. Results are presented as the median (25–75 percentile). Un Tx, untreated; Tx, treated.
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n(big)=25, p=0.04) (Fig. 1).
The number of previous depressive episodes experienced

by patients was significantly associated with the decrease in
cardiac baroreflex sensitivity (r=−0.475, p=0.02). More-
over, and consistent with the view that increased incidence of
episodes of depression is associated with increased cardiac
risk, a significant positive relationship was observed between
the number of previous episodes and the plasma concentra-
tion of hsCRP (r=0.428, p=0.05). No other significant corre-
lations were observed between the psychometric and
biological variables, or between hsCRP and the slope of the
cardiac baroreflex, heart rate variability or pulse pressure.

Post-Treatment Results

In patients with MDD, treatment with an SSRI resulted in a

marked improvement in both clinician-rated (Ham D scores
reduced from 26 [24–28] to 10 [6–13], W=−213, T+=9,
T−=−222, p<0.001) and patient-rated (BDI scores reduced
from 29±7 to 7±7, t=13.209, df=20, p<0.001, Fig. 2)
symptoms. Among the 24 patients, 3 did not respond to treat-
ment based on their Ham D and BDI scores. Illustrative of a
marked reduction in heart rate variability, treatment was asso-
ciated with significant diminution in spectral power in the LF
band of the RR interval (t=2.327, df=18, p=0.032, Table 3).
In addition, baroreflex sensitivity, as indicated by the attenu-
ation in both the gain of the transfer function in the LF band
(t=2.134, df=18, p=0.048) and the slope of the cardiac
baroreflex (t=3.302, df=22, p=0.003), was reduced (Fig. 3).
While there were no significant alterations in SBP or DBP,
pulse pressure was significantly increased in patients on an
SSRI (61±11 vs. 68±23 mmHg, t=−2.205, df=16,

Fig. 2. Measures of depression and anxiety pre- and post-SSRI treatment in patients with major depressive disorder (Beck
Depression Inventory [BDI], Hamilton Depression Scale [Ham D], Spielberger’s State-Trait Anxiety Inventory, selective seroto-
nin reuptake inhibitor [SSRI]). Horizontal lines indicate mean values. ***p<0.001, treated vs. untreated.
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p=0.042). In parallel, there occurred a significant elevation in
hsCRP plasma levels following SSRI treatment, correspond-
ing to a change from lower to moderate risk of coronary heart
disease as expressed by hsCRP levels (W=153, T+=182,
T−=−29, p=0.003 [Fig. 1]). A decrease in hsCRP concentra-
tions was observed in only 5 patients with MDD. The subjects
with higher hsCRP levels following SSRI administration had
significantly higher trait anxiety levels on their second visit
compared with subjects with lower hsCRP levels (47±11
mg/l and 35±10 mg/l, respectively, t=−2.105, df=25,
p=0.05). Although the majority of patients in the current
study were administered citalopram, the most specific of the
SSRIs, the modifications in cardiac parameters observed fol-
lowing treatment occurred with all SSRIs used (data not
shown).

Discussion

Reduced heart rate variability, diminished baroreflex sensi-
tivity, increased pulse pressure and elevated plasma levels of
hsCRP have been associated with an increased risk of future
cardiac events in healthy subjects and in patients with existing
coronary heart disease. Recent reports provide evidence of a
link between vagal activity and inflammation. Dubbed the
“cholinergic anti-inflammatory pathway,” efferent vagal
activity results in acetylcholine release which, in turn, sup-
presses the inflammatory response (24). Conversely, and con-
sistent with our data in patients following SSRI therapy,
reduced vagal activity, as indicated by parallel reductions in
heart rate variability and the slope of the cardiac baroreflex, is

Table 3. Blood Pressure, Heart Rate, Spectral Analysis, Cross Spectral Analysis and Spontaneous Sequences in Patients with
MDD before and after SSRI Treatment

Untreated MDD Treated MDD p value

Blood pressure (SBP/DBP) (mmHg/mmHg) 131±14/69±9 134±15/64±17 0.40/0.18
Heart rate (bpm) 66±12 64±9 0.32
Pulse pressure (mmHg) 61±11 68±10 0.04
SBP and heart rate variability

LF power (mmHg2) of SBP 5.7±6.0 4.9±3.8 0.22
HF power (mmHg2) of SBP 2.35±2.0 1.84±1.1 0.18
LF power (ms2) of RR 1,122±1,244 (605) 655±583 (609) 0.03
HF power (ms2) of RR 795±1,248 (204) 343±447 (213) 0.11

Cross spectral analysis
LF gain (ms/mmHg) 11±8 8±4 0.05
HF gain (ms/mmHg) 16±21 11±11 0.10

Spontaneous sequences
% of beats 36±15 35±20 0.92
Slope (ms/mmHg) 20±14 13±9 0.003

Data in parentheses represent the median value. MDD, major depressive disorder; SSRI, selective serotonin reuptake inhibitor; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; LF, low frequency; HF, high frequency.

Fig. 3. Low frequency RR intervals (LF RR), gain of the transfer function analysis between systolic blood pressure (SBP) and
RR intervals in the low frequency band (LF gain), and slope of the cardiac baroreflex function estimated using the sequence
method in patients with depression before (open bars) and after SSRI treatment (hatched bars) were determined, and all were
found to be reduced by SSRI administration. Values are shown as the mean±SD. *Significantly different at p<0.05. SSRI, selec-
tive serotonin reuptake inhibitor.
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accompanied by increased release of proinflammatory cyto-
kines. Overall, our results indicate that while SSRIs are
highly effective in improving affect and reducing anxiety in
patients with MDD, this class of drug may be associated with
the promotion of a number of negative biological effects that
have previously been demonstrated to be associated with
increased cardiac risk.

Our combined analysis of heart rate variability and cardiac
baroreflex function indicated that in unmedicated patients
with MDD vagal function is not significantly impaired. Inter-
estingly, the presence of comorbid depression in patients pre-
senting with coronary artery disease has been demonstrated to
be associated with a reduction in heart rate variability (25–
27). Using cross spectral analysis, although no comparison
was made with non-depressed subjects, Watkins et al. have
previously demonstrated that anxiety, rather than depression
severity, is associated with reduced baroreflex sensitivity
(28). In the present study, however, we found no significant
correlation between state or trait anxiety and measures of
baroreflex sensitivity or heart rate variability. The potential
importance of baroreflex sensitivity as a measure of cardiac
risk emerged following experiments in dogs (29), where
reduced baroreflex sensitivity was associated with a greater
susceptibility to ventricular fibrillation during subsequent
ischemic episodes. Subsequently, a large prospective study
provided evidence that low values of baroreflex sensitivity
and heart rate variability following myocardial infarction
were associated with an increased risk of developing ventri-
cular arrhythmia (6). Reduced baroreflex sensitivity has also
been associated with elevated death rates due to other condi-
tions, such as hypertension (15), obesity (16) and diabetes
(17).

The clinical improvement observed in our patients follow-
ing SSRI administration was accompanied by a substantial
reduction both in heart rate variability and the slope of the
cardiac baroreflex. The mechanisms that render SSRIs clini-
cally effective have not been fully identified; moreover, the
underlying mechanism of the effect of this class of drug on
the cardiac baroreflex remains unknown. An action at the
level of either the nucleus tractus solitarius (NTS) or ventro-
lateral medulla seems likely. Long-term administration of cit-
alopram, the most selective serotonin reuptake inhibitor, has
been associated with a downregulation of 5-HT1A (serotonin)
autoreceptors (30). Long-term administration may increase
the availability of serotonin at serotonergic receptors in the
central nervous system (31). Citalopram may reduce barore-
flex sensitivity via stimulation of the 5-HT2 or 5-HT3 recep-
tors. Indeed, baroreflex modulation in the NTS involves both
catecholaminergic facilitation and serotonergic inhibition
(32). Previous studies have shown that 5-HT3 receptor activa-
tion in the NTS was associated with an inhibition of the car-
diac component of the baroreceptor reflex in rats (33).

In the present study, the plasma hsCRP concentration was
elevated in untreated patients with MDD, and increased with
SSRI treatment. CRP is an acute phase inflammatory marker

produced mainly in the liver (34) as a result of stimulation by
interleukin-6 (35). Several studies have demonstrated that
CRP is an independent predictor of death from cardiovascular
incidents and myocardial infarction in both males and
females, in people of different ages and from different ethnic
backgrounds (34). Lower, moderate, and higher risk of coro-
nary heart disease are expressed by hsCRP levels in the order
of <1, 1–3, and >3 mg/l, respectively (34). A statement pub-
lished in 2003 by the American Heart Association and the
Centers for Disease Control and Prevention maintained that
there is sufficient evidence that (hs)CRP consistently pre-
dicted coronary events in patients suffering from unstable
angina or myocardial infarction (35). The predictive value of
hsCRP persisted following adjustments for other prognostic
indicators. The present findings illustrate that unmedicated
patients with MDD have higher hsCRP levels than healthy
subjects, with many falling into the range of moderate risk.
Furthermore, following SSRI treatment the hsCRP plasma
concentrations were further elevated, in some MDD patients
into the CRP range associated with high cardiac risk. Recent
studies have documented that the lowering of hsCRP levels
following statin therapy in patients with acute coronary syn-
dromes results in better clinical outcomes and a reduction in
the progression of atherosclerosis, independent of lipid lower-
ing (13, 36).

Recently, pulse pressure has gained importance as a strong
predictor of cardiovascular risk in both hypertensive and nor-
motensive subjects (37, 38). This risk is present independent
of the mean SBP and DBP. In the present study, pulse pres-
sure in patients with depression increased following SSRI
treatment in the absence of modification of mean BP. The
determinants of pulse pressure include the left ventricular
ejection rate, the distensibility of large arteries, heart rate and
total peripheral vascular resistance (39). In our patient group
the heart rate was unchanged. The mechanisms responsible
for the increased pulse pressure following therapy remain
unknown at the present time.

Despite the proven efficacy of SSRI drugs in treating
depression, our data indicate that in patients with MDD with-
out demonstrable coronary heart disease there occur drug
effects which are potentially adverse. Given the severity of
the depressive illness of the participants, on ethical grounds
the trial was of sequential rather than crossover design, and
although the observed effects most likely represent specific
drug actions, an artifact arising from the trial design cannot be
totally excluded.

There is a dearth of information regarding the effects of
SSRI treatment on cardiac risk markers in otherwise healthy
patients with MDD. Mild bradychardia, dysrhythmia and syn-
cope have been described in patients on chronic SSRI treat-
ment (40). In addition, in a previous report SSRIs were not
found to significantly reduce the risk of developing first-time
myocardial infarction in patients free of factors predisposing
to ischemic heart disease (41). However, a more recent study
reported that subjects administered an SSRI had a reduced
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chance of developing myocardial infarction (42). Also of note
in the present context, our data indicate that SSRIs have an
effect on CRP concentrations and, by inference, the develop-
ment of inflammatory-mediated atherogenesis. In the Physi-
cians’ Health Study, which demonstrated a highly significant
association between CRP and sudden cardiac death (43), the
mean time between measurement of CRP and cardiac incident
was 9.2 years. In our study, only 24% of patients had suffered
from depressive illness for over 5 years, which is far less than
the 9 years between CRP measurement and cardiac incident
reported in the Physicians’ Health Study. The most obvious
chronic process whereby inflammation may be involved in
the pathogenesis of sudden cardiac death is in the develop-
ment of coronary atherosclerosis, which underlies the major-
ity of cases of sudden cardiac death (44).

Our results suggest that while SSRIs are highly effective in
improving affect in patients with MDD, this class of drug may
be associated with the promotion of a number of negative bio-
logical effects that have been demonstrated to be associated
with increased cardiac risk. In this study we examined cardiac
baroreflex function, heart rate variability, pulse pressure and
hsCRP levels, which may bear on cardiac risk through their
relation to cardiac vagal activity, arterial compliance and
atherogenesis, both before and after treatment with an SSRI in
patients with MDD. While our study was limited by both size
and a lack of extended follow up, our findings of reduced
heart rate variability, diminished baroreflex sensitivity,
increased pulse pressure and elevated plasma levels of hsCRP
have, in other clinical contexts, been associated with an
increased risk of future cardiac events in healthy subjects and
in patients with existing heart disease. These results must be
interpreted cautiously. However, there is no clear evidence
that treatment of depression decreases future cardiovascular
risk in those without existing heart disease. The possible
importance of these cardiac risk factors in treated MDD
clearly warrants further attention. Future randomized, double-
blinded prospective studies are warranted to elucidate the
possible importance of these cardiac risk factors in treated
MDD.

References

1. Barefoot JC, Schroll M: Symptoms of depression, acute
myocardial infarction, and total mortality in a community
sample. Circulation 1996; 93: 1976–1980.

2. Ferketich AK, Schwartzbaum JA, Frid DJ, Moeschberger
ML: Depression as an antecedent to heart disease among
women and men in the NHANES I study. National Health
and Nutrition Examination Survey. Arch Intern Med 2000;
160: 1261–1268.

3. Bunker SJ, Colquhoun DM, Esler MD, et al: “Stress” and
coronary heart disease: psychosocial risk factors. Med J
Aust 2003; 178: 272–276.

4. Rosengren A, Hawken S, Ounpuu S, et al: Association of
psychosocial risk factors with risk of acute myocardial
infarction in 11119 cases and 13648 controls from 52 coun-

tries (the INTERHEART study): case-control study. Lancet
2004; 364: 953–962.

5. Walther T, Wessel N, Baumert M, Stepan H, Voss A, Faber
R: Longitudinal analysis of heart rate variability in chronic
hypertensive pregnancy. Hypertens Res 2005; 28: 113–118.

6. La Rovere MT, Bigger JT Jr, Marcus FI, Mortara A,
Schwartz PJ, ATRAMI (Autonomic Tone and Reflexes
After Myocardial Infarction) Investigators: Baroreflex sen-
sitivity and heart-rate variability in prediction of total car-
diac mortality after myocardial infarction. Lancet 1998;
351: 478–484.

7. Musselman DL, Evans DL, Nemeroff CB: The relationship
of depression to cardiovascular disease: epidemiology, biol-
ogy, and treatment. Arch Gen Psychiatry 1998; 55: 580–
592.

8. Alesci S, Martinez PE, Kelkar S, et al: Major depression is
associated with significant diurnal elevations in plasma Il-6
levels, a shift of its circadian rhythm, and loss of physio-
logic complexity in its secretion: clinical implications. J
Clin Endocrinol Metab 2005; 90: 2522–2530.

9. Maes M, Meltzer HY, Bosmans E, et al: Increased plasma
concentrations of interleukin-6, soluble interleukin-6, solu-
ble interleukin-2 and transferrin receptor in major depres-
sion. J Affect Disord 1995; 34: 301–309.

10. Wong ML, Xie B, Beatini N, et al: Acute systemic inflam-
mation up-regulates secretory sphingomyelinase in vivo: a
possible link between inflammatory cytokines and athero-
genesis. Proc Natl Acad Sci U S A 2000; 97: 8681–8686.

11. Panagiotakos DB, Pitsavos C, Chrysohoou C, et al: Inflam-
mation, coagulation, and depressive symptomatology in
cardiovascular disease-free people; the ATTICA study. Eur
Heart J 2004; 25: 492–499.

12. Blake GJ, Rifai N, Buring JE, Ridker PM: Blood pressure,
C-reactive protein, and risk of future cardiovascular events.
Circulation 2003; 108: 2993–2999.

13. Ridker PM, Cannon CP, Morrow D, et al: C-reactive pro-
tein levels and outcomes after statin therapy. N Engl J Med
2005; 352: 20–28.

14. Schlienger RG, Fischer LM, Jick H, Meier CR: Current use
of selective serotonin reuptake inhibitors and risk of acute
myocardial infarction. Drug Saf 2004; 27: 1157–1165.

15. Guzzetti S, Piccaluga E, Casati R, et al: Sympathetic pre-
dominance in essential hypertension: a study employing
spectral analysis of heart rate variability. J Hypertens 1988;
6: 711–717.

16. Beske SD, Alvarez GE, Ballard TP, Davy KP: Reduced car-
diovagal baroreflex gain in visceral obesity: implications
for the metabolic syndrome. Am J Physiol Heart Circ Phys-
iol 2002; 282: H630–H635.

17. Ziegler D, Laude D, Akila F, Elghozi JL: Time- and fre-
quency-domain estimation of early diabetic cardiovascular
autonomic neuropathy. Clin Auton Res 2001; 11: 369–376.

18. Lambert EA, Thompson J, Schlaich M, et al: Sympathetic
and cardiac baroreflex function in panic disorder. J Hyper-
tens 2002; 20: 2445–2451.

19. Constant I, Laude D, Murat I, Elghozi JL: Pulse rate vari-
ability is not a surrogate for heart rate variability. Clin Sci
(Lond) 1999; 97: 391–397.

20. Task Force of the European Society of Cardiology the
North American Society of Pacing Electrophysiology:



Dawood et al: SSRIs Affect Cardiac Risk Markers 293

Heart rate variability: standards of measurement, physiolog-
ical interpretation and clinical use. Circulation 1996; 93:
1043–1065.

21. Pagani M, Lombardi F, Guzzetti S, et al: Power spectral
analysis of heart rate and arterial pressure variabilities as a
marker of sympatho-vagal interaction in man and conscious
dog. Circ Res 1986; 59: 178–193.

22. Robbe HW, Mulder LJ, Ruddel H, Langewitz WA, Veld-
man JB, Mulder G: Assessment of baroreceptor reflex sen-
sitivity by means of spectral analysis. Hypertension 1987;
10: 538–543.

23. Parati G, Frattola A, Di Rienzo M, Castiglioni P, Pedotti A,
Mancia G: Effects of aging on 24-h dynamic baroreceptor
control of heart rate in ambulant subjects. Am J Physiol
1995; 268: H1606–H1612.

24. Tracey KJ: The inflammatory reflex. Nature 2002; 420:
853–859.

25. Carney RM, Saunders RD, Freedland KE, Stein P, Rich
MW, Jaffe AS: Association of depression with reduced
heart rate variability in coronary artery disease. Am J Car-
diol 1995; 76: 562–564.

26. Krittayaphong R, Cascio WE, Light KC, et al: Heart rate
variability in patients with coronary artery disease: differ-
ences in patients with higher and lower depression scores.
Psychosom Med 1997; 59: 231–235.

27. Pitzalis MV, Iacoviello M, Todarello O, et al: Depression
but not anxiety influences the autonomic control of heart
rate after myocardial infarction. Am Heart J 2001; 141:
765–771.

28. Watkins LL, Grossman P, Krishnan R, Blumenthal JA:
Anxiety reduces baroreflex cardiac control in older adults
with major depression. Psychosom Med 1999; 61: 334–340.

29. Schwartz PJ, Zaza A, Pala M, Locati E, Beria G, Zanchetti
A: Baroreflex sensitivity and its evolution during the first
year after myocardial infarction. J Am Coll Cardiol 1988;
12: 629–636.

30. Ceglia I, Acconcia S, Fracasso C, Colovic M, Caccia S, Inv-
ernizzi RW: Effects of chronic treatment with escitalopram
or citalopram on extracellular 5-HT in the prefrontal cortex
of rats: role of 5-HT1A receptors. Br J Pharmacol 2004;
142: 469–478.

31. Popik P: Preclinical pharmacology of citalopram. J Clin
Psychopharmacol 1999; 19: 4S–22S.

32. Itoh H, Alper RH, Bunag RD: Baroreflex changes produced
by serotonergic or catecholaminergic lesions in the rat
nucleus tractus solitarius. J Pharmacol Exp Ther 1992; 261:

225–233.
33. Merahi N, Orer HS, Laporte AM, Gozlan H, Hamon M,

Laguzzi R: Baroreceptor reflex inhibition induced by the
stimulation of serotonin3 receptors in the nucleus tractus
solitarius of the rat. Neuroscience 1992; 46: 91–100.

34. Blake GJ, Ridker PM: Inflammatory bio-markers and car-
diovascular risk prediction. J Intern Med 2002; 252: 283–
294.

35. Pearson TA, Mensah GA, Alexander RW, et al: Markers of
inflammation and cardiovascular disease: application to
clinical and public health practice: a statement for health-
care professionals from the Centers for Disease Control and
Prevention and the American Heart Association. Circula-
tion 2003; 107: 499–511.

36. Nissen SE, Tuzcu EM, Schoenhagen P, et al: Statin therapy,
LDL cholesterol, C-reactive protein, and coronary artery
disease. N Engl J Med 2005; 352: 29–38.

37. Safar ME: Systolic blood pressure, pulse pressure and arte-
rial stiffness as cardiovascular risk factors. Curr Opin
Nephrol Hypertens 2001; 10: 257–261.

38. Tanaka M, Babazono T, Takeda M, Iwamoto Y: Pulse pres-
sure and chronic kidney disease in patients with type 2 dia-
betes. Hypertens Res 2006; 29: 345–352.

39. Franklin SS, Khan SA, Wong ND, Larson MG, Levy D: Is
pulse pressure useful in predicting risk for coronary heart
disease? The Framingham heart study. Circulation 1999;
100: 354–360.

40. Pacher P, Ungvari Z: Selective serotonin-reuptake inhibitor
antidepressants increase the risk of falls and hip fractures in
elderly people by inhibiting cardiovascular ion channels.
Med Hypotheses 2001; 57: 469–471.

41. Meier CR, Schlienger RG, Jick H: Use of selective seroto-
nin reuptake inhibitors and risk of developing first-time
acute myocardial infarction. Br J Clin Pharmacol 2001; 52:
179–184.

42. Sauer WH, Berlin JA, Kimmel SE: Effect of antidepressants
and their relative affinity for the serotonin transporter on the
risk of myocardial infarction. Circulation 2003; 108: 32–36.

43. Albert CM, Ma J, Rifai N, Stampfer MJ, Ridker PM: Pro-
spective study of C-reactive protein, homocysteine, and
plasma lipid levels as predictors of sudden cardiac death.
Circulation 2002; 105: 2595–2599.

44. Manfredini R, Portaluppi F, Grandi E, Fersini C, Gallerani
M: Out-of-hospital sudden death referring to an emergency
department. J Clin Epidemiol 1996; 49: 865–868.


	Specific Serotonin Reuptake Inhibition in Major Depressive Disorder Adversely Affects Novel Markers of Cardiac Risk
	Introduction
	Methods
	Participants
	Determination of BP and Heart Rate Variability
	Cardiac Baroreflex Analysis
	C-Reactive Protein
	Statistical Analyses

	Results
	Baseline Results
	Post-Treatment Results

	Discussion
	References


