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Abstract
Aims—Depression is a recognized risk marker for mortality among acute coronary syndrome
(ACS) patients. We hypothesized that ventricular arrhythmia detected by inpatient telemetry
monitoring is more frequent among ACS patients with elevated depressive symptoms compared to
those without depressive symptoms.

Methods and results—We analyzed data from patients enrolled in a prospective observational
study of depression in ACS. Telemetry recordings during the index admission (average recording
21.5 ± 2.8 hours) were analyzed for frequent premature ventricular complexes (PVCs), defined as
≥10 per hour. The self-report Beck Depression Inventory (BDI) was used to assess depressive
symptoms. Among 203 ACS patients, frequent PVCs were observed in 28% of patients with
moderate depressive symptoms, 28% of those with mild symptoms, and only 11% of those with
no/minimal symptoms (p=0.03). Log-transformed PVCs per hour were associated with depressive
symptom category (p=0.02). In a multivariable logistic regression model that included age,
gender, left ventricular ejection fraction, cardiovascular risk score, heart rate, and QT interval,
both mild symptoms (OR 3.13, 95% 1.02–9.57, p=0.046) and moderate to severe symptoms (OR
3.48, 95% CI 1.13–10.68, p=0.029) were independently associated with frequent PVCs.

Conclusion—In this sample of ACS patients, depressive symptoms were independently
associated with frequent PVCs during inpatient telemetry monitoring.
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Introduction
Depression is a predictor of early mortality in patients after acute coronary syndrome (ACS),
despite adjustment for coronary artery disease (CAD) severity.1, 2 More than one-third of all
mortality in patients with CAD is due to sudden cardiac death (SCD), typically from
arrhythmia such as sustained ventricular tachycardia or ventricular fibrillation,3 and studies
in a variety of populations have suggested that depression is associated with SCD and
ventricular arrhythmia.4–7 In a study of patients with implantable cardioverter defibrillators,
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depressive symptoms were associated with ventricular arrhythmias that resulted in shock for
ventricular arrhythmia, and this relationship was stronger among the subgroup of patients
with coronary artery disease.8

Cardiac monitoring has been used after ACS to detect arrhythmias, such as ventricular
tachycardia or frequent premature ventricular complexes (PVCs). Even in the present era of
coronary stenting and effective medical therapies, ventricular arrhythmia continues to be a
risk marker for future mortality in ACS.9–12 There have been relatively few prior studies of
the relationship between ventricular arrhythmia and depression in CAD patients, with
conflicting results.6, 13, 14 One of the initial studies that defined the importance of depression
for prognosis after myocardial infarction documented a markedly elevated risk of mortality
among patients with both depression and more frequent ventricular arrhythmia in the form
of frequent premature ventricular complexes (PVC) (odds ratio for interaction~6).2

In this study we hypothesized that among patients with ACS, depressive symptoms were
associated with more frequent ventricular arrhythmia in the form of PVCs measured by
inpatient telemetry monitoring. In addition, based on a recent analysis that noted a gender
difference in electrocardiographic QT interval changes associated with depressive
symptoms,15 we hypothesized that there was a stronger relationship between PVCs and
depressive symptoms in women than in men.

Methods
Institutional Review Board approval for this study was obtained at Columbia University.
The cohort was drawn from among the first 500 patients enrolled in an ongoing prospective
cohort study of depression after ACS, Prescription Use, Lifestyle, and Stress Evaluation
(PULSE). Participants for this study were recruited from among patients admitted to
Columbia University Medical Center between February 2009 and June 2010.

ACS events were defined according to American Heart Association/American College of
Cardiology criteria16 as either acute MI or UA. All patients had symptoms consistent with
acute myocardial ischemia and at least one of the following: ischemic electrocardiographic
changes (i.e. ST depression and/or T-wave abnormalities), an angiogram indicative of CAD
on current admission, and/or documented history of CAD. Patients who presented with an
acute rise in serum cardiac enzyme levels were categorized as MI. A study cardiologist
confirmed ACS eligibility for all patients. Patients with ST elevation were excluded from
the analysis, to prevent possible confounding associated with reperfusion-related
arrhythmias in this group.17

The Beck Depression Inventory (BDI),18 a 21-item self-report measure of depressive
symptom severity, was administered within one week after the index ACS event. The BDI
has repeatedly been associated with long-term mortality after ACS.2, 19–21 Depressive
symptoms were categorized according to BDI score: 0 to 4 (none/minimal symptoms), 5 to 9
(mild symptoms), or ≥10 (at least moderate symptoms).

Telemetry monitoring was performed via a 5 electrode continuous telemetry system that was
fitted for clinical purposes on patients during their hospital stay (Philips Healthcare). The
telemetry system used a template matching algorithm with a sampling rate of 125 to 250
samples per second to differentiate premature ventricular complexes from normal QRS
complexes in the ECG signal.22 The sensitivity of the algorithm for PVC detection based on
an analysis of 44 non-paced test signals from the 2-channel MIT-Beth Israel Hospital ECG
database was 94%, and the false positive rate was 0.3%.22 Summary reports were generated
that estimated PVC counts and median heart rate on an hourly basis, and samples of ECG
tracings were collected with each summary report (figure 1). These reports were obtained
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from the medical record and tracings with more than 12 hours of recordings were included
in the analysis. A cardiac electrophysiologist (WW) examined each tracing for accuracy
blinded to BDI score, and tracings with false positive readings for PVCs were removed. In
addition, tracings with ventricular paced rhythms or with atrial fibrillation or atrial flutter
were removed from the analysis to minimize false-positive PVC counts. The simple average
of PVC counts and heart rate during the recording period were estimated. PVC rates were
dichotomized at ≥10 per hour or <10 per hour based on prior studies in patients with acute
MI23 and unstable angina 24.

Twelve-lead ECG tracings from the index admission were obtained and the QT interval was
measured from the onset of the QRS complex to the end of the T wave, defined as the point
of return of the T wave to the isoelectric line or to the nadir between the T and U waves in
cases where a U wave was present.25 QT intervals were corrected for heart rate according to
Fridericia's method (QTcF = QT / RR1/3).

Statistical Analyses
Linear-by-linear association χ2 tests for trends and linear regression were used to compare
categorical and continuous measurements between groups with no/minimal depressive
symptoms, mild symptoms, and at least moderate symptoms. Logistic regression models
were used to estimate the relative odds of frequent PVCs (≥10 PVCs per hour) according to
BDI category. Other variables included in the analyses were age, gender, non-white race,
diabetes, left ejection fraction (LVEF), Global Registry of Acute Coronary Events (GRACE)
risk score,26 beta blocker prescription, antidepressant prescription, heart rate, and QTcF.
Linear regression was performed with natural log transformation of (PVCs per hour +1) and
BDI category as a continuous variable (0 for BDI score 0 to 4, 1 for BDI 5 to 9, or 2 for BDI
≥10). All analyses were performed using SPSS, version 18 (SPSS Inc, Chicago, Illinois).

Results
Among the first 500 patients enrolled in PULSE, 443 patients presented with non ST
elevation ACS. Telemetry tracings were retrieved in 237 (53%) patients; the most common
reason for lack of tracings was that summary telemetry reports became part of the medical
record more than 5 months into the study, after 109 patients had already been enrolled in
PULSE. Patients with and without retrieved tracings did not differ on the basis of age
(p=0.10), sex (p=0.84), or GRACE risk score (p=0.35). However, patients with retrieved
tracings were less likely to have LVEF <0.40 (7.6% versus 14.1%, p=0.03). Among those
with retrieved tracings, 13 were removed from the analysis for misspecification of PVCs, 8
for atrial fibrillation as the dominant rhythm, 8 due to predominant ventricular pacing, and 8
due to fewer than 12 hours of recording, resulting in a sample size of 203.

In 200 ACS patients, percutaneous coronary intervention was performed in 152 (76%), and
tracings were collected a median of 5 hours after the intervention (interquartile range 3–12
hours). The average length of time of telemetry collection was 21.3 ±3.0 hours per patient.
54 (27%) reported relatively minimal/no depressive symptoms, 68 (33%) had mild
symptoms, and 81 (40%) had at least moderate symptoms (Table 1). Women and non-white
patients were more likely to report depressive symptoms. The percent of patients who
presented with MI and who had reduced LVEF <0.40 did not differ significantly by BDI
category. There was a U shaped relationship between beat blocker use and reported
depressive symptoms, and as expected, antidepressant use was more common in the groups
with higher BDI score. Average heart rate was similar across BDI category, and of note,
QTcF was higher in patients with more than minimal/no depressive symptoms.
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Frequent PVCs were observed in only 11% of those with no/minimal symptoms, 27% of
those with mild symptoms, and 29% of patients with moderate depressive symptoms (p for
trend 0.02). In a multivariable logistic regression model that included LVEF, GRACE risk
score, diabetes, beta blocker use, antidepressant use, heart rate, and QTcF, both mild
symptoms (OR 3.13, 95% 1.02–9.57, p=0.046) and moderate to severe symptoms (OR 3.48,
95% CI 1.13–10.68, p=0.029) were independently associated with frequent PVCs. Log-
transformed PVCs per hour were also associated with BDI category (1.16 ±1.25 for no/
minimal symptoms, 1.61±1.47 for mild symptoms, 1.78±1.53 for moderate symptoms, p for
trend 0.018, Figure 3). In a multivariable linear regression that used the log-transform as the
dependent variable, BDI category remained associated with more frequent PVCs (Beta
coefficient 0.30, 95% CI 0.04–0.56, p=0.022).

We did not detect a difference in the relationship between PVCs and BDI category by
gender. Although our numbers were relatively small, the multivariable odds ratios for
frequent PVCs by BDI category were similar in men (odds ratio 3.03 for mild symptoms,
4.52 for moderate or more) and women (odds ratio 3.85 for mild symptoms, 3.74 for
moderate or more). Interaction terms for BDI category and gender were not statistically
significant in multivariable logistic regression models (p=0.66).

Discussion
In this analysis of patients with non-ST elevation ACS, we found that depressive symptoms
were associated with more frequent PVCs captured by inpatient cardiac telemetry
monitoring. Even mild depressive symptoms, represented by BDI score ≥5, were associated
with frequent PVCs compared with no/minimal depressive symptoms. This relationship held
despite adjustment for multiple potential confounders, including gender, left ventricular
ejection fraction, cardiovascular risk score, and QT interval. Thus, depressive symptoms
may be associated with PVCs through mechanisms other than through QT interval
prolongation.

There has been conflicting evidence as to whether ambient ventricular arrhythmia is more
common in ACS patients with depression compared with those without depression. In a
study of 103 patients with coronary artery disease, Carney documented more frequent
ventricular arrhythmia by 24-hour ECG monitoring in 21 depressed patients (23.8 percent)
compared with 82 non-depressed patients (3.7 percent), although patients with depression
were also much less likely to be treated with beta blocker.13 By contrast, an analysis of 353
post-MI patients from the Cardiac Arrhythmia Pilot Study indicated a lack of relationship
between depressive symptoms and PVC rate by 24-hour ECG monitoring.14 However, an
inclusion criterion for this study was at least 10 PVCs per hour by baseline ambulatory ECG
monitoring, making this a highly selected sample. In the Very Anxious Group Under
Scrutiny (VAGUS) study, among 940 patients referred for cardiac catheterization, during
median follow-up of 3 years both depressive symptoms by BDI score and phobic anxiety
were associated with ventricular arrhythmia episodes captured from medical record
review.27 To our knowledge ours is the first study to show that even mild depressive
symptoms are associated with more frequent ventricular arrhythmia, and adds to the current
evidence base by reporting on an inpatient sample with ACS, and by adjusting for more
potential confounders than prior analyses.

There are several possible interpretations of our findings. Depressive symptoms may be a
marker for more severe cardiac disease that is not detected by other measures such as
cardiac risk score or LVEF. However, it is also plausible that depression itself has a
causative role in more frequent ventricular ectopy. Some,28–30 but not all,31, 32 studies in
coronary heart disease patients have suggested that depression is associated with reduced
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parasympathetic modulation of heart rate as indicated by measures of heart rate variability.
In a case control study involving 40 patients with recent acute MI, Carney and colleagues
showed that QT interval variability by 24-hour Holter monitoring, a predictor of arrhythmia
risk, was significantly greater in those with major depression.33 In addition, coronary sinus
sampling has indicated that certain subtypes of depression are associated with elevated
cardiac norepinephrine spillover.34 Given the recognized relationships between autonomic
nervous system activity and risk of cardiac arrhythmia and sudden cardiac death,35–37

depressive symptoms may trigger more frequent ventricular arrhythmia through mechanisms
involving autonomic dysfunction.

Our analysis has several important limitations. The cardiac telemetry monitoring used for
PVC detection was collected primarily for clinical purposes and despite close review of each
ECG signal that was included with the summary reports, there may be misspecification of
PVC counts. We would not however, expect the error rate to differ by BDI score and
confound our findings on this basis. We also do not yet have data on cardiac event rates for
this analysis and cannot evaluate how PVC counts interacted with the relationship between
depressive symptoms in predicting cardiac mortality. Other physiologic measures such as
heart rate variability were also not available to us as we did not have full disclosure ECG
data. Despite this, PVC rates are an easily obtainable clinical measure and may still serve as
a useful indicator of cardiac risk in ACS patients with depressive symptoms.

In summary, we found in this ACS sample that frequent PVCs detected by inpatient cardiac
telemetry were associated with mild depressive symptoms. Further studies are warranted to
assess the prognostic importance of ventricular arrhythmia in depressed patients and to
define the mechanism of this relationship.
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Figure 1.
Example of cardiac telemetry report with median heart rate and premature ventricular
complex counts per hour.
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Figure 2.
Sample of ECG tracing from cardiac telemetry report. `N' markers denote normal QRS
complexes detected by the automatic algorithm, and `V' markers denote PVCs.
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Figure 3.
Mean natural log-transformed PVCs per hour in 203 ACS patients, by depressive symptom
score (error bars indicate 95% confidence intervals).
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Table 1

Demographic and clinical characteristics of ACS patients by depressive symptom status.

BDI 0–4 (n=53) BDI 5–9 (n=68) BDI ≥10 (n=79) P value

Age 62.8 (11.8) 65.4 (10.5) 64.0 (10.5) 0.50

Female 10 (18.9%) 23 (33.8%) 40 (50.6%) <0.01

Non-white 15 (28.3%) 28 (41.2%) 37 (46.8%) 0.04

Diabetes 23 (43.4%) 19 (27.9%) 34 (43.0%) 0.84

Non-STEMI 18 (34.0%) 24 (35.3%) 20 (25.3%) 0.25

LVEF <0.40 3 (5.7%) 2 (2.9%) 4 (5.1%) 0.94

Antidepressant 0 (0%) 3 (4.4%) 6 (7.6%) <0.01

Beta blocker 39 (73.6%) 44 (64.7%) 69 (87.3%) 0.04

Heart rate (beats per minute) 67.5 (9.5) 68.6 (10.8) 67.6 (9.5) 0.99

QTcF 419.6 (22.0) 432.8 (34.0) 432.1 (25.3) 0.019

≥10 PVCs/hr 6 (11.1%) 18 (26.5%) 23 (29.1%) 0.02

BDI= Beck Depression Inventory; STEMI = ST elevation myocardial infarction; LVEF=left ventricular ejection fraction; QTcF=QT corrected for
heart rate using Fridericia's method.
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Table 2

Multivariable logistic regression model of frequent PVCs.

Odds ratio (95% CI) P value

BDI 5–9 3.13 (1.02–9.57) 0.046

BDI ≥10 3.48 (1.13–10.68) 0.029

Age 1.00 (0.94–1.06) 0.92

Female 0.85 (0.38–1.90) 0.69

Non-white 1.33 (0.63–2.81) 0.46

Diabetes 0.97 (0.44–2.14) 0.94

GRACE score 1.03 (1.01–1.05) <0.01

LVEF (per 0.15 decrease) 1.97 (1.10–3.52) 0.023

Beta blocker 1.00 (0.42–2.40) 1.00

Antidepressant 1.13 (0.24–5.31) 0.88

Heart rate 1.00 (0.97–1.04) 0.85

QTcF 1.00 (0.99–1.02) 0.81

Numbers in parentheses represent standard deviation for continuous measures.

BDI=Beck Depression Inventory; GRACE=Global Registry of Acute Coronary Events; LVEF=left ventricular ejection fraction; QTcF=QT
corrected for heart rate using Fridericia's method.
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