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Background: Paroxetine is a selective serotonin reuptake inhibitor utilized in the treatment 

of depression and anxiety disorders. Recent studies have identified paroxetine as a G protein-

coupled receptor kinase-2 (GRK2) inhibitor capable of reversing cardiac dysfunction and 

remodeling in experimental models of acute myocardial infarction (AMI). We determine the 

clinical importance of paroxetine on cardiac functions in patients having AMI with depression 

(AMID) in comparison with fluoxetine, an unrelated selective serotonin reuptake inhibitor that 

does not inhibit GRK2.

Methods: Diagnosis of depression was based on the 17-item Hamilton Depression Scale and 

Self-rating Depression Scale in AMI patients after hospital admission. AMID patients were 

randomly assigned to paroxetine or fluoxetine for treatment of depression. Heart rate variability 

and cardiac function were evaluated. GRK2 protein levels were measured using peripheral 

lymphocytes and Western blot.

Results: GRK2 expression in AMID patients was significantly higher than that in AMI patients 

without depression. In AMID patients, GRK2 levels were positively correlated with the 17-item 

Hamilton Depression Scale and the Self-rating Depression Scale scores, and negatively correlated 

with heart rate variability. Treatment of AMID patients with paroxetine significantly reduced the 

expression of GRK2, normalized the autonomic nervous system function, and improved cardiac 

performance. In contrast, fluoxetine normalized the autonomic nervous system but did not reduce 

the expression of GRK2 nor improved cardiac performance.

Conclusion: This study suggests that paroxetine is effective for improving cardiac function 

in patients with AMID and such effect correlates with GRK2 reduction.

Keywords: selective serotonin reuptake inhibitors, heart rate variability, G protein-coupled 

receptor kinase-2, acute myocardial infarction, depression

Introduction
Depression is an independent risk factor for poor prognosis in patients suffering from 

an acute myocardial infarction (AMI).1 Approximately 20% of AMI patients have 

depressive disorders.2 During the past decades, selective serotonin reuptake inhibitors 

(SSRIs), such as paroxetine and fluoxetine, have been prescribed to patients having 

AMI with depression (AMID) based on the idea that depression will impose adverse 

effects on cardiac function.3–6 Clinical measures of these SSRIs in cardiac function 

improvement remains undetermined.

Depression in acute coronary syndromes is often associated with sympathetic hyper-

activity and parasympathetic impairment.7,8 The imbalance of these autonomic systems 

is manifested by decreased heart rate variability (HRV).9,10 Excessive sympathetic 
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activation may contribute to the detrimental effects of 

depression on cardiac function during or after myocardial 

infarction (MI).11 HRV analysis is widely used as a nonin-

vasive technique for the determination of autonomic nervous 

system (ANS) influence on heart rate.12 Diminished HRV 

reflects inadequate cardiac parasympathetic and/or exces-

sive cardiac sympathetic tendencies,9 and has been shown to 

represent an independent predictor of mortality after MI.13

Recently, two reports revealed the role of paroxetine 

as a GRK2 inhibitor and inhibition of GRK2 expression 

results in improved myocardial contractility in a mouse 

model of heart failure after AMI.5,6 The G protein-coupled 

receptor kinase (GRK) is a serine/threonine kinase that  

phosphorylates intracellular domains of activated G-protein 

coupled receptors, leading to the recruitment of arrestins and 

attenuation of intracellular G protein-dependent signaling. 

Among seven GRKs, GRK2 is important for cardiac func-

tion because of its high abundant expression in the heart.14 

Following a MI, GRK2 expression increases in the myo-

cardium and apparently enhanced GRK2 expression or 

activity plays a deleterious role in cardiac β-adrenergic sig-

naling, resulting in desensitization of β-adrenergic receptor 

(β-AR) or downregulation of β-AR expression.15,16 GRK2 

inhibition via genetic knockdown has been shown to effec-

tively improve cardiac function in animal models of heart  

failure.17–19 Iaccarino et al showed that lymphocyte GRK2 

levels increased during acute MI and are associated with 

worse cardiac function.20 As a result, lymphocyte GRK2 

has been recognized as a potential therapeutic target for the 

treatment of MI.

Based on these lines of literature, we postulate a mea-

sureable clinical benefit of paroxetine via regulating GRK2 

expression in AMID patients. In this study, we determined 

the therapeutic benefits of paroxetine on depression and 

cardiac function in AMID patients, and measured the cor-

relation of the clinical parameters with GRK2 expression. 

Fluoxetine, a structurally unrelated SSRI that is effective in 

managing depression but does not inhibit GRK2 expression, 

was included as a comparison.

Methods
study population
Patients with confirmed AMI were enrolled in the 

Coronary Care Unit in Qian Fo Shan Hospital of Shandong 

University Medical School for inpatient care. These 

AMI patients had ischemic chest pain for .30 minutes 

but ,24 hours, persistent ST-segment elevation $0.1 mV, 

ST-segment depression or T-wave inversion in two adjacent 

electrocardiography leads,21 and significantly elevated 

blood levels of biomarkers for myocardial injury (creatine 

kinase-MB and troponin I). Angiography was performed in 

all patients according to standard procedure. Out of 308 AMI 

patients recruited, 292 patients finished this 8-week study. 

Among them, 67 (23%) were diagnosed with depression 

based on a score of $17 on the 17-item Hamilton Depression 

Scale (HAMD-17)22 and a self-test score using the Self-rating 

Depression Scale (SDS)23 by psychiatrists within 24–48 hours 

after admission to the Coronary Care Unit. These patients 

were evaluated over an 8-week treatment period.

This randomized, double-blind study excluded patients 

who were .85 years old, had an infection, allergic disorder, 

endocrine disease, malignancy, autoimmune disease, rheu-

matic heart disease, severe liver disease, renal failure, history 

of drug abuse, or been prescribed with an anti-inflammatory 

or immunosuppressant drug except aspirin in the past 3 weeks 

prior to MI. Patients recruited to this study had no history of 

heart disease prior to AMI, judged by no diagnosis of atrial 

fibrillation, myocarditis, endocarditis, valvular heart disease, 

or requirement of an implanted pacemaker. Each patient 

provided written informed consent, which, along with the 

study design and protocol, were approved by the Human 

Subject and Medical Ethics Committee of Qian Fo Shan 

Hospital of Shandong University. This study was conducted 

in accordance with the ethical standards established in the 

1964 Declaration of Helsinki and its later amendments.24,25

study design
Medical history of patients, including complete laboratory 

examination and echocardiographic data, was obtained retro-

actively through database search. Demographic data, includ-

ing age, sex, medications, and cardiovascular risk factors, 

were also collected. Patients were then reassessed using con-

tinuous follow-up questionnaire scores and outcome surveys 

after 8 weeks, including the incidence of postinfarction angina 

pectoris and recurrent MI. Standard treatments for MI in these 

patients include aspirin, clopidogrel/ticagrelor, statins, beta-

blockers, calcium blockers, angiotensin-converting enzyme 

inhibitors, and nitrates. Among 67 AMID patients, 23 were 

randomly assigned treatment with paroxetine, 23 with flu-

oxetine, and the rest with no antidepressant treatment for 

8 weeks. The dose of paroxetine or fluoxetine was 10 mg/day 

initially and increased to 20 mg/day within 1 week based on 

individual patient response.

hrV analysis
HRV assessments were performed within 24 hours after admis-

sion to the Coronary Care Unit. A second HRV recording 

was performed after 8 weeks of inpatient or outpatient care. 
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The frequency domain parameters were obtained by 10-minute 

recordings with patients in the supine position, as previously 

described.26 Selected standard deviation of NN intervals 

(SDNN), high frequency (HF, 0.15–0.40 Hz), and low fre-

quency (LF, 0.04–0.15 Hz) measures were used as research 

indexes. SDNN is considered a measure of global HRV and is a 

coarse indicator for the status of cardiac autonomic control.27,28 

HF measures express a phenomenon of respiratory arrhythmia 

occurring solely due to changes in the vagal input to the heart. 

LF measures reflect both vagal and sympathetic influences on 

the heart.27 In general, the LF/HF index is considered a measure 

of the sympathovagal balance in the sinus node.

Western blot analysis for determining 
grK2 expression
GRK2 levels were evaluated at admission and after 8 weeks 

of treatment for all patients as described previously.29 The 

peripheral blood mononuclear cells were isolated from 

the whole blood samples by density-gradient centrifuga-

tion on Ficoll-Hypaque (Sigma-Aldrich Co., St Louis, 

MO, USA),30 and stored at -80°C until the day of assay. 

Immunodetection of GRK2 levels was performed by 

Western blot using polyclonal anti-GRK2 antibodies31 (Santa 

Cruz Biotechnology, Dallas, TX, USA), glyceraldehyde 

3-phosphate dehydrogenase antibody (1:2,000; Santa Cruz 

Biotechnology) was used as an internal loading control. The 

membranes were incubated with antibody overnight, and 

then incubated with the corresponding secondary antibody 

for 1.5 hours. The results were analyzed using Quantity One 

ImageJ software (National Institute for Health, Bethesda, 

MD, USA) to quantify the levels of the GRK2 protein.

high performance liquid chromatography 
(hPlc) analysis of norepinephrine (Ne) 
and epinephrine (ePi) concentrations
Concentrations of serum EPI and NE were measured by HPLC 

with electrochemical detection. Peripheral venous blood sam-

ples were collected and K2-ethylene-diaminetetraacetic acid 

(K2-EDTA) was added as anticoagulant. The samples were 

immediately cooled, centrifuged at 1,500× g for 5 minutes 

at 4°C, and plasma aliquots were stored at -80°C, then 

the concentrations of serum EPI and NE were determined. 

The aluminum oxide was previously activated with Tris/

EDTA buffer. A total of 50 µL internal standard (500 pg 

dihydroxybenzylamine) and 2 mL plasma were added in it. 

After stirring for 10 minutes, it was centrifuged at 800× g 

for 1 minute at 4°C, and washed thrice with Tris/EDTA 

solution. Aliquots of 50 µL were injected into the HPLC 

system (SHIMADZU Deutschland, Duisburg, Germany). 

Electrochemical detection was performed. Single-point 

calibration curves were calculated.

statistical analyses
Data were reported as mean ± SD. Statistical analyses were 

performed using the GraphPad Prism 5.0 (GraphPad Soft-

ware, Inc., La Jolla, CA, USA). Comparison was made using 

t-test for GRK2 levels between AMI and AMID groups. 

A one-way or two-way analysis of variance or χ2 test was 

used to compare the different groups as appropriate. The 

relationships between the depression scores, HRV vari-

ables, and GRK2 levels were explored using a Pearson’s 

test. Nonparametric statistics was used in the correlation 

analysis of HAMD-17 and SDS scores and GRK2 expres-

sion in peripheral lymphocytes cells of patients with AMID. 

Statistical significance was defined as a P,0.05.

Results
grK2 protein expression in patients 
with aMi and aMiD
Table 1 summarizes the baseline characteristics of patients 

enrolled in this study. There were no significant differences in 

the ratio of sex, average age, common risk factors for cardio-

vascular diseases, data from laboratory assays, or drugs from 

concomitant therapies among the four groups of patients: AMI 

without depression, AMID without antidepressant, AMID 

with paroxetine, and AMID with fluoxetine (P.0.05).

The correlations of autonomic nerve 
function with depressive status and 
grK2 expression in aMiD patients
Measures of depression and HRV in AMI patients showed an 

inverted relationship of all HRV indexes with the HAMD-17 

score (Table 2). For SDS, we found correlations with HF 

and LF/HF. Measurement of GRK2 using lymphocytes from 

patients’ blood showed correlations of GRK2 protein levels 

with SDNN and LF/HF.

Using nonparametric statistics, we found that GRK2 

expression in the peripheral lymphocytes of AMID 

patients increased with higher HAMD-17 and SDS scores 

(r=0.3746, P=0.0092, n=67; r=0.3471, P=0.0079, n=67, 

Figure 1A and B). Therefore, GRK2 expression in the periph-

eral lymphocytes of AMID patients positively correlated with 

the depressive status.

effects of treatments with paroxetine or 
fluoxetine in AMID patients
There were no differences in the protein levels of GRK2 

before the treatment among the three AMID groups (P.0.05, 
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Figure 2A and B). After concomitant treatments with or 

without antidepressants for 8 weeks, GRK2 expressions 

(all P,0.01) in peripheral lymphocytes were significantly 

decreased compared to their baseline levels (Figure 2). 

Notably, GRK2 protein levels showed a greater decrease after 

paroxetine treatment compared with those of the other two 

groups (both P,0.01), while there was no difference in the 

expression of GRK2 between AMID patients not treated with 

antidepressant and AMID patients treated with fluoxetine 

(P=0.8312) (Figure 2A and B).

After treatment of AMID patients with paroxetine or 

fluoxetine, the HAMD-17 and SDS scores were significantly 

improved compared with AMID patients without antide-

pressant (P,0.01), while the benefit effects of paroxetine 

versus fluoxetine were not different (P.0.05). HRV indexes 

of the three groups were increased, while EPI and NE were 

decreased after 8 weeks of treatment (Table 3). Interestingly, 

the improvements of the cardiac function (left ventricular 

ejection fraction [LVEF]), EPI, NE, HF, LF, and LF/HF 

in patients following paroxetine treatment were superior to 

those in patients treated with fluoxetine (P,0.01). The rates 

of cardiovascular events after AMI, including postinfarction 

Table 2 correlation analysis of hrV indexes, haMD-17 and 
sDs scores, and grK2 expression in aMiD patients

Variables HAMD-17 SDS GRK2

r P-value r P-value r P-value

sDNN (ms) -0.5653 0.0352* -0.4673 0.0531 -0.5427 0.0145*
hF (ms2) -0.5238 0.0163* -0.3013 0.1850* -0.3912 0.2115
lF (ms2) -0.3882 0.0291* 0.0486 0.7062 0.2520 0.6123
lF/hF (%) -0.3653 0.0173* -0.5147 0.0176* -0.4157 0.0237*
Ne (pg/ml) 0.5156 0.0097** 0.4646 0.0191* 0.5422 0.0063**
ePi (pg/ml) 0.4839 0.0176* 0.5099 0.0061** 0.5327 0.0099**

Notes: The Pearson correlation test was used for correlation analysis of the 
relationship between hrV index and haMD-17 and sDs scores, and grK2 in aMiD 
patients. *P,0.05. **P,0.01.
Abbreviations: aMiD, acute myocardial infarction with depression; ePi, 
epinephrine; grK2, g protein-coupled receptor kinase-2; haMD-17, 17-item 
hamilton rating scale for Depression; hF, high frequency; hrV, heart rate variability; 
lF, low frequency; Ne, norepinephrine; sDNN, standard deviation of NN intervals; 
sDs, self-rating Depression scale.

Table 1 clinical baseline characteristics of patients

Variables AMI (n=225) AMID-N (n=21) AMID-P (n=23) AMID-F (n=23)

sex (male/female) 119/106 12/9 13/10 12/11
age (years) 60.2±9.7 62.3±10.1 63.4±10.7 61.7±10.4
risk factors

smoking, n (%) 72 (49) 10 (50) 12 (54) 11 (48)
Family history of ihD, n (%) 69 (47) 9 (45) 11 (48) 12 (54)
Obesity, n (%) 37 (25) 5 (27) 5 (24) 5 (24)
Diabetes, n (%) 43 (29) 5 (26) 6 (29) 6 (29)
hypertension, n (%) 83 (56) 12 (57) 13 (57) 12 (54)
Total cholesterol (mmol/l) 4.29±0.69 4.20±0.74 4.26±0.75 4.23±0.72
Triglyceride (mmol/l) 2.23±2.26 2.36±2.58 2.33±2.36 2.35±2.37
hDl-cholesterol (mmol/l) 1.17±0.28 1.13±0.29 1.16±0.24 1.18±0.25
lDl-cholesterol (mmol/l) 3.48±2.09 3.57±2.17 3.46±2.08 3.49±2.19
c-reactive protein (mg/l) 5.25±7.16 5.15±8.23 5.26±7.98 5.17±7.66

laboratory assay
Myoglobin (ng/ml) 323.2±212.4 329.3±229.1 319±214.0 324±221.2
creatine kinase-MB (U/l) 192.3±144.7 199.2±163.4 196±153.1 201±155.3
Troponin i (ng/ml) 15.4±14.39 14.9±15.03 14.7±14.34 14.1±13.74
lymphocyte count (109/l) 2.2±1.2 2.1±0.8 2.3±1.3 2.2±1.2
Number of lesions vessels 1.4±0.7 1.6±0.6 1.5±0.9 1.5±0.9

concomitant therapy
aspirin, n (%) 220 (98) 21 (100) 23 (100) 22 (97)
clopidogrel/ticagrelor, n (%) 207 (92) 20 (91) 23 (100) 23 (100)
statins, n (%) 225 (100) 22 (100) 23 (100) 23 (100)
Beta-blockers, n (%) 175 (78) 16 (76) 17 (74) 18 (78)
ace inhibitors, n (%) 60 (27) 6 (29) 7 (30) 8 (34)
Nitrates, n (%) 180 (80) 16 (76) 18 (78) 17 (74)
calcium blockers, n (%) 56 (25) 5 (24) 6 (26) 7 (30)
Pci + stent, n (%) 207 (92) 20 (95) 21 (91) 21 (91)

Note: Data was expressed as mean ± sD.
Abbreviations: ACE, angiotensin-converting enzyme; AMI, acute myocardial infarction; AMID, acute myocardial infarction with depression; F, fluoxetine; HDL, high 
density lipoprotein; ihD, ischemic heart disease; lDl, low density lipoprotein; N, non-antidepressant; P, paroxetine; Pci, percutaneous coronary intervention; sD, standard 
deviation.
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angina pectoris and recurrent MI were lower in patients 

receiving antidepressants (P,0.01) (Table 3).

effects of treatments with antidepressant 
in aMiD and aMi patients
There were significant increases in the protein levels of 

GRK2, the HAMD-17, and SDS scores in AMID patients 

compared to those of in AMI patients (P,0.01) (Figure 3A 

and B, Table 4), while there were significant decreases in the 

HRV indices (SDNN, HF, LF, and LF/HF) in these patients 

(P,0.01) (Table 4). After concomitant treatments with or 

without antidepressants for 8 weeks, GRK2 expressions 

were decreased compared to their baseline levels (Figure 3). 

Remarkably, GRK2 protein levels showed a greater decrease 

after antidepressant treatment compared with those of the 

AMI group (P,0.01) (Figure 3A and B).

After treatment of AMID patients with antidepressant, the 

HAMD-17 and SDS scores were significantly improved com-

pared with AMI patients without antidepressant (P,0.01). 

HRV indices of both the groups were increased, while EPI 

and NE were decreased after 8 weeks of treatments, but 

improved more in AMID patients group (Table 4). Signifi-

cantly, the improvements of the cardiac function (LVEF), 

EPI, NE, HF, LF, and LF/HF in AMID patients following 

antidepressant treatment were superior to those in AMI 

patients (P,0.01) (Table 4).

effects of treatments with antidepressant 
in aMiD patients of sex before and after 
treatment with antidepressant
There were no differences in the protein levels of GRK2, 

HAMD-17 and SDS scores, HRV indices (SDNN, HF, LF, 

and LF/HF), and cardiac function (LVEF) before or after 

treatment in male and female AMID groups (P.0.05) 

(Table 5). After concomitant treatments with antidepres-

sants for 8 weeks, the above variables were significantly 

improved compared to their baseline levels (P,0.01) 

(Table 5).

Figure 1 correlation analysis of depressive status with grK2 expression in aMiD patients.
Notes: There were positive correlations between haMD-17 scores and grK2 expression (A) sDs scores and grK2 expression (B) in the peripheral lymphocytes of 
aMiD patients.
Abbreviations: aMiD, acute myocardial infarction with depression; grK, g protein-coupled receptor kinases; haMD-17, 17-item hamilton rating scale for Depression; 
sDs, self-rating Depression scale.

Figure 2 comparison of (A) and representative data of (B) grK2 protein expression 
in the peripheral lymphocytes of aMi patients with or without depression before 
and after treatment with or without antidepressant.
Notes: Protein expression was normalized against gaPDh. *P,0.01 compared with 
Bef-aMi-N. **P,0.01 compared with before treatments within groups. ***P,0.01 
compared with aft-aMi-N.
Abbreviations: aft, after; aMi-N, acute myocardial infarction without 
antidepressant; aMiD-a, acute myocardial infarction comorbid depression with 
antidepressant; Bef, before; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; 
grK, g protein-coupled receptor kinases; N, non-antidepressant.
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Discussion
This study is the first to reveal the effect of depression on 

GRK2 expression and cardiac function in AMI patients. 

Compared with AMI patients without depression, AMID 

patients exhibited higher levels of EPI and NE, upper scores 

of SDS and HAMD-17, greater expression of GRK2, and 

lower HRV indices. In AMID patients, both “subjective” 

HAMD-17 and “objective” SDS measures were used at most 

assessment time points.32 The HAMD is often considered 

as the “gold standard” for evaluating depression severity or 

treatment efficacy in antidepressant clinical trials.33 We found 

that higher levels of GRK2 expression correlates with worse 

scores of HAMD-17 and SDS, indices of HRV, and higher 

levels of EPI and NE in AMID patients. Our findings indicate 

that depression leads to hyperactivity of the sympathetic 

system, suppressed vagal activity, and increased GRK2 

expression in AMI patients.

Depression promotes ANS hyperactivity. Chronic defi-

ciency of neurotransmitters, such as 5-hydroxy tryptamine 

in the synaptic cleft of neurons in patients with depression 

blocks the central sympathetic inhibitory signals, leading to 

persistent sympathetic system activation.34 HRV, an indirect 

Table 3 comparison of the changes of the variables in aMiD patients before and after treatment with or without paroxetine or 
fluoxetine

Variables AMID-N (n=21) AMID-P (n=23) AMID-F (n=23)

Before After Before After Before After

haMD-17 27.1±4.7 26.9±4.6 27.2±4.5 11.2±4.0*,** 27.4±4.4 15.9±4.8*,**
sDs 58.0±4.4 55.4±4.8 57.1±4.3 40.8±5.7*,** 57.5±4.0 46.9±4.2*,**

lVeF (%) 38.1±4.1 41.4±4.5 38.0±5.7 49.8±6.9*,**,*** 38.2±4.0 41.7±5.6*,**

Fs (%) 32.1±3.2 27.1±3.9 31.6±4.0 24.7±3.7* 31.7±3.1 28.9±3.9

lVDd (mm) 51.9±11.3 50.9±8.6 51.5±9.2 44.1±6.3* 51.4±10.7 47.9±8.4

lVPW (mm) 10.97±1.0110 34±1.08 10.08±1.06 9.46±1.04 10.16±1.04 9.46±1.03
hrV

sDNN (ms) 21±9 44±10* 23±10 59±17*,** 23±11 58±15*,**

hF (ms2) 257±114 379±149* 251±109 660±178*,**,*** 255±106 430±157*,**

lF (ms2) 328±173 406±130* 358±176 729±247*,**,*** 346±152 519±230*,**

lF/hF (%) 48±32 97±57* 42±46 328±84*,**,*** 45±43 189±68*,**

ePi (pg/ml) 115.6±18.7 76.1±7.7* 117.4±19.6 39.2±5.1*,**,*** 112.5±17.2 52.4±5.9*,**

Ne (pg/ml) 928±367.1 710±276.3* 972±272.4 467±198.2*,**,*** 996±280.9 589±253.2*,**

sBP (mmhg) 131±10.8 124±9.3 138±11.4 115±7.6 137±11.8 119±8.2

DBP (mmhg) 79±6.9 74±6.2 84±7.1 72±6.0 85±6.8 73±6.4
cV after aMi

PiaP (%) – 10 (47.6) – 7 (30.4)** – 6 (26.1)**
rMi (%) – 4 (19.0) – 3 (13.0)** – 3 (13.0)**

Notes: Data was expressed as mean ± sD. *P,0.01 compared with before treatment within groups. **P,0.01 compared with after treatments of aMiD + N. ***P,0.01 
compared with after treatments of fluoxetine.
Abbreviations: aMi, acute myocardial infarction; aMiD, acute myocardial infarction with depression; cV, cardiovascular events; DBP, diastolic blood pressure; 
EPI, epinephrine; F, fluoxetine; FS, shortening fraction; HAMD-17, 17-item Hamilton Depression Scale for Depression; HF, high frequency; HRV, heart rate variability; LF, low 
frequency; lF/hF, lF-to-hF ratio; lVDd, lV inner diameter during diastole; lVeF, left ventricular ejection fraction; lVPW, lV posterior wall thickness in diastole; N, non-
antidepressant; Ne, norepinephrine; P, paroxetine; PiaP, postinfarction angina pectoris; rMi, recurrent myocardial infarction after infarction; sBP, systolic blood pressure; 
sD, standard deviation; sDs, self-rating Depression scale; sDNN, standard deviation of all normal beats.

Figure 3 comparison of (A) and representative data of (B) grK2 protein expression 
in aMiD patients before and after treatment with or without antidepressants.
Notes: Protein expression was normalized against gaPDh. *P,0.01 compared 
with before treatments within groups. **P,0.01 compared with after treatment of 
non-antidepressant. ***P,0.01 compared with after treatment of fluoxetine.
Abbreviations: aft, after; aMiD, acute myocardial infarction with depression; Bef, 
before; F, fluoxetine; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GRK,  
g protein-coupled receptor kinases; N, non-antidepressant; P, paroxetine.
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quantitative measure of the ANS, decreases in patients with 

depression and the degree of decrease reflects the severity 

of depression.35,36 In frequency domain parameters, HF 

expresses a phenomenon of respiratory arrhythmia that 

occurs solely due to changes in the vagal input to the heart, 

whereas LF reflects both vagal and sympathetic influences 

on the heart.27 The LF/HF index is considered a measure of 

the sympathovagal balance in the sinus node. In agreement 

with previous research,12,35,37 we identified that LF and LF/HF 

indexes were markedly decreased in patients with depression. 

This type of ANS hyperactivity was also documented in 

acute coronary syndromes with concomitant depression.7,8 

The adverse effect of depression on cardiac function in a MI 

patient may be related to sympathetic activation.32

GRK2 might be increased due to β-AR activation by cat-

echolamines, which result from sympathetic hyperactivation. 

An increasing body of evidence suggests that GRK2 par-

ticipates cardiac remodeling, which involves neurohormonal 

mechanisms.38–41 GRK2 negatively regulates nitric oxide 

synthase activity,39 glucose metabolism,37,40 and mitochon-

drial function,41 in the myocardium. GRK2 overexpression 

in the heart of mice weakened isoproterenol-stimulated con-

tractility, reduced cyclic adenosine monophosphate levels, 

and impaired cardiac function.42 In a mouse model of MI, 

adrenal-targeted GRK2 knockout diminished sympathetic 

activation, which attenuated heart failure progression and 

improved cardiac function after MI.38 Therefore, GRK2 inhi-

bition preserves protective signal via a novel sympatholytic 

pathway, resulting in an improved cardiac contractility and 

resistance against HF progression after MI.

SSRI antidepressants, such as paroxetine and fluoxetine, 

have been used for the treatment of depression, including 

ischemic heart disease patients with depression.43 Our study 

Table 5 comparison of the changes of the variables in aMiD 
patients of gender before and after treatment with antide-
pressant

Variables AMID + male (n=25) AMID + female (n=21)

Before After Before After

haMD-17 27.1±4.1 13.7±4.5* 27.8±4.2 13.3±4.6*
sDs 56.2±4.4 25.8±5.8* 58.5±4.9 26.7±6.0*
lVeF (%) 38.3±5.6 41.5±4.9 38.6±6.0 49.5±6.8*
hrV

sDNN (ms) 23±10 57±18* 23±11 61±19*
hF (ms2) 250±108 549±176* 257±109 592±183*
lF (ms2) 358±176 626±246* 346±172 658±248*
lF/hF (%) 44±48 293±90* 42±44 316±97*
grK2 2.04±0.57 1.12±0.54* 2.10±0.58 1.14±0.54*
ePi (pg/ml) 118.1±19.6 48.8±5.6* 116.3±19.7 44.6±5.8*
Ne (pg/ml) 972.8±272.8 518.2±177.4* 992.3±279.8 502.4±174.9*
sBP (mmhg) 136±11.5 116±8.1 141±11.7 128±8.2*
DBP (mmhg) 87±7.1 71±6.3 82±7.1 74±6.4

Notes: Data was expressed as mean ± sD. *P,0.01 compared with before treatment 
within groups.
Abbreviations: aMiD, acute myocardial infarction with depression; DBP, diastolic 
blood pressure; ePi, epinephrine; grK2, g protein-coupled receptor kinase-2; 
haMD-17, 17-item hamilton Depression scale for Depression; hF, high frequency;  
hrV, heart rate variability; lF, low frequency; lF/hF, lF-to-hF ratio; lVeF, left 
ventricular ejection fraction; Ne, norepinephrine; sBP, systolic blood pressure; sD, 
standard deviation; sDNN, standard deviation of all normal beats; sDs, self-rating 
Depression scale.

Table 4 comparison of the changes of the variables in aMi patients with or without depression before and after treatment with or 
without antidepressant

Variables AMI-N (n=225) AMID-A (n=46)

Before After Before After

haMD-17 7.1±3.6 7.6±4.5 27.3±4.5** 13.5±4.9*,***
sDs 38.7±7.9 38.4±7.8 57.3±4.6** 43.7±5.5*,***
lVeF (%) 38.3±4.2 42.3±5.8* 38.1±5.8 47.9±7.0*,**
hrV

sDNN (ms) 32±10 49±11* 23±11** 59±18*,***
hF (ms2) 379±136 489±153* 253±110** 587±183*,***
lF (ms2) 428±173 576±130* 350±177** 643±249*,***
lF/hF (%) 69±36 104±87* 44±46** 304±94*,***
ePi (pg/ml) 89.8±13.2 54.2±8.9* 114.8±19.7** 46.1±5.9*,***
Ne (pg/ml) 838.2±154.7 692.5±108.9* 983.1±281.9** 510.6±176.3*,***
sBP (mmhg) 134±14.8 127±10.3 138±11.9 117±8.3*
DBP (mmhg) 81±7.4 75±6.7 85±7.2 72±6.5

Notes: Data was expressed as mean ± sD. *P,0.01 compared with before treatment within groups. **P,0.01 compared with before treatments of aMi. ***P,0.01 
compared with after treatments of aMi.
Abbreviations: a, antidepressant; aMi, acute myocardial infarction; aMiD, acute myocardial infarction with depression; DBP, Diastolic blood pressure; ePi, epinephrine; 
haMD-17, 17-item hamilton Depression scale for Depression; hF, high frequency; hrV, heart rate variability; lF, low frequency; lF/hF, lF-to-hF ratio; lVeF, left ventricular 
ejection fraction; N, non-antidepressant; Ne, norepinephrine; sBP, systolic blood pressure; sD, standard deviation; sDs, self-rating Depression scale; sDNN, standard 
deviation of all normal beats.
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found that treatment with antidepressants increased HRV 

indices. Interestingly, although paroxetine and fluoxetine 

had comparable antidepression effects, three HRV indices 

(HF, LF, and LF/HF) of the paroxetine group were higher 

than those of the fluoxetine group. These results suggest 

that antidepressants could be beneficial for patients suf-

fering from ANS imbalance and that paroxetine may have 

a direct mechanism in addition to SSR inhibition. Thal 

et al5 reported an interesting discovery that paroxetine 

has a higher selectivity for inhibition of GRK2 activity 

than other GRKs, and that paroxetine potentiated cardiac 

contraction while fluoxetine had no effects. A recent report 

showed that paroxetine considerably improved left ven-

tricular function and structure in a mouse model forMI.6 

This effect was due to its ability to inhibit GRK2 instead 

of SSR. This is consistent with our findings from clinical 

studies as reported here.

In this study, we found that AMID patients showed 

increased GRK2 expression. Notably, after 2 months of 

treatment, NE, EPI, and the GRK2 levels were lower in 

patients treated with paroxetine than those treated with 

fluoxetine or no antidepressant. This suggests better cardiac 

function in the paroxetine group as a result of the inhibition 

of deleterious effects of GRK2 to the heart, both directly or 

indirectly. But experiments in laboratory animals6 showed 

that fluoxetine did not have much influence in GRK2 

expression, the reason may be the differences of dose and 

duration of treatment; above all, we compared AMI with 

AMID patients, and not just AMI patients only. While in 

male and female patients, there were no sex differences in 

the effects of antidepressant therapy. As mentioned earlier, 

elevated activity of GRK2 in the adrenal gland contrib-

utes to sympathetic overactivity and enhanced circulation 

of catecholamines during chronic heart failure.38 It was 

reported that paroxetine inhibited the activity of GRK2 

with a relatively high potency,5 which suggests that, in 

our study, the extra effects of paroxetine might be at least 

partially due to its direct inhibition on GRK2. Indeed, we 

found that LVEF, fractional shortening, and left ventricular 

dysfunction were markedly improved in AMID patients 

treated with paroxetine. In contrast, fluoxetine treatment 

and no antidepressant treatment caused insignificant change 

in cardiac function.

Despite the fact that we cannot draw a firm conclusion 

concerning the superiority of paroxetine over fluoxetine for 

AMID patients, observations made during this study can still 

shed some light on the hypothesis that paroxetine correlates 

with improved heart function recovery in AMID patients.

Conclusion
In conclusion, the data from this study suggest the benefit 

of using paroxetine to improve cardiac function in AMID 

patients and such effect associates with GRK2 reduction.
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