
© 2019 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Therapeutics and Clinical Risk Management 2019:15 23–31

Therapeutics and Clinical Risk Management

This article was published in the following Dove Press journal: 
Therapeutics and Clinical Risk Management

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
23

O R i g i n a l  R e s e a R C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/TCRM.s188123

Dose-independent influence of metoprolol on 
cardiac and motor functions, Qol, and mental 
status in Chinese patients with ChF

Qian Zhang
Qiuhong shu
liyong Wu
Ran Zhang
Yong Meng
Department of Cardiology, 
The second affiliated hospital of 
Kunming Medical University, Kunming, 
Yunnan 650101, People’s Republic 
of China

Objective: The objective of the study was to evaluate the dose-related influence of metoprolol 

on cardiac performance, motor function, quality of life (QoL), and mental status in Chinese 

patients with chronic heart failure (CHF).

Patients and methods: This was a prospectively designed single-center study which enrolled 

CHF patients with resting heart rate (HR) .80 bpm belonging to the New York Heart Association 

(NYHA) III/IV functional classification. Patients were initiated with 12.5 mg of metoprolol, and 

every second week, the dose was escalated until the target HR level (60–70 bpm) was achieved 

during the follow-up at 1st, 3rd, 6th, and 12th months. Patients were divided into two groups 

depending on the doses administered: 47.5 mg (n=37) and 118.75 mg (n=74), respectively, for 

comparison in terms of change in cardiac function, motor function, QoL, and mental status.

Results: Among the 111 patients with CHF, no significant difference was shown between the 

two doses administered. Irrespective of the dose, the cardiac performance, motor function, QoL, 

and anxiety improved and there was an increase in depression, whereas the effect on burnout, 

calculated as Copenhagen Burnout Inventory (CBI), equally was insignificant throughout the 

1-year follow-up period in both the CHF patient groups.

Conclusion: Lower dose of metoprolol (47.5 mg) is as effective as higher dose (118.75 mg) 

in Chinese population with CHF to improve the cardiac function, motor function, QoL, and 

mental status.

Keywords: metoprolol, heart rate, motor function, quality of life, mental status, ejection 

fraction

Introduction
Chronic heart failure (CHF) has been emerging as a major public health issue with 

a wide prevalence of about 5.8 million in the United States1 and over 4.2 million 

in China.2,3 The incidence of heart failure (HF) increases the risk of morbidity and 

mortality substantially, despite the advances in management. Clinical epidemiology 

data show that over 2.4 million patients who are hospitalized have HF as a primary 

or secondary diagnosis, and nearly 300,000 deaths annually are directly attributable 

to HF.1 Furthermore, awareness of HF and preserved left ventricular ejection fraction 

(LVEF) is increasing. HF and preserved LVEF now represent .50% of HF cases, 

leading to poor outcomes similar to those associated with HF and reduced LVEF; 

however, it does not have a proven effective management strategy yet.4–6

Beta-blockers have been shown to reduce mortality in older patients with complex 

ventricular arrhythmias associated with prior myocardial infarction and reduced 

LVEF.7,8 These beneficial effects of beta-blockers for left ventricular function in HF 
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are experimentally shown to be only due to reduction in 

heart rate (HR).9 Bristow et al demonstrated dose-related 

improvements of left ventricular HF and survival with 

carvedilol in patients with systolic HF.10 Bradycardia occurs 

due to blockade of both β1- and β2-adrenergic receptors and 

reduction of cardiac and/or systemic adrenergic drive.11 In a 

dose-relationship study with beta-blocker, a higher dose was 

associated with a significant reduction in all-cause hospital-

ization and all-cause death, even after adjusting for important 

prognostic covariates.12 Bisoprolol has also shown dose-

related improvement in left ventricular function, reduction 

in mortality, and hospitalization rate in patients with HF.13 

In general, beta-blockers (nonselective, cardio-selective, 

and nonselective with ancillary properties) are known to 

counteract the effects of prolonged sympathetic stimulation 

in patients with failing HF. Therefore, it leads to improve-

ment in the left ventricular systolic and diastolic functions, 

reversal remodeling, HR control, effective prevention of 

the malignant arrhythmias, and lowering of both cardiac 

afterload and preload.14 Although beta-blockers are known to 

improve the HR,15 systolic blood pressure (SBP),16 ejection 

fraction (EF),17,18 quality of life (QoL),19,20 and NYHA class,21 

these could be affected by the presence of depression.22,23 

Very little literature is available on the effect of beta-blockers 

correlating the heart and motor functions, QoL, and mental 

status of patients with CHF in Chinese population. Therefore, 

this study evaluated the dose-related impact of metoprolol 

on HR, cardiac performance, motor function, and effect on 

different mental status in Chinese patients with CHF belong-

ing to NYHA III/IV functional classification.

Patients and methods
study design, selection of patients, and 
grouping
This prospectively designed single-center study was con-

ducted from February 2013 to April 2016 and enrolled 

patients as their own controls. The study protocol was 

approved by the Institutional Review Board of the Second 

Affiliated Hospital of Kunming Medical University, China 

and conformed to the declaration of Helsinki and its subse-

quent revisions.

Inclusion criteria for the study were as follows: 1) patients 

with CHF with resting HR .80 bpm; 2) patients newly 

diagnosed with neuropsychiatric disorders such as depres-

sion and anxiety, which were measured using the hospital 

anxiety and depression scale (HADS) questionnaire; 

and 3) high burnout status, measured using CBI scores, 

with the patients belonging to NYHA III/IV functional 

classification. Patients were briefed about the benefits and 

possible limitations of the study in writing and orally in their 

language, and signed informed consent was obtained before 

the start of the study.

Patients who were excluded from the study were those 

with bradycardia (resting HR ,60 bpm), SBP ,90 mm Hg, 

those who have used metoprolol in the previous 3 months, 

those with ,6 months of expected survival time, pacemaker-

dependent patients, those with contraindications to beta-

blocker, those who are currently using class I or class III 

anti-arrhythmic agents, tricyclic antidepressants, anxiolytics, 

or any other central nervous system medications, and those 

who have undergone coronary bypass surgery or experienced 

a recent heart attack.

Patients were divided into two groups: “A” and “B,” 

depending on the doses administered; 47.5 mg (n=37) and 

118.75 mg (n=74) for comparison, respectively.

Treatment intervention and follow-up
Baseline data were collected from patients before treatment 

with initial once daily, oral 12.5 mg dose of metoprolol con-

tinuous release tablets (Betaloc® ZOK (Metoprolol); Astra-

Zeneca, Södertälje, Sweden). The dose was escalated every 

second week, and for long-term treatment, the dose was fixed 

at 190 mg or maximum tolerated dose until the target HR 

level (60–70 bpm) was achieved during the follow-up. Final 

outcome measurements from interventions were obtained by 

following up at 1, 3, 6, and 12 months for all patients.

study outcomes
The outcomes were as follows: change in cardiac function 

as measured in terms of HR (bpm), SBP (mm Hg), EF (%), 

and cardiac index (CI, [L/min⋅m2]). Change in motor func-

tions or exercise tolerance was measured by a standard 

6-minute walk test (6MWT) and Veterans Specific Activity 

Questionnaire (VSAQ). QoL was measured by an 8-item 

short-form questionnaire (SF-8) and the Minnesota Living 

with Heart Failure Questionnaire (MLHFQ). Mental status 

was measured by the HADS depression/anxiety scores, and 

high burnout status was measured using the CBI average 

scores in CHF patients with clinical psychiatric disorders. 

At enrollment, all patients were asked to take the VSAQ 

questionnaire for baseline values.

Cardiac performance measured in terms of HR, SBP, 

CI, and EF24 and responses of the questionnaires for VSAQ, 

SF-8, and MLHFQ scores,24 and HADS depression/anxiety 

and CBI scores25,26 are as per the previous studies reported 

by Meng et al,24 Liu et al,25 and Huang et al.26
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6MWT
Values of 6MWT at baseline and after the use of metoprolol 

were recorded. It is a standardized test of functional exercise 

capacity used to assess mobility in aged people with 

cardiopulmonary diseases. It provides a global assessment of 

exercise capacity and reflects better daily activity compared 

with laboratory tests. The average 6-minute walk distance 

in patients with HF ranges from 310 to 427 m. Statistical 

analyses were performed as per the previously described 

methods by Meng et al,24 Liu et al,25 and Huang et al.26

ethical statement
This study was approved by the Institutional Review Board 

of the Second Affiliated Hospital of Kunming Medical 

University, China.

Results
Baseline characteristics
Baseline characteristics are presented in Table 1. Totally, 

169 patients were enrolled, of which 11 were excluded as they 

were intolerant to metoprolol dose increments and four were 

lost to follow-up. Finally, data for 154 patients were obtained. 

Study flow of the patients is presented in Figure 1. Most of 

the patients were classified as NYHA class III/IV (n=145). 

Among these patients, 111 of them were divided into two 

groups depending on the doses administered: 47.5 mg (n=37) 

and 118.75 mg (n=74) to assess the impact of two different 

doses of metoprolol on CHF patients.

Change in hR and sBP
The average metoprolol dose to reach the target HR goal was 

99.75 mg. Baseline values of average resting HR, as measured 

by resting electrocardiogram, decreased significantly from 

84.59±7.12 to 65.03±3.47 bpm (P,0.0001) at the 12th month 

post-metoprolol treatment in patients of group A receiving 

47.5 mg and decreased from 81.12±6.06 to 64.59±2.99 bpm 

(P,0.0001) in patients of group B (Table 2). Similarly, there was 

a significant drop in SBP from the baseline value of 127.01±13.18 

to 122.70±6.53 mm Hg (P=0.01) at the 12th-month follow-up for 

the patients in group B (Table 2). However, no significant change 

occurred in SBP in the 12th month in the patients treated with 

47.5 mg of metoprolol in group A. Also, there were no significant 

changes in the HR and SBP when the two doses were compared 

at baseline and followed up at 12th month.

Cardiac performance
After treatment with 47.5 mg of metoprolol in group A, 

the EF significantly decreased from a baseline value of 

39.35±5.93 to 35.73±7.19 (P=0.02) at 1st-month follow-up 

and to 35.00±4.55 (P=0.0007) at 3rd-month follow-up. 

However, it significantly increased to 48.08±3.9 (P,0.0001) 

and 51.41±3.75 (P,0.0001) in the 6th- and 12th-month 

follow-ups, respectively. Similarly, after an initial decrease 

from the baseline value of 37.13%±5.79% to 34.56%±5.51% 

(P=0.006) in the 1st-month follow-up, EF continued to 

significantly increase to 47.35%±4.67% (P,0.0001) and 

50.08%±4.36% (P,0.0001) at 6th- and 12th-month follow-

ups, respectively, in patients of group B (Table 2).

In terms of CI, a significant decrease from the baseline 

(1.82±0.22) to 1st-month follow-up (1.69±0.27 [P=0.02]) was 

observed in group A, with a constant increase to 2.29±0.21 

(P,0.0001), 2.62±0.18 (P,0.0001), and 2.76±0.23 (P,0.0001) 

at the 3rd-, 6th-, and 12th-month, respectively. However, post-

metoprolol treatment in group B, CI constantly increased 

only from the 3rd-month onwards, from the baseline value of 

1.78±0.20 to 2.24±0.20 L/min/m2 (P,0.0001) and to 2.61±0.19 

(P,0.0001) and 2.68±0.27 L/min/m2 (P,0.0001) in 6th- and 

12th-month, respectively, (Table 2). However, there was no 

significant change in cardiac functions measured as EF and CI 

throughout the 12th-month period between both the doses.

Motor function
When tested for changes in motor function, the distance 

covered during the 6MWT significantly increased at 

Table 1 Baseline characteristics

Patient characteristics, N=154 N (%) or mean ± SD

age (median, years) 66.39
Men 101 (65.58)
Women 53 (34.41)
Comorbidities

hypertension 115 (74.67)
Diabetes mellitus 101 (65.58)
Coronary artery disease 99 (64.28)
stroke 137 (88.96)
Cardiac disease family history 54 (35.06)
smoking 111 (72.07)
alcohol 86 (55.84)
history of Mi 59 (38.31)
BMi, kg/m2 23.85±3.62
gFR, ml/min/1.73 m2 73.9±26.8
nYha class iii/iV 145 (94.15)

Concomitant medications at baseline
aCeis/aRBs 150 (97.40)
Diuretics 145 (94.15)
Digoxin 114 (74.02)
antithrombotic agents 146 (94.80)

Abbreviations: aCei,  angiotensin-converting enzyme inhibitor; aRB, angiotensin 
receptor blockers; BMI, body mass index; GFR, glomerular filtration rate; MI, 
myocardial infarction; nYha, new York heart association.
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Figure 1 Study flowchart.
Abbreviations: CBi, Copenhagen Burnout inventory; ChF, chronic heart failure; haDs, hospital anxiety and depression scale.

Table 2 impact of dose on hR, sBP, eF, and Ci

Groups (n) Baseline Month 1 Month 3 Month 6 Month 12

hR

Dose 47.5 mg 84.59±7.12 (1) – – – 65.03±3.47 (1.3e–20)
Dose 118.75 mg 81.12±6.06 (1) – – – 64.59±2.99 (1.1e–39)

sBP

Dose 47.5 mg 124.35±13.60 (1) – – – 122.83±7.12 (0.55)
Dose 118.75 mg 127.01±13.18 (1) – – – 122.70±6.53 (0.01)

eF

Dose 47.5 mg 39.35±5.93 (1) 35.73±7.19 (0.02) 35.00±4.55 (0.0007) 48.08±3.9 (3.5e–10) 51.41±3.75 (3.3e–15)
Dose 118.75 mg 37.13±5.79 (1) 34.56±5.51 (0.006) 36.27±5.25 (0.34) 47.35±4.67 (9.6e–23) 50.08±4.36 (1.8e–31)

Ci

Dose 47.5 mg 1.82±0.22 (1) 1.69±0.27 (0.02) 2.29±0.21 (5.4e–14) 2.62±0.18 (3.7e–26) 2.76±0.23 (8.9e–28)
Dose 118.75 mg 1.78±0.20 (1) 1.74±0.29 (0.35) 2.24±0.20 (4.5e–29) 2.61±0.19 (4.9e–57) 2.68±0.27 (2.5e–49)

Abbreviations: Ci, cardiac index; eF, ejection fraction; hR, heart rate; sBP, systolic blood pressure.

6th- and 12th-month follow-ups from a baseline value 

of 362.16±36.51 to 402.76±20.72 (P,0.0001) and 

420.65±19.97 m (P,0.0001), respectively, in group A. 

In group B, a significant decrease in 6MWT was observed 

from the baseline value of 368.96±33.74 to 334.18±31.07 m 

(P,0.0001) at the 1st-month follow-up, followed by an 

increase to 354.77±32.38 m (P,0.01 vs 1st-month follow-up) 

at the 3rd-month follow-up and further showed a significant 

steady rise to 398.84±21.56 (P,0.0001) and 417.74±20.69 

m (P,0.0001) at the 6th- and 12th-month follow-ups, 

respectively, (Table 3).

Furthermore, the exercise tolerance recorded that 

VSAQ score decreased from a baseline value of 6.43±1.02 

to 5.03±1.03 (P,0.0001) at the 1st-month follow-up and 
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Table 3 impact of dose on motor function and Qol

Groups (n) Baseline Month 1 Month 3 Month 6 Month 12

6MWT

Dose 47.5 mg 362.16±36.51 (1) 350.89±32.48 (0.16) 349.68±35.78 (0.14) 402.76±20.72 (2.2e–07) 420.65±19.97 (1.0e–11)

Dose 118.75 mg 368.96±33.74 (1) 334.18±31.07 (1.1e–09) 354.77±32.38 (0.01) 398.84±21.56 (2.6e–09) 417.74±20.69 (5.6e–19)

VsaQ

Dose 47.5 mg 6.43±1.02 (1) 5.03±1.03 (1.1e–07) 5.69±1.14 (0.004) 7.97±1.08 (2.1e–08) 8.49±0.96 (3.1e–13)

Dose 118.75 mg 6.56±1.09 (1) 4.90±0.82 (3.8e–19) 5.40±0.92 (8.9e–11) 7.71±1.09 (1.8e–09) 8.19±0.95 (2.1e–17)

sF-8

Dose 47.5 mg 43.97±2.27 (1) 40.00±1.47 (9.6e–13) 41.59±2.03 (1.0e–05) 48.95±1.25 (1.1e–16) 51.97±1.88 (8.4e–26)

Dose 118.75 mg 43.99±2.91 (1) 39.08±1.90 (6e–23) 42.26±2.26 (8.9e–05) 48.85±1.20 (1.2e–23) 52.34±2.06 (4.5e–42)

MlhFQ

Dose 47.5 mg 74.08±3.85 (1) 88.24±3.37 (1.9e–26) 86.35±5.14 (1.1e–17) 63.95±4.18 (9.1e–17) 53.51±10.67 (2.0e–14)

Dose 118.75 mg 74.04±3.86 (1) 89.18±4.38 (1.5e–48) 86.93±4.88 (1.1e–37) 64.32±3.32 (1.0e–34) 53.41±7.35 (4.8e–41)

Abbreviations: 6MWT, 6-minute walk test; sF-8, 8-item short-form questionnaire; MlhFQ, Minnesota living with heart Failure Questionnaire; Qol, quality of life; VsaQ, 
Veterans Specific Activity Questionnaire.

increased to 5.69±1.14 (P=0.004 vs 1st-month) at 3rd-month 

follow-up, and then showed steady increment to 7.97±1.08 

(P,0.0001) and 8.49±0.96 (P,0.0001) at the 6th- and 

12th-month follow-ups, respectively, in patients treated 

with 47.5 mg of metoprolol group A. Similar trend in the 

scores of VSAQ was observed for the patients treated with 

118.75 mg of metoprolol with a decrease from a baseline 

value of 6.56±1.09 to 4.90±0.82 (P,0.0001) at the 1st-

month follow-up and an increase to 5.40±0.92 (P,0.0001 vs 

1st-month follow-up) at the 3rd-month follow-up, and then 

a steady significant increase to 7.71±1.09 (P,0.0001) and 

8.19±0.95 (P,0.0001) at the 6th- and 12th-month follow-

ups, respectively, (Table 3). There was no significant change 

in the motor functions measured as 6MWT and VSAQ 

between the groups posttreatment with metoprolol.

Qol outcomes posttreatment
The QoL, as measured by the SF-8 scores, significantly 

decreased from a baseline value of 43.97±2.27 to 40.00±1.47 

(P,0.0001) and 41.59±2.03 (P,0.0001) at the 1st- and 

3rd-month follow-ups, respectively, and displayed a sig-

nificant increase to 48.95±1.25 (P,0.0001) and 51.97±1.88 

(P,0.0001) at the 6th- and 12th-month follow-ups, 

respectively, in group A. Similarly, in group B, the scores 

significantly decreased from the baseline in 1st-month 

follow-up (43.99±2.91-39.08±1.90; P,0.0001) and sig-

nificantly increased at 6th- (48.85±1.20; P,0.0001) and 

12th-month follow-ups (52.34±2.06; P,0.0001).

The MLHFQ scores significantly increased from a base-

line value of 74.08±3.85 to 88.24±3.37 (P,0.0001) and 

86.35±5.14 (P,0.0001) at the 1st- and 3rd-month follow-ups, 

respectively, and further decreased below the baseline value 

to 63.95±4.18 (P,0.0001) and 53.51±10.67 (P,0.0001) 

at the 6th- and 12th-month follow-ups, respectively, in 

patients of group A who were administered 47.5 mg of 

metoprolol (Table 3). Similarly, the MLHFQ scores sig-

nificantly increased from a baseline value of 74.04±3.86 to 

89.18±4.38 (P,0.0001) and 86.93±4.88 (P,0.0001) at the 

1st- and 3rd-month follow-ups, respectively, in patients of 

group B who were administered 118.5 mg of metoprolol, 

and it decreased below the baseline value to 64.32±3.32 

(P,0.0001) and 53.41±7.35 (P,0.0001) at the 6th- and 

12th-month follow-ups, respectively (Table 3). However, 

posttreatment, the SF-8 and MLHFQ scores did not vary 

significantly with the change in dose from 47.5 mg in group 

A to 118.5 mg in group B.

Change in mental status
Metoprolol treatment resulted in a significant increase in 

the HADS depression score only in the patients of group B 

who were administered 118.5 mg of metoprolol. There was 

an increase from baseline value of 8.92±2.82 to 10.04±3.02 

(P=0.02) at 1st-month follow-up and an increase to 

10.15±3.01 (P=0.01) and 10.18±2.93 (P=0.008) at 3rd- and 

6th-month follow-ups, respectively; however, there was a 

decrease to 9.92±2.49 (P=0.02 vs 6th-month follow-up) at 

the 12th-month (Table 4).

In contrast to the depressive effects, HADS anxiety 

score significantly decreased from a baseline of 8.19±2.09 to 

7.11±1.20 (P,0.0001) at 3rd-month, which further decreased 

to 7.05±1.05 (P,0.0001) and 6.97±1.01 (P,0.0001) through 

6th- and 12th-month follow-ups (P,0.0001), respectively, 

for the patients of group A treated with 47.5 mg of meto-

prolol. Similarly, the trend of HADS anxiety score continued 
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Table 4 impact of dose on mental status

Groups (n) Baseline Month 1 Month 3 Month 6 Month 12

haDs depression

Dose 47.5 mg 8.76±2.83 (1) 9.68±2.70 (0.15) 9.68±2.70 (0.15) 9.73±2.66 (0.13) 10.00±2.55 (0.05)
Dose 118.75 mg 8.92±2.82 (1) 10.04±3.02 (0.02) 10.15±3.01 (0.01) 10.18±2.93 (0.008) 9.92±2.49 (0.02)

haDs anxiety

Dose 47.5 mg 8.19±2.09 (1) 8.08±2.02 (0.82) 7.11±1.20 (0.008) 7.05±1.05 (0.004) 6.97±1.01 (0.002)
Dose 118.75 mg 8.23±2.05 (1) 8.20±1.99 (0.93) 7.09±1.09 (5.2e–05) 7.07±1.02 (2.9e–05) 7.15±0.95 (7.7e–05)

CBi-equally

Dose 47.5 mg 59.24±6.74 (1) 59.57±6.80 (0.83) 61.82±9.34 (0.17) 62.05±9.56 (0.14) 61.15±9.42 (0.31)
Dose 118.75 mg 59.46±6.63 (1) 59.85±7.12 (0.72) 60.98±8.77 (0.23) 61.04±8.74 (0.21) 61.34±9.14 (0.15)

Abbreviations: CBi, Copenhagen Burnout inventory; haDs, hospital anxiety and depression scale.

post-metoprolol treatment with the patients of group B, 

who were administered 118.75 mg of metoprolol, with a 

significant decrease in the baseline value from 8.23±2.05 

to 7.09±1.09 (P,0.0001) in the 3rd-month follow-up to 

7.07±1.02 (P,0.0001) and 7.15±0.95 (P,0.0001) in 6th- 

and 12th-month follow-ups, respectively, (Table 4).

Post-metoprolol treatment, the change in burnout status 

as measured by CBI average scores was insignificant in both 

groups A and B treated with 47.5 and 118.75 mg in patients 

with CHF, respectively (Table 4). In contrast, there was no 

significant change in mental status as measured by HADS 

depression/anxiety and CBI scores between the two doses 

of metoprolol studied in patients with CHF.

Discussion
We have initially reported the effect of metoprolol on the 

cardiac and motor functions, QoL, and the mental status of 

patients with CHF, and CHF patients with clinically diag-

nosed depression or anxiety disorder.24–26 Currently, there is 

no comprehensive evidence on dose comparison of meto-

prolol succinate in correlation with all the aforementioned 

parameters. Thus, this study examined the impact of two 

different doses of metoprolol on Chinese patients with CHF. 

Owing to the mechanism of metoprolol’s competitive antago-

nistic action on beta-adrenergic receptors (β1-blocking), a 

reduction in HR was observed27 in both groups A and B 

treated with 47.5 and 118.75 mg of metoprolol, respectively, 

from 1st-month through 12th-month follow-ups.

At the same time, there was a reduction in SBP from the 

baseline to 12th-month follow-ups as seen in other studies.28,29 

This effect could be due to the selective action of metoprolol 

on beta-1 blocking, where cardiac norepinephrine stimulates 

sympathetic activity facilitated by beta-2 receptors and unop-

posed alpha-mediated vasoconstriction.30,31

There was a biphasic response in EF change with both 

the doses of metoprolol. After a decrease from baseline in 

the 1st- and 3rd-month follow-ups, the EF increased above 

the baseline in the 6th- and 12th-month follow-ups. The HR 

decreased by 16–20 bpm at the 12th-month follow-up in this 

study with both doses of metoprolol, and as a compensa-

tory mechanism, the LVEF was amplified from 6th-month 

follow-up onwards through 12th-month in both the dose 

groups with an average increase of 12% and this is consistent 

with the previously published reports.30,32,33 The initial delay 

in the augmentation of EF could be explained by the fact 

that hemodynamic responses to beta-adrenergic blockade 

often require more than 2 months to develop as per reports 

of Williams et al and Floras et al.34,35 Similar outcomes have 

been shown in patients with NYHA II–IV grade CHF with 

improved EF, lowered LVEF, and cardiac frequency.36

In this study, CHF patients with NYHA III/IV criteria, who 

had a decompensated LVEF with the inability of the heart to 

pump sufficient oxygenated blood, in which consequences 

such as decreased CI often existed, were admitted.37 The bipha-

sic response persisted in the cardiac response as measured by 

CI. After an initial decline in CI in the 1st-month follow-up, 

there was a steady rise in 3rd-, 6th-, and 12th-month follow-

ups with an overall increased magnitude of 0.9 L/min⋅m2 for 

both patient groups A and B, who were administered 47.5 and 

118.75 mg of metoprolol, respectively. These outcomes are 

supported by the benefits of beta-blocker use in CHF patients 

with reduced LVEF and preserved LVEF,38,39 which employ 

multiple mechanisms.40 There are not many significant changes 

in heart functions measured as HR, SBP, EF, and CI with the 

administration of the two doses: 47.5 and 118.75 mg post-

metoprolol intervention in patients with CHF.

Motor function, as calculated in terms of 6MWT and 

VSAQ, showed an initial reduction in 1st- and 3rd-month 

follow-ups tailed by growth at 6th- and 12th-month follow-ups 

post-metoprolol treatment. This improvement at 12th month 

with 58 and 48 m in 6MWT41 and 2.1 and 1.6 in VSAQ score42 

in patients treated with 47.5 and 118.5 mg of metoprolol, 
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respectively, are in-line with the previous studies reported. 

Also, there was a proportionate increase of 6MWT and VSAQ 

scores with an increase in EF and CI at the 6th- and 12th-month 

follow-ups. This improvement in motor functions is in direct 

correlation with the improvement of heart function due to 

innate mechanism of beta-blockers.37–40 QoL as assessed with 

SF-8 scores diminished at 1st-month follow-up and gradually 

amplified at 3rd-, 6th-, and 12th-month follow-ups. In contrast, 

the MLHFQ scores increased at 1st-month follow-up and pro-

gressively reduced at 3rd-, 6th-, and 12th-month follow-ups. 

These trends do not significantly correlate with the improve-

ments in cardiac and motor functions as shown by metoprolol 

in this study. However, other studies with metoprolol have 

reported good correlation of QoL with clinical outcomes.43–45 

One of the studies by Waagstein et al has shown a significant 

improvement in QoL in correlation with heart and motor func-

tions in patients with CHF, with metoprolol intervention.46 

Nevertheless, no significant metoprolol dose-related changes 

were observed in motor functions studied as 6MWT, VSAQ, 

QoL deliberated as SF-8, and MLHFQ in patients with CHF.

In this study, mental status of patients was measured with 

the scale of HADS depression/anxiety and CBI. These scales 

rate both the dose groups A and B of patients with CHF, 

treated with 47.5 and 118.75 mg, respectively, equally. There 

was an increment in HADS depression score while HADS 

anxiety score diminished through the 12th-month follow-up, 

which shows that metoprolol can lead to depression or also 

amplify the preexisting depression in patients with CHF. 

However, at the same time, it improved the anxiety symp-

toms in these patients, which are in accordance with earlier 

findings.47,48 Burnout measured as change in CBI equally 

in both the groups A and B was insignificant in the 1-year 

period. However, in our previous study, we have reported for 

the first time that metoprolol treatment worsens the already 

existing high burnout.25 The challenge here lies in identifying 

the preexisting mental status and cautious administration of 

metoprolol although the exact mechanism of such changes 

in depression/anxiety is not clear.49,50 No correlation of these 

scores could be identified with the heart and motor functions 

in this study. At the same time, there was no significant dose-

related changes in mental status seen with 47.5 and 118.75 

mg of metoprolol in patients with CHF. However, in previous 

published literature, the metoprolol continuous release tablets 

are found to improve the well-being of patients with survival 

outcomes and reduced hospitalizations due to CHF.21,51

The strength of this study was that we could compare 

effects of the two doses, 47.5 and 118.75 mg, of metoprolol on 

various parameters: HR, SBP, EF, and CI for heart function; 

6MWT and VSAQ for motor function; SF-8 and MLHFQ 

for QoL; and HADS depression/anxiety and CBI equally for 

mental status in patients with CHF for the 1st-, 3rd-, 6th-, and 

12th-month. However, there are certain limitations in this 

study: 1) placebo or an active control (other beta-blockers 

effective in CHF) was not used and patients were their own 

controls, and thus few findings might have been overlooked; 

2) results would have varied if the questionnaire approach was 

an interview-based method instead of being self-administered; 

3) the mortality and long-term influence of metoprolol on these 

parameters could not be captured due to a limited follow-up 

period of 12 months; 4) age of the patients could have played 

as a confounding factor on the study outcomes; 5) the sample 

size may not be adequate to conclude these findings; 6) patients 

with CHF, who are likely to be on other medications such as 

antihypertensives, anti-arrhythmic agents, or antidepressants 

can show potentially varied findings as these drugs may pose 

contraindications; and 7) these controlled-release formulations 

of metoprolol could also be compared with immediate-release 

formulations to draw further conclusions.

Conclusion
Although current guidelines recommend up-titration of 

beta-blockers to the target dose, a lower dose of 47.5 mg 

was seen to be as effective as the higher dose of 118.75 mg 

in the current study as there was no significant difference 

between the two doses studied. Within the limitations of this 

study cited earlier, there is a lot of scope for further studies in 

Chinese population to evaluate the effect of metoprolol.

Abbreviations
CBI, Copenhagen Burnout Inventory; CHF, chronic heart 

failure; CI, cardiac index; EF, ejection fraction; HADS, Hos-

pital Anxiety and Depression Scale; HR, heart rate; LVEF, 

left ventricular ejection fraction; MLHFQ, Minnesota Living 

With Heart Failure Questionnaire; NYHA, New York Heart 

Association; QoL, quality of life; SBP, systolic blood pres-

sure; VSAQ, Veterans Specific Activity Questionnaire.

Author contributions
QZ and YM conceived the study and wrote the basic protocol. 

QS, LW, and RZ contributed to the design, development of 

the study protocol, and data acquisition. QZ drafted the first 

manuscript with contributions from YM and QS. All authors 

contributed to data analysis, drafting and revising the article, 

gave final approval of the version to be published, and agree 

to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2019:15submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

30

Zhang et al

References
 1. WRITING GROUP MEMBERS, Lloyd-Jones D, Adams RJ, et al; 

American Heart Association Statistics Committee and Stroke Statis-
tics Subcommittee. Heart disease and stroke statistics – 2010 update: 
a report from the American Heart Association. Circulation. 2010; 
121(7):e46–e215.

 2. Yang YN, Ma YT, Liu F, et al. Incidence and distributing feature of 
chronic heart failure in adult population of Xinjiang. Zhonghua Xin 
Xue Guan Bing Za Zhi. 2010;38(5):460–464. Chinese.

 3. Hu SS, Kong LZ, Gao RL, et al; Editorial Board. Outline of the 
report on cardiovascular disease in China, 2010. Biomed Environ Sci. 
2012;25(3):251–256.

 4. Bhatia RS, Tu JV, Lee DS, et al. Outcome of heart failure with preserved 
ejection fraction in a population-based study. N Engl J Med. 2006; 
355(3):260–269.

 5. Massie BM, Carson PE, McMurray JJ, et al; I-PRESERVE Investiga-
tors. Irbesartan in patients with heart failure and preserved ejection 
fraction. N Engl J Med. 2008;359(23):2456–2467.

 6. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, 
Redfield MM. Trends in prevalence and outcome of heart failure with 
preserved ejection fraction. N Engl J Med. 2006;355(3):251–259.

 7. Al-Gobari M, El Khatib C, Pillon F, Gueyffier F. β-Blockers for the 
prevention of sudden cardiac death in heart failure patients: a meta-
analysis of randomized controlled trials. BMC Cardiovasc Disord. 
2013;13:52.

 8. Bristow MR. Treatment of chronic heart failure with β-adrenergic 
receptor antagonists: a convergence of receptor pharmacology and 
clinical cardiology. Circ Res. 2011;109(10):1176–1194.

 9. Nagatsu M, Spinale FG, Koide M, et al. Bradycardia and the role 
of beta-blockade in the amelioration of left ventricular dysfunction. 
Circulation. 2000;101(6):653–659.

 10. Bristow MR, Gilbert EM, Abraham WT, et al. Carvedilol produces 
dose-related improvements in left ventricular function and survival in 
subjects with chronic heart failure. MOCHA Investigators. Circulation. 
1996;94(11):2807–2816.

 11. Bristow MR. beta-adrenergic receptor blockade in chronic heart failure. 
Circulation. 2000;101(5):558–569.

 12. Fiuzat M, Wojdyla D, Kitzman D, et al. Relationship of beta-blocker 
dose with outcomes in ambulatory heart failure patients with systolic 
dysfunction: results from the HF-ACTION (Heart Failure: A Controlled 
Trial Investigating Outcomes of Exercise Training) trial. J Am Coll 
Cardiol. 2012;60(3):208–215.

 13. Simon T, Mary-Krause M, Funck-Brentano C, Lechat P, Jaillon P. 
Bisoprolol dose-response relationship in patients with congestive heart 
failure: a subgroup analysis in the cardiac insufficiency bisoprolol study 
(CIBIS II). Eur Heart J. 2003;24(6):552–559.

 14. Prijic S, Buchhorn R. Mechanisms of beta-blockers action in patients 
with heart failure. Rev Recent Clin Trials. 2014;9(2):58–60.

 15. Roy D, Talajic M, Nattel S, et al; Atrial Fibrillation and Conges-
tive Heart Failure Investigators. Rhythm control versus rate control 
for atrial fibrillation and heart failure. N Engl J Med. 2008;358(25): 
2667–2677.

 16. Montero-Perez-Barquero M, Flather M, Roughton M, et al. Influence 
of systolic blood pressure on clinical outcomes in elderly heart failure 
patients treated with nebivolol: data from the SENIORS trial. Eur J 
Heart Fail. 2014;16(9):1009–1015.

 17. Florea VG, Rector TS, Anand IS, Cohn JN. Heart failure with improved 
ejection fraction: clinical characteristics, correlates of recovery, and 
survival: results from the valsartan heart failure trial. Circ Heart Fail. 
2016;9(7):e003123.

 18. Edelmann F, Musial-Bright L, Gelbrich G, et al; CIBIS-ELD Investiga-
tors and Project Multicenter Trials in the Competence Network Heart 
Failure. Tolerability and feasibility of beta-blocker titration in HFpEF 
versus HFrEF: insights from the CIBIS-ELD trial. JACC Heart Fail. 
2016;4(2):140–149.

 19. Tate CW 3rd, Robertson AD, Zolty R, et al. Quality of life and prognosis 
in heart failure: results of the Beta-Blocker Evaluation of Survival Trial 
(BEST). J Card Fail. 2007;13(9):732–737.

 20. Dobre D, van Jaarsveld CH, Dejongste MJ, Haaijer Ruskamp FM, 
Ranchor AV. The effect of beta-blocker therapy on quality of life 
in heart failure patients: a systematic review and meta-analysis. 
Pharmacoepidemiol Drug Saf. 2007;16(2):152–159.

 21. Hjalmarson A, Goldstein S, Fagerberg B, et al. Effects of controlled-
release metoprolol on total mortality, hospitalizations, and well-being 
in patients with heart failure: the Metoprolol CR/XL Randomized 
Intervention Trial in congestive heart failure (MERIT-HF). MERIT-HF 
Study Group. JAMA. 2000;283(10):1295–1302.

 22. Boyle SH, Samad Z, Becker RC, et al. Depressive symptoms and 
mental stress-induced myocardial ischemia in patients with coronary 
heart disease. Psychosom Med. 2013;75(9):822–831.

 23. Ranchord AM, Spertus JA, Buchanan DM, Gosch KL, Chan PS. 
Initiation of β-blocker therapy and depression after acute myocardial 
infarction. Am Heart J. 2016;174:37–42.

 24. Meng Y, Liu X, Liu J, Cheng X. A prospective study on the impact of 
heart rate control achieved with metoprolol on cardiac performance, 
motor function and quality of life in Chinese chronic heart failure 
patients. Int J Cardiol. 2017;227:267–271.

 25. Liu X, Lou X, Cheng X, Meng Y. Impact of metoprolol treatment on 
mental status of chronic heart failure patients with neuropsychiatric 
disorders. Drug Des Devel Ther. 2017;11:305–312.

 26. Huang J, Zhang R, Liu X, Meng Y. Impact of metoprolol treatment on 
cardiac function and exercise tolerance in heart failure patients with neu-
ropsychiatric disorders. Curr Med Res Opin. 2018;34(1):141–148.

 27. Gorre F, Vandekerckhove H. Beta-blockers: focus on mechanism of 
action. Which beta-blocker, when and why? Acta Cardiol. 2010;65(5): 
565–570.

 28. Haria M, Plosker GL, Markham A. Felodipine/metoprolol: a review 
of the fixed dose controlled release formulation in the management of 
essential hypertension. Drugs. 2000;59(1):141–157.

 29. Effects of metoprolol CR in patients with ischemic and dilated cardio-
myopathy: the randomized evaluation of strategies for left ventricular 
dysfunction pilot study. Circulation. 2000;101(4):378–384.

 30. Packer M, Antonopoulos GV, Berlin JA, Chittams J, Konstam MA, 
Udelson JE. Comparative effects of carvedilol and metoprolol on left 
ventricular ejection fraction in heart failure: results of a meta-analysis. 
Am Heart J. 2001;141(6):899–907.

 31. Berg T. β1-Blockers lower norepinephrine release by inhibiting presyn-
aptic, facilitating β1-adrenoceptors in normotensive and hypertensive 
rats. Front Neurol. 2014;5:51.

 32. Green P, Anshelevich M, Talreja A, et al. Long-term effects of carvedilol 
or metoprolol on left ventricular function in ischemic and nonischemic 
cardiomyopathy. Am J Cardiol. 2005;95(9):1114–1116.

 33. Metra M, Nodari S, Parrinello G, Giubbini R, Manca C, Dei Cas L. 
Marked improvement in left ventricular ejection fraction during long-
term beta-blockade in patients with chronic heart failure: clinical corre-
lates and prognostic significance. Am Heart J. 2003;145(2):292–299.

 34. Williams EM, Hassan MO, Floras JS, Sleight P, Jones JV. Adaptation 
of hypertensives to treatment with cardioselective and non-selective 
beta-blockers. Absence of correlation between bradycardia and 
blood pressure control, and reduction in slope of the QT/RR relation. 
Br Heart J. 1980;44(5):473–487.

 35. Floras JS, Hassan MO, Jones JV, Sleight P. Ambulatory blood pressure 
and its variability during randomised double-blind administration of 
atenolol, metoprolol, pindolol and long acting propranolol in subjects with 
mild to moderate hypertension. Drugs. 1983;25(Supplement 2):19–25.

 36. de Figueiredo Neto JA, Mady C, Grupi C. Effects of metoprolol tartrate ther-
apy in patients with heart failure. Arq Bras Cardiol. 2006;87(3):329–335.

 37. Chavey WE. The importance of beta blockers in the treatment of 
heart failure. Am Fam Physician. 2000;62(11):2453–2462. English, 
Portuguese.

 38. Liu F, Chen Y, Feng X, Teng Z, Yuan Y, Bin J. Effects of beta-blockers 
on heart failure with preserved ejection fraction: a meta-analysis. 
PLoS One. 2014;9(3):e90555.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal

Therapeutics and Clinical Risk Management is an international, peer-
reviewed journal of clinical therapeutics and risk management, focusing 
on concise rapid reporting of clinical studies in all therapeutic areas, 
outcomes, safety, and programs for the effective, safe, and sustained 
use of medicines. This journal is indexed on PubMed Central, CAS, 

EMBase, Scopus and the Elsevier Bibliographic databases. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Therapeutics and Clinical Risk Management 2019:15 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

31

Dose-independent influence of metoprolol in Chinese patients with CHF

 39. Chatterjee S, Biondi-Zoccai G, Abbate A, et al. Benefits of β blockers 
in patients with heart failure and reduced ejection fraction: network 
meta-analysis. BMJ. 2013;346:f55.

 40. Metra M, Nodari S, D’Aloia A, et al. Beta-blocker therapy influences 
the hemodynamic response to inotropic agents in patients with heart 
failure: a randomized comparison of dobutamine and enoximone before 
and after chronic treatment with metoprolol or carvedilol. J Am Coll 
Cardiol. 2002;40(7):1248–1258.

 41. Arslan S, Erol MK, Gundogdu F, et al. Prognostic value of 6-minute 
walk test in stable outpatients with heart failure. Tex Heart Inst J. 2007; 
34(2):166–169.

 42. McAuley P, Myers J, Abella J, Froelicher V. Evaluation of a specific 
activity questionnaire to predict mortality in men referred for exercise 
testing. Am Heart J. 2006;151(4):890.e1–897.e1.

 43. Werdan K, Ebelt H, Nuding S, et al; ADDITIONS Study Investigators. 
Ivabradine in combination with metoprolol improves symptoms and 
quality of life in patients with stable angina pectoris: a post hoc analysis 
from the ADDITIONS trial. Cardiology. 2016;133(2):83–90.

 44. Peters DH, Benfield P. Metoprolol: a pharmacoeconomic and quality-of-
life evaluation of its use in hypertension, post-myocardial infarction and 
dilated cardiomyopathy. Pharmacoeconomics. 1994;6(4):370–400.

 45. Wiklund I, Waagstein F, Swedberg K, Hjalmarsson A. Quality of life 
on treatment with metoprolol in dilated cardiomyopathy: results from 
the MDC trial. Metoprolol in Dilated Cardiomyopathy trial. Cardiovasc 
Drugs Ther. 1996;10(3):361–368.

 46. Waagstein F, Bristow MR, Swedberg K, et al. Beneficial effects of 
metoprolol in idiopathic dilated cardiomyopathy. Metoprolol in Dilated 
Cardiomyopathy (MDC) Trial Study Group. Lancet. 1993;342(8885): 
1441–1446.

 47. Ried LD, McFarland BH, Johnson RE, Brody KK. Beta-blockers and 
depression: the more the murkier? Ann Pharmacother. 1998;32(6): 
699–708.

 48. Hayes PE, Schulz SC. Beta-blockers in anxiety disorders. J Affect 
Disord. 1987;13(2):119–130.

 49. MacMahon KM, Lip GY. Psychological factors in heart failure: a review 
of the literature. Arch Intern Med. 2002;162(5):509–516.

 50. Rutledge T, Reis VA, Linke SE, Greenberg BH, Mills PJ. Depression in 
heart failure a meta-analytic review of prevalence, intervention effects, 
and associations with clinical outcomes. J Am Coll Cardiol. 2006;48(8): 
1527–1537.

 51. Walle PO, Westergren G, Dimenäs E, Olofsson B, Albrektsen T. Effects 
of 100 mg of controlled-release metoprolol and 100 mg of atenolol on 
blood pressure, central nervous system-related symptoms, and general 
well being. J Clin Pharmacol. 1994;34(7):742–747.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/therapeutics-and-clinical-risk-management-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

