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Abstract

Objective: To assess the clinical effectiveness of Yangxinshi (YXS) tablets on exercise capacity and symptoms of anxiety and depression
in patients with coronary heart disease (CHD). Methods and Results: A randomized, double-blind, placebo-controlled, multicenter
clinical trial was performed to assess the effects of YXS tablets on exercise capacity and quality of life in patients with CHD. A total
of 82 patients were included in this trial. Compared with the placebo group, the YXS group showed significant improvement in peak
VO3 (0.22 L/min vs 0.01 L/min; difference 0.1, 95% confidence interval (CI) 0.04-0.16, p = 0.000), peak Mets (0.58 vs 0.09; difference
0.3, 95% CI 0.12-0.47, p = 0.005), anaerobic threshold (AT) VO3 (0.23 L/min vs 0.04 L/min; difference 0.12, 95% CI 0.07-0.18, p =
0.000), AT Mets (0.62 vs 0.16; difference 0.35, 95% CI 0.2-0.5, p = 0.001), and 6 minutes walking test (6MWT) (50.05 m vs 11.91 m;
difference 29.92, 95% CI 18.78-41.07, p = 0.000). There were no differences in Hamilton anxiety rating scale (HAM-A score (1.97 vs
2.07; difference 2.03, 95% CI 0.99-3.06, p = 0.926) and Hamilton depression rating scale (HAM-D) score (1.06 vs 1.7; differencel.42,
95% C10.24-2.6, p=0.592). Conclusions: In patients with CHD, YXS tablets, compared with placebo, could improve exercise capacity,
without beneficial effects on anxiety and depression symptoms.
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1. Introduction CR is a safe and effective intervention to improve exercise
capacity and quality of life in patients with CHD [9-11].
Improvements in exercise capacity significantly reduce all-
cause and cardiovascular mortality by up to 20%—25%. The
benefits of reducing cardiovascular risk factors on quality
of life have also been established for CHD patients [12,13].
Despite these well-known benefits, participation in CR pro-
grams remains low [14,15]. Traditional Chinese medicine
(TCM) has recently been shown to be advantageous in treat-
ing CHD. Hence, integrated Chinese and Western medicine
treatments combined with exercise-based CR may improve
exercise capacity in patients with CHD.

Coronary heart disease (CHD) is the leading cause
of death worldwide [1]. CHD includes all heart diseases
caused by coronary atherosclerosis or spasm, resulting in
blood vessel stenosis or obstruction, leading to myocar-
dial ischemia, angina, and myocardial infarction [2]. The
traditional treatments recommended by the guidelines in-
clude anti-inflammatory, anti-platelet, and lipid-lowering
agents, [(-receptor blockers, calcium channel blockers,
renin-angiotensin system inhibitors, and controlling all risk
factors. Although rigorous interventions such as percuta-
neous coronary intervention (PCI) and coronary artery by-
pass grafting (CABG) have been implemented in clinical
practice, exercise intolerance and other psychological dis-
orders continue to be prevalent in the vast majority of CHD
patients [3-6].

According to the theory of TCM, Qi deficiency and
blood stasis (QDBS) is the most common syndrome in pa-
tients with CHD [16]. Many herbal formulas and extracts
are used to tonify Qi and nourish Yin in the clinic, such

Exercise-based cardiac rehabilitation (CR) signifi-
cantly improves exercise capacity for patients with CHD,
and is considered a Class Ia recommendation by interna-
tional guidelines [7,8]. Previous studies had reported that

as Astragalus membranaceus Ginseng, and Codonopsis pi-
losula. Yangxinshi (YXS) tablet, which consists of thir-
teen kinds of chemical compounds, is widely used to treat
patients with CHD and heart failure based on the theory
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of Reinforcing Qi and Activating Blood [17]. Since lim-
ited research is available for TCM in improving exercise
capacity for patients with CHD, we conducted a random-
ized, double-blind, placebo-controlled, multicenter trial to
demonstrate whether the YXS tablets can be a suitable ad-
junct to exercise-based CR for improving exercise capacity
and quality of life in patients with CHD.

2. Method

The design, criteria, and study procedure has
been described in the published protocol (Trial registra-
tion:ClinicalTrials.gov with the ID NCT03478332) [18].
Patients were recruited from Three-Grade A-level hospi-
tals in mainland China, including the Affiliated Hospital
of Changchun University of Traditional Chinese Medicine,
Tongji Hospital Affiliated with Shanghai Tongji University,
and Jinqiu Hospital in Liaoning Province. CHD was rated
by the Canadian Cardiovascular Society grading of angina
pectoris (CSS). In order to obtain a significant difference
between groups (a = 0.05, power of 80%), a minimum of
30 patients in each group was needed.

2.1 Intervention

All eligible patients signed an informed consent and
were then randomly allocated to the intervention group
(YXS group) and control group (placebo group) at a ra-
tio of 1:1 with blinding to both patients and investigators.
All patients received standard treatment for CHD, includ-
ing angiotensin-converting enzyme inhibitor (ACEI) or an-
giotensin receptor blocker (ARB), beta-blockers, calcium
antagonistsand, anti-platelet aggregation, and or statins,
combined with exercise-based CR in the hospital for 12
weeks. Other similar Chinese patent medicines were pro-
hibited during the trial period. Eligible patients receive
three tablets of YXS or placebo (sponsored by Qing-
dao Growful Pharmaceutical Co.Ltd. Qingdao, Shandong
Province, China) three times a day for 12 consecutive
weeks.

2.2 Exercise-Based CR

Aerobic exercise training included in the CR program
was performed three days per week for 12 weeks. Each
session lasted for 30 minutes, and all participants were
instructed to exercise on a cycle ergometer or treadmill.
The target heart rate was obtained by cardiopulmonary ex-
ercise testing (CPET). A trained physiotherapist closely
supervised the CPET. The training intensity was deter-
mined based on the recorded during the CPET examination.
Warm-up and cool-down periods were performed in accor-
dance with American College of Sports Medicine guide-
lines [19]. All the participants were supervised by the CR
team consisting of cardiologists, trained physiotherapists,
and nurses.

2.3 Procedures

At the first visit, all patients had their medical his-
tory, physical examination, concomitant medicine, 12-lead
electrocardiography (ECG), CPET, 6 minutes walking test
(6MWT), Hamilton anxiety rating scale (HAM-A), and
Hamilton depression rating scale (HAM-D) taken. Blood
samples were taken for urinalysis, blood count, lipid levels,
liver, and renal function. Follow-up visits were conducted
every week (with a window of + 3 days). At the last follow-
up visit performed ECG, CPET, 6SMWT, HAM-A, HAM-D,
and laboratory tests were performed.

2.4 Endpoints
2.4.1 Exercise Capacity Testing

CPET and 6MWT evaluated exercise capacity. CPET
was performed in accordance with the Exercise Standards
for Testing and Training from the American Heart Asso-
ciation [20,21]. 6MWT was performed in a 30 m corridor,
following the guidelines of The American Thoracic Society
[22]. The primary expression of exercise capacity is peak
oxygen uptake (VO3), determined by the symptom-limited
CPET, which was performed with the Bruce protocol on
a bicycle ergometer (Schiller, Switzerland), as previously
described. Continuous monitoring with a 12-lead electro-
cardiogram and breath gas exchange was recorded during
the test. Blood pressure was measured every five minutes.
Once patients felt exhausted or the monitor showed abnor-
mal signals, the test was ended. Peak VO, was determined
as the mean value of VO5 observed during the last 30 s of
the exercise test. The anaerobic threshold (AT) was calcu-
lated using the V-slop method [23]. A metabolic equivalent
(MET) is defined as the consumption of oxygen under the
resting state of an adult, which is a good predictor of sur-
vival in a healthy person [24,25]. The average MET with-
out exercise is about 3.5 mL/kg/min, with the standing MET
rate approaching 4.0 mL/kg/min.

Peak VO, and anaerobic metabolic threshold oxygen
consumption (AT-VOs) were the gold standards to evalu-
ate exercise tolerance [26,27]. The difference in walking
distance (in meters) during 6MWT was also calculated.

2.4.2 Anxiety and Depression

A 14-item version of the HAM-A and a 17-item ver-
sion of the HAM-D were used to assess anxious and de-
pressive symptoms, which were commonly used in clini-
cal practice for cardiac patients [28]. Higher HAM-A and
HAM-D scores indicate more anxiety and depression.

2.5 Safety Assessment
2.5.1 Physical Examination

Patients’ weight and height were measured with a cal-
ibrated scale to calculate the body mass index (BMI) value.
An automatic sphygmomanometer measured blood pres-
sure and heart rate from the non-dominant arm (J750L, Om-
ron, Osaka, Japan). All participants were instructed to re-
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main at a stabilization time of at least 10 min before the test.
We performed the measurement twice and then calculated
the mean value as the measurement value.

2.5.2 Adverse Event (AE)

The definition of AE was the appearance or deterio-
ration of any syndrome, symptom, or disease that may af-
fect participants’ health during the trial period. This may
be a new disease, degeneration of symptoms, treatment, or
a combination of one or more factors. The supervisor care-
fully recorded all the details, such as manifestation, occur-
rence time, duration, and degree of AE. Once an AE oc-
curreds, researchers immediately provided optimal medical
treatment. Any AE was submitted to the ethics committee
within 24 hours.

2.6 Statistical Analysis

Data were analyzed by SAS software Version 9.4
(SAS Institute, Cary, NC, USA). Categorical variables were
expressed as a percentage, while distributed continuous
variables were expressed as mean + standard error. Dif-
ferences within the groups were analyzed using x2 and the
paired #-test, and differences between groups used an inde-
pendent sample #-test. All statistical tests were two-tailed,
and p-values < 0.05 were considered statistically signifi-
cant.

3. Results

Eighty-two patients were included in the trial. Thirty-
seven patients were randomly assigned to the YXS group,
and 45 patients were assigned to the control group (Fig. 1).
The baseline characteristics of the two groups are shown in
Table 1. There was no significant difference between these
two groups except for the height.

Assessed for eligible (n=120)

Excluded (n=30)
Not meeting the inclusion criteria (n=10)
Declined to participate (n=15)
Other reasons (n=5)

‘ Randomized (n=90)

I
v ¥

Allocated to YXS group (n=45) Allocated to placebo group (n=45)

Lost to follow-up (n=8)
Dropped out (n=8) Lost to follow up (n=0)
(Refusal: 3 No reason:5)

Intension-to-treat analysis (n=37) Intension-to-treat analysis (n=45)

Fig. 1. Flowchart of the study.
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3.1 Exercise Capacity

Table 2 presents the exercise capacity results from
baseline to 3 months between the groups. Treatment with
YXS tablets was associated with a significant improvement
in the distance of 6MWT compared to placebo (mean dif-
ference 29.92, 95% CI 18.78-41.07, p < 0.001).

The YXS-CR combination increased the peak VO,
0.22 £ 0.28 L/min vs placebo 0.01 & 0.18, with a between-
group difference of 0.1 L/min, 95% CI: 0.04-0.16 L/min,
p = 0.000. Compared with the placebo group, the YXS
group significantly increased AT VO, (treatment effect =
0.12 L/min, 95% CI: 0.07-0.18 L/min, between-group p =
0.000), AT MET (treatment effect = 0.35, 95% CI: 0.2-0.5,
between-group: p = 0.001), and peak MET (treatment ef-
fect = 0.3, 95% CI: 0.12-0.47, between-group: p = 0.005).

3.2 Psychological Functioning

There was no significant difference in anxiety and de-
pression scores between the two groups (p > 0.001, Ta-
ble 3). However, compared within groups, both YXS and
placebo groups had a significant decrease in HAD-A (Pyxs
=0.007, Pplacebo = 0.012).

3.3 Safety Analysis

There were no patients who had adverse events dur-
ing the period of the trial. There were no significant ECG
or physical examination findings or changes in laboratory
parameters associated with the experimental drugs.

4. Discussion

This trial was designed to evaluate the effect of ad-
junctive YXS tablets on exercise-based CR in patients with
CHD and the underlying mechanisms of TCM in improving
exercise capacity.

Our findings demonstrated that YXS tablets signifi-
cantly increased exercise capacity in patients with CHD.

Previous studies have shown that mitochondrial bio-
genesis and mitochondrial adenosine triphosphate (ATP)
production supply energy for cellular biosynthesis, and mi-
tochondrial dysfunction is a characteristic of exercise intol-
erance [29-31]. As a traditional patent Chinese medicine,
YXS tables consist of thirteen compounds: Astragalus
membranaceus, Codonopsis pilosula, Salvia miltiorrhiza,
Pueraria, epimedium, hawthorn, Rehmannia glutinosa, an-
gelica, Coptis Chinensis, corydalis, Ganoderma lucidum,
ginseng, and licorice. A network pharmacology-based
study has shown that YXS tables could increase myocar-
dial mitochondrial membrane potential, expiratory chain I
activity, and ATP levels in rat models, thereby promoting
mitochondrial biogenesis and aerobic metabolism. Previ-
ous animal studies also showed that YXS tablets improved
energy metabolism in rats, thus increasing exercise toler-
ance [32]. Other studies have confirmed its antioxidant and
anti-depression properties [33,34].
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Table 1. Baseline characteristics.

Placebo group (n=45)  YXS group (n=37) t/x? p-value
Height (cm) 166.51 +7.74 172.78 £ 6.28 -4.051 <0.001
Weight (kg) 70.57 £9.96 73.72 +£10.45 -1.394 0.167
BMI (kg/m?) 25.39+2.67 24.61 +£2.66 1.329 0.188
Age, yr 60.20 +9.64 59.57+9.54 0.297 0.767
Sex 9.927 0.002
Male 26 (57.8%) 33 (89.2%)
Female 19 (42.2%) 4 (10.8%)
Angina class 0.122 0.727
CCS1 30 (66.7%) 26 (70.3%)
CCS 11 15 (33.3%) 11 (29.7%)
Therapy, no. (%)
Aspirin 40 (88.9%) 35 (94.6%) 0.274 0.601
Clopidogrel 16 (35.6%) 8 (21.6%) 1.904 0.168
Statin 42 (93.3%) 34 (91.9%) 0.000 1.000
Beta adrenergic blockers 28 (62.2%) 22 (59.5%) 0.065 0.799
Calcium channel blocker 8 (17.8%) 7 (18.9%) 0.018 0.894
ACE inhibitors (or ARB) 15 (33.3%) 10 (27.0%) 0.381 0.537
Nitrates 9 (20.0%) 6 (16.2%) 0.194 0.659

BMI, body mass index; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; CCS, Canadian Cardiovascular Society grading

of angina pectoris.

Table 2. Exercise capacity comparison between the YXS group and the placebo group.

o)

2,

(i

4

Placebo group YXS group
p-value p-value Changes (95% CI)  between-group p-value
Baseline 3 months Change Baseline 3 months Change
Distance (m) 47044 + 5549 48236 + 5446 11.91 +44.41 0.079  472.19 £70.50 522.24 +79.96 50.05 +50.07 <0.001 29.92 (18.78-41.07) <0.001
AT VOg3 (L/min) 0.85 +0.24 0.89 +0.26 0.04 +0.22 0.229 0.90 +0.22 1.14 + 0.38 0.23 £0.25 <0.001 0.12 (0.07-0.18) <0.001
AT MET 3.30 +0.62 3.46 +£0.72 0.16 + 0.60 0.088 3.34 +0.89 3.96 + 1.30 0.62 £ 0.67 <0.001 0.35(0.20-0.50) 0.001
PeakVO2 (L/min) 1.19 £ 0.35 1.19 + 0.40 0.01 +0.18 0.774 1.24 +0.31 1.46 + 0.42 0.22 £0.28 <0.001 0.10 (0.04-0.16) <0.001
Peak MET 4.59 +0.99 4.68 £+ 1.31 0.09 +0.73 0.405 4.67 £1.17 525+ 1.37 0.58 +£0.78 <0.001 0.30 (0.12-0.47) 0.005
Peak WR (w) 94.16 £+ 29.76 97.09 + 31.00 2.93 +18.55 0.300 9328 £26.99  105.19+£32.80 11.92+11.97 <0.001 6.87 (3.13-10.61) 0.014

Ss3id NI

AT, anaerobic threshold; MET, metabolic equivalents; WR, work rate.
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Table 3. Anxiety and depression comparison between the YXS group and the placebo group.

Placebo group YXS group
P1 P2 Changes (95% CI) p-value
Baseline 3 months Change Baseline 3 months change
HAM-A 6.98 £6.58 491 4+4.30 2.07+4.82 0.007 5.63+6.00 3.00£3.57 1.97+434 0.012 2.03(0.99-3.06) 0.926
HAM-D 8.18 £8.64 648 +6.19 1.70 £591 0.062 6.17 £6.52 4.76 £545 1.06 +424 0.155 1.42(0.24-2.60) 0.592

According to the theory of TCM, Qi, which includes
oxygen and nutrition, flows through the whole body, pro-
motes blood circulation, and induces ATP synthase in the
mitochondria [35]. Qi deficiency may lead to blood sta-
sis, eventually leading to a decline in exercise tolerance.
From the perspective of TCM, the primary mechanism
of improving exercise capacity lies in regulating Qi, ac-
tivating blood, and then improving mitochondrial energy
metabolism. Previous investigations have demonstrated
some tonic herbs with the effects of Qi-invigorating and
increasing mitochondrial ATP generation, which may en-
hance exercise capacity [36]. YXS tablets, Ginseng, As-
tragalus membranaceus, Coptis Chinensis, and puerarin are
all related to modulating energy metabolism. Moreover,
salvia miltiorrhiza could also regulate energy metabolism
via the phosphorylated-Jun N-terminal kinase-kappaB tran-
sient receptor potential cation channel, subfamily C, mem-
ber 6 (p-JNK-NF-kappaB-TRPC6) pathway, and Rho ki-
nase (ROCK) dependent ATPSD modulation [37-39].

It is well known that (GLU) is the primary en-
ergy source for the heart; GLUT4 transports glu-
cose to the mitochondria for utilization [40].  Gin-
seng and Salvia miltiorrhiza can increase glucose up-
take via the GLUT4 and Adenosine 5 monophosphate-
activated protein kinase (AMPK) signaling pathways in
vivo [41,42]. The active compound of Coptis Chinen-
sis, Berberine can moderate glucose metabolism via the
AMPK/peroxisome proliferator-activated receptor coacti-
vator (PGC)-1a/GLUT4 pathway [43]. The compounds in
the YXS tablets are involved in glucose metabolism, which
suggests that this is a potential therapeutic strategy for ex-
ercise intolerance. Multiple mechanisms contribute to the
benefits of the YXS tablets in improving exercise capac-
ity. A significant difference in peak VO (YXS group: 0.22
L/min vs placebo group: 0.01 L/min, p = 0.000) was found
in our study at 12 weeks; in addition, the YXS group in-
creased the walking distance by about 50 m, which is a sig-
nificant improvement [44]. This study has demonstrated a
positive effect on exercise capacity. Increased peak VO,
could delay disease progression and improve disease prog-
nosis for patients with CHD. As reported in a previous
study, the improvements in peak VOq after 12-week CR
programs are around 10-20% and significantly impact mor-
tality and CV prognosis. These results are clinically mean-
ingful, as it reported that 1/kg/min improvement in VOg
peak during a CR program had been associated with a 6%
reduction in hospital readmissions and a 13% reduction in
all-cause mortality [45,46].

&% IMR Press

However, no difference was found in anxiety and de-
pression between groups, indicating that the improvement
of exercise capacity by YXS tablets might not be neces-
sarily related to an improvement in psychological parame-
ters. There are several possible reasons for this. First, the
population included in both the YXS and placebo groups
had lower baseline HAM-A (5.63 vs 6.98) and HAM-D
(6.17 vs 8.18) scores, indicating no/minimal anxiety and
depression. Second, our trial was only conducted for three
months, which may not be a sufficient time to notice im-
provements in anxiety and depression. Additionally, the
lack of psychological rehabilitation intervention, including
patient education, may contribute to these outcomes during
the intervention period.

This trial demonstrates the unique advantages of TCM
in improving exercise capacity and provides the theoreti-
cal basis for herbal medicine in rehabilitating patients with
CHD. The CR program has studied many methods from
TCM to improve exercise capacities, such as Taiji and Ba
Duanjin. We and others have found that YXS tablets signif-
icantly improved exercise capacity in patients with CHD. In
our study, CR was delivered via a supervised center-based
program. Due to the advances in telemedicine technology,
home-based cardiac rehabilitation could be seen as a safe
and suitable alternative to center-based CR in patients, es-
pecially for the elderly, disabled, and patients in rural areas
[47]. Based on the results of our study, we propose incorpo-
rating YXS tablets and home-based CR as a potential alter-
native to improve exercise capacity in patients with CHD.

The moderate sample size and the single ethnic patient
group are recognized as limitations of this study and will
need to be verified in larger studies enlisting multiple ethnic
populations.

5. Conclusions

Compared with placebo, adding YXS tablets to
exercise-based cardiac rehabilitation programs could im-
prove exercise capacity in patients with CHD. However,
there were no improvements in anxiety and depression.
Further larger studies with longer follow-up and multieth-
nic patient populations are necessary to further assess the
benefits of YXS tablets to improve exercise capacity in pa-
tients with CHD.

6. Limitation

The limitations of this study include the differences
between groups at the baseline, such as sex and height. A
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randomized controlled trial with a larger sample size could
help eliminate such biases in the future.
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