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A B S T R A C T

Ethnopharmacological relevance: Yuxintong capsule, a traditional Chinese patent medicine, has been widely used 
in the treatment of coronary heart disease (CHD). However, whether it can improve cardiopulmonary fitness 
(CRF) in patients with CHD remains unclear.
Aim of the study: To evaluate the efficacy and safety of Yuxintong capsule in CRF in patients with stable CHD.
Materials and methods: A multicentre, randomized, double-blind, placebo-controlled, parallel-group trial was 
conducted in 13 hospitals in China from March 2021 to November 2021, and 404 patients with stable CHD were 
randomly assigned to receive either Yuxintong capsule and conventional Western medicine (Yuxintong group) or 
placebo and conventional Western medicine (placebo group) in a 1:1 ratio for 12 weeks (ChiCTR2000041293, 
December 23, 2020). The primary outcomes were peak oxygen uptake (VO2peak) and anaerobic threshold (AT). 
The secondary outcomes were metabolic equivalents (METs), duration and onset time of 1-mm ST-segment 
depression on electrocardiography (ECG), and 36-Item Short Form Health Survey (SF-36) scores. The main 
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safety indicators included complete blood count, urinalysis, liver function, renal function, coagulation function, 
and 12-lead electrocardiogram. And adverse events were recorded throughout the trial.
Results: 369 patients, 187 in the Yuxintong group and 182 in the placebo group, were finally included for 
analysis. Compared with placebo group, 12-week treatment with Yuxintong showed an improvement in AT (0.98 
± 2.88 vs. 0.12 ± 2.79 mL kg− 1⋅min− 1; LSMD, 0.80 [95 % CI: 0.28 to 1.32]; P < 0.025), and general health 
(13.61 ± 15.13 vs. 8.29 ± 14.14; LSMD 5.30, [95 % CI: 2.33 to 8.31]; P < 0.05) and vitality scores (12.46 ±
11.32 vs. 6.01 ± 11.41; LSMD 6.43, [95 % CI: 4.13 to 8.31]; P < 0.05) on SF-36 scale. The other outcomes did 
not significantly differ between the two groups. The adverse events were similar between the two groups.
Conclusions: Yuxintong capsule, as an adjunctive therapy to conventional treatment, improved AT, and general 
health and vitality scores on SF-36 scale in patients with stable CHD. However, the improvements in VO2peak, 
METs, and the duration and onset time of 1-mm ST-segment depression on ECG were not statistically significant.

1. Introduction

Despite recent advances in drugs and interventions for coronary 
heart disease (CHD), many patients continue to experience reduced 
quality of life and impaired cardiopulmonary fitness (CRF) (Al-Lamee 
et al., 2018; Rezende et al., 2013; Boden et al., 2007). CRF is a critical 
physiological indicator of the integrated capacity of the circulatory and 
respiratory systems to deliver oxygen during exercise (Fan et al., 2020) 
and is recognized as an independent predictor of cardiovascular disease 
(CVD) mortality (Ross et al., 2016). In patients with CHD, coronary 
artery stenosis induces ischemic and hypoxic injury to cardiomyocytes 
and triggers elevated intracellular reactive oxygen species (ROS), Ca2+

overload, and impaired mitochondrial energy synthesis, which 
contribute to a decline the patients’ CRF (Levraut et al., 2003; Chang 
et al., 2023).

Yuxintong capsule was approved by the China Food and Drug 
Administration in 2002 (GYZZ20020089) for the treatment of CHD. It is 
produced by Dalian Shengguang Pharmaceutical Group Co., Ltd., and is 
composed of Red ginseng (Ginseng Radix et Rhizoma Rubra), Panax 
notoginseng (Burkill) F.H.Chen, and Corydalis yanhusuo (Y.H.Chou & 
Chun C.Hsu) W.T.Wang ex Z.Y.Su & C.Y.Wu in a ratio of 3:3:4. The 
studies indicated that red ginseng extract reduced mitochondrial 
swelling and membrane permeability, enhanced mitochondrial biogen
esis, and improved mitochondrial dysfunction (Zhang et al., 2022; Yang 
et al., 2022). Ginsenosides Rg1 and Rb1 from red ginseng promoted 
aerobic respiration and SIRT1-driven mitochondrial biogenesis in car
diomyocytes (Huang et al., 2022). Notoginsenosides, the primary active 
components of Panax notoginseng, enhanced mitophagy, reduced mito
chondrial ROS, increased mitochondrial membrane potential and oxy
gen consumption rate, and diminished oxidative stress injury (Zhou 
et al., 2018; Zhang et al., 2022). Corydalis yanhusuo total alkaloids 
(CYTA), the primary active components of Corydalis yanhusuo, possess 
both analgesic and cardioprotective properties. CYTA can reduce 
myocardial infarction area and improve cardiac function by suppressing 
oxidative stress, mitochondrial damage, apoptosis, and Ca2+ overload 
(Ling et al., 2006; Qi et al., 2024). Our previous studies with acute 
myocardial ischaemic dogs showed that Yuxintong capsule significantly 
reduced the area of myocardial infarction, increased the coronary blood 
flow (Lei et al., 1996), and inhibited the increase in creatine phospho
kinase (Lei et al., 1997). The clinical studies demonstrated that Yux
intong capsule inhibited the inflammatory reaction, decreased the 
reliance on nitroglycerin consumption, alleviated angina symptoms, and 
promoted the recovery of ischaemic ST-segment changes on electro
cardiography (ECG) in CHD patients (Wu et al., 2018; Wei, 2009). 
However, whether it improves CRF in patients with CHD remains un
known. Therefore, we conducted this clinical trial to evaluate the effects 
of Yuxintong capsule in combination with conventional Western medi
cation treatment on CRF in patients with stable CHD.

2. Materials and methods

2.1. Study design

This study was a multicenter, randomized, double-blind, placebo- 
controlled, parallel-group clinical trial registered with the Chinese 
Clinical Trial Registry (ChiCTR2000041293; December 23, 2020). 
Centralized randomization was performed, stratified by prescribed ex
ercise intensity (low vs. moderate), using permuted blocks within strata 
(1:1 allocation). Following a 1-week screening period at 13 Grade A 
tertiary hospitals in mainland China, eligible patients were randomly 
assigned to the Yuxintong group or the placebo group at a 1:1 ratio for 
12 weeks of treatment. Follow-up assessments were conducted at 8 and 
12 weeks (±3 days) (Supplementary material 1).

2.2. Ethics

The study adhered to the guidelines of the Declaration of Helsinki of 
the World Medical Association (World Medical Association, 2013). 
Ethical approval was obtained from the ethics committees of each study 
center. All participants provided written informed consent and agreed to 
the publication of their data. We strictly adhered to the Consolidated 
Standards of Reporting Trials (CONSORT) (Schulz et al., 2010) guide
lines to report the results of this study (Supplementary material 2).

2.3. Study population

Patients were included in the present study if they met the following 
criteria: (1) aged between 18 and 75 years; (2) diagnosed with stable 
CHD according to the 2018 Chinese guidelines (Interventional Cardiol
ogy Group of Cardiovascular Branch of Chinese Medical Association, 
2018), defined by coronary artery stenosis ≥50 % on coronary angiog
raphy or coronary computed tomography angiography, or a clinically 
stable status for ≥3 months after percutaneous coronary intervention; 
(3) had symptoms of fatigue or shortness of breath, and typical effort 
angina; (4) had a history of previous myocardial infarction, or a docu
mented diagnosis of heart failure with New York Heart Association 
(NYHA) functional class II or less (including heart failure with preserved 
ejection fraction); and (5) provided written informed consent.

The exclusion criteria were as follows: (1) left main coronary artery 
stenosis (5th segment) ≥ 50 % or proximal left anterior descending 
coronary artery stenosis (6th segment) > 70 %; (2) severe aortic ste
nosis, acute aortic dissection, acute myocarditis or pericarditis, aneu
rysm, severe pulmonary hypertension, acute pulmonary embolism, 
pulmonary infarction, emphysema, respiratory failure or other cardio
respiratory diseases; (3) uncontrolled blood pressure with systolic blood 
pressure ≥160 mmHg and/or diastolic blood pressure ≥100 mmHg; (4) 
uncontrolled arrhythmia with clinical symptoms or haemodynamic 
disorders; (5) severe primary hepatic, renal, or haematopoietic system 
disorders, acute infectious diseases, mental disorders, or other diseases 
that would render the patient unsuitable for the CPET; (6) pregnancy, 
planning to achieve pregnancy or lactation; (7) major surgical inter
vention on the skull or chest and abdomen within 4 weeks and a 
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bleeding tendency; (8) participated in other clinical trials within the past 
one month; and (9) allergy to the test drug or its known components.

2.4. Sample size

The primary outcomes were peak oxygen uptake (VO2peak) and the 
anaerobic threshold (AT). The trial hypothesis would be supported if a 
statistically significant between-group difference favoring the Yux
intong group over the placebo group was observed for either outcome. 
Superiority was tested using a two-sided α of 0.025 to control for mul
tiplicity, with a superiority margin of 0 (Stefanos et al., 2020). The test 
power (1-β) was set at 80 % with a 1:1 allocation ratio between groups. 
Based on clinical experience and previous literature (Li et al., 1999), we 
assumed that after 12 weeks of treatment, the changes in VO2peak 
would be 4.5 ± 4.9 mL kg− 1⋅min− 1 in the Yuxintong group and 2.8 ±
4.9 mL kg− 1⋅min− 1 in the placebo group. The corresponding changes in 
AT were assumed to be 0.25 ± 0.28 mL kg− 1⋅min− 1 and 0.15 ± 0.28 mL 
kg− 1⋅min− 1, respectively. The sample size calculation indicated that 160 
participants per group were needed for VO2peak and 151 for AT. To 
ensure adequate power for both outcomes and account for a 20 % 
dropout rate, the final planned sample size was set at 404 participants.

2.5. Randomization and blinding

Randomization was centralized with stratification by prescribed 
exercise intensity (low vs. moderate) and permuted blocks within strata 
(1:1 allocation). Allocation was concealed using a secure interactive 
web-response system. An independent statistician generated the 
randomization schedule using SAS. Separate sequences for subjects and 
drug packs were created based on exercise intensity and the allocation 
ratio. Due to the unfixed sample size per stratum, block randomization 
was used independently for each, generating 404 codes per stratum 
(moderate: 001–404; low: 405–808) to accommodate the extreme sce
nario of all participants being enrolled in one stratum. Participants, in
vestigators, care providers, endpoint adjudicators, and statisticians 
remained blinded. Placebo was indistinguishable from active product in 
appearance, taste, and packaging.

2.6. Intervention

The specification of Yuxintong capsule/placebo is 0.33 g/capsule. 
Patients received treatment with 12 capsules (3.96 g) of Yuxintong 
capsule/placebo daily (4 capsules, 3 times daily for 12 weeks). High- 
performance liquid chromatography (HPLC) showed that the main 
active ingredients of Yuxintong capsule included tetrahydropalmatine, 
notoginsenoside R1, ginsenoside Rg1, ginsenoside Re, palmatine chlo
ride, berberine hydrochloride, ginsenoside Rf, and ginsenoside Rb1, and 
we also used Liquid Chromatography Mass Spectrometer (LC/MS) to 
identify potential active ingredients in Yuxintong capsule 
(Supplementary material 3).

In accordance with the 2018 ″Guidelines on the Diagnosis and 
Treatment of Stable CHD" published by the Chinese Medical Association 
(Interventional Cardiology Group of Cardiovascular Branch of Chinese 
Medical Association, 2018), all patients in this study were treated with 
symptom-relieving agents (nitrates), anti-ischaemic drugs (beta blockers 
and/or calcium channel blockers), antiplatelet drugs (aspirin or clopi
dogrel), and lipid-lowering drugs (statins). In addition, throughout the 
study, all participants received low-intensity or moderate-intensity ex
ercise rehabilitation guidance based on their own circumstances 
(Fletcher et al., 2013). The patients were required to follow the guidance 
for home exercise three times a week. During the follow-up period, 
detailed information on the patient's rehabilitation exercise was recor
ded in a case report form.

All participants underwent CPET on an electronically braked cycle 
ergometer (Jaeger MasterScreen CPX, Germany). A personalized ramp 
protocol was employed with the goal of eliciting exhaustion within 

8–12 min. The protocol began with a 3-min warm-up at 20 W, followed 
by a continuous increase in work rate (10, 15, or 20 W per minute) until 
volitional exhaustion. The criteria for terminating the CPET included 
reaching the volitional exhaustion criterion (respiratory exchange ratio, 
RER ≥1.10) or the emergence of limiting symptoms, such as ischemic 
ECG changes, abnormal elevation or reduction in blood pressure, 
angina. The reasons for CPET termination and their respective pro
portions were detailed in supplementary material 4. During the test, a 
cardiologist continuously monitored the participants' ECG. The VO2peak 
was defined as the highest value averaged over eight breathing cycles. 
AT was determined using the V-slope method by two independent 
physicians who were blinded to allocation; discrepant readings were 
adjudicated by a third reviewer. Inter-reader agreement was assessed.

2.7. Outcomes

The primary outcomes included VO2peak and AT. The secondary 
outcomes included metabolic equivalents (METs), the duration and 
onset time of 1-mm ST-segment depression on ECG, and 36-Item Short 
Form Health Survey (SF-36) scores. These outcomes were measured at 
baseline and at the 12-week endpoint. Additionally, at the 8-week time 
point, patient data on vital signs, rehabilitation exercise adherence, 
adverse events, and concomitant treatments were recorded. The safety 
of Yuxintong capsule was evaluated based on the incidence of all adverse 
events and adverse drug reactions observed throughout the trial.

2.8. Data management and quality control

An electronic data capture system was used for online data man
agement in this study. Additionally, a Data and Safety Monitoring Board 
(DSMB) was convened to periodically review trial data, participant 
safety, study progress, and quality.

2.9. Statistical analysis

In accordance with the intention-to-treat principle, the randomized 
subjects who received the trial drugs at least once and had at least one 
follow-up visit were included in the full analysis set (FAS). Data for 
patients who were lost to follow-up were imputed using multiple 
imputation methods. The per protocol set (PPS) included patients who 
complete the trial without major deviations of protocol. The safety set 
(SS) included all patients who received at least one treatment after 
randomization and underwent the safety evaluation. To ensure the ac
curacy and representativeness of the research results, we analysed the 
FAS.

The significance level for the primary outcomes was set at 0.025 
(two-sided), whereas for the secondary outcomes, it was set at 0.05 
(two-sided). For primary and key secondary endpoints, Analysis of Co- 
variance (ANCOVA) was used (with the change from baseline as the 
outcome; and age, gender, BMI, baseline value, study center, exercise- 
intensity stratum, and bate-blocker use as covariates). Categorical data 
were presented in frequency tables and reported as percentages, and 
between-group differences were assessed with the chi-square test or 
Fisher's exact test. Continuous variables with a normal distribution are 
presented as mean ± standard deviation; otherwise, they are presented 
as median with interquartile range. Student's t-test or the Wilcoxon 
rank-sum test was used, as appropriate, to analyse between-group dif
ferences. All analyses were conducted using SAS software version 9.4 
(SAS Institute, Cary, NC, USA).

3. Results

3.1. Baseline characteristics of patients

From March 2021 to November 2021, 422 patients were screened, of 
whom 18 did not meet the inclusion criteria. Finally, a total of 404 
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patients were enrolled and randomly divided into the Yuxintong group 
and the placebo group. A total of 60 patients (32 patients in the Yux
intong group and 28 patients in the placebo group) dropped out. Ac
cording to the predefined statistical analysis plan, the full analysis set 
(FAS) comprised 369 patients, and the safety set (SS) comprised 393 
patients (Fig. 1). There were no statistically significant differences in 
demographic information, comorbidities, beta-blocker use or exercise 
intensity between the two groups (Table 1).

3.2. Exercise adherence

Exercise adherence was summarized as sessions per week and the 
proportion achieving the prescribed intensity (heart-rate or RPE tar
gets). The Yuxintong and placebo groups completed a median of 3 

sessions per week, with target-intensity attainment of 91.4 % and 93.2 
%, respectively.

3.3. Primary outcomes

The within-group comparisons showed that after 12 weeks of treat
ment, Yuxintong group demonstrated significant improvements from 
baseline in both VO2peak (19.23 ± 4.97 vs. 19.98 ± 4.78 mL 
kg− 1⋅min− 1, P = 0.002) and AT (12.44 ± 3.78 vs. 13.42 ± 3.54 mL 
kg− 1⋅min− 1, P = 0.001). In contrast, no significant improvements were 
observed in placebo group for either VO2peak (19.67 ± 4.43 vs. 19.79 
± 4.87 mL kg− 1⋅min− 1, P = 0.59) or AT (12.76 ± 3.29 vs. 12.87 ± 3.37 
mL kg− 1⋅min− 1, P = 0.57). For the between-group comparison, the 
improvement in AT was significantly greater in the Yuxintong group 

Fig. 1. Flowchart of patient enrolment.
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than in the placebo group (LSMD, 0.80 [95 % CI: 0.28 to 1.32]; P <
0.025). However, the between-group difference for VO2peak did not 
reach statistical significance (LSMD, 0.57 [95 % CI: 0.06 to 1.21]; P >
0.025). These results suggested that Yuxintong capsule may improve the 
AT in patients with stable CHD, but shows no significant improvement in 
VO2peak. (Table 2 and Fig. 2).

3.4. Secondary outcomes

Within-group comparisons revealed that after 12 weeks of treatment, 
Yuxintong group showed a significant increase in METs (5.31 ± 1.62 vs. 
5.57 ± 1.46 MET, P = 0.001), and the placebo group also exhibited a 

significant improvement (5.33 ± 1.53 vs. 5.51 ± 1.48 MET, P = 0.026). 
However, between-group comparison demonstrated that the difference 
in METs was not statistically significant (0.25 ± 1.03 vs. 0.18 ± 1.08 
MET; LSMD, 0.09 [95 % CI: 0.10 to 0.29]; P > 0.05). These results 
suggest that Yuxintong capsule did not produce a statistically significant 
improvement in METs compared with placebo (Table 2 and Fig. 3).

Among the subgroup of patients who exhibited exercise-induced ST- 
segment depression, changes in the onset time and the duration of 1-mm 
ST-segment depression were analyzed between the two groups. In 
within-group comparisons, after 12 weeks of treatment, the changes in 
the onset time of 1-mm ST-segment depression did not reach statistical 
significance in either group (Yuxintong group: 6.23 ± 3.89 vs. 6.21 ±
4.15 min, P = 0.94; placebo group: 6.89 ± 2.89 vs. 6.75 ± 3.48 min, P =
0.55). Furthermore, the between-group difference in onset time was also 
not statistically significant (P = 0.78). Regarding the duration of 1-mm 
ST-segment depression, the Yuxintong group showed a slight shortening 
compared to baseline (4.68 ± 7.38 vs. 4.49 ± 7.44 min, P = 0.55), 
whereas the placebo group exhibited a slight prolongation (3.82 ± 3.44 
vs. 3.97 ± 3.45 min, P = 0.66). But the between-group difference in 
duration was not significant (P = 0.48) (Table 3).

Compared with the baseline, the scores of general health, physio
logical function, role-physical, role-emotional, social function, bodily 
pain, vitality and mental health on the SF-36 were significantly 
improved in both Yuxintong and placebo groups after 12 weeks of 
treatment (P < 0.05). Compared with those of placebo group, there was 
a significant difference in the scores of general health (13.61 ± 15.13 vs. 
8.29 ± 14.14; LSMD 5.30, [95 % CI: 2.33 to 8.31]; P < 0.05) and vitality 
(12.46 ± 11.32 vs. 6.01 ± 11.41; LSMD 6.43, [95 % CI: 4.13 to 8.31]; P 
< 0.05) in Yuxintong group (Fig. 4).

3.5. Adverse events

Adverse events (AEs) were coded using Medical Dictionary for Reg
ulatory Activities (MedDRA) and summarized by system organ class/ 
preferred term (Supplementary material 5), severity (graded by CTCAE 
criteria), and relationship to study drug. We report AE risk differences 
with 95 % CIs, AEs leading to discontinuation, and serious AEs with 
narratives and causality assessment. And there were no significant dif
ferences in the number of AEs between two groups (32 [16.16 %] vs. 24 
[12.31 %]; P = 0.27; Table 4). Among them, the most common AEs were 
gastrointestinal disorders, including 10 cases in the Yuxintong group (3 
cases of abdominal pain; 2 cases of dyspepsia; 2 cases of diarrhea; 2 cases 
of nausea/vomiting; 1 case of gastritis) and 4 cases in the control group 
(2 cases of gastric distension; 1 case of dyspepsia; 1 case of gastritis). 
Two Serious Adverse Events (SAEs) occurred in the placebo group (1 
case of cholecystitis and 1 case of sudden death), while no SAEs were 
reported in the Yuxintong group. In the placebo group, a 68-year-old 
male patient (enrolled on April 30, 2021) with a history of myocardial 
infarction, percutaneous coronary intervention, hypertension, hyper
lipidemia, and diabetes experienced sudden cardiac death on June 20, 

Table 1 
Baseline characteristics of the study population.

Yuxintong group (n =
187)

Placebo group (n =
182)

P 
value

Male 137 (73.26 %) 144 (79.12 %) 0.19
Age (years) 58.83 ± 9.51 57.92 ± 9.85 0.37
Han nationality 179 (95.72 %) 174 (95.60 %) 0.96
Height (cm) 166.81 ± 8.33 167.95 ± 7.69 0.17
Weight (kg) 70.81 ± 11.60 71.88 ± 11.29 0.37
BMI (kg/m2) 25.34 ± 3.13 25.41 ± 3.10 0.84
Systolic pressure 

(mmHg)
123.22 ± 13.25 123.80 ± 13.58 0.68

Diastolic pressure 
(mmHg)

75.33 ± 9.37 76.35 ± 9.05 0.29

Smoking 75 (40.11 %) 85 (46.70 %) 0.20
Drinking 50 (26.74 %) 65 (35.71 %) 0.06
Comorbidities
Myocardial infarction 53 (28.34 %) 53 (29.12 %) 0.87
Hypertension 122 (65.24 %) 116 (63.74 %) 0.76
Heart failure 40 (21.39 %) 39 (21.43 %) 0.99
NYHA classification ​ ​ 0.55
NYHA Class I 24 (60.00 %) 21 (53.85 %) ​
NYHA Class II 14 (35.00 %) 15 (38.46 %) ​
NYHA Class III 2 (5.00 %) 3 (7.69 %) ​
Arrhythmia 14 (7.49 %) 15 (8.24 %) 0.79
Diabetes 55 (29.41 %) 54 (29.67 %) 0.96
Hyperlipidaemia 116 (62.03 %) 111 (60.99 %) 0.84
Cerebral apoplexy 3 (1.60 %) 5 (2.75 %) 0.50
Beta-blocker use 105 (56.1 %) 99 (54.4 %) 0.74
Coronary CT 

angiography
42 (22.46 %) 33 (18.13 %) 0.30

Coronary angiography 150 (80.21 %) 150 (82.42 %) 0.59
Exercise intensity ​ ​ 0.67
Low intensity 73 (39.04 %) 75 (41.21 %) ​
Medium intensity 114 (60.96 %) 107 (58.79 %) ​
Disease diagnosis ​ ​ 0.86
Stable angina 164 (89.30 %) 161 (88.46 %) ​
Postoperatively stable 

ACS
8 (4.28 %) 10 (5.49 %) ​

Other 12 (6.42 %) 11 (6.04 %) ​

The data were presented as the means ± standard deviations (SDs) or fre
quencies (percentages).

Table 2 
Primary and key secondary outcomes (ITT analysis).

Yuxintong group (n = 187) Placebo group (n = 182) lsmeans difference(95 % CI) unadjusted P-value adjusted P-value

VO2peak (mL⋅kg− 1⋅min− 1)
baseline 19.23 ± 4.97 19.67 ± 4.43 – – –
12 weeks 19.98 ± 4.78 19.79 ± 4.87 – – –
difference 0.77 ± 3.35 0.13 ± 3.19 0.57 (− 0.06, 1.21) 0.066 0.078
AT (mL⋅kg− 1⋅min− 1)
baseline 12.44 ± 3.78 12.76 ± 3.29 – – –
12 weeks 13.42 ± 3.54 12.87 ± 3.37 – – –
difference 0.98 ± 2.88 0.12 ± 2.79 0.80 (0.28, 1.32) 0.004 0.003
METs (MET)
baseline 5.31 ± 1.62 5.33 ± 1.53 – – –
12 weeks 5.57 ± 1.46 5.51 ± 1.48 – – –
difference 0.25 ± 1.03 0.18 ± 1.08 0.09 (− 0.10, 0.29) 0.49 0.34

adjusted P-value: adjusted for age, sex, BMI, baseline, center, exercise intensity, and bate-blocker use.
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2021. This event was assessed by the attending physician as unrelated to 
the study drug. No bleeding events or serious adverse reactions 
occurred. Participant safety was the primary concern in managing AEs. 
Based on the event's nature and severity, our responses included trial 
discontinuation, dose adjustment, symptomatic treatment, or observa
tion. All Suspected Unexpected Serious Adverse Reactions (SUSARs) 
were reported to relevant authorities by investigators within required 
timelines, and promptly disseminated to all trial sites and ethics com
mittees by the Contract Research Organization (CRO). And all SAEs were 
followed until a definitive outcome was reached, such as resolution, 
stabilization, death, or attribution to non-trial-related causes.

4. Discussion

To our knowledge, this is the first multicenter, randomized, double- 
blind, placebo-controlled, parallel-group trial to evaluate the efficacy of 
the Yuxintong capsule on CRF in patients with stable CHD. Individual
ized exercise intensity was prescribed based on the each patient's con
dition, and randomization was stratified by exercise intensity. This 
approach ensured the balance of exercise intensity between the Yux
intong group and the placebo group, while also enhancing patient 
compliance. Compared with baseline, the Yuxintong group showed 
significant improvements in the primary outcomes, including VO2peak 
and AT, as well as in secondary outcomes such as METs and SF-36 scores. 
Furthermore, compared with the placebo group, the Yuxintong group 
demonstrated superior improvement in the primary outcome of AT and 
in the general health and vitality domains of the SF-36.

In 2016, the American Heart Association recommended "CRF" as an 
important clinical "vital sign", urging healthcare providers to prioritize 
the assessment of this condition (Ross et al., 2016). CPET can objectively 
quantify the patient's CRF, and is commonly used to guide personalized 
exercise prescription for patients with CHD. It has high predictive value 
of recurrent cardiovascular events and is currently recognized as the 
best method to quantify CRF (Sun et al., 2010; Guazzi et al., 2012, 
2017). VO2peak and AT are the most crucial indicators for clinical 
evaluation of CRF. VO2peak refers to the oxygen uptake at where the 
participants are unable to maintain a continuous increase in power 
during exercise, which is an accurate indicator for evaluating exercise 
ability (Lewis et al., 2017). Terence et al. followed 12,169 male patients 
with CHD for an average of 7.9 years and reported that VO2peak was an 
independent predictor of the cardiac and all-cause mortality risks 
(Kavanagh et al., 2002). The AT, also well known as the lactic acid 
threshold or ventilation threshold, represents the point at where the 
body transitions from aerobic to anaerobic metabolism. The AT value 
can help patients safely engage in aerobic exercise within an appropriate 
range of CRF (Gibbons, 1987). According to U.S. epidemiological data, 

Fig. 2. VO2peak and AT of the two groups. The data were presented as the means ± SDs. # baseline vs 12 weeks, P < 0.025; * Yuxintong group vs placebo group, P <
0.025; NS, Not Significant.

Fig. 3. METs of the two groups. The data were presented as the means ± SDs. # 

baseline vs 12 weeks, P < 0.05; * Yuxintong group vs placebo group, P < 0.05; 
NS, Not Significant.

Table 3 
The start and duration of 1 mm ST-segment depression during CPET.

Yuxintong group (n=25) Placebo group (n=32)

baseline 12 weeks difference baseline 12 weeks difference

ST-1 mm start time (min) 6.23 ± 3.89 6.21 ± 4.15 − 0.03 ± 1.68 6.89 ± 2.89 6.75 ± 3.48 − 0.14 ± 1.31
ST-1 mm duration (min) 4.68 ± 7.38 4.49 ± 7.44 − 0.19 ± 1.54 3.82 ± 3.44 3.97 ± 3.45 0.16 ± 2.00

The data were presented as the means ± SDs. # baseline vs 12 weeks, P < 0.05; * Yuxintong group vs placebo group, P < 0.05.
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Fig. 4. SF-36 scores of the two groups. 
(A) Radar chart; (B) line chart. # baseline vs 12 weeks, P < 0.05; * Yuxintong group vs placebo group, P < 0.05.
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the AT for middle-aged nonmanual workers aged 34–74 years should 
exceed 40 % of maximal oxygen uptake. Patients with CHD often 
experience angina pectoris during excessive exercise, leading to limited 
daily activities and reduced skeletal muscle activity. And the CPET was 
often terminated prematurely due to symptom limitation. The AT ex
cludes subjective factors and is therefore more sensitive than VO2peak in 
quantifying CRF (Fletcher et al., 2013). The results of the present study 
indicated that compared with placebo, Yuxintong capsule in addition to 
conventional Western medications for 12 weeks significantly increased 
AT, suggesting that the effective oxygen uptake was improved during 
the transition from aerobic to anaerobic metabolism.

The body's aerobic capacity is closely related to mitochondrial 
function (Chance et al., 1955). A study showed that the ginsenosides in 
red ginseng reduced myocardial oxygen consumption, increased 
ischaemic myocardial tolerance, eliminated free radicals, inhibited lipid 
peroxidation, and minimized oxidative stress-induced mitochondrial 
damage (Piao et al., 2019). Ginsenosides regulated mitochondrial 
oxidative phosphorylation, energy metabolism, biosynthesis, apoptosis, 
mitophagy, and the status of membrane channels, thereby improving the 
mitochondrial oxidative energy supply capacity (Jiang et al., 2021; 
Wang et al., 2020). These findings provide a potential mechanistic 
rationale for the observed improvement in AT following Yuxintong 
capsule treatment in patients with stable CHD.

In our study, the total scores of the SF-36 improved significantly after 
treatment in both the Yuxintong and placebo groups. Furthermore, 
compared with the placebo group, the Yuxintong group showed greater 
improvements in the general health and vitality scores of the SF-36. 
Previous studies have shown that the saponins of Panax notoginseng, a 
component of Yuxintong capsule, improved glucose uptake and ab
sorption by skeletal muscle, increased the blood oxygen content in the 
myocardium, and decreased myocardial oxygen consumption (Yuan 
et al., 2012; Kitamura et al., 2017). Corydalis yanhusuo protected the 
myocardium by resisting myocardial ischemia and reducing apoptosis of 
cardiomyocytes (Li et al., 2017). Red ginseng can increase the antioxi
dant capacity of skeletal muscle and the myocardium in rats, while its 
extracts can improve the contractility and strength of skeletal muscle 
during exercise (Shin et al., 2020). These findings indicated the potential 
mechanisms by which Yuxintong capsule improved the general health 
and vitality scores on the SF-36 for patients with stable CHD.

Several limitations of this study should be noted. First, this study was 
conducted during the COVID-19 pandemic, and patients quarantine 
measures hindered normal follow-up, which was a primary reason for 
the 15 % dropout rate. Second, the follow-up period was only three 
months, which may explain why the improvements in efficacy indicators 
did not reach statistical significance. Finally, our trial included only 
patients from mainland China, and further studies are needed to deter
mine whether the findings are applicable to patients of different races.

5. Conclusion

Yuxintong capsule, as an adjunctive therapy to conventional treat
ment, improved AT, and general health and vitality scores on the SF-36 
scale in patients with stable CHD.
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Table 4 
Adverse events in the SS.

Yuxintong group (n = 198) Placebo group (n = 195) P value

Number of patients Incidence (95 %CI) (%) Number of patients Incidence (95 %CI) (%)

Adverse events 32 16.16 (11.05–21.27) 24 12.31 (7.44–16.56) 0.27
Mild adverse events 31 15.66 (11.13–21.41) 19 10.77 (7.0–16.2) –
Moderate adverse events 1 0.51 (0.01–2.78) 3 1.54 (0.32–4.43) –
Serious adverse events 0 0.00 2 1.03(− 0.4,-2.4) –
Adverse reactions 4 2.02 (0.55–5.10) 2 1.0 (0.12–3.67) 0.68
Mild adverse reactions 3 1.52 (0.31–4.36) 2 1.0 (0.12–3.67) –
Moderate adverse reactions 1 0.51 (0.01–2.78) 0 – –
Serious adverse reactions 0 – 0 – –
Relationship between the study drug and AE
Definitely related 0 – 0 – –
Probably related 0 – 0 – –
Possibly related 0 – 0 – –
Unlikely related 8 4.04 (1.75–7.79) 6 3.08 (1.13–6.59) –
Unrelated 24 12.12 (8.15–17.38) 18 7.69 (4.58–12.45) –
AE-related discontinuation 2 1.01 (0.12–3.62) 2 1.0 (0.12–3.67) 1
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