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ABSTRACT

OBJECTIVE To evaluate the association between adjunctive Chinese herbal medicine (CHM) and post-percutaneous coronary inter-
vention (PCI) adverse cardiovascular events in patients with chronic coronary syndrome (CCS), and to identify subgroups that may derive
greater benefit from integrative therapy.

METHODS This study included 2274 patients with CCS after PCI: 1155 patients in the guideline-directed medical treatment (GDMT)
group and 1119 patients in the integrative Chinese and Western medicine (ICWM) group. Exposure was defined as cumulative CHM tre-
atment for > 6 months per year. The primary endpoint was a composite of repeat revascularization and in-stent restenosis (ISR). Kaplan-Me-
ier survival analysis and multivariable Cox regression models were used to assess associations between treatment strategy and study ou-
tcomes.

RESULTS A total of 1054 patients experienced the primary endpoint, including 575 patients (49.80%) in the GDMT group and 479 pat-
ients (42.80%) in the ICWM group. Compared with the GDMT group, the ICWM group had lower cumulative incidences of the primary
endpoint, repeat revascularization, and ISR (log-rank P < 0.001, P=0.0018, and P= 0.023, respectively). After full adjustment, ICWM was
associated with lower risks of the primary endpoint (adjusted HR = 0.741, 95% CI: 0.654-0.841, P< 0.001), repeat revascularization (adjust-
ed HR =0.781, 95% CI: 0.686-0.889, P< 0.001), and ISR (adjusted HR = 0.825, 95% CI: 0.686-0.993, P= 0.042). Subgroup analyses suggest-
ed a more pronounced association in patients with prior PCI (adjusted HR = 0.59, 95% CI: 0.48-0.73, P< 0.001) and those without multi-
vessel coronary artery disease (adjusted HR = 0.46, 95% CI: 0.32-0.68, P < 0.001).

CONCLUSIONS  In this prospective cohort study, adjunctive CHM was associated with lower risks of the composite endpoint of repe-
at revascularization and ISR, as well as its individual components, in patients with CCS after PCIL. The observed association appeared mo-
re pronounced in patients with prior PCI and those without multivessel coronary artery disease.

th CAD." Despite recent therapeutic advances, this chron-
ic disorder continues to be associated with substantial morbi-

oronary artery disease (CAD) remains the lea-
ding cause of mortality worldwide." In China,

an estimated 11.39 million individuals are affe-
cted by CAD, imposing a substantial economic burden and
representing a major public health challenge.” When clin-
ically stable, CAD is recognized as a chronic and progressi-
ve condition. Formerly termed “stable CAD”, it has been rec-
lassified in recent European Society of Cardiology guidelin-
es as “chronic coronary syndrome (CCS)”, a term that better
reflects the dynamic clinical manifestations associated wi-
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dity and mortality rates.” Percutaneous coronary interventi-
on (PCI) is a major treatment strategy for patients with CCS.
In China, the annual number of PCI procedures continues to
increase, with 1421 million patients undergoing PClin 2022,
accounting for 23.2% of all hospitalizations for CAD." Alt-
hough PCI achieves coronary flow reconstruction, it fails to
mitigate residual risks associated with CCS, such as persist-
ent chronic inflammation, endothelial dysfunction, and subs-
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equent lesion progression. Even with standardized use of as-
pirin, clopidogrel, and statins after PCI, a considerable prop-
ortion of patients still develop in-stent restenosis (ISR) dur-
ing long-term follow-up and ultimately undergo repeat reva-
scularization.”” In addition, some patients are unable to tole-
rate guideline-directed medical treatment (GDMT) due to ad-
verse effects. Therefore, optimizing long-term pharmacolog-
ical strategies to reduce the incidence of repeat revasculari-
zation and ISR remains an important clinical goal in the man-
agement of CCS after PCL

Traditional Chinese medicine (TCM), characterized by ov-
erall concept of organic wholeness and treatment based on
pattern differentiation, has shown potential value in the long-
term management of CCS. Previous clinical studies have sug-
gested that, compared with GDMT alone, integrative Chin-
ese and Western medicine (ICWM) may improve angina-rel-
ated symptoms in patients with CAD after PCI, reduce the ri-
sk of post-PCl adverse cardiovascular events, and contribute
to better long-term outcomes.”"” These findings suggest that
ICWM may help address some of the persistent challenges in
the long-term management of CAD after PCL.

Because this study focused on CCS patients undergoing
PCI, repeat revascularization and ISR were prespecified as
the primary outcome, as they directly reflect lesion-related re-
sidual risk after PCI. By contrast, hard endpoints such as de-
ath, myocardial infarction (MI), or stroke are less frequent in
clinically stable CCS and may be influenced by factors beyo-
nd the target lesion. Given the limited evidence regarding
the role of Chinese herbal medicine (CHM) in improving ou-
tcomes among CCS patients after PCI, and the lack of clar-
ity regarding which subgroups may derive greater benefit
from ICWM therapy, this prospective cohort study aimed to
evaluate the association between ICWM therapy and the ri-
sks of repeat revascularization and ISR in CCS patients af-
ter PCL. We also sought to identify subgroups that may deri-
ve greater benefit from this integrative strategy, thereby pr-
oviding clinical evidence for the long-term management of
Ccs.

METHODS

Study Design and Participants

This study population was based on a large, prospective
observational cohort. The original cohort consecutively rec-
ruited CAD patients who were hospitalized and received
PCI at Fuwai Hospital, Chinese Academy of Medical Sci-
ences and Peking Union Medical College, Beijing, China fr-
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om September 2016 to August 2017, enrolling a total of 5453
cases. This study has been registered at Chinese Clinical Trial
Registry platform (https:/ /www chictr.org.cn/, trial regist-
ration number: ChiCTR1800017128) and was approved by the
Ethics Review Committee of Fuwai Hospital, Chinese Acad-
emy of Medical Sciences and Peking Union Medical College,
Beijfing, China (No.2016-786). It was conducted in strict comp-
liance with the Declaration of Helsinki, and informed cons-
ent was obtained from each patient.

In the present study, based on the above, patients with CCS
aged >18 years who underwent drug-eluting stent (DES) im-
plantation were enrolled. Exclusion criteria were as follows:
(1) patients with a definitive diagnosis of acute coronary syn-
drome at baseline; (2) patients with previous,/ proposed cor-
onary artery bypass grafting at baseline; (3) patients with hy-
pertriglyceridemia [triglycerides (TG) > 500 mg/dL]"*" (4)
patients with an incomplete baseline history; (5) patients wi-
th co-morbid multisystemic malignant disease; (6) patients
with no results of coronary computed tomography angiograp-
hy (CCTA) or coronary angiography (CAG) review during fo-
llow-up; (7) patients with CCTA findings suspicious for ISR
who did not undergo confirmatory CAG during follow-up;
and (8) patients with definite coronary lesion progression du-
ring follow-up who declined the recommended repeat revasc-
ularization procedure. The specific flow is shown in Figure 1.

Data Collection and Definitions

Patients” baseline examination data were collected from
the hospital medical record information system. Patients we-
re admitted to the hospital and fasting blood was collected
for fasting blood glucose (FBG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipopr-
otein cholesterol (LDL-C), TG, high-sensitivity C-reactive pr-
otein (hs-CRP), and plasma creatinine (PCr).

The diagnosis of CCS was based on the guidelines."! Bo-
dy mass index (BMI) = weight (kg)/ height’ (m’). Diabetes me-
llitus is defined as a glycosylated hemoglobin > 6.5%, FBG >
7.0 mmol/L, or using hypoglycemic medications" Hyperten-
sionwas defined as a blood pressure >140/90 mmHg on mult-
iple measurements."”! Dyslipidemia was diagnosed as LDL-C
>34 mmol/L, TG=17 mmol/L,and HDL-C <1.0mmol/L, or
on lipid-lowering therapy." Estimated glomerular filtrati-
onrate (eGFR) is based on the formula: 186 x (PCr) "™ x age “*°
x 0.742 (if female) x 1.233 (if Chinese)."”

Exposures

The exposure factor for study participants was the type of
intervention treatment they received. GDMT was defined as
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5453 patients of CAD undergoing PCI enrolled from 2016.09 to
2017.08 at Fuwai Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, China

46 patients were excluded for non-

218 patients were excluded for

outcome event-related deaths |«
during the follow-up period

A 4

diagnosis of acute coronary syndrome

of CCS

5189 patients meet the diagnosis

174 patients were excluded:
Age less than 18 years (1 =1)
Previous history of CABG (1 = 13)
Suspected familial hypertriglyceridemia <
(Fasting triglycerides > 500 mg/dL) (1 = 55)

2741 patients were excluded:
Lack of follow-up CAG/CCTA (n = 1387)
Suspected ISR on computed tomography but did not

No DES implantation (1 = 58)
Incomplete baseline medical history (1 = 47)

4

receive CAG (n = 679)
Definite lesion progression on CAG/CCTA but refusal
of coronary intervention at follow-up (1 = 675)

|2274 patients enrolled in this study|

l

GDMT group
(n =1155)

i

ICWM group
(n=1119)

Figure1l Flow chartfor participant selection of this study. CAD: coronary artery disease; CAG: coronary angiography; CCS: chronic coronary
syndrome; CCTA: coronary computed tomography angiography; DES: drug-eluting stent; GDMT: guideline-directed medical treatment; ICWM:
integrative Chinese and Western medicine; ISR: in-stent restenosis; PCI: percutaneous coronary intervention.

receiving medication recommended by the guideline “2019
ESC guidelines for the diagnosis and management of chro-
nic coronary syndromes”," and receiving only western med-
ications. ICWM is defined as adjunctive therapy with CHM
to conventional western medications, with cumulative CHM
treatment duration exceeding 6 months per year. CHM inclu-
des decoctions and Chinese patent medicines (supplement-
al material, Table 15). Decoctions are typically composed of va-
rious herbs, such as Trichosanthes kirilowii Maxim (Gualou),
Allium chinense (Xiebai), Panax notoginseng (Sangj), and An-
gelica sinensis (Danggui), etc. The CHM intervention in this
study was based on the “Guidelines for diagnosis and treat-
ment of coronary heart disease and angina before and after
intervention” ") Common syndromes treated included qi de-
ficiency, blood stasis, and phlegm accumulation, among oth-
ers (supplemental material, Table 2S). The specific herbal fo-
rmula and dosage for each patient were determined by expe-
rienced clinical TCM physicians based on individualized tr-
eatment principles. The decision on whether CHM prescrip-
tions contributed to the improvement of CCS was evaluat-
ed by specialized TCM practitioners. Chinese patent medi-
cines are pre-packaged CHM formulations approved for ma-
rketing by China Food and Drug Administration. Accordi-
ng to follow-up records, the Chinese patent medicines used
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by patients in this study cohort included Tongxinluo Capsu-
les, Qishen Capsules, Shexiang Baoxin Pills, and Compound
Danshen Dripping Pills. The dosages of these Chinese pate-
nt medicines followed the recommended guidelines prov-
ided in the product instructions. Patients who met the CHM
exposure criteria were selected into the ICWM group, and th-
ose who received only western medicines were entered into
the GDMT group.

Endpoints and Follow-up

The primary endpoint was the composite of repeat reva-
scularization and ISR, prespecified to reflect lesion-related re-
sidual risk after PCI in patients with CCS. Repeat revascul-
arization and ISR were also analyzed separately as seconda-
ry endpoints. Follow-up occurred at 6, 12, 18, 24, 36, 48, and 60
months after hospital discharge, as well as in October 2022
(time window * 14 days), through outpatient visits or teleph-
one interviews. To assess the robustness of the main findings,
a sensitivity analysis was performed using conventional ma-
jor adverse cardiovascular events (MACE), defined as a comp-
osite of all-cause death, non-fatal MI, and stroke, based on the
23.98-month follow-up data from the original cohort (supple-
mental material, Tables 35 & 4S and Figure 15). This sensit-
ivity analysis was designed as a relatively independent robus-
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tness check using a conventional hard-endpoint framework.

Repeat revascularization was defined as any objectively pe-
rformed revascularization procedure during follow-up, inclu-
ding bare-metal stent implantation, DES implantation, plain
balloon angioplasty, drug-coated balloon angioplasty, and
coronary artery bypass grafting. Decisions regarding repeat
revascularization were made jointly by cardiologists and pat-
ients. To avoid bias, patients who underwent staged PCI du-
ring the index admission were excluded. ISR was defined as
the presence of > 50% diameter stenosis within 5 mm of the
in-stent segment or stent edge. Given the high specificity of
CCTA, patients without ISR suggested by CCT A were inclu-
ded, whereas patients with CCTA findings suspicious for ISR
were required to undergo confirmatory CAG for endpoint ad-
judication. Accordingly, cases without confirmatory CAG we-
re not counted as ISR events, and patients with definite coro-
nary lesion progression who did not ultimately undergo rep-
eat revascularization were not counted as repeat revasculari-
zation events. After successful DES implantation, all patien-
ts underwent CAG or CCTA review at Fuwai Hospital, Chin-
ese Academy of Medical Sciences and Peking Union Medic-
al College, Beijing, China, and the results were interpreted by
both cardiologists and imaging physicians.

Statistical Analysis

For normally distributed continuous variables, mean +SD
was used, otherwise medians (interquartile range) was us-
ed. The independent Student’s #test or the Kruskal-Wallis te-
st was used for comparison between groups. For categoric-
al variables, counts (percentages) were used. The Pearson’s chi-
squared test was used for comparisons between groups.

Time-to-event outcomes were compared between groups
using the log-rank test and are presented with Kaplan-Mei-
er curves. Multivariable Cox regression models were used
to analyze the hazard ratio (HR) with 95% CI of associatio-
ns between exposure factors and endpoint events. The mul-
tivariable models were constructed as follows: Model 1 was
unadjusted, while Model 2 adjusted for age, sex, BMI, cigare-
tte smoking, eGFR, and hs-CRP. Based on Model 2, Model 3
further adjusted for LDL-C, TG, FBG, prior PCI, presence of
peripheral arterial disease, target lesion > 20 mm, and numb-
er of stents. These additional covariates were selected bas-
ed on clinical relevance, baseline imbalance, and previous lit-
erature, and were intended to account for residual cardiov-
ascular risk related to lipid metabolism, glucose metabolism,
systemic atherosclerotic burden, and lesion-/stent-related pr-
ocedural complexity. Variance inflation factors for all covari-
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ates included in the multivariable models were < 3, indicati-
ng no significant multicollinearity.”! Subgroup analyses we-
re performed based on Model 3. Statistical analyses and fig-
ure plotting were conducted using SPSS 25.0 (SPSS Inc., IBM,
Armonk, NY, USA) and R statistical software 44.3 (R Foun-
dation for Statistical Computing, Vienna, Austria). A two-sid-
ed P-value < 0.05 was considered statistically significant.

RESULTS

Baseline Characteristics

From September 2016 to August 2017, a total of 5453 pati-
ents with CAD underwent PCI, of which 2274 patients fulfi-
lled the diagnosis of CCS and were included in the final sta-
tistical analysis. There were 1155 patients in the GDMT gro-
up with a median age of 58.00 (52.00-64.00) years and 904 pa-
tients (78.3%) were males, 1119 patients in the ICWM group
with a median age of 59.00 (52.00-66.00) years and 863 patie-
nts (77.10%) were males. Table 1 shows the baseline charact-
eristics of the total study population grouped according to tr-
eatment strategies. There were no significant differences bet-
ween the two groups in terms of gender, smoking history, me-
dical history (including hypertension, previous MI, previo-
us stroke, previous PCI, family history of CAD, multivess-
el CAD), laboratory findings (including HDL-C and TG), or
angiographic results (including left main lesions, right coro-
nary artery lesions, left anterior descending lesions, calcifica-
tion of target lesions, chronic total occlusions, lesions > 20 mm
long), as well as medication use (including dual antiplatel-
et therapy, statins, beta-blockers, insulin, and oral hypoglyc-
emic drugs). However, statistically significant differences we-
re observed between the two groups in the prevalence of dia-
betes mellitus, hyperlipidemia, peripheral arterial disease, as
well as in BMI, TC, LDL-C, TC/HDL-C ratio, FBG, hs-CRP le-
vels, left circumflex lesions, trifurcation/ bifurcation lesions,
restenotic lesions, and the use of angiotensin-converting en-
zyme inhibitor,/ angiotensin I receptor blocker medications.
Since the left ventricular ejection fraction, PCr and eGFR of
both groups were in the normal rangg, the significant differe-
nees between the two groups could be considered not clinica-
lly significant (” <0.05). In terms of the average number of st-
ents implanted per case, although there was a statistical dif-
ference between the two groups (I” <0.001), the medians of the
two groups were equal, and only the interquartile range had
a distributional difference, suggesting that the difference was
caused by the extreme values in the GDMT group, which did
not reflect the actual situation in the two groups.
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Variable GDMT group (n = 1155) ICWM group (n =1119) P-value
Demographics
Age, yrs 58.00 (52.00-64.00) 59.00 (52.00-66.00) 0.012
Male 904 (78.30%) 863 (77.10%) 0.512
Body mass index, kg/m’ 25.71 (23.89-27.78) 25.97 (24.07-28.08) 0.048
Risk factors
Cigarette smoking 711 (61.60%) 657 (58.70%) 0.166
Diabetes mellitus 481 (41.60%) 390 (34.90%) 0.001
Hypertension 741 (64.20%) 742 (66.30%) 0.281
Dyslipidemia 1140 (98.70%) 882 (78.80%) <0.001
Previous MI 185 (16.00%) 200 (17.90%) 0.238
Previous stroke 133 (11.50%) 121 (10.80%) 0.595
Previous PCI 356 (30.80%) 315 (28.20%) 0.162
Peripheral arterial disease 161 (13.90%) 124 (11.10%) 0.040
Family history of CAD 203 (17.60%) 223 (19.90%) 0.151
Clinical presentations
Multi-vessel CAD 937 (81.10%) 894 (79.90%) 0.458
Left ventricular ejection fraction, % 64.00 (60.00-66.00) 63.00 (60.00-65.00) <0.001
Laboratory measurements
TC, mmol/L 3.81 (3.27-4.43) 3.96 (3.34-4.73) <0.001
LDL-C, mmol/L 2.19 (1.77-2.73) 2.33 (1.83-2.99) <0.001
HDL-C, mmol/L 1.04 (0.90-1.25) 1.06 (0.89-1.25) 0.999
TG, mmol/L 1.42 (1.08-1.95) 1.47 (1.09-2.02) 0.253
TG/HDL-C 1.35 (0.95-2.03) 1.41 (0.98-2.06) 0.223
TC/HDL-C 3.54 (3.01-4.25) 3.74 (3.07-4.56) <0.001
FBG, mmol/L 5.59 (5.00-6.80) 5.74 (5.10-7.01) 0.009
PCr, pmol/L 79.65 (70.37-89.44) 78.08 (68.48-89.35) 0.024
eGFR, mL/min per 1.73 m* 107.67 (95.05-121.83) 110.87 (94.95-125.47) 0.022
hs-CRP, mg/L 2.28 (1.62-3.73) 1.75 (0.95-3.63) <0.001
Angiographic findings
Left main lesions 55 (4.76%) 59 (5.27%) 0.577
Left anterior descending lesions 644 (55.76%) 586 (52.37%) 0.105
Left circumflex lesions 319 (27.62%) 260 (23.24%) 0.016
Right coronary artery lesions 519 (44.94%) 490 (43.79%) 0.582
Trifurcation/Bifurcation lesions 684 (59.22%) 613 (54.78%) 0.033
Restenotic lesions 25 (2.20%) 67 (6.00%) <0.001
Calcification of target lesions 587 (50.80%) 568 (50.80%) 0.976
Chronic total occlusions 187 (16.20%) 180 (16.10%) 0.946
Lesions > 20 mm 911 (78.90%) 855 (76.40%) 0.158
Length of stent, mm 36.00 (21.00-59.00) 32.00 (20.00-52.00) <0.001
Number of stents 2.00 (1.00-3.00) 2.00 (1.00-2.00) <0.001
Medications at discharge
Dual antiplatelet therapy 1153 (99.80%) 1115 (99.60%) 0.445
Statins 1143 (99.00%) 1098 (98.10%) 0.095
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Continued

Variable GDMT group (n = 1155) ICWM group (n =1119) P-value

B oy enyme inhibitor/ An- 572 (49.50%) 644 (57.60%) <0.001

Beta-blockers 968 (83.80%) 965 (86.20%) 0.105

Insulin 129 (11.20%) 128 (11.40%) 0.839

Oral hypoglycemic drugs 299 (25.90%) 298 (26.60%) 0.687
Endpoint events

The primary endpoint 575 (49.80%) 479 (42.80%) 0.001

Repeat revascularization 529 (45.80%) 455 (40.70%) 0.013

ISR 258 (22.30%) 225 (20.10%) 0.194

Data are presented as median (interquartile range) or n (%). CAD: coronary artery disease; eGFR: estimated glomerular filtration rate; FBG: fasting
blood glucose; GDMT: guideline-directed medical treatment; HDL-C: high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive prot-
ein; ICWM: integrative Chinese and Western medicine; ISR: in-stent restenosis; LDL-C: low-density lipoprotein cholesterol; MI: myocardial infarcti-
on; PCI: percutaneous coronary intervention; PCr: plasma creatinine; TC: total cholesterol; TG: triglycerides.

Outcomes

Association between treatment strategies and the
primary endpoint

For the primary endpoint, the median duration of foll-
ow-up in the study population was 6045 (16.47—68.00) mon-
ths. During follow-up, 1054 patients (46.40%) experienced
the primary endpoint, including 479 patients (42.80%) in the

ICWM group and 575 patients (49.80%) in the GDMT group.
Kaplan-Meier survival analysis showed that the cumulative
incidence of the primary endpoint was significantly lower in
the ICWM group than in the GDMT group (Figure 2A, log-
rank P<0.001).

The results of the multivariable Cox regression analysis are
shown in Table 2. Compared with the GDMT group, the IC-
WM group was associated with a 22.20% lower risk of the pr-

(A) GDMT group = ICWM group (B) GDMT group == ICWM group ©) GDMT group = ICWM group
100% 100% 100%
) ) ) \_
Z 75% Z 75% E 75%
3 7% z 7% = 75%
s s ]
£ 50% 2 50% 2 50%
2 25% £ 25% Z 25%
E] P <0.0001 E] P=0.0018 5 P=0023
12 2] o
0 0 0

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months

Number at risk Number at risk Number at risk

ICWM group 11191092 971 842 805 770 746 726 709 688 669 589 312 1 |ICWMgroup- 11191092 977 854 819 787 762 742 727 707 688 608 321 1  |ICWM group11191113106710221007 989 970 961 950 934 920 825 485 49

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months

0 6 12 18 24 30 36 42 48 54 60 66 72 78

Follow-up months
Figure 2 Kaplan-Meier survival analysis for the association of treatment strategies with post-PCI adverse cardiovascular events. (A) The
primary endpoint; (B) repeat revascularization; and (C) in-stent restenosis. GDMT: guideline-directed medical treatment; ICWM: integrative Ch-
inese and Western medicine; PCI: percutaneous coronary intervention.

Table 2 The association between treatment strategies and the primary endpoint.

Model 1 Model 2 Model 3
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
GDMT Reference Reference Reference
ICWM 0.778 (0.689-0.879) <0.001 0.781 (0.691-0.884) <0.001 0.741 (0.654-0.841) <0.001

Model 1: unadjusted any variables. Model 2: adjusted for age, sex, BMI, cigarette smoking, eGFR, and hs-CRP. Model 3: adjusted for variables in
Model 2 plus the LDL-C, TG, FBG, prior PCI, presence of peripheral arterial disease, target lesion > 20 mm, and number of stents. BMI: body ma-
ss index; eGFR: estimated glomerular filtration rate; FBG: fasting blood glucose; GDMT: guideline-directed medical treatment; hs-CRP: high-sens-
itivity C-reactive protein; ICWM: integrative Chinese and Western medicine; LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous coro-
nary intervention; TG: triglycerides.
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imary endpointin Model 1 (HR =0.778, 95% CI: 0.689-0.879, P
<0.001). The association remained significant in Model 2 (ad-
justed HR = 0.781, 95% CI: 0.691-0.884, P<0.001) and after fu-
Il adjustment in Model 3 (adjusted HR =0.741, 95% CI: 0.654-
0.841, P<0.001).

Association between treatment strategies and sec-
ondary outcomes

For repeat revascularization, the median follow-up dur-
ation was 61.23 (17.97-68.71) months. During the follow-up,
984 patients (43.30%) experienced repeat revascularization,
including 529 patients (45.80%) in the GDMT group and 455
patients (40.70%) in the ICWM group. Kaplan-Meier survival
analysis showed that the cumulative incidence of repeat reva-
scularization was significantly lower in the ICWM group th-
an in the GDMT group (Figure 2B, log-rank P= 0.0018).

Asshown in Table 3, compared with the GDMT group, the
ICWM group was associated with an 18.2% lower risk of re-
peat revascularization in Model 1 (HR = 0.818, 95% CI: 0.721
-0.928, P=0.002). The association remained significant in
Model 2 (adjusted HR = 0.824, 95% CI: 0.726-0.936, P=
0.003) and after full adjustment in Model 3 (adjusted HR =
0.781, 95% CI: 0.686-0.889, P< 0.001).

For ISR, the median follow-up duration was 65.53 (5940~
71.57) months. A total of 483 patients (21.20%) experienced ISR
during the follow-up period, of which 258 patients (22.30%)
were in the GDMT group and 225 patients (20.10%) were in
the ICWM group. Kaplan-Meier survival analysis showed th-

at the cumulative incidence of ISR was significantly lower in
the ICWM group than in the GDMT group (Figure 2C, log-ra-
nk P=0.023).

The results of the multivariable Cox regression analysis for
ISR are shown in Table 4. In Model 1 and Model 2, ICWM was
associated with 19.0% (HR = 0.810, 95% CI: 0.675-0.971, P=
0.023) and 19.5% (adjusted HR = 0.805, 95% CI: 0.671-0.966,
P=0.020) lower risks of ISR than GDMT, respectively. The as-
sociation remained significant after full adjustment in Mod-
el 3, with ICWM associated with a 17.5% lower risk of ISR (ad-
justed HR = 0.825, 95% CI: 0.686-0.993, P=0.042).

Subgroup analysis of treatment strategies and pr-
imary endpoint

Subgroup analyses showed significant interactions betw-
een treatment strategy and prior PCI (P,eraction = 0.006) as we-
Il'as multivessel CAD (Pyeraction = 0-003) with respect to the pr-
imary endpoint. In patients with prior PCI, ICWM was asso-
ciated with a 41% lower risk of the primary endpoint than GD-
MT (adjusted HR = 0.59, 95% CI: 048-0.73, P< 0.001), whe-
reas in those without prior PCI, the association was weaker
(adjusted HR = 0.84, 95% ClI: 0.71-0.98, P=0.03). Similarly,
ICWM was associated with a lower risk of the primary endp-
oint in both patients with and without multivessel CAD, wi-
th a more pronounced association observed in those with-
out multivessel disease (adjusted HR = 0.46, 95% CI: 0.32-
0.68, P<0.001) than in those with multivessel CAD (adjust-
ed HR =081, 95% CI: 0.71-0.93, P=0.002). No significant in-

Table 3 The association between treatment strategies and the repeat revascularization.

Model 1 Model 2 Model 3
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
GDMT Reference Reference Reference
ICWM 0.818 (0.721-0.928) 0.002 0.824 (0.726-0.936) 0.003 0.781 (0.686-0.889) <0.001

Model 1: unailg.lusted any variables. Model 2: adjusted for age, sex, BMI, cigarette smoking, eGFR, and hs-CRP. Model 3: adjusted for variables in
Model 2 plus the LDL-C, TG, FBG, prior PCI, presence of peripheral arterial disease, target lesion > 20 mm, and number of stents. BMI: body mass

index; eGFR: estimated glomerular filtration rate; FBG: fasting blood glucose; GDMT:

guideline-directed medical treatment; hs-CRP: high-sensi-

tivity C-reactive protein; ICWM: integrative Chinese and Western medicine; LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous cor-

onary intervention; TG: triglycerides.

Table4 The association between treatment strategies and the in-stent restenosis.

Model 1 Model 2 Model 3
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value
GDMT Reference Reference Reference
ICWM 0.810 (0.675-0.971) 0.023 0.805 (0.671-0.966) 0.020 0.825 (0.686-0.993) 0.042

Model 1: unac;,iusted any variables. Model 2: adjusted for age, sex, BMI, cigarette smoking, eGFR, and hs-CRP. Model 3: adjusted for variables in
Model 2 plus the LDL-C, TG, FBG, prior PCI, presence of peripheral arterial disease, target lesion > 20 mm, and number of stents. BMI: body mass

index; eGFR: estimated glomerular filtration rate; FBG: fasting blood glucose; GDMT: guideline-directed medical treatment; hs-CRP: high:

-sensiti-

vity C-reactive protein; [CWM: integrative Chinese and Western medicine; LDL-C: low-density lipoprotein cholesterol; PCI: percutaneous coro-

nary intervention; TG: triglycerides.

A http://www jgc301.com; jge@jge301.com

339



JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

teractions were observed in the other prespecified subgrou-
ps (Figure 3).

DISCUSSION

This prospective cohort study evaluated the association be-
tween adjunctive CHM and post-PCl adverse cardiovascular
outcomes in patients with CCS. The main findings were as fo-

llows. Firstly, compared with GDMT alone, ICWM was assoc-
iated with a significantly lower risk of the primary composi-
te endpoint of repeat revascularization and ISR. Secondly, th-
is association remained consistent when the individual com-
ponents of the composite endpoint were analyzed separate-
ly, with lower risks observed for both repeat revascularizati-
onand ISR. Thirdly, the sensitivity analysis using conventio-
nal MACE showed a directionally consistent benefit, suppo-

Variable Count Percent HR (95% CI)  P-value P,,..cion-Value
Age, yrs 3 0.255
<65 1673 73.57% —— 0.77 (0.66-0.89) 0.001
> 65 601  26.43% —— i 0.66 (0.52-0.84) 0.001
Gender i 0.970
Female 507  22.30% —-—%— 0.78 (0.59-1.03) 0.082
Male 1767  77.70% —— i 0.74 (0.64-0.85) < 0.001
BMI, kg/m> } 0.848
<24 572 25.15% —-—3 0.74 (0.56-0.97) 0.031
>24 1702 74.85% - 0.75 (0.65-0.86) < 0.001
Smoke ! 0.566
No 906  39.84% —— i 0.77 (0.63-0.94) 0.010
Yes 1368  60.16% —— i 0.73 (0.62-0.86) < 0.001
Family history of CAD } 0.241
No 1848  81.27% —-— i 0.71 (0.62-0.82) < 0.001
Yes 426 18.73% —'ﬂ:— 0.88 (0.65-1.19) 0.401
Dyslipidemia 3 0.851
No 252 11.08% ——F—— 0.65 (0.30-1.40) 0.269
Yes 2022 88.92% - 0.72 (0.62-0.82) < 0.001
Hypertension i 0.325
No 791 34.78% = —e— | 0.69 (0.54-0.87)  0.002
Yes 1483  65.22% —-— i 0.76 (0.66-0.89) < 0.001
Previous MI i 0.469
No 1889  83.07% —— i 0.75 (0.65-0.87) < 0.001
Yes 385 16.93% —— i 0.66 (0.50-0.87) 0.003
Previous stroke l 0.762
No 2020 88.83% —-— i 0.73 (0.64-0.84) < 0.001
Yes 254 11.17% — 0.87 (0.60-1.27)  0.476
Previous PCI i 0.006
No 1603  70.49% —-—i 0.84 (0.71-0.98) 0.030
Yes 671  29.51% —— i 0.59 (0.48-0.73)  <0.001
Multi-vessel CAD i 0.003
No 443 1948% —— i 0.46 (0.32-0.68) < 0.001
Yes 1831  80.52% —- 0.81 (0.71-0.93) 0.002
Left ventricular ejection fraction, % 3 0.110
<50 112 4.93% —=—— 3 0.43 (0.24-0.78) 0.006
>50 2162 95.07% - 0.75 (0.66-0.86) < 0.001
T

0 0.5 1.0

T 1
15 2.0

Favours for ICWM group  Favours for GDMT group

Figure3 Subgroup analysis of the association between treatment strategies and the risk of post-PCI adverse cardiovascular events. Adjus-
tments were made for age, sex, BMI, cigarette smoking, eGFR, hs-CRP, LDL-C, TG, FBG, prior PCI, presence of peripheral arterial disease, target
lesion =20 mm, and number of stents in the multivariable model. BMI: body mass index; CAD: coronary artery disease; eGFR: estimated glome-
rular filtrationrate; FBG: fasting blood glucose; GDMT: guideline-directed medical treatment; hs-CRP: high-sensitivity C-reactive protein; ICWM:
integrative Chinese and Western medicine; LDL-C: low-density lipoprotein cholesterol; MI: myocardial infarction; PCI: percutaneous coronary

intervention; TG: triglycerides.
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rting the robustness of the main findings. Last but not least,
subgroup analyses suggested that patients with prior PCI
and those without multivessel CAD may derive greater be-
nefit from ICWM.

The rationale for selecting the primary endpoint should
be understood in the context of the specific clinical questi-
on addressed in this study. In CCS patients after PCI, repe-
at revascularization and ISR are more directly related to les-
ion progression and residual post-PCl risk than traditional
hard endpoints. In clinically stable CCS, death and MI occur
relatively less frequently during follow-up and are influenc-
ed by multiple systemic factors, whereas repeat revascular-
ization and ISR more sensitively reflect the long-term need
for further coronary intervention after the index PCL. This al-
so helps explain the relatively high event rate observed in
our cohort. The study population had substantial angiogra-
phic complexity, including high proportions of multivess-
el disease (81.1%), bifurcation/ trifurcation lesions (59.22%),
and long lesions (78.9%), all of which are associated with el-
evated risks of restenosis and repeat intervention. In additi-
on, unlike conventional MACE definitions, our primary en-
dpoint was intentionally designed to capture lesion-related
events that are expected to occur more frequently during long
-term follow-up. Importantly, even against this high-risk an-
giographic background, adjunctive CHM remained associa-
ted with a significantly lower risk of the primary endpoint af-
ter full adjustment, underscoring the potential clinical relev-
ance of [CWM in the long-term management of selected CCS
patients after PCL.

To further test the robustness of the findings beyond the-
se post-PCl adverse cardiovascular events, we additionally
performed a sensitivity analysis using conventional MACE,
defined in this study as a composite of all-cause death, non-fa-
tal Ml, and stroke. The sensitivity analysis served a different
purpose from the primary endpoint analysis, as it was intend-
ed to provide a relatively independent robustness check usi-
nga more conventional hard-endpoint framework. For this
reason, repeat or unplanned revascularization was not inclu-
ded in the MACE definition to avoid substantial conceptual
overlap with the primary endpoint, whereas stroke was reta-
ined as a systemic atherosclerotic event. Notably, the assoc-
iation between ICWM and a lower risk of MACE remained
significant after full adjustment, suggesting that the observ-
ed benefit was not confined to post-PCl lesion-related even-
ts alone.

The present findings are broadly consistent with previo-
us studies suggesting that CHM may be of value as an adjun-
ct therapy after PCI, with lower risks of MACE reported in

http:/ /www .jgc301.com; jgc@jgc301.com

patients receiving integrative therapy.””* This study exte-
nds the evidence by focusing specifically on CCS rather th-
an a broader CAD spectrum, by evaluating post-PCl adverse
cardiovascular events that directly reflect lesion-related pro-
gression, and by providing relatively long-term follow-up. Im-
portantly, in this CCS cohort, ICWM was associated not only
with a lower risk of the primary composite endpoint (adjust-
ed HR =0.741, 95% CI: 0.654-0.841), but also with a lower risk
of conventional MACE in the sensitivity analysis (adjusted
HR =0.561, 95% CI: 0.356-0.885). Taken together, these find-
ings suggest that adjunctive CHM may contribute not only
to symptom control, but also to long-term secondary preventi-
on after PCl in selected CCS patients.

When interpreting these favorable outcomes, a key me-
thodological issue is the inherent heterogeneity of CHM
interventions in real-world TCM practice. To address this is-
sue while maintaining clinical relevance, we adopted a stan-
dardized yet individualized treatment strategy, allowing sy-
ndrome differentiation at the patient level within a prespe-
cified, guideline-informed therapeutic framework. All pre-
scriptions were based on the “Guidelines for diagnosis and
treatment of coronary heart disease and angina before and
after intervention” and the “Expert consensus on integra-
ted Chinese and Western medicine rehabilitation treatme-
nt for stable coronary heart disease”.""*! As shown in sup-
plemental material, Table 1S, 63.63% of patients received in-
dividualized decoctions, whereas the remainder were treat-
ed with standardized Chinese patent medicines. Thus, alth-
ough the specific formulations varied across patients, the ov-
erall treatment strategy remained clinically coherent and re-
flective of real-world TCM practice.

Regarding the individual components of the primary end-
point, ICWM was associated with lower risks of both repe-
at revascularization and ISR after multivariable adjustme-
nt, with a more robust association observed for repeat reva-
scularization. The association with ISR remained significa-
nt across models but showed a relatively modest effect size
in the fully adjusted analysis. Clinically, these findings sugg-
est that the potential benefit of CHM may not be confined to
asingle pathway such as local neointimal suppression, but may
instead reflect a broader influence on the post-PCI disease mi-
liey, including inflammation, endothelial dysfunction, micro-
circulatory impairment, and progression of residual atherosc-
lerotic risk.”" Such an interpretation is biologically plausib-
le and consistent with the multi-component, multi-target char-
acteristics of CHM, although the underlying mechanisms st-
ill require further investigation.™

Furthermore, subgroup analysis suggested that patients
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with prior PCl and those without multivessel disease might
derive greater benefit from ICWM. The more pronounced as-
sociation observed in patients with prior PCI may indicate th-
at adjunctive CHM is particularly relevant in individuals wit-
h a higher cumulative burden of vascular injury, repeated int-
ervention, and persistent residual risk. Likewise, the great-
er apparent benefit in patients without multivessel disease
may suggest that CHM is more effective when introduced at
arelatively earlier stage of anatomical disease complexity,
before the disease burden becomes more extensive. Althou-
gh these subgroup findings should be interpreted cautiously,
they may help generate hypotheses for more individualiz-
ed integrative treatment strategies in future studies.

LIMITATIONS

Several limitations should be acknowledged. Firstly, th-
is was a single-center observational study, and causal infere-
nce cannot be established despite prospective follow-up and
multivariable adjustment. Although the fully adjusted mod-
el incorporated relevant covariates, residual confounding fr-
om unmeasured factors cannot be fully excluded; in particu-
lar, lipoprotein(a), an important residual cardiovascular ri-
sk marker, was not routinely collected in the parent cohort es-
tablished in 2016-2017 and therefore could not be included in
the present analysis. Secondly, because patients with severe
hypertriglyceridemia were excluded according to the predef-
ined parent-cohort criteria, the generalizability of the findin-
gs to this subgroup may be limited. Thirdly, patients with su-
spected ISR without confirmatory CAG and those with def-
inite lesion progression who declined repeat revascularizati-
on were excluded to ensure strict endpoint adjudication; alth-
ough this approach reduced endpoint misclassification, it
may also have introduced selection bias. Fourthly, exposure
to CHM was defined as a long-term treatment strategy, but
more granular information on the dosage of individualized
decoctions, daily adherence, and differences among specific
CHM formulations was not available. Last but not least, fu-
ture multicenter studies, ideally with more detailed exposu-
re assessment and randomized designs, are warranted to va-
lidate and extend these findings.

CONCLUSIONS

In this prospective cohort study, adjunctive CHM was ass-
ociated with lower risks of the composite endpoint of repe-
at revascularization and ISR, as well as its individual com-
ponents, in patients with CCS after PCI. This association rem-
ained directionally consistent in the sensitivity analysis us-
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ing conventional MACE. The observed benefit appeared to
be more pronounced in patients with prior PCl and those wi-
thout multivessel CAD. Taken together, these findings sugg-
est that CHM may be a useful adjunctive strategy for long-
term management after PCI in selected CCS patients.
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