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Traditional Chinese Medicine Use in the Treatment of Acute Heart
Failure in Western Medicine Hospitals in China: Analysis From the
China PEACE Retrospective Heart Failure Study

Yuan Yu, MD;* Erica S. Spatz, MD;* Qi Tan, MPH; Shuling Liu, PhD; Yuan Lu, ScD; Frederick A. Masoudi, MD, MSPH;
Wade L. Schulz, MD, PhD; Harlan M. Krumholz, MD, SM;** Jing Li, MD, PhD;** for the China PEACE Collaborative Group

Background—Traditional Chinese medicine (TCM) is used in the treatment of many conditions, including heart failure (HF),
although it is not well characterized.

Methods and Results—We conducted a retrospective analysis of TCM use in a random sample of hospitalizations for HF within a
random sample of Western medicine hospitals in China in 2015 using data from the China PEACE 5r-HF (China Patient-Centered
Evaluative Assessment of Cardiac Events 5 Retrospective Heart Failure Study). We describe the frequency of TCM use and its
association with patient characteristics, in-hospital use of evidence-based therapies, and hospital characteristics using hierarchical
logistic regression models. Finally, we assessed risk-adjusted in-hospital bleeding and mortality. Among 10 004 patients
hospitalized with HF (median age, 73 years; 48.9% women) from 189 hospitals, 74.7% received TCM (83.3% administered
intravenously). The most commonly used agent was Salvia miltiorrhiza (51.2%). Patients with coronary artery disease (odds ratio
[OR], 1.73; 95% Cl, 1.53—1.95) or stroke (OR, 1.32; 95% ClI, 1.15—-1.51) were more likely to receive TCM; there was no correlation
with evidence-based therapy use. Nearly all hospitals (99.4%) used TCM, with substantial variation across hospitals (median OR,
3.29; 95% Cl, 2.82—-3.76). In-patient bleeding (OR, 1.39; 95% CI, 1.03—1.88) and mortality (OR, 1.36; 95% Cl, 1.04—1.79) were
higher with Salvia miltiorrhiza, although not with other TCMs.

Conclusions—In a nationally representative sample of patients hospitalized with acute HF in China, three fourths received TCM.
Nearly all hospitals used TCM, although use varied substantially by hospital. Although TCM was not used in lieu of evidence-based
therapies for HF, we found a signal for harm with the most commonly used TCM.

Clinical Trial Registration—URL: https://www.clinicaltrials.gov. Unique identifier: NCT02877914. (J Am Heart Assoc. 2019;8:
e012776. DOI: 10.1161/JAHA.119.012776.)
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T raditional Chinese medicine (TCM) is commonly used as Western medicine hospitals received intravenous TCM as
a complement to evidence-based therapies for acute short-term therapy in 2011.% Prior studies suggest that TCM
illnesses in China.' A recent study of acute myocardial is also frequently used for the management of heart failure
infarction found that more than half of patients in Chinese (HF), although these studies have been limited to specific
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Clinical Perspective

What Is New?

* Traditional Chinese medicine (TCM) was used in nearly every
Western hospital in China for the treatment of acute
decompensated heart failure, although the extent of use
varied substantially by hospital.

Although TCM was not used in lieu of evidence-based
therapies for heart failure, we found a signal for harm with
the most widely used TCM.

What Are the Clinical Implications?

» Given the frequency of hospitalizations for heart failure in
China and the magnitude of use of TCM for this condition,
there is an urgent need for further research into the safety
and efficacy of TCM, along with standardized approaches for
its use in clinical practice.

provinces or cities in China®® and questions remain about the
pervasiveness of TCM in the management of patients
hospitalized with HF in China, with implications for clinical
practice, research, and policy.

Despite systematic reviews®® showing inconclusive ben-
efits of TCM in the treatment of HF and a lack of support for
TCM in Chinese guidelines,'®'" the limited existing data
suggest that TCM is increasingly being used in the manage-
ment of HF.'> TCM use may be driven by wide-scale
availability, even in Western medicine hospitals; small studies
suggesting benefits in symptoms, hemodynamics, and out-
comes'®'%; and a cultural desire to preserve an ancient
medical tradition. Yet, as the Chinese health system strives to
become a high-performing, evidence-based system, an under-
standing of the extent of TCM use, the patient factors
associated with its use, the extent of hospital-level variation in
use, and whether TCM is used as a substitute for proven
therapies for HF would provide the basis for understanding
how the quality of HF care might be improved.

Accordingly, we used data from a nationally representative
study of patients with acute decompensated HF admitted to
Western medicine hospitals throughout China in 2015 to
investigate current use patterns of TCM. Collection of TCM
data was part of the China PEACE 5r-HF (China Patient-
Centered Evaluative Assessment of Cardiac Events 5 Retro-
spective Heart Failure Study).' Our aims herein were as
follows: (1) to describe practice patterns in the use of TCM
during HF hospitalization, including type, combination, and
duration; (2) to assess patient characteristics associated with
TCM use; (3) to describe hospital variation in use of TCM; and
(4) to examine the association of TCM with inpatient bleeding
and mortality in an exploratory analysis. Given the frequency
of hospitalizations for HF in China, this study can provide

9

important data to guide next steps for determining the
efficacy and safety of TCM for acute decompensated HF.

Methods

The study materials have been made available to other
researchers for purposes of replicating the procedure.’ It is
our goal to share the China PEACE 5r-HF prospective study
data; however, at this time, we are unable to do so.

Study Design

The China PEACE 5r-HF used a 2-stage random sampling
design to create a nationally representative sample of hospital
admissions for HF, with the goal of assessing quality and
outcomes of patients hospitalized with HF in 2015. The study
design has been described previously.'® Briefly, we first
identified a nationally representative cohort of 189 Western
medicine hospitals (a phrase used in China to designate
hospitals that are based in Western or conventional therapies,
distinguishing them from TCM hospitals). Second, we used
systematic random sampling procedures to select 10 004
patients hospitalized for HF in 2015 from the local hospital
database of each sampled hospital. As previously described,
centralized data abstraction of charts using standardized
definitions was assessed for accuracy and quality. '’

Informed consent was waived for patients not involved in
the recruitment or conduct of the study. The Central Ethics
Committee at the Chinese National Center for Cardiovascular
Diseases and Yale University approved the study. All collab-
orating hospitals accepted central ethics approval, except for
15 hospitals, which obtained local approval by their internal
ethics committees.

Classification of TCM

Herbal medicines, including the name, route of administration,
and timing of use in the course of hospitalization, were abstracted
from the medical record. Use of nonpharmacological TCM (eg,
gigong and acupuncture) is limited in Chinese Western medicine
hospitals, if at all used, and therefore was not abstracted. Herbal
medicines were classified into groups on the basis of the primary
active ingredient. If an herbal medicine included >1 active
ingredient, we classified it according to the primary active
ingredient, as previously reported.”® We focused on the most
commonly used TCMs among patients with HF (defined as being
used in >5% of patients in the sample): Salvia miltiorrhiza, Panax
notoginseng, Gingko, Radiax astragali, and Safflower (Table S1).
Less frequently used agents were combined into a category of
other TCM. The duration of TCM use during hospitalization was
based on physicians’ orders, counted in days, based on whether
any TCM was prescribed on each day of hospitalization.
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Statistical Analysis

We describe the frequency of oral and intravenous TCM use
among patients admitted for HF, including TCM type, timing of
administration (during hospitalization or at discharge), and
duration of each TCM use during hospitalization. For the
evaluation of medications at discharge, we excluded patients
who died or withdrew care during hospitalization. We
examined pairwise correlations to assess commonly used
combinations of the TCMs during hospitalization; specifically,
we calculated the frequency of use of each pair of the 5 TCMs
and calculated the Pearson correlation coefficient to examine
the association between each TCM pair. In addition, we
compared patient- and hospital-level characteristics by the
use of any TCM during hospitalization.

To identify factors associated with TCM, we used hierarchi-
cal logistic regression models with backward stepwise selec-
tion of covariates that were significant at the 0.05 level, using a
random effect at the hospital level to account for the patients’
clustering within hospitals. We selected explanatory variables,
on the basis of clinical judgment and review of the literature,
hypothesized to be associated with TCM use, including
demographics, clinical characteristics, clinical care manage-
ment, and hospital-level characteristics. To assess whether
TCM was used in lieu of guideline-based therapies or recom-
mended diagnostic tests, we tested the association of TCM use
with guideline-based therapies in unadjusted and multivariable
models. We transformed continuous variables into categorical
variables, according to clinically meaningful cutoff values, and
then created dummy variables. For variables with >1% of data
missing, we created a dummy variable indicating missing and
included it with the original variable in the adjusted models.
Patients with a length of stay of <24 hours were excluded. We
report odds ratios (ORs) with 95% Cls.

At the hospital level, use of TCM was calculated for each
hospital by determining the proportion of patients who
received TCM during hospitalization. Hospitals with <25 total
admissions were excluded from this analysis. To estimate the
variability in hospital-level TCM use, we calculated the median
OR from the fully adjusted hierarchical model, which repre-
sents the average likelihood of a statistically identical patient
receiving TCM at one random hospital versus another.?°

In exploratory analyses, we compared outcomes of in-
hospital bleeding and in-hospital mortality /withdrawal of care
among patients receiving any TCM. Withdrawal from treat-
ment is a common disposition among patients deemed to be
actively dying, but who do not want to die in the hospital; this
disposition status was adjudicated by clinicians in the
coordinating study center. The outcome of in-hospital mor-
tality or treatment withdrawal is used as a quality measure for
hospitals by the Chinese government. We also assessed in-
hospital bleeding given the antiplatelet effects of many of the
TCMs and the potential for bleeding, especially if combined

with other antiplatelet or anticoagulant use.?' Bleeding was
defined as a documented bleeding event in medical records or
a decrease in hemoglobin of >3 g/dL. We adjusted variables
hypothesized to be associated with in-hospital bleeding or
mortality, including demographics, clinical characteristics,
clinical care management (including antiplatelet and antico-
agulant agents), and hospital-level characteristics. In addition,
we evaluated in-hospital outcomes stratified by the duration
of Salvia miltiorrhiza therapy on the basis of the distribution of
days used into the following: 1, 2 to 9, and >9 days. We also
evaluated in-hospital outcomes stratified by in-hospital use of
antiplatelet or anticoagulant agents and by Salvia miltiorrhiza.

Statistical analysis was performed with SAS software,
version 9.3.

Results

Use Patterns of TCM

Among 10 004 patients admitted for HF, 74.7% received TCM
during hospitalization, which was most often (83.3%) adminis-
tered intravenously. Only 12.3% were prescribed TCM at
discharge. During hospitalization, the most commonly used
TCMs were Salvia miltiorrhiza (51.2%), followed by Panax
notoginseng (17.1%), Gingko (9.7%), Radiax astragali (7.4%),
and Safflower (6.3%). Nearly a quarter (24.2%) of patients
received >2 types of TCM, with the most common combination
being Salvia miltiorrhiza with either Panax notoginseng (8.2%) or
Radiax astragali (4.4%) (Table 1). For patients who received
TCM during hospitalization, the median duration for TCM use
was 6 days (interquartile range [IQR], 1-11 days) and the
median length of stay was 9 days (IOR, 6—13 days); 27.1% of
patients received only 1-day therapy of any TCM (Figure 1).
Patients who received 1-day therapy of Salvia miltiorrhiza
accounted for 30.6% of patients who received Salvia miltior-
rhiza; similar proportions of patients received 1-day therapy for
Panax notoginseng, Gingko, Radiax astragali, and Safflower
(34.8%, 36.5%, 48.3%, and 36.8%, respectively). Most patients
received TCM on the first day of admission, and the percentage
of TCM use decreased markedly thereafter (Figure S1).

Characteristics of Patients and Hospitals Using
TCM

Patient characteristics were compared between patients who
received any TCM and patients who did not receive TCM
(Table 2). The median age of patients was similar (73 [IQR, 65-
80] versus 73 [IQR, 63-80] years, respectively). Patients
receiving TCM were more likely to be women than those not
receiving TCM (49.8% versus 46.3%; P=0.003). In addition,
bivariate analyses revealed that in-hospital tests differed
between patients receiving TCM and patients who did not
(Table 3). Patients receiving TCM were less likely to have brain
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Table 1. TCM Use During Hospitalization for HF in Western Medicine Hospitals in China

Type of TCM Salvia Miltiorrhiza, Ginseng, Ginseng Rubra Panax Notoginseng Gingko Radiax Astragali Safflower

Salvia miltiorrhiza, 5072 (51.2) 809 (8.2 371 (3.7) 433 (4.4) 226 (2.3)
ginseng, ginseng rubra

Panax notoginseng 1696 (17.1) 135 (1.4) 130 (1.3) 56 (0.6)

Gingko 962 (9.7) 81 (0.8) 53 (0.5)

Radiax astragali 730 (7.4) 65 (0.7)

Safflower 622 (6.3)

Data are given as number (percentage). HF indicates heart failure; TCM, traditional Chinese medicine.

natriuretic peptide or NT-proBNP (N-terminal pro-B-type natri-
uretic peptide) testing (53.7% versus 63.9%; P<0.001) or chest
x-ray or computed tomographic scan (74.1% versus 77.0%;
P=0.004) compared with patients who did not receive TCM.

Although nearly all the sampled hospitals (99.4%) used
TCM in at least some patients with HF, there was significant
variation in frequency of use across hospitals (Figure 2). The
median frequency of hospital TCM use was 81.6% (range, 0%—
100%; IQR, 67.2%—91.6%). We also observed variation in TCM
use by hospital subtype (Figure 3). The median rate of TCM
use was 86.7% (IQR, 76.6%—93.3%) in nonteaching hospitals
compared with 78.6% (IOR, 59.3%—88.2%) in teaching hospi-
tals; and it 84.2% (IQR, 69.8%—92.2%) in non—coronary artery
bypass grafting hospitals compared with 74.8% (IQR, 46.9%—
82.1%) in coronary artery bypass grafting hospitals.

Patient and Hospital Characteristics Associated
With TCM Administration

In hierarchical logistic regression models, some patient
factors were strongly associated with TCM (Figure 4).
Patients with coronary artery disease were more likely to
receive TCM (OR, 1.73; 95% Cl, 1.53-1.95), as were those
with hypertension (OR, 1.21; 95% Cl, 1.08-1.35) or stroke
(OR, 1.32; 95% CI, 1.15—-1.51). However, patients with chronic
obstructive pulmonary disease (OR, 0.79; 95% Cl, 0.70-0.89),
diabetes mellitus (OR, 0.86; 95% CI, 0.75-0.98), chronic
kidney disease (OR, 0.74; 95% Cl, 0.64—0.85), and cancer (OR,
0.74; 95% Cl, 0.57-0.95) were less likely to receive TCM.
Patients presenting with chest pain were more likely to
receive TCM (OR, 1.19; 95% CI, 1.06—1.34), whereas patients
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Figure 1. Duration of traditional Chinese medicine (TCM) use during heart failure hospitalization.
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Table 2. Demographic and Clinical Characteristics Stratified by Use of TCM During Hospitalization

Overall TCM No TCM
Characteristics n % n % n % P Value
Al 9909 7400 747 2509 25.3
Demographics
Age, median (IQR), y 73 (65-80) 73 (65-80) 73 (63-80) 0.0351
Age categories, y
<55 890 9.0 625 8.4 265 10.6 0.0004
55-64 1536 15.5 1120 15.2 416 16.6
65-74 2948 29.8 2240 30.3 708 28.2
75-84 3492 35.2 2658 35.9 834 332
>85 1043 10.5 757 10.2 286 11.4
Women 4845 48.9 3683 49.8 1162 46.3 0.0028
Medical insurance 9052 91.4 6773 91.5 2279 90.8 0.2852
Comorbidities
Coronary artery disease 6013 60.7 4718 63.8 1295 51.6 <0.0001
Hypertension 5327 53.8 4012 54.2 1315 52.4 0.1171
Atrial fibrillation 3565 36.0 2704 36.5 861 34.3 0.0449
Cardiac valvular disease 3334 33.6 2416 32.6 918 36.6 0.0003
COPD or asthma 3023 30.5 2158 29.2 865 345 <0.0001
Dyslipidemia 5022 50.7 3686 49.8 1336 53.2 0.0029
Stroke/transient ischemic attack 1992 201 1545 20.9 447 17.8 0.0009
Diabetes mellitus 1977 20.0 1424 19.2 553 22.0 0.0024
Chronic renal insufficiency 1621 16.4 1100 14.9 521 20.8 <0.0001
Peripheral vascular disease 880 8.9 593 8.0 287 11.4 <0.0001
Cancer 354 36 235 32 119 47 0.0003
Anemia 2490 251 1804 24.4 686 27.3 0.0031
Clinical presentation
Admission to ICU/CCU 549 5.5 352 48 197 7.8 <0.0001
Cardiogenic shock 21 0.2 16 0.2 5 0.2 0.8734
Chest pain 6409 64.7 4938 66.7 1471 58.6 <0.0001
Dyspnea at rest 5081 51.3 3699 50.0 1382 55.1 <0.0001
Orthopnea 2696 27.2 1956 26.4 740 29.5 0.0029
Dyspnea on exertion 4962 50.1 3765 50.9 1197 47.7 0.0061
Paroxysmal nocturnal dyspnea 1526 15.4 1131 15.3 395 15.7 0.5816
Jugular vein distension 2591 26.2 1911 25.8 680 271 0.3754
S3 present 16 0.2 9 0.1 7 0.3 <0.0001
Pulmonary rales present 5499 55.5 3966 53.6 1533 61.1 <0.0001
Hepatojugular reflux positive 536 5.4 420 57 116 4.6 <0.0001
Lower-extremity edema 4963 50.1 3728 50.4 1235 49.2 0.6006
Heart rate, bpm
<60 423 4.3 320 43 103 41 0.8432
60-99 6223 62.8 4652 62.9 1571 62.6
>100 3261 32.9 2427 32.8 834 33.2
Continued
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Table 2. Continued
Overall TCM No TCM
Characteristics n % n % n % P Value
Systolic blood pressure, mm Hg
<90 112 1.1 84 1.1 28 1.1 0.9970
90-139 5565 56.2 4156 56.2 1409 56.2
>140 4221 42.6 3153 42.6 1068 426
Diastolic blood pressure, mm Hg
<60 407 4.1 289 39 118 47 0.2135
60-89 6532 65.9 4893 66.1 1639 65.3
>90 2957 29.8 2210 29.9 747 29.8
NYHA functional class
Il 1087 10.9 797 1.8 290 11.6 <0.0001
IIl 3980 40.2 3081 41.6 899 35.8
v 3060 30.9 2234 30.2 826 329
Unrecorded 1782 18.0 1288 17.4 494 19.7
GWTG-HF risk score, median (IQR) 36 (32-41) 36 (32-41) 37 (32-41) 0.0177

Bpm indicates beats per minute; CCU, cardiovascular care unit; COPD, chronic obstructive pulmonary disease; GWTG-HF, Get With The Guidelines—Heart Failure; ICU, intensive care unit;
IQR, interquartile range; NYHA, New York Heart Association; TCM, traditional Chinese medicine.

presenting with dyspnea at rest (OR, 0.87; 95% Cl, 0.78-0.96)
or pulmonary rales (OR, 0.72; 95% Cl, 0.64—0.80) were less
likely to receive TCM. Patients who received B blockers during
hospitalization were more likely to receive TCM (OR, 1.38;
95% Cl, 1.23-1.55); other evidenced-based therapies were
not significantly associated with TCM use.

We observed substantial variation in the use of TCM across
hospitals (median OR, 3.29; 95% ClI, 2.82-3.76), suggesting
that the average odds of a patient receiving TCM at one
random hospital versus another varied 3-fold after adjusting
for patient and treatment characteristics. Approximately 32%
of the variance in use of TCM among patients was explained
by the nested effect (or clustering) of patients among
hospitals (intraclass correlation, 0.32). Patients treated in
teaching hospitals (OR, 0.49; 95% Cl, 0.32—0.75) or hospitals
with capability of coronary artery bypass grafting (OR, 0.45;
95% Cl, 0.28-0.73) were less likely to receive TCM.

Association of TCM With Inpatient Outcomes

In fully adjusted hierarchical models, there was no association
with TCM use and inpatient bleeding or with combination of
mortality or treatment withdrawal (Table 4). We observed a
significant increase in the risk for bleeding (OR, 1.39; 95% ClI,
1.03-1.88) and death (OR, 1.36; 95% Cl, 1.04—1.79) during
hospitalization with Salvia miltiorrhiza (Table S2, Figure S2).
The risk of bleeding was significantly higher in patients who
received at least 2 days of Salvia miltiorrhiza therapy
(Table S3). The risk of death was significantly higher in

patients receiving Salvia miltiorrhiza for up to 9 days;
however, mortality was not significantly higher in patients
who received >9 days of Salvia miltiorrhiza therapy. In
addition, the use of antiplatelets or anticoagulants with and
without Salvia miltiorrhiza was not associated with greater in-
hospital bleeding or death (Table S4).

Discussion

In this nationally representative study of patients with HF
admitted to Western medicine hospitals in China, three
fourths of patients received TCM during HF hospitalization,
and TCM was used in nearly all of the hospitals. One third of
the agents used were prescribed for only 1 day during
hospitalization, and only 12% of patients were prescribed TCM
on discharge, in contrast with the longer durations of therapy
studied in clinical trials. We did not find evidence that TCM
was being used in lieu of evidence-based therapies; instead,
our findings suggest that TCM is used as a complementary
therapy in the management of HF. Variation in use of TCM
could be explained, in part, by patient- and hospital-level
factors, with ~32% of the variation driven by hospital
characteristics. Specifically, patients with statistically identi-
cal demographics and clinical findings on presentation and
who received similar evidence-based treatments for HF, on
average, were =3 times more likely to receive TCM at some
hospitals versus others. Finally, we observed a signal for
increased bleeding and mortality with Salvia miltiorrhiza;
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Table 3. Clinical Management Stratified by Use

Yu et al

of TCM During Hospitalization

Overall TCM No TCM
Variable n % n % n % P Value
Al 9909 7400 74.7 2509 25.3
Medication during hospitalization*
ACEI (eligible: 1278)* 627 49.1 474 50.9 153 44.1 0.0301
ARB (eligible: 1278)* 276 21.6 175 18.8 101 29.1 <0.0001
ACEI or ARB (eligible: 1278)* 863 67.5 621 66.7 242 69.7 0.3023
{3-Blocker (eligible: 1345)* 790 58.7 574 58.8 216 58.5 0.9272
Aldosterone receptor antagonist (eligible: 1312)* 1146 87.6 836 87.6 310 86.6 0.6141
Anticoagulant (eligible: 1240)* 458 36.9 319 35.6 139 40.5 0.1054
Tests
BNP/NT-proBNP 5578 56.3 3974 53.7 1604 63.9 <0.0001
Chest x-ray or CT scan 7415 74.8 5484 741 1931 77.0 0.0044
Echocardiogram 6436 65.0 4765 64.4 1671 66.6 0.0248
Ejection fraction, %
Unknown 3634 36.7 2761 37.3 873 34.8 0.0238
<40 1379 13.9 1000 13.5 379 151 0.0465
>40 and <50 1115 11.2 821 111 294 1.7 0.3933
>50 3781 38.2 2818 38.1 963 38.4 0.7887
Laboratory data median (IQR)
Blood urea nitrogen, mmol/L 7 (5-10) 7 (5-9) 7 (5-10) <0.0001
Serum creatinine, pmol/L 0.95 (0.76-1.25) 0.95 (0.76-1.23) 0.98 (0.77-1.34) <0.0001
Serum sodium, mEg/L 139.6 (136.5-142) 139.7 (136.7-142) 139.2 (136-142) 0.0507
Total cholesterol, mmol/L 4.0 (3.3-4.9) 4.0 (3.3-4.9) 4.0 (3.3-4.9) 0.0514
Glucose, mmol/L 6 (5.0-7.6) 5.9 (5-7.5) 6.1 (5.1-7.8) 0.0006
Hemoglobin, g/L 129 (113-143) 129 (114-143) 128 (112-144) 0.2436
Serum potassium, mmol/L 4 (3.6-4.4) 4 (3.6-4.4) 4 (3.6-4.4) 0.6995
Medication at discharge*
ACEI* (eligible: 1261) 442 35.0 326 35.4 116 341 0.6728
ARB* (eligible: 1261) 209 16.6 129 14.0 80 23.5 <0.0001
ACEI or ARB* (eligible: 1261) 648 51.4 454 49.3 194 57.1 0.0144
3-Blocker* (eligible: 1321) 609 461 438 45.6 17 47.5 0.5325
Aldosterone receptor antagonist* (eligible: 1289) 836 64.9 598 63.7 238 68.0 0.1489
Anticoagulant* (eligible: 1218) 54 44 25 2.8 29 8.6 <0.0001

ACEl indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; CT, computed tomographic; NT-proBNP, N-terminal pro-B-type

natriuretic peptide; TCM, traditional Chinese medicine.
*Analysis among eligible patients with indications and without contraindications.

although bleeding with this TCM has previously been
described,22 the increase in mortality was an unexpected
finding, warranting further investigation.

Our findings extend prior literature by demonstrating the
frequent use of TCM among patients hospitalized with HF in a
nationally representative and large sample. A previous
national study observed TCM was used in the short-term

treatment of acute myocardial infarction in nearly all Western
medicine hospitals throughout China, and most patients
hospitalized with acute myocardial infarction received TCM.?
Our study demonstrates that TCM use was also prevalent in
the clinical management of patients hospitalized with HF.
Several reasons may account for its prevalence. First,
treatment with TCM for HF is an ancient tradition in China
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Figure 2. Variation of inpatient traditional Chinese medicine (TCM) use among participating
hospitals.

including both oral and intravenous types, are covered by the
basic insurance provided by the government.?® To ensure the
quality of TCM, the China Food and Drug Administration has
strengthened the monitoring of manufacturing and postmar-
ket safety of TCM in recent years. As of 2016, TCM was
prescribed to >70 million outpatients and >2.5 million

that can be traced back to >1000 years. For many diseases,
TCM combined with Western medicine is well accepted by
physicians and patients.?® Second, TCM is a fully institution-
alized part of health care in China.?* Specifically, the Chinese
government encourages the use of TCM, as well as research
about the efficacy and safety of TCM. Most of the TCMs,

Level: Secondary 179.6%
Level: Tertiary 167.9%
Location: Eastern 168.1%
Location: Central 180.1%
Location: Western 179.0%
Region: Rural 176.4%
Region: Urban 172.5%
Teaching: No 182.2%
Teaching: Yes ]170.0%
Medical university affiliated hospital: No ] 78.6%
Medical university affiliated hospital: Yes ] 65.4%
Catheterization lab: No 180.3%
Catheterization lab: Yes 171.3%
CABG capability: No ]176.8%
CABG capability: Yes 167.3%
Independent department of cardiology: No 179.4%
Independent department of cardiology: Yes 173.5%
Cardiovascular care unit: No 178.5%
Cardiovascular care unit: Yes 172.2%
Cardiologist in emergency room: No ]173.9%
Cardiologist in emergency room: Yes 174.9%
Number of beds: <300 176.4%
Number of beds: 300-699 176.4%
Number of beds: 700-1199 178.8%
Number of beds: >=1200 165.3%
0% 20‘% 40‘% 6(;“&; 80‘%

Figure 3. Traditional Chinese medicine use by hospital subtype. CABG indicates coronary

artery bypass grafting.
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Covariates Factors associated with TCM use OR (95% ClI)
Comorbidities

Coronary artery disease I i | 1.73 (1.53, 1.95)

Hypertension —a— 1.21(1.08, 1.35)

Atrial fibrillation —_—— 1.12(1, 1.25)

COPD or asthma —a— 0.79 (0.7, 0.89)

Stroke/transient ischemic attach s 1.32(1.15, 1.51)

Diabetes mellitus —a 0.86 (0.75, 0.98)

Chronic renal insufficiency —a— 0.74 (0.64, 0.85)

Cancer e 0.74(0.57, 0.95)
Clinical presentation

Chest pain P 1.19 (1.06, 1.34)

Dyspenea at rest —a— 0.87 (0.78, 0.96)

Pulmonary rales present —a— 0.72(0.64, 0.8)
Diastolic blood pressure (mmHg)

<60 | L | 1.21(0.93, 1.56)

290 —a— 0.8 (0.71, 0.9)
Medication during hospitalization

Beta-blocker P 1.38 (1.23, 1.55)
Tests during hospitalization

Echocardiogram —a— 1.14 (1.01, 1.28)
Hospital characteristics

Teaching hospital I T} | 0.49 (0.32, 0.75)

Capacity of CABG | = | 0.45(0.28, 0.73)

T T T
0.5 1.0 1.5 2.0
Less likely to receive TCM More likely to receive TCM

Figure 4. Patient- and hospital-level characteristics associated with traditional Chinese medicine (TCM). CABG indicates coronary artery
bypass grafting; COPD, chronic obstructive pulmonary disease; OR, odds ratio.

inpatients, accounting for 14% to 20% of healthcare visits in
China.?® Third, some studies show that TCM may improve
cardiac function and symptoms of HF. A systematic review® of
9 randomized controlled trials assessing TCMs containing
Salvia miltiorrhiza/danshen, Panax notoginseng, and Gingko,
the most commonly used TCMs in this study, revealed
evidence to support improvement in ventricular remodeling
and function. Still, more studies designed and powered to find

differences in patient outcomes, including data on long-term
outcomes, are needed.

Given the increasing number of publications showing
therapeutic effects of TCM for HF, we were interested in
assessing whether TCM was prescribed according to the
duration tested in the most recent clinical trials, which might
indicate that prescribing physicians are early adopters of
emerging evidence for TCM. However, we found that TCM was

Table 4. Hospital Events Stratified by Use of TCM During Hospitalization

Overall TCM No TCM
Variable n % n % n % P Value Adjusted OR for any TCM | 95% Cl
All 9909
In-hospital bleeding 255 26 | 167 | 23 | 88 35 | 0.0006 | 1.11 (0.86-1.45)
In-hospital mortality or treatment withdrawal 342 3.4 242 3.3 100 4.0 0.0898 1.08 (0.84-1.39)

OR indicates odds ratio; TCM, traditional Chinese medicine.
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used for much shorter durations than tested in prior trials.
Specifically, in the most recent well-conducted randomized
clinical trials (Table S5) assessing the effect of TCM for HF, a
consistent duration of at least 4 weeks was tested. Yet, in our
sample of contemporary HF admissions, the median duration
of TCM treatment was only 6 days, despite the median length
of stay being 9 days. In addition, among patients who
received TCM, only two thirds were prescribed them for
>1 day. These findings suggest that the use of TCM may be
driven more by cultural and clinical norms for treating
symptoms and disease, than by the existing published data
supporting their efficacy. Further investigations exploring the
underlying reasons guiding the decision to use TCM in
patients with HF, as well as their duration of use, are needed.

Patients with comorbid coronary artery disease and those
who presented with chest pain were more likely to be
prescribed TCM. Previous studies have demonstrated benefits
of TCM for treating ischemic disease, including improved
angiographic coronary blood flow and reflow,”” decreased
stent restenosis, and less angina.?® Similarly, many studies
showed a beneficial effect of TCM in the treatment of
hypertension?”®® and stroke,®"*? which may explain the
more frequent use of TCM among patients with comorbid
hypertension and stroke.

We examined TCM use at the hospital level, the first such
report, to our knowledge. Our findings revealed significant
heterogeneity in the proportion of patients receiving TCM
during hospitalization across hospitals. In some hospitals,
none of the patients received TCM, whereas in others, all of
the patients hospitalized with HF received TCM. Nonteaching
hospitals were more likely to use TCM than teaching
hospitals. Similarly, hospitals located in the central and
western regions, which are generally poorer and tend to be
less westernized, were more likely to use TCM.

Several limitations should be considered in the interpre-
tation of these findings. First, as HF often occurs in the
context of other medical illnesses, it is unknown whether
the TCMs used in this study were intended to treat HF,
versus other comorbidities, such as coronary artery disease,
hypertension, or stroke. However, none of the Chinese
guidelines for these conditions recommends TCM as a
standard therapy. Second, our approach to examining
factors associated with TCM was based on data from a
retrospective review of medical records, which may not
capture the full spectrum of patient, physician, or hospital
characteristics that might influence use of TCM. Third, we
are not able to evaluate the effects of other active TCM
ingredients that are not the primary ingredient. In abstract-
ing TCMs from the medical charts, we classified TCMs
according to the primary active ingredient only; we did not
document the name brand, which would be needed to
identify other active ingredients. Although it is plausible that

these nonprimary active ingredients may have had some
effect, this classification is consistent with other studies of
TCMs.%? Finally, our work examining associations of TCM
with in-hospital outcomes is exploratory. Doses and formu-
lations of TCM were not standardized, and we may not have
had adequate power to exclude a clinically important
association. In addition, we cannot confirm that in-hospital
bleeding occurred after TCM use for all patients.

In conclusion, TCM was widely used among patients
admitted for HF in Western medicine hospitals throughout
China. Although nearly all hospitals in our sample used TCM,
we observed that some hospitals were >3 times as likely to
use TCM for patients admitted with HF than other hospitals.
Given the overall high use of TCM, along with the signal for
potential harm with the most commonly used TCM, there is
an urgent need for the study of the safety and efficacy of
TCM, along with standardized approaches for its use in
clinical practice.
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Table S1. Traditional Chinese Medicines used in the management of heart failure and
their potential cardiac effects.

Herbal Related Cardiac Effects
Medicine Formulations Suggested Benefit Potential Harm
Salvia Danshen dripping Cardiac cytoprotective; anti- | May cause bleeding
miltiorrhiza; pills; Danshen oxidation; anti-inflammation; | problems with warfarin,
ginseng; polyphenolate antithrombotic; aspirin or other

ginseng rubral”

3

injection, etc

vasorelaxation; may improve
angina symptoms

antiplatelet drugs;
potentiates digoxin
activity

Panax
notoginseng*®

Xueshuantong
injection, Sanqi
Tongshu Capsule,
etc

May improve heart function;
possible small reduction in
high blood pressure;
treatment of angina and
coronary artery disease; a
calcium ion channel
antagonist in vascular tissue;
dilation of coronary arteries

High blood pressure with
overuse; platelet inhibitor;
may cause bleeding
problems with warfarin,
aspirin or other
antiplatelet drugs

Radiax
astragali®*

Qiligiangxin
capsule, Qishenyiqi
Dripping Pills, etc

Heart function improvement
and suppression of left
ventricular reverse
remodeling; anti-
inflammation; anti-oxidation

Not found

Gingko!®18

Ginkgo leaf capsule;
Ginkgo leaf extract
and dipyridamole
injection, etc

May improve circulatory
flow without appreciatively
affecting blood pressure;
platelet inhibitor

Increased bleeding
tendency; hemorrhagic
stroke; may cause
bleeding problems with
warfarin, aspirin or other
antiplatelet drugs

Safflower!®-22

Safflower yellow
injection; Safflower
extraction, etc

Anti-atherogenesis; anti-
inflammation; may attenuate
myocardial ischemia and
reverse vascular remodeling

Large amounts of
safflower might slow
blood clotting. May cause
bleeding problems with
warfarin, aspirin or other
antiplatelet drugs




Table S2. Independent Association of type of TCM with in-patient outcomes.

Salvia miltiorrhiza/

. . ) Panax notoginsen Gingko Radiax astragali
Description ginseng/ ginseng rubra g g g g

OR LOR UOR P OR LOR UOR P OR LOR UOR P OR LOR UOR P

Bleeding

Unadjusted 1.12 085 148 04297 0.79 047 1.32 0361 047 022 1.02 0.0547 027 0.05 143 0.1244
Adjusted; #1 1.14 086 151 03749 0.80 0.47 1.35 0.3943 048 022 1.03 0.0589 0.27 0.05 146 0.1292
Adjusted; #2 1.18 088 1.59 02613 086 0.50 1.47 0.5723 0.50 0.23 1.10 0.085 0.30 0.05 1.66 0.1673
Adjusted; #3 1.28 096 1.72 0.0946 1.04 0.61 1.77 0.8874 0.53 024 1.14 0.1029 0.33 0.06 1.74 0.1911
Adjusted; #4 1.29 096 1.73 0.0885 1.06 0.62 1.79 0.8419 0.57 026 123 0.1523 032 0.06 1.67 0.175
Adjusted; #5 1.32 099 1.77 0.061 1.07 0.63 1.81 08112 0.62 029 1.33 02158 034 0.07 1.74 0.1944
Adjusted; #6 1.39 1.03 1.88 0.0301 1.15 0.67 197 0.6118 0.64 0.30 1.40 0.2637 037 0.07 193 0.2379
Death or Withdrawal of Treatment

Unadjusted 1.11 085 1.44 04402 0.66 040 1.09 0.1026 051 026 1.02 0.0551 1.08 0.49 241 0.8464
Adjusted; #1 1.11 086 1.44 04263 0.66 040 1.09 0.103 051 026 1.00 0.0508 1.11 0.50 2.49 0.7944
Adjusted; #2 1.20 092 156 0.1718 0.77 047 126 0.2958 0.57 029 1.11 0.0989 1.03 046 234 0.9352
Adjusted; #3 1.26 097 1.64 0.0861 086 0.53 1.39 0.5301 0.58 030 1.12 0.1038 1.21 0.54 2.70 0.6472
Adjusted; #4 1.25 096 1.62 0.1007 086 0.53 1.39 0.5272 0.57 029 1.09 0.0909 125 0.56 2.81 0.5817
Adjusted; #5 1.31 1.00 1.71 0.0482 0.88 054 144 0.6145 0.57 030 1.12 0.1015 129 056 299 0.5455
Adjusted; #6 1.36 1.04 1.79 0.0257 092 056 1.51 0.7355 0.59 0.30 1.14 0.1154 130 0.56 3.03 0.547

Safflower Other TCM >2 TCM
OR LOR UOR P OR LOR UOR P OR LOR UOR P

Description




Bleeding

Unadjusted 043 020 096 0.0383 0.53 026 1.08 0.0801 0.82 0.59 1.14 0.2325
Adjusted; #1 045 020 1.01 0.0522 0.52 026 1.07 0.0755 083 0.59 1.16 0.273
Adjusted; #2 0.51 023 1.16 0.1075 0.57 027 1.18 0.1264 092 0.65 1.30 0.642
Adjusted; #3 050 022 1.11 0.0895 068 033 139 02875 1.02 0.73 144 009017
Adjusted; #4 049 022 1.09 0.0784 067 033 136 02634 1.04 0.74 147 0.8192
Adjusted; #5 049 022 1.11 0.0859 066 032 135 02523 1.05 0.74 148 0.7877
Adjusted; #6 051 023 1.16 0.1064 0.72 035 148 03687 1.10 0.78 1.57 0.5799
Death or Withdrawal of Treatment

Unadjusted 0.39 0.17 091 0.0303 036 0.17 0.79 0.0102 0.73 054 1.00 0.048
Adjusted; #1 041 0.17 095 0.0383 0.35 0.16 0.77 0.0085 0.72 0.53 098 0.0362
Adjusted; #2 047 021 1.08 0.076 039 0.18 0.81 0.0122 088 0.65 1.20 0.4254
Adjusted; #3 0.50 022 1.13 0.0961 043 021 089 0.022 099 0.73 1.34 0.9409
Adjusted; #4 0.50 022 1.12 0.0922 043 021 0.89 0.0231 099 0.72 1.34 0.9231
Adjusted; #5 049 021 1.12 0.0904 045 021 094 0.0326 1.05 0.77 143 0.777
Adjusted; #6 0.50 022 1.15 0.1041 046 022 097 0.0423 1.07 0.78 1.47 0.6938

#1 -- Demographics (sex, age, insurance)

#2 -- #1 and admission presentation (symptoms, signs, ejection fraction, Admission to ICU/CCU, NYHA functional class)

#3 -- #2 and comorbidities (coronary heart disease, hypertension, diabetes mellitus, Dyslipidemia, etc).

#4 -- #3 and diagnosis tests (echocardiography, imaging, BNP/NT-ProBNP)

#5 -- #4 and Medications used during hospitalization (ACEI/ARB, beta blocker, aldosterone antagonist, anticoagulant, antiplatelet).
#6 -- #5 and hospital characteristics (level, region, CABG capability, etc)



Table S3. In-hospital outcomes stratified by duration of Salvia miltiorrhiza therapy.

Durz}tlon of In-pat.lent Adjusted OR
Salvia bleeding
miltiorrhiza Overall P

0 0
therapy (days) n %0 OR 95% CI
0 2514 88 3.5 0.036  reference 0.001
1 928 16 1.7 0.84 0.52-1.35
2-9 1138 34 3.0 1.46 1.01-2.12
>9 843 32 3.8 1.99 1.36-2.92
Dura.ltlon of In-patl?nt Adjusted OR
Salvia mortality
miltiorrhiza Overall P P

0 0

therapy (days) n Z OR 95% CI
0 2514 77 3.1 0.189 reference <.001
1 928 36 3.9 2.33 1.54-3.54
2-9 1138 42 3.7 1.64 1.13-2.37
>9 843 19 2.3 1.04 0.65-1.67




Table S4. In-hospital outcomes stratified by in-hospital use of antiplatelet or

anticoagulant agents, and Salvia miltiorrhiza.

Antiplatelet or . In-patient In-patient
. Salvia . .
anticoagulant e . Overall bleeding p mortality p
miltiorrhiza
agents n % n %
Yes 2166 67 3.1 68 3.1
Yes No 1671 69 41 U9 5 5y 090
Yes 913 21 2.3 35 3.8
.94 0.317
No No 843 19 22 M 5 39




Table S5 Characteristics of the randomized controlled trials of TCM for heart failure.

Studie Clinical Patie Treatment  Follo Endpoints Effica Safety Jada
S diagnosi nts comparison  w-up cy (adver d
includ s (n) (wee se score
ed ks) events
)

Zou X, CHF 100  Nuanxin 52 Effective response; Positiv  Yes 3
et al. with capsule NYHA functional e (0/50
2006 NYHA Versus classification;  drug- VS,

class of placebo related side effects 1/50)

Il to I1I
Zou X, CHF 150  Nuanxin 24 Effective response; Positiv - Yes 5
et al. with capsule NYHA functional e (1/71
2011 NYHA versus classification; Vs.

class of placebo for rehospitalization; acute 0/73)

Il to III 24w heart failure; death;

drug-related side effects

Miao  CHF 200 Yigihuayu 8 NYHA functional Positiv Yes (0 3
JH, et with capsule classification; the e vs. 0)
al. NYHA versus frequency of patients
2012%%  class of placebo for with LVEF>40%; drug-

Il to III 8w related side effects
Wang CHF 280 Shencaoton 12 Effective response; Positiv  Yes 5
C, et with gmai NYHA functional e (1/140
al. NYHA granule classification; LVEF; VS.
2012%7 class of Versus drug-related side effects 1/140)

Il to I1I placebo for

12w

Zhang CHF 280 Qiangxinto 12 6MWD Positiv  NA 4
Y, et with ngmai e
al. NYHA granule
2012%  class of versus

Il to I1I placebo for

12w

Li XL, CHF 512 Qiligiangxi 12 NYHA functional Positiv  Yes 5
et al. with n  capsule classification; LVEF; e (20/25
2013 NYHA Versus 6MWD; reduction in 0 vs.

class of placebo for NT-proBNP; composite 23/250

I1to IV 12w cardiac events; drug- )

related adverse events

Fu CHF 140 Hot 12 Effective response; Positiv. NA 4
XX, et with compress NYHA functional e



al. NYHA with classification, 6MWD,;
2014%° class of Zhuangshen BNP
I1to IV ling formula
versus
placebo for
12w
Su CHF 100 Yangxin 4 Effective response; Positiv. NA 3
XH, et with decoction NYHA functional e
al. NYHA Versus classification; physical
2014°!  class of placebo examination
Il to III
Xian CHF 228 Yangxinkan 4 Effective response; Positiv Yes (0 5
SX, et with g tablet NYHA functional e vs. 0)
al. NYHA versus classification; physical
201532 class of placebo for examination; drug-
Il to III 4w related side effects
Wang CHF 465 Shensong 12 Change of number of Positiv Yes 5
X, et with Yangxin VPCs; NYHA e (5/232
al. NYHA capsule functional VS.
2017°* class of Versus classification; LVEF; 8/233)
Il to III placebo for NT-proBNP; MLHFQ

12w

We included reports of clinical studies published form January 1st, 2006 to September 4th,
2018 with the following criteria: 1) study patients with a definite diagnosis of heart failure
who were randomized to receive TCM, contemporary medication, or placebo; 2) sample size
in each study group >50 cases; 3) follow-up in each study group >4 weeks; and 4)
quantitative measurements of surrogate endpoints and/or adverse cardiovascular events
and/or adverse drug effects available to facilitate outcome analysis. We excluded reports of
studies with the following features: 1) studies were nonrandomized and/or non—double-
blinded; 2) patients enrolled had no definite diagnosis; 3) studies compared different TCM
medications; and 4) studies reported only symptomatic changes of patients, without objective
laboratory measurements or physical examination. Methodological quality was evaluated for
each study with a Jadad score between 0 (weakest) to 5 (strongest), as described previously
(6); any study with a Jadad score <3 was considered to be of poor quality and was excluded.
In addition, when 2 papers reported the results of the same study, the paper with less data was
excluded.

ACE]I, angiotensin converting enzyme inhibitors; ARB, angiotensin-receptor blockers; BNP,
brain natriuretic peptide; CAD, coronary artery disease; CCB, calcium channel blockers;
CHEF, chronic heart failure; LVEEF, left ventricular ejection fraction, 6 MWD, 6-min walking
distance; NA, not available; NT-proBNP, N-terminal prohormone of brain natriuretic peptide;
NYHA, New York Heart Association; VPC, ventricular premature complexes; MLHFQ,
Minnesota Living with Heart Failure Questionnaire.



Figure S1. Use of TCM on day n of admission.
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Figure S2. Association of TCM type with in-patient bleeding or combination of death and

treatment withdrawal.

Covariates TCM Associated with Bleeding or Death  OR (95% CI) P-value

Bleeding
Any TCM = 1.11 (0.86, 1.45) 0.4263
ﬁilga miltiorrhiza/ ginseng/ ginseng — 1,39 (1.03, 1.88) 0.0301
Panax notoginseng - 1.15(0.67, 1.97) 0.6118
Gingko b 0.64 (0.3, 1.4) 0.2637
Radiax astragali —m= | 0.37 (0.07, 1.93) 0.2379
Safflower —a— 0.51(0.23, 1.16) 0.1064
Other TCM e e | 0.72(0.35, 1.48) 0.3687
=2 TCM —a— 1.1(0.78, 1.57) 0.5799

Death or Treatment Withdrawal
Any TCM —=— 1.08 (0.84, 1.39) 0.5424
;Sual;\r!;a miltiorrhiza/ ginseng/ ginseng [T 1,36 (1.04, 1.79) 0.0257
Panax notoginseng e 0.92 (0.56, 1.51) 0.7355
Gingko —a—] 0.59 (0.3, 1.14) 0.1154
Radiax astragali f 2 | 1.3(0.56, 3.03) 0.547
Safflower —a— 0.5(0.22, 1.15) 0.1041
Other TCM —a— 0.46 (0.22, 0.97) 0.0423
=z 2TCM —a— 1.07 (0.78, 1.47) 0.6938

T T T
0 1 2 3

-—
Less likely to happen More likely to happen

* Individual type of TCM represent patients use and only use this type of TCM.
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