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Previous findings have indicated the potential benefits of the Chinese
traditional medicine Qiligiangxin (QLQX) in heart failure. Here we
performed a double-blind, randomized controlled trial to evaluate the
efficacy and safety of QLQX in patients with heart failure and reduced

ejection fraction (HFrEF). This multicenter trial, conducted in 133 hospitals
in China, enrolled 3,110 patients with HFrEF with NT-proBNP levels of

>450 pg ml™ and left ventricular ejection fraction of <40%. Participants
were randomized to receive either QLQX capsules or placebo (four capsules
three times daily) alongside standard heart failure therapy. The trial met

its primary outcome, which was a composite of hospitalization for heart
failure and cardiovascular death: over amedian follow-up of 18.3 months,
the primary outcome occurred in 389 patients (25.02%) in the QLQX group
and 467 patients (30.03%) in the placebo group (hazard ratio (HR), 0.78;
95% confidence interval (Cl), 0.68-0.90; P < 0.001). In an analysis of
secondary outcomes, the QLQX group showed reductions in both
hospitalization for heart failure (15.63% versus 19.16%; HR, 0.76; 95% Cl,
0.64-0.90; P=0.002) and cardiovascular death (13.31% versus 15.95%;

HR, 0.83;95% Cl, 0.68-0.996; P= 0.045) compared to the placebo group.
All-cause mortality did not differ significantly between the two groups

(HR, 0.84;95% CI, 0.70-1.01; P= 0.058) and adverse events were also
comparable between the groups. The results of this trial indicate that
QLQX may improve clinical outcomes in patients with HFrEF when added to
conventional therapy. ChiCTR registration: ChiCTR1900021929.

Heart failureis a prevalent medical condition affecting approximately
64.3 millionindividuals worldwide, with over 6 million cases reported
in the USA and 13 million in China'?. Despite the availability of life-
saving guideline-directed medical therapy (GDMT) for heart failure
with reduced ejection fraction (HFrEF), patients have a poor 5-year
survival rate with an elevated risk of cardiovascular and heart failure
admission®*, Existing drugs may not effectively prevent disease pro-
gression in all patients. Ongoing research and development efforts

aimtoaddress the unmet needsin heart failure treatment and improve
patient outcomes.

Traditional Chinese medicine (TCM), a major subdiscipline of
complementary medicine, has increased in popularity in both Asian
and Western countries in the past few decades and has the potential
tosupplement current therapies for the management of chronic heart
failure>. Theincomplete relief of symptoms, adverse effects of medi-
cation and individual variability in response all highlight the need for
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4,064 patients underwent screening

945 patients were excluded:
Did not meet eligibility criteria (855)

Declined to participate (83)
Other (7)

3,119 patients underwent randomization

[

1,561 were assigned to received QLQX

Poor compliance or lost to follow-up (6) }«—

1,555 were included in the primary analysis
1,655 vital status known

Fig.1|Patient enrollment and follow-up. Flowchart illustrating the screening,
randomization and follow-up of patients in the study. Out of 4,064 patients
screened, 3,119 were randomized to receive either Qiligiangxin (1,561 patients)

]

1,558 were assigned to received placebo

Poor compliance or lost to follow-up (3)

1,555 were included in the primary analysis
1,653 vital status known
2 limited follow-up

or placebo (1,558 patients). A total of 12 patients were lost to follow-up or showed
poor compliance. Ultimately, 1,555 patients in each group were included in the
primary analysis.

complementary medicine, including TCM. By addressing the gaps in
conventional therapy, TCM may provide a holistic approach to heart
failure management, potentially improving patient outcomes and qual-
ity of life. However, randomized controlled trials and rigorous scientific
evidence have yet to demonstrate the ability of TCM to improve clinical
outcomes in patients with heart failure beyond established therapies.

In our pilot study, Qiligiangxin (QLQX) capsules, a TCM for-
mula, demonstrated promising results when added to established
heart failure treatment for patients with HFrEF (ChiCTR registration:
ChiCTR1900021929). Administering QLQX capsules resulted in a
reduction in the level of N-terminal pro-b-type natriuretic peptide
(NT-proBNP) and improvement in heart failure symptoms, New York
Heart Association (NYHA) functional class and 6-minute walking dis-
tance, as well as animprovement in quality of life. The study was con-
ducted over a12-week assessment period’. Although the QLQX group
experienced lower rates of mortality and readmission thanthe placebo
group, the sample size was too small to draw definitive conclusions.
Preclinical studies have also indicated that QLQX has beneficial effects
on myocardial metabolism, fibrosis and cardiac remodeling® ™. How-
ever, further researchis needed to determine whether QLQX treatment
improves clinical outcomes in patients with heart failure.

Toaddress this question, the Qiligiangxinin Heart Failure: Assess-
ment of Reduction in Mortality (QUEST) study was developed with
support from the National Key Research and Development program
of China. Thisrandomized placebo-controlled trial aimed to evaluate
the efficacy and safety of QLQX for the treatment of major heart failure
outcomesin patients with HFrEF.

Results
Patient disposition
From 24 May 2019 through 24 May 2021, atotal of 4,064 patients were
screened and 3,119 were enrolled at 133 sites. Patients were randomly
assigned to receive either QLQX or matched placebo capsules. Six
patients in the QLQX group and three patients in the placebo group
had no after-baseline efficacy and safety data and were therefore not
includedinthe analysis. Additionally, two patientsin the placebo group
had limited follow-up (Fig. 1).

The characteristics of the patients and therapies for heart failure
were well balanced between the trial groups at baseline (Table 1). The
mean age of the enrolled patients was 63 years and 72% were male.

At randomization, 52.6% were classified as having NYHA class Il
heart failure and the mean ejection fraction was 32.18%. The median
NT-proBNPlevel was1,730.8 pg ml™. The use of concomitant GDMT was
wellbalanced (all P> 0.05) in the two groups: 941 (60.5%) in the QLQX
group and 962 (61.9%) in the placebo group received triple therapy
(ap-blocker plus amineralocorticoid receptor antagonist (MRA) plus
anangiotensin-converting enzyme inhibitor (ACEi), angiotensin recep-
tor blocker (ARB) or angiotensin receptor neprilysininhibitor (ARNi)).
Notably, 8.5% received a sodium glucose cotransporter 2 inhibitor
(SGLT2i) and 56.9% received an ARNi.

Primary outcomes
The primary composite outcome of afirst hospitalization for heart fail-
ure (HHF) or cardiovascular death occurred in 389 patients (25.02%) in
the QLQX group and 467 patients (30.03%) in the placebo group (hazard
ratio (HR), 0.78; 95% confidence interval (CI), 0.68-0.90; P < 0.001)
(Table 2 and Fig. 2a).

The event rates for each component of the composite outcome
favored QLQX. A total of 207 deaths (13.31%) in the QLQX group and
248 deaths (15.59%) in the placebo group were due to cardiovascular
causes (HR, 0.83;95%Cl, 0.68-0.996; P= 0.045) (Table 2 and Fig. 2b). Of
the patients receiving QLQX, 243 (15.63%) were hospitalized for heart
failure compared to 298 patients (19.16%) receiving placebo (HR, 0.76;
95% Cl,0.64-0.90; P=0.002) (Table 2 and Fig. 2c).

Using a cause-specific hazard model, the QLQX group had asignifi-
cantly lower risk of cardiovascular death (HR, 0.80; 95% Cl, 0.66—0.96;
P=0.02) compared to the placebo group. With the Fine-Gray com-
peting risk regression model, the treatment also demonstrated a sig-
nificant effect with a subdistribution HR of 0.80 (95% Cl, 0.66-0.97;
P=0.02). The effect of QLQX on the primary outcome was generally
consistent across prespecified subgroups, including in patients with
or without ARNi and in patients with ischemic etiology, except in the
subgroup defined according to SGLT2i, which showed wide Cls due to
small numbers of participants (Fig. 3).

Secondary outcomes

Theincidence of the secondary composite outcome of abandoning
treatment due to heart failure exacerbation, cardiac arrest resus-
citation, malignant arrhythmia or nonfatal stroke was lower in the
QLQX group thanin the placebo group (HR, 0.58; 95% CI, 0.35-0.94;
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Table 1| Baseline characteristics

Table 1 (continued) | Baseline characteristics

Characteristics QLQX (n=1,555) Placebo (n=1,555)

Age (years) 62.56+12.18 62.52+12.54
Male sex (n (%)) 1,095 (70.42) 1148 (73.83)
Han ethnicity (n (%)) 1,467 (94.34) 1,465 (94.21)
Height (cm) 166.4+7.7 166.6+7.9
Weight (kg) 67.0+12.4 67.0+12.8
Body mass index® (kgm™) 24.1+3.6 24.0+3.7
Smoking (n (%)) 282 (18.14) 277 (17.81)
Principal cause of heart failure (n (%))

Ischemic 1156 (74.34) 1165 (74.92)
Nonischemic 389 (25.02) 381(24.50)
Unknown 10 (0.64) 9(0.58)
Time from initial diagnosis 29 (10-63) 29 (10-72)
of heart failure (n (%))

(median (IQR); months)

>3 years 577 588

<3 years 978 967
Medical history (n (%))

Hypertension 708 (45.53) 741 (47.65)
Diabetes mellitus 434 (27.91) 443 (28.49)
Atrial fibrillation 325 (20.90) 333 (21.41)
Myocardial infarction 261(16.78) 262 (16.85)
Stroke 147 (9.45) 166 (10.68)
NYHA functional class (n (%))

1l 819 (52.67) 817 (52.54)
1} 633 (40.71) 627 (40.32)
v 103 (6.62) 11 (7.14)
Systolic blood 120.85+17.55 120.79+16.70
pressure (mm Hg)

Resting heart rate 78.07+14.62 78.11+£15.49
(beats per minute)

Left ventricular 32.20+6.02 32.16+6.08

ejection fraction (%)

NT-proBNP
(median (IQR); pgml™)

1,692(870.90-3,854.50) 1,763(861.80-3,857.45)

Creatinine (umoll™) 85.72+2714 87.67+31.91
eGFR® (mlmin™1.73m™) 96.56+17.13 96.03+17.32
eGFR® of 33(21) 31(2.0)
<60mlmin™.73m™2 (n (%))

Pacemaker and 25 (1.6) 16 (1.0)
implantable cardioverter-

defibrillator (n (%))

Left bundle branch 30(1.9) 28(1.8)
blockage (n (%))

Heart failure medication (n (%))

Diuretic 1,393 (89.58) 1,406 (90.42)
ACEIi/ARB/ARNi 1,299 (83.53) 1,303 (83.79)
B-blocker 1,347 (86.62) 1,338 (86.05)
MRA 1,280 (82.3) 1,306 (84.0)
Triple therapy (ACEi/ARB/  941(60.5) 962 (61.9)
ARNi+{-blocker+MRA)

Double therapy 477 (30.7) 459 (29.5)

(2 of ACEi/ARB/ARN:;,

B-blocker and MRA)

Characteristics QLQX (n=1,555) Placebo (n=1,555)

Single therapy (ACEi/ 129 (8.3) 127 (8.2)
ARB/ARNi or 3-blocker

or MRA)

Intolerant or 8(0.5) 7(0.5)
contraindicated

Statin 921(59.23) 938 (60.32)
Digitalis 379 (24.4) 398 (25.6)
ANRi 870 (55.9) 900 (57.9)
SGLT2i 144 (9.3) 19 (7.7)

Data are shown as meanzs.d. unless indicated otherwise. Percentages may not total 100
because of rounding. Data were missing for the following characteristics: heart rate (1 patient
in the QLQX group), systolic blood pressure (1 patient in the QLQX group), specific month

of the initial diagnosis of heart failure (17 patients in the QLQX group and 11 patients in the
placebo group), creatinine and eGFR (32 patients in the QLQX group and 34 patients in the
placebo group) and the principal diagnosis of HFrEF to randomization (10 patients in the
QLQX group and 9 patients in the placebo group). eGFR, estimated glomerular filtration rate;
IQR, interquartile range. °The body mass index was calculated as weight (kg) divided by the
square of height (m). "eGFR was calculated using the CKD-EPI formula.

P=0.027; Table 2). A total of 221 patients (14.21%) in the QLQX group
and 262 patients (16.85%) in the placebo group died from any cause
(HR, 0.84;95% CI,0.70-1.01; P= 0.058).

There was a greater decrease in serum NT-proBNP levels in the
QLQX group (-444.00 (-1,401.00, 85.00) pg ml™) than in the pla-
cebo group (-363.00 (-1,280.00, 183.00) pg ml™) between baseline
and patient follow-up at 3 months (P=0.047). A total of 56.54% of
patients in the QLQX group had reductions in NT-proBNP levels of
at least 30% compared to 49.86% of patients in the placebo group
(P=0.002; Table 3).

Safety outcome

The frequent serious adverse events and adverse events leading
to discontinuation of the study drug are summarized in Extended
DataTablel.

Adherence to the trial drug was greater than 80% in 97.59% of
patients. Adverse events related to the study drug occurred in 21
patients (1.35%) in the QLQX group and 14 patients (0.9%) in the pla-
cebo group (P=0.308). QLQX treatments was stopped in 16 patients
and placebo was stopped in 9 patients for reasons other than death
(1.3% versus 0.58%; P=0.228). Gastrointestinal symptoms (abdomi-
nal distention, diarrhea, constipation, belching, nausea, indigestion)
occurred in15.69% of patients receiving QLQX and in14.53% of patients
receiving placebo (P=0.395). Adverse events rarely led to treatment
discontinuation.

There was nonotable excess of any eventinthe QLQX group other
than insomnia (3.67% versus 1.86%, P=0.003). A total of 59 (3.79%)
patients in the QLQX group and 70 (4.50%) patients in the placebo
group had worsening renal function (P=0.369); 40 (2.57%) patients
in the QLQX group and 48 (3.09%) patients in the placebo group had
increased liver enzymelevels (P = 0.449); and 51 (3.28%) patientsin the
QLQX group and 53 (3.41%) patients in the placebo group had hyper-
triglyceridemia (P=0.921).

Sensitivity analysis

When censoring at follow-up at 12-months, the analysis results were
overall concordant with those of the primary analyses (Extended
Data Fig. 1). The use of QLQX was associated with a lower risk of first
HHF (HR, 0.75;95% Cl, 0.62-0.91; P= 0.003) and the primary outcome
of death from cardiovascular causes or first HHF (HR, 0.79; 95% ClI,
0.67-0.92; P=0.002) compared to placebo administration. In the per
protocolset (PPS), the primary and secondary outcomes also demon-
strated consistent results (Extended Data Tables2 and 3). Based on the
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Table 2 | Primary and secondary outcomes

Outcome QLQX(n=1,555) Placebo(n=1,555) HR(95% CI) Pvalue
Primary composite outcome and components

Cardiovascular death or hospitalization due to heart failure 389 (25.02) 467 (30.03) 0.78 (0.68-0.90) <0.001
Cardiovascular death 207 (13.31) 248 (15.95) 0.83 (0.68-1.00) 0.045
Hospitalization for heart failure 243 (15.63) 298 (19.16) 0.76 (0.64-0.90)  0.002
Primary endpoint in patients with principal ischemic etiology 295/1,156 367/1,165 0.76 (0.65-0.88) <0.001
(1,156 versus 1,165)

Cardiovascular death (cause-specific hazard model)® - - 0.80(0.66-0.96) 0.02
Cardiovascular death (Fine-Gray regression model)® - - 0.80 (0.66-0.97) 0.02
Secondary outcomes

Death from any cause 221(14.21) 262 (16.85) 0.84 (0.70-1.01) 0.058
Secondary composite endpoint® 26 (1.67) 44 (2.83) 0.58 (0.35-0.94) 0.027
Treatment terminated because of worsening heart failure 0 3 - 0.083°
Successful resuscitation after cardiac arrest 2 1 - 0.563°
Malignant arrhythmia 12 (0.77) 24 (1.54) 0.46 (0.23-0.93) 0.029
Nonfatal stroke 12(0.77) 17 (1.09) 0.73 (0.35-1.55) 0.419

Data are shown as n (%) unless indicated otherwise. HRs (QLQX versus placebo) and Cls were calculated using Cox proportional-hazards models. P values are two-sided. *With
noncardiovascular mortality as competing event. "Data shown are from the primary analysis cutoff date (24 May 2022). For patients with multiple events, only the first event that contributed to
the composite outcome was included. “Calculated using the stratified log-rank test without adjustment for multiple comparisons.

@ Primary outcome b Death from cardiovascular causes € Hospitalization for heart failure
0.4 4 Hazard ratio, 0.78 (95% CI, 0.68-0.90)  Treatment 0.4 Hazard ratio, 0.83 (95% Cl, 0.68-1.00) Treatment 0.4 | Hazard ratio, 0.76 (95% Cl, 0.64-0.90) Treatment
P<0.001 — Placebo P=0.045 — Placebo P=0.002 — Placebo
— aLax — aLax — aLax
1.00 {4 03 aq 1.00 { o3 1.00 4 o3 aQ
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* 02 & 0.2 a3 0.2
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S 0.1 S 0.1 ] 01
he] ° °
(s} 0 [¢] (s}
£ 050 1 —_— £ o804 OV £ 0501 —r
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0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
) Months since randomization . Months since randomization . Months since randomization
No. at risk No. at risk No. at risk
Placebo 1,555 1,352 1,234 845 532 226 100 2 Placebo 1,555 1,485 1,425 1,022 664 293 130 4 Placebo 1,555 1,412 1,332 944 619 272 129 4
QLQX 1,555 1,398 1,293 899 567 242 19 4 QLQX 1,555 1,494 1,442 1,029 665 292 137 4

QLQX 1,555 1,446 1379 986 655 288 138 4

Fig.2|Kaplan-Meier curves for key study outcomes according to study group. a-c, Kaplan—-Meier curves showing the cumulative incidences over time for the
primary outcome (a composite of death from cardiovascular causes and first HHF) (a), death from cardiovascular causes (b) and first HHF (c). The insets show the same

datawith an expanded y axis.

intention-to-treat principle, complete case analysis (including the nine
cases excluded after randomization due to missing follow-up data)
also showed overall consistent results (major adverse cardiovascular
events: 389 (24.92%) with QLQX versus 468 (30.04%) with placebo; HR,
0.76;95% CI, 0.68-0.90; P< 0.001, Extended Data Table 4). Of note,
these sensitivity analyses were not prespecified.

Discussion

TCM has been established through careful clinical observation, but
only a few traditional medicines have been subjected to randomized
controlled trials toexamine their efficacy as supplements to established
clinical care. In this study, the effect of QLQX on clinical outcomes was
evaluated in patients with HFrEF who were already receiving treatment
according to established guidelines. The results showed that QLQX
reduced the primary endpoint of death from cardiovascular causes
and/or HHF by 22% compared to placebo, and secondary outcome
results generally favored QLQX, with reductions observed in both
components of the composite outcome in the QLQX group.

Benefits with respect to cardiovascular mortality and HHF were
generally consistent in the subgroups, evenin the subgroups defined
by the novel guideline-recommended medication of ARNi for heart
failure. Although there was no discernable difference between the
rates of cardiovascular death at 12 months, as demonstrated in the
subgroup analysis, it is noteworthy that this might be primarily driven
by factors of NYHA class I, ischemic cardiomyopathy and patients
without ARNI at baseline. Additionally, the point estimate in patients
receiving SGLT2i raises the possibility of an adverse interaction, but
relatively few patients received an SGLT2i; thus, the Cl was too large
to infer either a positive or negative incremental role of QLQX in this
population. Therefore, our results should be interpreted within the
context of the specific patient population. Although both ARNi and
SGLT2i have become established treatments for certain subgroups
of patients with heart failure, further studies, including larger-scale
clinical trials and comparative studies, would provide amore compre-
hensive understanding of the efficacy, safety and potential synergistic
effects of these treatment approaches.
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QLQX Placebo
Subgroup (n=1,555) (n=1,555) HR (95% ClI) Pvalue P for interaction
All patients 389/1,555 467/1,555 —-— i 0.78 (0.68-0.90) <0.001
Age (years) | 0.46
>70 135/420 164/410 —a— | 0.73(0.57-0.93) 0.013
<70 254/1,135 303/1,145 | 0.82(0.68-0.97) 0.019
Sex } 0.51
Male 276/1,095 355/1,148 —a— } 0.76 (0.65-0.90) 0.001
Female 13/460 12/407 - 0.79 (0.59-1.05) 0.103
NYHA functional class } 0.09
1l 150/819 203/817 —a— | 0.65 (0.52-0.82) <0.001
=1V 239/736 264/738 }—.—:—1 0.89 (0.74-1.07)  0.203
LVEF | 0.69
<30% 152/579 191/595 —a— } 0.76 (0.60-0.95) 0.015
>30% 237/976 276/960 —-— } 0.80 (0.67-0.95) 0.012
Time since diagnoses of heart failure } 0.96
>3 years 180/577 219/588 —a— 0.73 (0.59-0.90) 0.003
<3 years 209/978 248/967 ?—.—‘ 0.83(0.68-1.00) 0.046
Body mass index (kg m™) } 0.59
<25 266/991 308/987 —— } 0.80 (0.68-0.95) 0.019
225 123/564 159/568 - 0.73(0.57-0.94) 0.022
eGFR (CKD-EPI) at baseline (ml min™ 1.73m™?) } 0.06
<90 151/488 206/51 —a— | 0.65 (0.52-0.81)  <0.001
290 228/1,035 253/1,010 }—.—H 0.89 (0.74-1.07) 014
Etiology } 0.28
Ischemic etiology 295/1,156 367/1,165 —— } 0.76 (0.65-0.88) <0.001
Non-ischemic etiology 94/399 100/390 A 0.92(0.67-1.25) 0.575
Hypertension } 0.65
Yes 183/708 235/7M —— } 0.69 (0.57-0.85) <0.001
No 206/847 232/814 }—.—?—( 0.87(0.71-1.05)  0.150
Diabetes mellitus I 0.33
Yes 12/434 149/443 —a— } 0.67 (0.51-0.89) 0.005
No 277/1,121 318/1,112 ] 0.83 (0.70-0.97) 0.023
Atrial fibrillation } 0.01
Yes 82/325 129/333 A } 0.54 (0.40-0.73) <0.001
No 307/1,230 338/1,222 —— 0.86 (0.73-1.01)  0.058
Arrhythmia } 0.05
Yes 139/510 185/488 —— } 0.64 (0.51-0.81)  <0.001
No 250/1,045 282/1,067 }—H 0.87(0.73-1.04) 0.116
NT-proBNP | 0.60
Above median 268/767 333/787 —— } 0.77 (0.65-0.91)  0.003
Median or below 121/788 134/767 }—.—}i 0.86 (0.66-1.10)  0.225
ACEi/ARB/ARNi at baseline } 0.97
Yes 318/1,299 384/1,303 —— } 0.78 (0.67-0.90) 0.004
No 71/256 83/252 R 0.77(0.54-1.09) 0.163
B-blocker at baseline : 0.36
Yes 341/1,347 398/1,338 —-— } 0.80 (0.69-0.93) 0.008
No 48/208 69/217 }—.—?—1 0.70 (0.46-1.08) 0.041
MRA at baseline I 0.45
Yes 322/1,280  388/1,306 (B 0.82(0.71-0.96)  0.009
No 67/275 79/249 | 0.62 (0.43-0.90) 0.041
Triple therapy } 0.25
Yes 234/941 272/962 }—.—ﬁ 0.86 (0.72-1.03)  0.079
No 155/614 195/593 —a— | 0.74 (0.60-0.93) 0.003
ARNi at baseline } 0.55
Yes 227/870 272/900 ] 0.84 (0.70-1.00) 0.041
No 162/685 195/655 A } 0.77 (0.62-0.95) 0.012
SGLT2i at baseline I 0.95
Yes 34/144 32/119 } } L 1.26 (0.71-2.25) 0.350
No 355/1,411 435/1,436 e ! 0.78 (0.67-0.90) 0.002
I I 1
]

0o 0.5

Fig.3|Primary composite outcome, according to subgroup. HRs plotted with
95% Cls were obtained viaa Cox proportional-hazards model for the primary
composite endpoint (death from cardiovascular causes or first HHF). The middle

QLQX better Placebo better

linerepresentsan HR of 1.0. Error bars indicate 95% Cls. For eGFR, data were
missing for 32 patients in the QLQX group and 34 patientsin the placebo group.
LVEF, left ventricular ejection fraction.

Itis noteworthy that the overall rate of death from any cause was
numerically lower for patients who received QLQX than for those who
received placebo, although this trend was not statistically significant
(14.21% versus 16.85%). Both groups also demonstrated reduced serum
NT-proBNP levels at the 3-month follow-up, which corroborates the
findings of our previous trial’. This result could be attributed to regu-
lar monitoring and engagement with health-care professionals due
to participation in the trials leading to improved cardiac health. This
further supports the beneficial effects of QLQX in addition to standard
medical management for HFrEF.

Distinct from previous trials, most of the patients included here
were already receiving recommended treatment, highlighting apopu-
lation with amuch higher risk for first HHF and death from cardiovas-
cular causes, indicating the need for medical attention. The adverse
events were balanced between the groups, and only a few patients
experienced drug-related adverse events (1.35% in the QLQX group
and 0.90% in the placebo group), indicating that QLQX capsules were
safe and well tolerated with no increase in renal and hepatic adverse
events compared to standard care. Neither of these major adverse
events was common (with each occurring in <6.2% of patients, with
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Table 3 | Changes in plasma NT-proBNP levels from baseline to follow-up at 3 months

Parameter QLQX (n=1,109) P (intragroup) Placebo (n=1,109) P (intragroup) P (intergroup)
Difference in NT-proBNP? -444.00 (-1401.00, 85.00) <0.001 -363.00 (-1,280.00, 183.00) <0.001 0.047
(median (IQR); pgml™)

Percent reduction in NT-proBNP® 38.84 (-6.83, 69.94) - 29.67 (-16.42, 66.48) - 0.001
(median (IQR); %)

Patients with reduction in 627 (56.54%) - 553 (49.86%) - 0.002

NT-proBNP of >30% (n (%))

Intergroup significance was tested using Student's t-test for continuous variables and the chi-square or Wilcoxon test for categorical variables, with the Wilcoxon paired signed-rank
test used for intragroup comparisons. P values are two-sided. °Difference in NT-proBNP=baseline level-3-month level. ®Percent reduction in NT-proBNP=(baseline level-3-month level)/

baseline levelx100.

no between-group differences). Gastrointestinal-related symptoms
were the most frequently reported adverse events with no statistical
differences between the treatment and control groups. Overall, few
patients stopped taking QLQX or placebo because of any adverse
effect (<1.5% of patients in each treatment group). Of note, insomnia
wasrare, generally mild and resolved over time; however, its incidence
was significantly higher in the QLQX group.

Althoughthe current study supports the efficacy of QLQXinreduc-
ing heart failure morbidity and mortality, potentially extending a
therapeutic role for complementary therapy with QLQX in the manage-
mentof chronicheart failure, the use of a ‘pre-mix’ of QLQX might bein
direct conflict with the conventional reductionist approach of modern
medicine'>"”. Although interpretation of QLQX's efficacy from TCM
physiology has certain similarities to the cardiovascular continuum®,
the underlying mechanisms by which QLQX improves prognosis heart
failure remain uncertain.

Numerous studies have been performed on QLQX to determine
its effects onacute and chronic cardiacinjury and stress. These studies
have focused on nutrient surplus and deprivation signaling, autophagy,
and PPARYy coactivator-1a (PGC-1a) and its downstream transcription
factors. The QLQX formulaand its components offer protection against
myocardial hypertrophy, fibrosis and cardiac remodeling'®" ™, increas-
ing water excretion® and promoting microangiogenesis®*2. QLQX has
been found to improve cardiac hypertrophy by upregulating PPARy
and PGC-1a, reduce cardiomyocyte apoptosis caused by high-glucose
environments, and prevent and treat heart failure through various
mechanisms, including upregulation of PPARy and downregulation
of miRNA-22. Among the components in QLQX, studies have dem-
onstrated that citri reticulatae pericarpium and its active monomer
nobiletin might contribute significantly to such protective effects by
attenuating adverse cardiac remodeling® . These results indirectly
support the potential of QLQX as a complementary therapy for the
treatment of heart failure. Further studies are warranted to explore
the effective molecule(s) and synergistic interactions in QLQX and its
correspondingindividual components.

Traditional medicinesin TCM have been demonstrated to contain
isoprene oligomerswithaditerpenoid or triterpenoid structure, which
areknownto exert cardiovascular effects by signaling through nutrient
surplus and nutrient deprivation pathways. QLQX, a diterpene- and
triterpene-replete combination of herbs, might be a focused phar-
macological probe. QLQX ameliorates oxidative stress, maladap-
tive hypertrophy, apoptosis, and proinflammatory and profibrotic
pathways in prolonged cardiac injury by improving mitochondrial
health and mitophagy and promoting healthy glucose and fatty acid
metabolism and ATP production. The nutrient deprivation pathways
involved in the mechanism of action of QLQX are also involved in the
mechanism of action of SGLT2i, which are also derived from a plant
source’. The potential interaction between QLQX and SGLT2i requires
further experimental work and clinical trials.

Although thereis considerable experience with QLQXin patients
with heart failure, most trials have been small and of short dura-
tion. In previous meta-analyses of studies?”?, it was shown that the

combination of QLQX capsules with standard heart failure treatment
can lead to improvement in clinical symptoms and a better quality of
life for patients with chronic heart failure. However, it isimportant to
note that these studies had a high risk of bias and the long-term prog-
nosis of patients with HFrEF under the influence of QLQX has not been
extensively studied. Therefore, randomized controlled studies using
evidence-based methods are urgently needed to verify these findings.
Distinct from previous studies, the current study provides a rigorous
example of how traditional medicine can be effectively translated
intoscientificresearch. We hope that our study will encourage further
explorationand researchinto the potential efficacy of TCMin treating
other medical conditions.

Several limitations of this study are worth noting. First, gener-
alization of the results may be limited due to potential differences in
effectiveness across populations thatinclude predominantly Chinese
Han patients, variations in background treatments, the acceptability
of the treatments in other settings and whether similar adherence is
expected in other populations. Second, although the study did not
requirebaseline ARNiand SGLT2i use, itisworth noting that there were
nosignificant differencesin drug use between the two groups. Because
the QUEST study started before approval of SGLT2i for the treatment
of heartfailure in China, the baseline use of SGLT2i was relatively low.
Studies of the effects of QLQX in addition to current GDMT, including
SGLT2i and device therapy, are warranted. Third, it is important to
acknowledge that cardiac resynchronization therapy was excluded
because of the low implantation rates in China”, as this could limit the
generalizability of the study results to other settings or populations.
Fourth, despite enrolling patients using a certain diagnostic cutoff
value for NT-proBNP to characterize the heart failure phenotype, the
mean value was similar to that of the study populationsin other relevant
trials and patientsin the community. Finally, the study was conducted
during the COVID-19 pandemic, which limited onsite follow-up. To
minimize theimpact of the pandemic on the study outcomes, we con-
ducted a portion of the follow-up visits virtually while adhering to
social distancing guidelines, and the investigational products were
delivered to the participants.

In conclusion, we conducted a multicenter clinical trial evaluat-
ing the efficacy and safety of QLQX capsules in patients with HFrEF.
At a median follow-up of 18.3 months, the incidence of the primary
endpointof first HHF and cardiovascular death was significantly lower
inthe QLQX group thanin the placebo group. These findings provide
compelling evidence supporting the use of QLQX in patients with
chronic heart failure undergoing standard treatment. Additionally,
these findings highlight the potential additive value of harmonizing
traditional Chinese and modern medical approaches.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability are available at https://doi.org/10.1038/s41591-024-03169-2.
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Methods

Study design and setting

The executive committee designed and oversaw the conduct and
analysis of the trial in collaboration with the sponsor, Shijiazhuang
Yiling Pharmaceutical. The safety of patientsin the trial was overseen
by an independent data safety monitoring and clinical event adjudi-
cation committee (for a complete list of the committee members see
Supplementary Information, ‘QUEST committees and investigators’).

This was a randomized, double-blind, placebo-controlled,
parallel-group, event-driven, multicenter clinical study. The trial design
was conducted and is reported in accordance with the protocol and
statistical analysis plan (SAP), whichare available with the full textin the
supplementary Information (Supplementary Information, ‘Protocol
and statistical analysis plan’)***, The study adhered to the CONSORT
guidelines. The protocol was reviewed and approved by theindepend-
entethics committee of the First Affiliated Hospital of Nanjing Medical
University (approved no. of ethics committee: 2018-SR-275) and the
ethics committee of each participating study center. The trial was regis-
tered at http://www.chictr.org.cn, registration no. ChiCTR1900021929
(registration date: 16 March 2019).

Datawere collected using an electronic data capture application
and Epidatav.3.1software and managed by theindependent statistics
committee in strict accordance with a predefined SAP. The analyses
were conducted by independent statisticians from the Peking Uni-
versity Clinical Research Institute. The first draft of the manuscript
was prepared by the first author, who had unrestricted access to the
data, and was reviewed and edited by all authors. Allauthors made the
decision to submit the manuscript for publication and assume respon-
sibility for the accuracy and completeness of the analysis.

Participants

The enrollment period was from 24 May 2019 to 24 May 2021. The eli-
gibility requirements at screening included an age of at least 18 years,
left ventricular ejection fraction (LVEF) of 40% or less, NYHA functional
grading of Il to Il and stable clinical symptoms. Patients diagnosed
as grade IV within 2 weeks before enrollment were also included in
the study. Patients were required to have a plasma NT-proBNP level
of 2450 pg ml™.

All patients (inboth the QXQL and placebo groups) were required
toreceive standard heart failure drug therapy following the guidelines
forthe diagnosis and treatment of heart failurein China®, including an
ACEi, ARB or ARNi, a 3-blocker and an MCA. The optimal therapeutic
dose of these drugs was required, except in the case of contraindica-
tionorintolerance.

The detailed inclusionand exclusion criteria were as follows. Inclu-
sion criteria: (1) signed informed consent; (2) age of >18 years at the
time of consent; (3) established documented diagnosis of heart failure
for at least 3 months according to the Chinese heart failure diagnosis
and treatment guidelines issued by the Chinese Medical Association
Cardiovascular Branch; (4) LVEF of < 40% (by echocardiogram, radio-
nuclide imaging, ventriculogram, contrast angiography or cardiac
magnetic resonance imaging); (5) NYHA cardiac functional grading of
IItoIll, with stable clinical symptoms, or diagnosis as grade IV within 2
weeks before enrollment; (6) serum NT-proBNP level of >450 pg ml™;
(7) receipt of astandardized baseline treatment regimen without dose
adjustment givenintravenously for at least 2 weeks before enrollment;
and (8) no use of another TCM medicineor herbs having the same con-
tents as QLQX, such as Danshen and Tongxinluo capsules. Exclusion
criteria: (1) heart failure caused by valvular disease, congenital heart
disease, pericardial disease, arrhythmia or noncardiaogenic disease or
caused by vital organfailure (suchasrenalfailure, hepatic failure, etc.),
right-sided heart failure caused by pulmonary or other definite causes
or acute heart failure; (2) plans to undergo coronary revasculariza-
tion (percutaneous coronary intervention or coronary artery bypass
grafting) or cardiac synchronization therapy after randomization

or receipt of cardiac resynchronization therapy before enrollment;
(3) any condition other than a cardiovascular disease, including but
not limited to, malignant tumor, severe mental illness, hematopoi-
etic diseases, neuroendocrine system disease, liver transaminase and
alkaline phosphatase levels more than three times the upper limit of
normal, abnormal renal function, a serum creatinine level of >2 mg
dI™(176.82 umoll™?) and a potassiumlevel of >5.5 mmol I}; (4) left ven-
tricular outflow tract obstruction, myocarditis, aorticaneurysm, aortic
dissection or obvious hemodynamic changes caused by anunrepaired
valve; (5) cardiogenic shock, uncontrollable malignant arrhythmia,
sinus or atrioventricular block at second degree, type Il or above,
without pacemaker treatment, progressive unstable angina pectoris
oracute myocardialinfarction; (6) uncontrolled hypertension, defined
as a systolic blood pressure of 2180 mmHg and/or a diastolic blood
pressure of 2110 mmHg, or a systolic blood pressure of <90 mmHg
and/or a diastolic blood pressure of <60 mmHg; (7) participation in
another clinical study with aninvestigative product during the month
before enrollment; (8) women of child-bearing potential (that is, those
who were not chemically or surgically sterilized or who were not post-
menopausal) who were not willing to use amedically accepted method
of contraception that was considered reliable in the judgment of the
investigator, from the time of signing the informed consent to the
end of the study and four weeks thereafter, womenwho had a positive
pregnancy test at enrollment or randomization, or women who were
breast-feeding; (9) anallergic constitution (known to be allergic to the
research drug); and (10) inability of the patient, in the opinion of the
investigator, tounderstand and/or comply with study medications or
procedures or any conditions that might render the patient unable to
complete the study.

Investigational products

QLQX has 11 components. The proportions of these when preparing
1,000 capsules are as follows: astragali radix, 450 g; ginseng radix
et rhizoma, 225 g; aconiti lateralis radix praeparata, 112.5 g; Salvia
miltiorrhiza radix et rhizoma, 225 g; Descurainiae semen, 150 g; alis-
matis rhizoma, 225 g; polygonati odorati rhizoma, 75 g; cinnamomi
ramulus, 90 g; carthamiflos, 90 g; Periplocae cortex, 180 g; citrireticu-
latae pericarpium, 75 g.

UPLC fingerprint analysis combined with chemometric methods
was applied to evaluate the differences and similarities in the chemical
constituents of QLQX capsules from the ten batches, which showed
good consistency in preparation (Extended Data Fig. 2 and Extended
DataTable5).

To mimic the experimental drug, scorch-fried medicated leaven
and caramel coloring were used in the placebo. The matching pla-
cebo capsules had identical color, weight, size, smell, specification,
property of contents, labels and packaging as the QLQX capsules to
ensureblinding during the study. Shijiazhuang Yiling Pharmaceutical
(Shijazhuang, People’s Republic of China) provided the investigative
products (QLQX capsule and the matching placebo capsules) for this
research. Anindependent third party conducted blind coding of the
experimental drugand placebo, rendering them virtually indistinguish-
able to participants and investigators.

The investigative product was manufactured consistently to
ensure the quality and safety of the drug and strictly adhered to the
good manufacturing practices of Chinese national drug production.
Details of the manufacturing process, product controls and compo-
sition are presented in chemistry manufacturing and control (CMC)
reports (Supplementary Information, ‘CMC report’).

Randomization and masking

Participants were randomly assigned (1:1) to receive QLQX or placebo
in addition to the established heart failure medication regimen. This
study adopted a block randomization method, and the participants
were randomly grouped and managed through the randomization
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and trial supply management (RTSM) system. Randomization and
drug numbers were generated by an independent statistician from
the Peking University Clinical Institute using SAS software and were
integrated into the RTSM system. The allocation list was stored in the
RTSMsystemand was not available to any member of the research team.
Ateachparticipating hospital, patients who provided writteninformed
consent and met the study criteria were randomized by investigators
who obtained the assigned treatment and code number fromthe RTSM
system. Each package was labeled with a unique code number that
was used to assign treatment to the participants but did not indicate
treatment allocation to the investigator. After the database had been
locked and the statistical analysis plan had been finalized, unblinding
was conducted viathe RTSM system.

Study procedures
All patients provided written informed consent and entered a 14-day
screening period, during which the trial inclusion and exclusion cri-
teria were checked and baseline information was gathered. After
screening, patients were randomly assigned to receive either QLQX
(0.3-g capsules, four capsules three times daily) or matching placebo
(0.3-g capsules, four capsules three times daily). A web-based response
system was used to determine treatment assignment. After randomi-
zation, eligible patients were evaluated at 1 and 3 months and every
other 3 months after that. Patients were free to discontinue treatment
for any reason, and the reasons for withdrawal were recorded in the
case report form. Dose reduction (to 2-3 capsules three times daily
of QLQX or placebo) or temporary discontinuation was permitted in
cases of adverse complications, with asubsequentincreasein dose or
resumption of treatment, if possible.

The recruitment period lasted for 24 months. The shortest
follow-up period was 12 months, and the median duration of follow-up
durationwas 18.3 months (IQR, 14.3 to 23.5 months).

Study outcomes

The primary outcome was the time to the first major adverse cardiovas-
cular event, which was defined as either cardiovascular death or first
HHF occurring within the follow-up period. An episode of worsening
heart failure was either an unplanned hospitalization with objective
evidence of an exacerbation of heart failure (as determined through
clinical examination and/or laboratory evidence) or an urgent visit
resulting inintravenous therapy for heart failure.

Secondary outcome measures included all-cause mortality,
secondary endpoint events (treatment termination due to wors-
ening heart failure, successful resuscitation after cardiac arrest,
malignant arrhythmia, nonfatal stroke), cardiovascular death and
first HHF in patients with ischemic etiology within the follow-up
period and serum NT-proBNP levels at 3 months. All outcomes were
adjudicated by the Clinical Event Adjudication Committee, which
was unaware of trial group assignment, according to prespecified
criteria. The definitions of endpoints and adverse events, as well as
the procedures applicable to the Clinical Event Adjudication Com-
mittee, are described inthe supplementary protocol (Supplementary
Information, ‘Protocol’).

The prespecified safety analyses included serious adverse events,
adverse events associated with discontinuation of atrial drug, adverse
events of interest and laboratory findings of note. Dataonother adverse
events wereroutinely collected at each follow-up examination or unex-
pected visit.

Statistical analysis

The sample size was determined to provide adequate power to assess
the outcomes of cardiovascular death and first HHF. We estimated that
the annual rate of the composite endpoint would be 25% in patients
receiving placebo and 20%in the QLQX group within the 12-36 months
of follow-up.

Theerror was controlled atan overall two-sided alevel of 0.05 and
P level of 0.20 with two scheduled internal interim efficacy analyses,
and the statistical stopping guideline for compelling benefit required
aone-sided nominal Pvalue <0.0001 at the first analysis and <0.00605
atthesecond analysisinfavor of QLQX as the primary endpoint. Onthe
basis of these calculations, it was estimated that approximately 3,080
patients would need to be included to provide the required number of
620 expected composite primary end point events, with an anticipated
recruitment period of 24 months.

Only one interim analysis was performed when two-thirds of the
primary endpoint events had occurred due to the pandemic. Termi-
nation for futility was set to be triggered if the conditional power was
below20%, whereas termination for efficacy would be triggeredif the
interim analysis yielded a Pvalue of <0.00605. The significance of the
two-sided a level for the multiple comparisons across the primary
outcomes was 0.04628, with one interim efficacy analysis taken into
account (with consumed two-sided a; = 0.012096).

Full analysis set (FAS) refersto the dataset thatincludes all patients
who underwent randomization and received at least one dose of the
study drug, with minimal and reasonable exclusion of individuals
adheringto the intention-to-treat principle. The PPSwas asubset of the
FAS in which individuals had optimal adherence to the protocol with
drug administration of at least 80% and no significant protocol viola-
tions. Protocol violation refers to (1) important violations of inclusion
criteria; (2) individuals who did not receive the study drug; and (3) lack
of post-randomization observation data. The safety set (SS) included
all randomized participants who received at least one treatment and
underwent safety evaluations.

Baseline characteristics are summarized as the mean +s.d., median
andIQRor percentages. The baseline covariates were subject toasmall
amount of missing data that were assumed to be randomly missing. The
comparability of characteristics between study groups was assessed
using Student's ¢-test for continuous variables and the Wilcoxon test
for categorical variables. Intergroup comparisons were made using
the chi-square test for categorical variables and Student's ¢-test or
the Wilcoxon test for continuous variables. Intragroup comparisons
were conducted using the Wilcoxon signed-rank test for categorical
variables. Time-to-event data were evaluated using Kaplan-Meier
estimates and Cox proportional-hazards models, with the trial site
as a random effect, to estimate the HR and 95% ClI for the primary
and secondary outcomes. Cumulative primary endpoint curves were
constructed using Kaplan-Meier methods, and differences between
curves were tested using the log-rank method.

We employed post hoc analysis using the Fine-Gray and
cause-specific hazards competing risk-adjusted model, thereby
enhancing the robustness and reliability of our findings. The model
accounted for the competing risk of noncardiovascular mortality.
We also assessed the consistency of the treatment effect among the
prespecified subgroup variables of interest, which was verified using
the Instrument for assessing the Credibility of Effect Modification
Analyses (ICEMAN)®. Sensitivity analyses were not prespecified and
were conducted to assess the robustness of the primary findings by (1)
censoring at follow-up of 12-months; (2) complete case analysis; and
(3) using the PPS outcomes.

Statistical analyses were conducted using SAS v.9.4 software.
Two-sided P < 0.05 was considered statistically significant.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data that support the findings of this study are not publicly avail-
able due to restrictions on patient privacy, but are available upon
reasonablerequest for access to the patient-level data fromthis study.
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Requests can be submitted via email to the corresponding authors
(X. Li (xinli3267@yeah.net) and Z.J. (jzhjiazhenhua@163.com)) with
detailed proposals for use of the data. Responses to such requests can
be expected within one month. Depending onthe datarequested, the
datarequest will be reviewed and, if agreed, a signed agreement with
the sponsorisrequired before the data can be accessed.
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Extended Data Fig. 1| Sensitivity analysis for the key study outcome,
According to 12-months follow-up. (A-C). Kaplan-Meier curves showing the
cumulative incidences over time for the primary outcome (a composite of death
from cardiovascular causes or first hospitalization for heart failure) (A), death

from cardiovascular causes (B) and first hospitalization for heart failure (C).
Insets show the same data with an expanded y axis. QLQX denotes Qiligiangxin
capsule, HR: hazard ratio, Cl: confident interval.
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Extended Data Fig. 2| Ultra Performance Liquid Chromatography (UPLC) representing the typical patterns, demonstrating uniformity across batches.
fingerprint for ten different batches of Qiligiangxin capsules (QLQX). The x-axis represents time (minutes). R denotes Reference, and S1-10 denote

Ten batches of QLQX were analyzed by UPLC to establish reference fingerprints Sample1through Sample 10.
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Extended Data Table 1| Safety Outcome

Safety outcome* Qzl\l;ll; ; é"sx)l n (;l:;;ls)g) P Value
no. (%) no. (%)

Adverse events related to study drugs 21 (1.35%) 14 (0.90%) 0.308

Discontinuation due to adverse event 16 (1.03%) 9 (0.58%) 0.228

Dosage adjustment during treatment period 39 (2.51%) 30 (1.93%) 0.418

Severe Adverse events 271 (17.43%) 307 (19.74%) 0.097

Patients with any adverse event 1288 (82.83%) 1309 (84.18%) 0.310

Adverse events (>2% of patients in any group)

Gastrointestinal symptoms 244 (15.69%) 226 (14.53%) 0.395
Diarrhea 60 (3.86%) 61 (3.92%) 1.000
Flatulence 55 (3.54%) 57 (3.67%) 0.923
Abdominal distention 39 (2.51%) 34 (2.19%) 0.636
Constipation 17 (1.09%) 15 (0.96%) 0.859
Epigastralgia 20 (1.29%) 11 (0.71%) 0.148

Infection events 106 (6.82%) 116 (7.46%) 0.531

Cough 83 (5.34%) 96 (6.17%) 0.356

Proteinuria 62 (3.99%) 59 (3.79%) 0.853

Urinary tract infection 58 (3.73%) 58 (3.73%) 1.000

Increased blood glucose 61 (3.92%) 49 (3.15%) 0.286

Worsen renal function 59 (3.79%) 70 (4.50%) 0.369

Insomnia 57 (3.67%) 29 (1.86%) 0.003

Hypertriglyceridemia 51 (3.28%) 53 (3.41%) 0.921

Upper respiratory tract infection 50 (3.22%) 36 (2.32%) 0.155

Nasopharyngitis 49 (3.15%) 39 (2.51%) 0.330

Anemia 47 (3.02%) 60 (3.86%) 0.238

Increased Aspartate aminotransferase 40 (2.57%) 48 (3.09%) 0.449

Dizziness 35 (2.25%) 33 (2.12%) 0.903

Laboratory and other outcome (change from baseline to 12 months) #

Systolic Blood Pressure 0.03£16.46 -0.69+15.31 0.29

Heart rate -3.13+£14.77 -3.03£15.78 0.481

Elevated serum creatinine 52 (3.34) 56 (3.60) 0.769

Elevated serum total cholesterol 23 (1.48) 36 (2.32) 0.114

* Data shown are through the primary analysis cutoff date (May 24, 2022). For patients with multiple events, only the first event that contributed to the composite

outcome is counted. # Data were missing for 1 patient in Qiligiangxin group.
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Extended Data Table 2 | Primary and Secondary Outcomes in Per Protocol Set

Qiligiangxin Placebo Hazard Ratio

Outcome (N=1541) (N=1540) (95% CI) P Value
no. (%) no. (%)
Primary composite outcome and components
Cardiovascular Death or hospitalisation for heart failure 385 (24.98%) 465 (30.19%) 0.78 (0.68,0.90) <0.001
Cardiovascular Death 205 (13.30%) 247 (16.04%) 0.82(0.68,0.99) 0.041
Hospitalisation for heart failure 241 (15.64%) 296 (19.22%) 0.76 (0.64,0.90) 0.002
Primary endpoint in patients with principal ischemic etiology (1147 vs 1157) 292/1147 365/1157 0.73 (0.60,0.89) 0.002
Cardiovascular Death (cause-specific hazard model) 1 - - 0.79 (0.66,0.96) 0.02
Cardiovascular Death (Fine and Gray regression model) - - 0.79 (0.65,0.97) 0.02
Secondary outcomes
Death from any cause 219 (14.21%) 261 (16.95%) 0.83 (0.69,1.00) 0.053
Secondary composite endpoint* 26 (1.69%) 43(2.79%) 0.59 (0.36,0.97) 0.038
treatment terminated due to worsening heart failure, 0 3 - 0.083%
successful resuscitation after cardiac arrest 2 1 - 0.564%
malignant arrhythmia 12 (0.78%) 23 (1.49%) 0.49 (0.24,0.99) 0.046
non-fatal stroke 12 (0.78%) 17 (1.10%) 0.73 (0.35,1.55) 0.414

Hazard ratios (Qiligiangxin as compared with placebo) and confidence intervals were calculated with the use of Cox proportional-hazards models. CI denotes
confidence interval.

* Data shown are through the primary analysis cutoff date (May 24, 2022). For patients with multiple events, only the first event that contributed to the
composite outcome is counted.

T With non-cardiovascular mortality as competing event.

1 P values were calculated by stratified log-rank test.

Nature Medicine


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-024-03169-2

Extended Data Table 3 | Change in Plasma NT-ProBNP Levels From Baseline to After 3-Month of Follow-Up in Per
Protocol Set

Change in NT-ProBNP Levels Q(Elgleln(l)%)él)n intigf?;up (rll) ljieltz)(z)) intigf(r);up intfr;(r)up
Difference in NT-proBNP, pg/ml -450.70 (-1401.00,78.20) <0.001 -364.33 (-1285.10,185.95) <0.001 0.042
Median percent reduction in NT-proBNP, % 39.21 (-6.40,70.03) 29.69 (-16.44,66.52) 0.008
Proportion of patients with reduction in NT-proBNP over 30%, % 624 (56.83%) 549 (49.91%) 0.001

Values are the median (Q1, Q3) or the number (%) of patients. Differences between groups were analyzed using the Student t test or Wilcoxon test.
Difference in NT-proBNP = baseline level - 3-month level.

Percent reduction in NT-proBNP = (baseline level - 3-month level)/baseline level x 100%.
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Extended Data Table 4 | Primary and Secondary Outcomes in Complete Cases after Randomization

Qiligiangxin Placebo Hazard Ratio
Outcome (N=1561) (N=1558) (95% CDt P Value
no. (%) no. (%)
Primary composite outcome and components
Death from cardiovascular causes or hospitalisation for heart failure 389 (24.92%) 468 (30.04% 0.78 (0.68,0.90) <0.001
Death from cardiovascular causes 207 (13.26%) 248 (15.92%) 0.82(0.68,0.99) 0.044
Hospitalisation for heart failure 243 (15.57%) 299 (19.19%) 0.76 (0.64,0.90) 0.002

* Data shown are through the primary analysis cutoff date (May 24, 2022). For patients with multiple events, only the first event that contributed to the composite
outcome is counted. CI denotes confidence interval.

T Hazard ratios (Qiligiangxin as compared with placebo) and confidence intervals were calculated with the use of Cox proportional-hazards models.
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Extended Data Table 5 | The similarity of UPLC fingerprints from the 10 batches Qiligiangxin capsules and Samples

st s2 s3 sS4 S5 S6 s7 S8 s9  s10 aﬁgf::;:lc:t
s1 1000 0995 0991 0995 0997 0996 0997 0992 0997 0.998 1.000
s2 0995 1.000 0979 0989 0990 0996 0999 0983 0991  0.992 0.995
s3 0991 0979 1.000 0996 0995 0987 0985 0998 0995 0.995 0.991
sS4 0995 0989 0996 1.000 0999 0995 0991 0999 0999 0.998 0.995
S5 0997 0990 0995 0999 1.000 0996 0992 0998 0999 0.997 0.997
S6 0996 0996 0987 0995 0996 1.000 0997 0991 0997 0.997 0.996
s7 0997 0999 0985 0991 0992 0997 1000 098 0994 0.995 0.997
S8 0992 0983 0998 0999 0998 0991 098 1.000 0997 0.996 0.992
9 0997 0991 0995 0999 0999 0997 0994 0997 1.000 1.000 0.997
s10 0998 0992 0995 0998 0997 0997 0995 099 1.000  1.000 0.998
ﬁjﬁ:ﬁ'ﬁﬁi 0998 0993 0996 0999 0999 0997 0995 0997 1.000 0.999 0.998
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Reporting on sex and gender ~ Sex - male or female.

In the Qiligiangxin group, 1,095 participants (70.42%) were male.
In the placebo group, 1,148 participants (73.83%) were male.

Reporting on race, ethnicity, or  Ethnicity - Han or other (non-specify).

other socially relevant In the Qiligiangxin group, 1,467 participants (94.34%) were of Han ethnicity.
groupings In the placebo group, 1,465 participants (94.21%) were of Han ethnicity.
Population characteristics Age, sex, ethnicity, body mass index, smoking history, principal cause of heart failure, time from initial diagnosis of heart

Recruitment

Ethics oversight

failure, comorbidity and medical history, etc. Table 1 of the manuscript.

Patients with heart failure and reduced ejection fraction (with LVEF < 40% and NT-proBNP > 450pg/ml) were recruited
between May 2019 and May 2021. Recruitment involved obtaining written informed consent from all patients or their legal
representatives before inclusion in the trial. To minimize self-selection bias, patients were randomized to receive either QLQX
capsules or a matching placebo (4 capsules thrice daily) in addition to standard heart failure therapy. The study design
allowed participants to withdraw at any point without needing to provide a reason, enhancing participant autonomy and
minimizing withdrawal bias. Despite these efforts, there remains a potential for self-selection bias, as patients who agreed to
participate may differ systematically from those who declined, affecting the generalizability of the findings. Additionally,
randomization helps mitigate allocation bias, though other unmeasured confounders could still influence the study
outcomes. These factors should be carefully considered in interpreting the results to ensure a comprehensive understanding
of the study’s implications.

The protocol was reviewed and approved by the independent ethics committee of the First Affiliated Hospital of Nanjing
Medical University (Approved No. of ethic committee: 2018-SR-275) and each ethics committee of the participating study
center.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences

|:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

According to the previous heart failure RCT, the incidence of cardiovascular death and hospitalization for heart failure was anticipated of 25%
in patients with standardized treatment + placebo group and 20% in standardized treatment + Qiligiangxin capsule group. A sample size of
1540 patients per treatment arm was calculated in order to be able to reject the null hypothesis of equal effect with a power of 80% and a
significance level of 5% for a 20% MACE risk reduction among patients treated with QLQX.

No data were excluded from the primary analyses based on the ITT principle.

To ensure the reproducibility of our experimental findings, several rigorous measures were implemented throughout the randomized
controlled trial. Firstly, the study design incorporated randomization to evenly distribute participants into treatment and placebo groups, thus
minimizing selection biases and ensuring comparable baseline characteristics. Both the primary and secondary endpoints were meticulously
defined prior to the commencement of the trial, providing clear criteria for assessing outcomes. An independent Clinical Event Adjudication
Committee, blinded to treatment allocation, was established to objectively evaluate the predefined endpoints. In addition, the study utilized
Full Analysis Set (FAS), Per Protocol Set (PPS), and sensitivity analyses to verify the results. All replication attempts were successful, confirming
the reliability and robustness of the study outcomes across different analytical approaches.

Statistical experts at Peking University Clinical Research Institute adopts SAS 9.4 statistic software package to generate random numbers using
the block randomization method according to the ratio of 1:1 between study group and control group. The study drug (Qiligiangxin or placebo
capsules) was packaged according to this random number by the person unrelated to the study. A randomization and trail supply
management system (RTSM) is used in the study, and statistical professionals will provide a random numbered list to the RTSM. At each
participating hospital, patients who provided written informed consent and met the study criteria were randomized by investigators, will then
assigned a random number by the RTSM.

All personnel involved with the analysis of the study will remain blinded until database lock and protocol violations have been identified and
documented the study adopts two-step unblinding provision.
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Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  The trial was registered at http://www.chictr.org.cn, Registration number: ChiCTR1900021929.

Study protocol The study protocol was published in BMC Complement Med Ther. 2020 Feb 5;20(1):38. and all the corresponding versions are
provided in the supplementary material.

Data collection Participants were recruited from May 2019 to May 2021 in 133 Chinese (mainland and Hong Kong) hospitals. Patients were enrolled
and followed up for at least 12 months. All scheduled followed-up were finished in July 2022.

Outcomes The primary and secondary endooints were predefined in the protocol and SAP based on clinically important endpoints for heart
failure. The primary outcome was major adverse composite endpoint of cardiovascular (CV) death and/or hospitalisation for heart
failure (HHF). Over a median of 18.3 months follow-up, a primary outcome event occurred in 389 of 1555 patients (25.02%) in the
QLQX group and in 467 of 1555 patients (30.03%) in the placebo group (hazard ratio [HR], 0.78; 95% confidence interval [Cl], 0.68 to
0.90; p<0.001). This effect was related to both lower risks of HHF and CV death in the QLQX group. HHF occurred in 243 patients
(15.63%) in QLQX group and 298 patients (19.16%) in placebo group (HR, 0.76; 95% Cl, 0.64 to 0.90; p=0.002). Death from
cardiovascular causes occurred in 207 patients (13.31%) in the QLQX group and in 248 patients (15.95%) in the placebo group (HR,
0.83; 95% Cl, 0.68 to 0.996; p=0.045). The effect of QLQX on the primary outcome was generally consistent across prespecified
subgroups including in patients with or without ARNi and in patients with ischemic etiology. Also, results of the safety endpoint
regarding all-cause death, AE, and SEA demonstrated that QLQX were well-tolerated.

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

Authentication Bg;c(;ﬁ)%lgsj/ authenticationprocedures for-each-seed-stock-tised-ornovel-genotype-generated.-bescribe-any-experiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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