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quadruple therapy, including Renin–Angiotensin–Aldosterone 
System (RAAS) inhibitor, β receptor blocker, Mineralocorticoid 
Receptor Antagonist (MRA), Sodium‐Glucose cotransporter‐2 
(SGLT-2) inhibitor as first-line treatment for HF [1-3]. Despite 

INTRODUCTION

With the advance of medical therapy, the prognosis of HF 
has been improved. Currently guidelines recommend a new 

ABSTRACT
Background: The impact of Guanylate Cyclase (sGC) stimulators on clinical outcomes of HF patients were still 
controversial.

Objectives: To investigate the efficacy and safety of oral soluble sGC stimulators in Heart Failure (HF). 

Methods: PubMed, Web of Science, and Cochrane Library were searched to identify Randomized Controlled Trials 
(RCTs) comparing sGC stimulators vs placebo in HF patients. A total of 6 RCTs with 7382 HF patients were 
included. 

Results: Compared with placebo, oral sGC stimulators reduced the risk of a composite of Cardiovascular (CV) 
death or Hospitalization for HF (HHF), Odd’s Ratio (OR) 0.87, 95% Confidence Interval (CI) 0.78-0.98, p=0.02), 
and CV death [OR 0.45, 95% CI 0.38-0.53, p<0.001]. Significant reduction in the CV death [OR 0.42, 95% CI 
0.35-0.50, p<0.001] of Heart Failure with Reduced Ejection Fraction (HFrEF) was also found in sGC stimulator 
group. However, certainty of evidence evaluated by Grading of Recommendations Assessment, Development, 
and Evaluation pro Guideline Development Tool (GRADEproGDT) was moderate or low for the main efficacy 
outcomes. There was no significant difference between sGC stimulators and placebo in adverse events [OR 0.97, 
95% CI 0.86-1.09, p=0.64] or serious adverse events [OR 0.92, 95% CI 0.83-1.03, p=0.14]. 

Conclusions: Oral sGC stimulators may be associated with a lower risk of CV death or HHF, but the certainty 
of evidence in this meta-analysis was low. Large-scale, multicenter RCTs with enough statistical power for “hard” 
efficacy outcomes are urgently needed to determine the impact of sGC stimulators on prognosis of HF. 

Keywords: Oral sGC stimulators; Heart failure; Meta-analysis

Abbreviations: 6MWD: 6-Minute Walk Distance; AE: Adverse Event; cGMP: cyclic Guanosine Monophosphate; 
CSS: Clinical Summary Score; CV: Cardiovascular; HF: Heart Failure; HHF: Hospitalization for Heart Failure; 
HFpEF: Heart Failure with Preserved Ejection Fraction; HFrEF: Heart Failure with Reduced Ejection Fraction; 
KCCQ: Kansas City Cardiomyopathy Questionnaire; MRA: Mineralocorticoid Receptor Antagonist; NO: Nitric 
Oxide; OSS: Overall Summary Score; RAAS: Renin–Angiotensin–Aldosterone System; PAH: Pulmonary Arterial 
Hypertension; RCT: Randomized Controlled Trial; PLS: Physical Limitation Score; SAE: Serious Adverse Event; 
sGC: soluble Guanylate Cyclase; SGLT-2: Sodium‐Glucose cotransporter‐2; TSS: Total Symptom Score
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values indicate better functioning, including Total Symptom 
Score (TSS), Clinical Summary Score (CSS), Overall Summary 
Score (OSS) and Physical Limitation Score (PLS). The safety 
outcomes include any Adverse Event (AE), such as any study 
drug-related AE and AE with the outcome of death; any Serious 
Adverse Event (SAE), including any study drug-related SAE. 

Statistical analysis

Mean and standard deviation were calculated for estimates 
of continuous variables. OR with 95% CI were calculated to 
estimate efficacy and safety outcomes. For trials involving multiple 
intervention groups, a formula was used to amalgamate the mean 
and standard deviation of each group into a single entity. To 
evaluate between-study heterogeneity in the meta-analysis, the 
heterogeneity statistic (I2) was used. A random-effects Mantel-
Haenszel (M-H) model was employed. Publication bias was 
assessed using funnel plots and asymmetry test with a p<0.1 
indicating publication bias existed. A two-tailed p-value<0.05 
was considered statistically significant for outcome analyses. 
Subgroup analysis was conducted based on the classification of 
HFpEF and HFrEF. Statistical analyses were conducted using 
Review Manager (RevMan) 5.3 and R (programming language) 
4.3.1.

RESULTS

Study characteristics

361 records were initially searched. After removal of irrelevant 
and duplicate items, 42 studies had remained for full-text and 
reference review. Of these, 36 articles were excluded, and 6 
articles were finally included for quantitative analysis [9-14]. 
The search and study selection process of this meta-analyses 
was summarized in the flowchart Figure 1. A total of 7382 HF 
patients were included in our meta-analysis. 

Table 1, showed the baseline characteristics of the included trials. 
2 studies [11,13] recruited with HFrEF, and the other 4 studies 
enrolled HFpEF [9,10,12,14]. The study drug of most trials was 
vericiguat, except for one study, of which praliciguat was the study 
drug. 

One trial did not explicitly elucidate the blinding of outcomes 
assessment [14]. The outcomes of this study were not analyzed 
in accordance with a pre-defined analysis. Therefore, this study 
was regarded as “high” of ROB, and the other five trials as 
“low” Supplementary Figure 1. Funnel plots did not show any 
publication bias Supplementary Figures 2-5.

Outcomes for the overall HF patients

Only two studies reported the primary outcome, a composite of 
CV death or HHF. Compared with placebo, oral sGC stimulators 
significantly reduced the risk of composite of CV death or HHF 
(I2=0%, OR 0.87, 95%CI 0.78-0.98, p=0.02 (Figure 2a). For CV 
death from 3 studies, oral sGC stimulators significantly reduced 
the rate of CV death in comparison with placebo (I2=81%, 
OR 0.45, 95%CI 0.38-0.53, p<0.001; Figure 2b). However, no 
significant difference in all-cause death (I2=0%, OR 0.96, 95%CI 
0.84-1.10, p=0.58; Figure 2c) or HHF (I2=0%, OR 0.89, 95% 
CI 0.0.79-1.00, p=0.06; Figure 2d) was observed between placebo 
and sGC (Figure 2).

such great progress, 5-10% of HF patients still devastate to end-
stage heart failure in each year, with a mortality of 50% [4]. 
Therefore, the continuous exploration of novel treatments for 
HF should not stop. 

 sGC stimulators is an enzyme in the Nitric Oxide (NO)-sGC-
cyclic Guanosine Monophosphate (cGMP) pathway [5,6]. Due to 
its pharmacological effects of promoting vasodilation, inhibiting 
vascular remodeling, and reducing inflammatory responses, 
sGC stimulators are widely used in the treatment of Pulmonary 
Arterial Hypertension (PAH) [7,8]. In recent years, several RCTs 
have been conducted to explore the effect of sGC stimulators in 
HF patients [9-14]. However, due to the between-study population 
heterogeneity, limited sample size and distinct results, the impact 
of sGC stimulators on clinical outcomes of HF patients was still 
controversial. We therefore conducted a meta-analysis of RCTs 
exploring the efficacy and safety of sGC stimulators in HF, in 
order to determine the role of sGC stimulators on the prognosis 
of patients with HF. 

MATERIALS AND METHODS

Data sources and search strategy

This meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [15,16] The GRADE approach were used 
to evaluate the certainty of evidence [17]. A systematic literature 
search was performed on June 10, 2023, using PubMed, Embase, 
and Web of Science databases. The search strategy included the 
following keywords: soluble guanylate cyclase stimulator, sGC 
stimulator, vericiguat, riociguat, praliciguat and heart failure. 
Only English literature and full manuscripts were included, and 
abstracts were excluded. 

Inclusion criteria: (i) RCTs recruiting patients diagnosed 
with HF; (ii) RCTs comparing clinical outcomes between sGC 
stimulators and placebo or other medications. 

Exclusion criteria: (i) Studies recruiting patients with PAH; (ii) 
Observational or non-randomized studies; (iii) Studies that did 
not report clinical outcomes. 

Study selection and eligibility criteria

Data extraction and outcomes: Data extraction was performed by 
independently two authors Qiang Ren and Sicong Ma. Extracted 
information includes authorship, country, study design, number 
of patients, age, sex, information regarding patient diagnoses, 
clinical information and medications, classification of heart 
failure, primary study endpoints and other endpoints. After 
screening titles and abstracts to remove irrelevant articles, we 
reviewed full texts of the remaining potential articles. Risk of 
bias assessment was performed according to the Cochrane Risk 
of Bias assessment tool (RoB 2.0) [18]. Any discrepancies in data 
extraction or quality assessment were resolved by a third reviewer 
Quanyu Zhang. In this study, we also applied the GRADE method 
in order to assess the quality of the evidence for each outcome, 
GRADE method can be found and accessed in GRADEpro GDT 
software. The primary outcome was a composite of CV death 
or HHF. Secondary efficacy outcomes are CV death, HHF, all-
cause death, 6-Minute Walk Distance (6-MWD), Kansas City 
Cardiomyopathy Questionnaire (KCCQ, range 0-100, higher 
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Figure 1: Flow diagram of selection process of eligible studies.

Table 1: Characteristics of the clinical trials and patients included in the meta-analysis.

Study ID Udelson et al. [8] Pieske et al. [9] Gheorghiade et al. [10] Filippatos et al. [11] Armstrong et al. [12] Armstrong et al. [13]

Population 
characteristics

HFpEF ≥ 40 (181) HFpEF ≥ 45 (477) HFrEF ≤ 45 (456) HFpEF ≥ 45 (429) HFrEF ≤ 40 (5,050) HFpEF ≥ 45 (789)

Follow-up duration 12 Weeks 12 Weeks 16 Weeks 12 Weeks 12 Months 24 Weeks

Drug
Praliciguat (40 

mg)
Placebo

Vericiguat 
(1.25 mg/2.5 

mg/2.5-5 
mg/2.5-10 mg)

Placebo

Vericiguat (1.25 
mg/2.5 mg/2.5-

5 mg/2.5-10 
mg)

Placebo
Vericiguat (1.25 

mg/2.5 mg/2.5-5 
mg/2.5-10 mg)

Placebo
Vericiguat (10 

mg)
Placebo

Vericiguat (15 
mg/10 mg)

Placebo

Age, years 70.7 (9.2) 70.1 (9.0) 73 (10) 74 (9) 68 (12.25) 67 (13) 73.02 (9.85) 74 (9.1) 67.5 (12.2) 67.2 (12.2) 72.65 (9.4) 72.8 (9.4)

Diabetes, N (%) 46 (50.5) 50 (55.6) 185 (48) 47 (50.5) 178 (49) 41 (44.6) 165 (49) 47 (50.5) 1226 (48.6) 1143 (45.3) 117.5 (44.61) 123 (46.9)

Coronary artery 
disease, N (%)

36 (39.6) 35 (38.9) NA NA NA NA 136 (40.48) 43 (46.2) 1511 (59.8) 1433 (56.8) 117.5 (44.61) 127 (48.5)

Hypertension, N 
(%)

90 (98.9) 87 (96.7) 347 (90) 85 (91.4) 287 (79) 70 (76.1) 245 (72.92) 72 (77.4) 2002 (79.3) 1993 (79.0) 243 (92.2) 243 (92.7)
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NT-proBNP, pg/ml 

232 215.5 1,157 2,254 2,763 4043

NA NA

2803.5 2821 1351.8 1644.2

(133-490) (93-501) (397-2,611) (932-3,644)
(1,491.5-
7,318.5)

(1,962-6,712) (1,572-2,821) (1,548-5,206) (636.9-2,934.5) (795.8-3,161.2)

NYHA III/IV, N 
(%)

28 (30.8) 24 (26.7) NA 39 (41.9) 178 (49) 38 (41.3) NA NA 1045 (41.4) 1024 (40.6) 110.5 (41.9) 106 (40.5)

ACEI or ARB or 
ARNI, N (%)

27 (29.7) 36 (40.0) 281 (69) 40 (43.0) 311 (85) 73 (79) NA NA 1847 (73.3) 1853 (73.6) NA NA

Beta blocker, N (%) 39 (42.9) 24 (26.7) 304 (79) 76 (81.7) 328 (90) 83 (90.2) NA NA 2349 (93.2) 2342 (93.0) NA NA

MRA, N (%) NA NA 139 (36) 39 (41.9) 234 (64) 50 (54.3) NA NA 1747 (69.3) 1798 (71.4) NA NA

SGLT-2 inhibitor, 
N (%)

2 (2.2) 1 (1.1) NA NA NA NA NA NA NA NA NA NA

Note: HFrEF: Heart Failure with Preserved Ejection Fraction; HFpEF: Heart Failure with Preserved Ejection Fraction; NT-proBNP: N-Terminal pro-Brain Natriuretic Peptide; ACEI: Angiotensin Converting Enzyme 
Inhibitor; ARB: Angiotensin Receptor Blocker; ARNI: Angiotensin Receptor-Neprilysin Inhibitor; MRA: Mineralocorticoid Receptor Antagonist; NA: Not Applicable.

Figure 2: Forest plot of primary endpoint of sGC vs. placebo in patients with heart failure. Note: sGC: soluble Guanylate Cyclase Stimulators; CV death: Cardiovascular death; HHF: Hospitalization for Heart 
Failure.
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Figure 3: Forest plot of efficacy outcomes of sGC vs. placebo in patients with heart failure. Note: 6MED: 6-Minute Walk Distance; sGC: 
soluble Guanylate Cyclase stimulators. 

Armstrong et al., was regarded as “high” of ROB [13]. Therefore, 
we conducted the sensitivity analyses after excluding this study. 
Sensitivity analysis found that oral sGC stimulators reduced the 
risk of composite of CV death (I2=0%, OR 0.42, 95%CI 0.35-
0.50, p<0.01; Figure 5b), which was consistent with the main 
outcome. No differences were found in other efficacy or safety 
outcomes between two groups (Figure 5d and 5e). 

Certainty of evidence

The certainty of evidence evaluated by the GRADEproGDT was 
shown in Table 2. The GRADE evidence for composite of CV 
death or HF hospitalization, all-cause death, HF hospitalization, 
CV death of HFrEF patients, all-cause death of HFrEF patients, 
any adverse event, any serious adverse event, any serious adverse 
event and any serious adverse event delivery outcomes is of 
moderate quality (Figure 6). 

A lack of consistency of the incidences of efficacy outcomes 
including composite of CV death or death or HF hospitalization, 
HF hospitalization, CV death of HFrEF patients, all-cause 
death of HFrEF patients between the two included studies 
11,13 downgraded the level of certainty of evidence. For safety 
outcomes, we downgraded the certainty of evidence to moderate 
due to imprecision. The certainty of evidence is low for all-cause 
death of HFpEF patients and dizziness, and very low for CV death. 
The main reasons for downgrading levels were inconsistency and 
imprecision (Tables 3 and 4). 

For the analysis of quality of life, articles involving a total of 1163 
patients were included in the quantitative analysis. No differences 
were found in 6MWD, KCCQ TSS, KCCQ OSS, KCCQ CSS, 
and KCCQ PLS (p>0.05 for all, between oral sGC stimulators 
and placebo (Figure 3). These results may be compromised due to 
the limited number of included studies and potential publication 
biases in outcomes of quality of life. 5 studies, with a total of 
7076 patients were included for the quantitative analysis of safety 
outcomes. No significant differences between SGC stimulators 
and placebo were found in safety outcomes, including any AE, 
any SAE, any study drug-related AE, any study drug-related SAE 
(p>0.05 for all) (Figure 4). 

Subgroup and sensitivity analyses stratified by HFpEF 
and HFrEF patients

We conducted subgroup analyses stratified by HFrEF and HFpEF 
patients. The HFrEF subgroup included 2 studies with a total of 
5506 patients, and HFpEF subgroup included 4 articles with 1876 
patients (Figure 5). The results showed that oral sGC stimulators 
significantly reduced the rate of CV death (I2=0%, OR 0.42, 
95%CI 0.35-0.50, p<0.001; Figure 5a) compared to placebo in 
HFrEF patients. However, there was no difference in all-cause 
death between oral sGC stimulators and placebo in either HFrEF 
patients (I2=0%, OR 0.94, 95%CI 0.82-1.08, p=0.39; Figure 5b) 
or HFpEF patients (I2=0%, OR 1.88, 95%CI 0.83-4.28, p=0.13; 
Figure 5c). 
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Figure 4: Forest plot of safety outcomes of sGC vs. placebo in patients with heart failure. Note: AE: any treatment-emergent Adverse Event; 
SAE: Serious Adverse Event; sGC: soluble Guanylate Cyclase stimulators; Any study drug-related AE: Any study drug-related adverse event; 
SAE: Serious Adverse Event.

Figure 5: Forest plot of subgroup and sensitivity analyses stratified by HFpEF and HFrEF patients of sGC vs. placebo in patients with heart 
failure. Note: sGC: soluble Guanylate Cyclase stimulators; CV death: Cardiovascular death; HFrEF: Heart Failure with reduced Ejection 
Fraction; HFpEF: Heart Failure with preserved Ejection Fraction.

Figure 6: Central illustration. Note: HHF: Hospitalization for Heart Failure; OR: Odds Ratio.
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Table 2: GRADE (Grading of Recommendations, Assessment, Development and Evaluation) analysis: Quality assessment of the primary endpoint.

Quality assessment No of patients Effect

Quality Importance
No of Studies Study Design Risk of Bias Inconsistency Indirectness Imprecision

Other 
Considerations

sGC placebo Relative Absolute 

(Treatment) (control)  (95% CI) (95% CI)

Composite of CV death or HF hospitalization

2
randomized 

trials
not seriousa seriousb not serious not serious none

953/2890 990/2616 OR 0.87
32 fewer per 

1000
⊕⊕⊕

critical

-33% -37.80% (0.78 to 0.98)
(from 5 fewer 
to 56 fewer)

moderate

CV death

3
randomized 

trials
not serious very serious not serious seriousc none

241/3416 451/2848 OR 0.45
80 fewer per 

1000
⊕

critical

-7.10% -15.8  (0.38 to 0.53)
(from 68 fewer 

to 92 fewer)
very low

HF hospitalization

2
randomized 

trials
not serious seriousb not serious not serious none

741/2890 763/2616 OR 0.89
23 fewer per 

1000
⊕⊕⊕

critical

-25.60% -29.20% (0.79 to 1)
(from 46 fewer 

to 0 more)
moderate

All-cause death

4
randomized 

trials
not serious not serious not serious serious none

556/3507 547/2968 OR 0.96
6 fewer per 

1000
⊕⊕⊕

critical

-15.90% -18.40% (0.84 to 1.1)
(from 25 fewer 

to 15 more)
moderate

Note: aNo serious risk of bias; bThe results of the two studies differ significantly; cAcross equivalent lines; CI: Confidence Interval; OR: Odds Ratio; sGC: soluble Guanylate Cyclase stimulators; CV death: Cardiovascular 
Death; HHF: Hospitalization for Heart Failure; ⊕⊕⊕: moderate quality of the evidence; ⊕ very low quality of the evidence.
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Table 3: GRADE (Grading of Recommendations, Assessment, Development and Evaluation) analysis: quality assessment of safety outcomes.

Quality assessment No of patients Effect

Quality
No of Studies Study Design Risk of Bias Inconsistency Indirectness Imprecision

Other 
Considerations

sGC placebo Relative Absolute 

(Treatment) (control)  (95% CI) (95% CI)

Any Adverse event

5
Randomised

trials
Not seriousa not seriousb not serious seriousc none

3080/4024 2408/3052 OR 0.97 5 fewer per 1000 ⊕⊕⊕

-76.50% -78.90% (0.86 to1.09)
(from 26 fewer to 

14 more)
moderate

Any serious adverse event

5
Randomised

trials
Not serious not serious not serious serious none

1148/3762 993/3052 OR 0.92
18 fewer per 

1000
⊕⊕⊕

-30.50% -32.50% (0.83 to1.03)
(from 39 fewer to 

7 more)
moderate

Any study drug-related adverse event

4
Randomised

trials

Not serious not serious not serious not serious none 182/1505 42/567 OR 1.44
29 more per 

1000
⊕⊕⊕⊕

-12.10% -7.40% (1to 2.08)
(from 0 more to 

69 more)
high

Study drug–related serious adverse event

3
Randomised

trials
Not serious not serious not serious serious none

20/1414 8/447 OR 0.76 4 fewer per 1000 ⊕⊕⊕

-1.40% -1.80% (0.33to 1.74)
(from 12 fewer to 

13 more)
moderate

Note: CI: Confidence Interval; OR: Odds Ratio; sGC: soluble Guanylate Cyclase stimulators; alow risk of bias would indicates-no serious limitations; bI2 ≤ 50%; ccrossing the equivalence line; d50%<I2<75%. ⊕⊕⊕⊕: 
High quality of the evidence; ⊕⊕⊕: Moderate quality of the evidence
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Table 4: GRADE (Grading of Recommendations, Assessment, Development and Evaluation) analysis: quality assessment of the Efficacy outcomes for HFpEF patients or HFrEF patients.

Quality assessment No of patients Effect

Quality Importance

No of Studies Study Design Risk of Bias Inconsistency Indirectness Imprecision
Other 

Considerations

sGC placebo Relative Absolute 

(Treatment) (control)  (95% CI) (95% CI)

CV death（HFrEF（

2
randomized 

trials
not seriousa seriousb not serious not serious none

221/2890 447/2586 OR 0.42
95 fewer per 

1000
⊕⊕⊕

critical

-7.60% -17.30% (0.35 to 0.5)
(from 78 fewer 
to 105 fewer)

moderate

All-cause death（HFrEF（

2
randomized 

trials
not serious serious not serious not serious none

530/2890 540/2616 OR 0.94
10 fewer per 

1000
⊕⊕⊕

critical

-18.30% -20.60%  (0.82 to 1.08)
(from 31 fewer 

to 13 fewer)
moderate

All-cause death（HFpEF（

2
randomized 

trials
seriousa,c not serious not serious seriousd none

26/617 7/352 OR 1.88
17fewer per 

1000
⊕⊕

critical

-4.20% -2% (0.83 to 4.28)
(from 3 fewer 
to 60 more)

low

Note: CI: Confidence Interval; OR: Odds Ratio; sGC: soluble Guanylate Cyclase stimulators; CV death: Cardiovascular Death; HFrEF: Heart Failure with Reduced Ejection Fraction; HFpEF: Heart Failure with 
Preserved Ejection Fraction; aIncomplete accounting of patients and outcome events; bThe results of the two studies differ significantly; cLack of blinding; d: Across equivalent lines; ⊕⊕⊕: Moderate quality of the 
evidence; ⊕⊕: Low quality of the evidence.
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DISCUSSION

This meta-analysis investigated the effect of oral sGC stimulator 
in patients with HF and a total of 6 RCTs with 7382 patients. In 
the overall HF cohort, oral sGC stimulators reduced the risk of 
a composite of cardiovascular death or hospitalization for HF. 
For patients with HFrEF, oral sGC stimulators also significantly 
reduced the risk of CV death. No increased risks of safety 
outcomes were found in patients administered with oral sGC 
stimulators. However, it should be noted that only four studies 
investigated “hard” endpoints, while the remaining two studies 
reported surrogate endpoints. Moreover, the study sample size 
was limited, with various study endpoints and different follow-
up durations. The certainty of evidence was also summarized, 
and no high level of certainty of evidence was found (Central 
illustration). 

Previous research by Qi Li et al., showed that oral sGC stimulators, 
vericiguat and riociguat, reduce the occurrence of hospitalization 
due to heart failure or cardiovascular death, demonstrating 
good tolerability and safety [18]. Our study also found that sGC 
significantly reduces the composite of CV death or HHF and the 
CV death in patients with HF, a result that has been validated in 
HFrEF. Nonetheless, sGC did not achieve statistical significance 
for other efficacy endpoints, even after conducting sensitivity 
analysis [19]. 

The sGC is a primary receptor in the NO-sGC-cyclic GMP (cGMP) 
pathway. The main function of sGC stimulators is to enhance 
the affinity between NO and sGC, activate a series of signaling 
pathways, and increase cGMP levels. The increase in cGMP is 
associated with vasodilation, anti-fibrosis, and anti-inflammatory 
effects, and is beneficial for improving cardiac function and anti-
remodeling effects [20,21]. Previous studies have also indicated 
that sGC stimulators can reduce mortality rates and improve the 
quality of life in patients with heart failure [22,23]. 

The 2021 ESC HF guidelines recommends vericiguat in the 
treatment of HFrEF, while the 2022 AHA/ACC/HFSA heart 
failure guidelines recommend the combined use of vericiguat 
for HF management [24]. Although sGC stimulators may play 
a novel role of HF treatment, our meta-analysis found that large-
scale, high-level RCTs are still limited. Moreover, the certainty of 
evidence for the primary outcome is not high. Therefore, due to 
the limited number of high-quality studies and significant inter-
study heterogeneity, some outcomes in this study lack consistency 
and precision. The results of our meta-analysis arise the necessity 
of more high-quality studies to provide more solid evidences 
supporting sGC stimulators for HF treatment. 

Several limitations were considered in this study. Firstly, several 
potential confounders may introduce bias, including the types of 
sGC stimulators used, the duration of follow-up, and treatment 
dosages. Secondly, the limited number of studies and different 
study endpoints from included RCTs may increase inter-study 
heterogeneity. Finally, the certainty of evidence indicates that 
most outcomes were not solid enough, highlighting the urgent 
need for large-scale studies.

CONCLUSION

Currently, large-scale RCTs with enough statistical power is 
limited on the issue of efficacy of sGC stimulators on HF 
prognosis. In this meta-analysis, oral sGC stimulators may reduce 

the risk of CV death or HHF for HF patients, especially for 
HFrEF. However, the certainty of evidence is insufficient, and 
more dedicated studies are needed to further determine the role 
of sGC stimulators in HF.

AUTHOR CONTRIBUTIONS

All authors contributed to the study conception and design. 
Material preparation, data collection and analysis were 
performed by Quanyu Zhang and Qiang Ren. The first draft 
of the manuscript was written by Qiang Ren and Sicong Ma 
commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

REFERENCES

1. Vaduganathan M, Claggett BL, Jhund PS, Cunningham JW, 
Pedro Ferreira J, Zannad F, et al. Estimating lifetime benefits 
of comprehensive disease-modifying pharmacological 
therapies in patients with heart failure with reduced ejection 
fraction: A comparative analysis of three randomized 
controlled trials. Lancet. 2020; 396:121-128. 

2. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, 
Colvin MM, et al. 2022 AHA/ACC/HFSA guideline for 
the management of heart failure: executive summary: A 
report of the American College of Cardiology/American 
Heart Association Joint Committee on Clinical Practice 
Guidelines. Circulation. 2022;145(18): 876-894. 

3. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt 
MS, Callaway CW, et al. Heart disease and stroke 
statistics-2021 update: A report from the American Heart 
Association. Circulation. 2021;143:254-743. 

4. Borlaug BA, Koepp KE, Melenovsky V. Sodium nitrite 
improves exercise hemodynamics and ventricular 
performance in heart failure with preserved ejection fraction. 
J Am Coll Cardiol. 2015;66(15):1672-1682. 

5. Redfield MM, Anstrom KJ, Levine JA, Koepp GA, Borlaug 
BA, Chen HH, et al. Isosorbide mononitrate in heart failure 
with preserved ejection fraction. New England Journal of 
Medicine. 2015;373(24):2314-2324. 

6. Ghofrani HA, Grimminger F. Soluble guanylate cyclase 
stimulation: An emerging option in pulmonary hypertension 
therapy. European Respiratory Review. 2009;18(111):35-41. 

7. Gheorghiade M, Marti CN, Sabbah HN, Roessig L, 
Greene SJ, Böhm M, et al. Soluble guanylate cyclase: A 
potential therapeutic target for heart failure. Heart Fail Rev. 
2013;18:123-134. 

8. Udelson JE, Lewis GD, Shah SJ, Zile MR, Redfield MM, 
Burnett J, et al. Effect of praliciguat on peak rate of oxygen 
consumption in patients with heart failure with preserved 
ejection fraction: The capacity HFpEF randomized clinical 
trial. JAMA. 2020;324(15):1522-1531. 

9. Pieske B, Maggioni AP, Lam CS, Pieske-Kraigher E, Filippatos 
G, Butler J, et al. Vericiguat in patients with worsening 
chronic heart failure and preserved ejection fraction: Results 
of the SOluble guanylate Cyclase stimulatoR in heArT failurE 
patientS with PRESERVED EF (SOCRATES-PRESERVED) 
study. Eur Heart J. 2017;38(15):1119-1127. 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30748-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30748-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30748-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30748-0/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30748-0/abstract
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001062
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001062
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001062
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001062
https://www.ahajournals.org/doi/full/10.1161/CIR.0000000000001062
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000950
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000950
https://www.ahajournals.org/doi/10.1161/CIR.0000000000000950
https://www.jacc.org/doi/abs/10.1016/j.jacc.2015.07.067
https://www.jacc.org/doi/abs/10.1016/j.jacc.2015.07.067
https://www.jacc.org/doi/abs/10.1016/j.jacc.2015.07.067
https://www.nejm.org/doi/full/10.1056/NEJMoa1510774
https://www.nejm.org/doi/full/10.1056/NEJMoa1510774
https://publications.ersnet.org/content/errev/18/111/35
https://publications.ersnet.org/content/errev/18/111/35
https://publications.ersnet.org/content/errev/18/111/35
https://link.springer.com/article/10.1007/s10741-012-9323-1
https://link.springer.com/article/10.1007/s10741-012-9323-1
https://jamanetwork.com/journals/jama/fullarticle/2771902
https://jamanetwork.com/journals/jama/fullarticle/2771902
https://jamanetwork.com/journals/jama/fullarticle/2771902
https://jamanetwork.com/journals/jama/fullarticle/2771902
https://academic.oup.com/eurheartj/article-abstract/38/15/1119/3078053
https://academic.oup.com/eurheartj/article-abstract/38/15/1119/3078053
https://academic.oup.com/eurheartj/article-abstract/38/15/1119/3078053
https://academic.oup.com/eurheartj/article-abstract/38/15/1119/3078053
https://academic.oup.com/eurheartj/article-abstract/38/15/1119/3078053


11

Ren Q, et al. OPEN ACCESS Freely available online

Angiol Open Access, Vol.12 Iss.12 No:1000529

10. Gheorghiade M, Greene SJ, Butler J, Filippatos G, Lam CS, 
Maggioni AP, et al. Effect of vericiguat, a soluble guanylate 
cyclase stimulator, on natriuretic peptide levels in patients 
with worsening chronic heart failure and reduced ejection 
fraction: The socrates-reduced randomized trial. JAMA. 
2015;314(21):2251-2262. 

11. Filippatos G, Maggioni AP, Lam CS, Pieske‐Kraigher E, 
Butler J, Spertus J, et al. Patient‐reported outcomes in the 
SOluble guanylate Cyclase stimulatoR in heArT failurE 
patientS with PRESERVED ejection fraction (SOCRATES‐
PRESERVED) study. Eur J Heart Fail. 2017;19(6):782-791. 

12. Armstrong PW, Pieske B, Anstrom KJ, Ezekowitz J, 
Hernandez AF, Butler J, et al. Vericiguat in patients with 
heart failure and reduced ejection fraction. N Engl J Med. 
2020;382(20):1883-1893. 

13. Armstrong PW, Lam CS, Anstrom KJ, Ezekowitz J, 
Hernandez AF, O’Connor CM, et al. Effect of vericiguat 
vs placebo on quality of life in patients with heart failure 
and preserved ejection fraction: The VITALITY-HFpEF 
randomized clinical trial. JAMA. 2020;324(15):1512-1521. 

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD, et al. The PRISMA 2020 statement: An 
updated guideline for reporting systematic reviews. BMJ. 
2021;372. 

15. Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins 
JP, et al. Updated guidance for trusted systematic reviews: 
A new edition of the cochrane handbook for systematic 
reviews of interventions. Cochrane Database Syst Rev. 
2019;2019(10). 

16. Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, 
Knottnerus A. GRADE guidelines: A new series of articles 
in the Journal of Clinical Epidemiology. J Clin Epidemiol. 
2011;64(4):380-382. 

17. Sterne JA, Savović J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I, et al. RoB 2: A revised tool for assessing risk of 
bias in randomised trials. BMJ. 2019;366. 

18. Li Q, Li Z, Li T, Wang Y, Feng J, Lu C. Efficacy and safety of 
soluble guanylate cyclase stimulators in patients with heart 
failure: A systematic review and meta-analysis. Pharmazie. 
2021;76(10):488-493. 

19. Hulot JS, Trochu JN, Donal E, Galinier M, Logeart D, De 
Groote P, et al. Vericiguat for the treatment of heart failure: 
Mechanism of action and pharmacological properties 
compared with other emerging therapeutic options. Expert 
Opin Pharmacother. 2021;22(14):1847-1855. 

20. Kong Q, Blanton RM. Protein kinase GI and heart failure: 
shifting focus from vascular unloading to direct myocardial 
antiremodeling effects. Circ Heart Fail. 2013;6(6):1268-
1283. 

21. Zheng X, Zheng W, Xiong B, Huang J. The efficacy and 
safety of soluble guanylate cyclase stimulators in patients 
with heart failure: A systematic review and meta-analysis. 
Medicine. 2018;97(41):e12709. 

22. Chen C, Lv J, Liu C. Vericiguat in patients with heart 
failure across the spectrum of left ventricular ejection 
fraction: A patient-level, pooled meta-analysis of VITALITY-
HFpEF and VICTORIA. Front Endocrinol (Lausanne). 
2024;15:1335531. 

23. McDonagh TA, Metra M, Adamo M, Gardner RS, 
Baumbach A, Böhm M, et al. 2021 ESC Guidelines for the 
diagnosis and treatment of acute and chronic heart failure: 
Developed by the Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society 
of Cardiology (ESC) With the special contribution of the 
Heart Failure Association (HFA) of the ESC. Eur J Heart 
Fail. 2021;42(36):3599-726. 

24. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, 
Colvin MM, et al. 2022 AHA/ACC/HFSA guideline for 
the management of heart failure: A report of the American 
College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines. Journal of the 
American College of Cardiology. 2022;79(17):e263-421. 

https://jamanetwork.com/journals/jama/fullarticle/2469195
https://jamanetwork.com/journals/jama/fullarticle/2469195
https://jamanetwork.com/journals/jama/fullarticle/2469195
https://jamanetwork.com/journals/jama/fullarticle/2469195
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.800
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.800
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.800
https://onlinelibrary.wiley.com/doi/abs/10.1002/ejhf.800
https://www.nejm.org/doi/abs/10.1056/NEJMoa1915928
https://www.nejm.org/doi/abs/10.1056/NEJMoa1915928
https://jamanetwork.com/journals/jama/article-abstract/2771900
https://jamanetwork.com/journals/jama/article-abstract/2771900
https://jamanetwork.com/journals/jama/article-abstract/2771900
https://jamanetwork.com/journals/jama/article-abstract/2771900
https://www.bmj.com/content/372/bmj.n71.short
https://www.bmj.com/content/372/bmj.n71.short
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.ED000142/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.ED000142/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.ED000142/full
https://www.sciencedirect.com/science/article/abs/pii/S089543561000329X
https://www.sciencedirect.com/science/article/abs/pii/S089543561000329X
https://www.bmj.com/content/366/bmj.l4898.short
https://www.bmj.com/content/366/bmj.l4898.short
https://www.ingentaconnect.com/content/govi/pharmaz/2021/00000076/00000010/art00005
https://www.ingentaconnect.com/content/govi/pharmaz/2021/00000076/00000010/art00005
https://www.ingentaconnect.com/content/govi/pharmaz/2021/00000076/00000010/art00005
https://www.tandfonline.com/doi/abs/10.1080/14656566.2021.1937121
https://www.tandfonline.com/doi/abs/10.1080/14656566.2021.1937121
https://www.tandfonline.com/doi/abs/10.1080/14656566.2021.1937121
https://www.ahajournals.org/doi/abs/10.1161/circheartfailure.113.000575
https://www.ahajournals.org/doi/abs/10.1161/circheartfailure.113.000575
https://www.ahajournals.org/doi/abs/10.1161/circheartfailure.113.000575
https://journals.lww.com/md-journal/FullText/2018/10120/The_efficacy_and_safety_of_soluble_guanylate.50.aspx
https://journals.lww.com/md-journal/FullText/2018/10120/The_efficacy_and_safety_of_soluble_guanylate.50.aspx
https://journals.lww.com/md-journal/FullText/2018/10120/The_efficacy_and_safety_of_soluble_guanylate.50.aspx
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2024.1335531/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2024.1335531/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2024.1335531/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2024.1335531/full
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://academic.oup.com/eurheartj/article-abstract/42/36/3599/6358045
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.12.012
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.12.012
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.12.012
https://www.jacc.org/doi/abs/10.1016/j.jacc.2021.12.012

