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ABSTRACT
Aims:  This study aimed to investigate the efficacy and safety of sacubitril/valsartan in abnormal 
renal function (egFr < 60 ml/min/1.73m2) patients combined with heart failure based on 
randomized controlled trials (rCTs) and observational studies.
Methods:  The embase, PubMed and the Cochrane Library were searched for relevant studies from 
inception to december 2023. dichotomous variables were described as event counts with the 
odds ratio (or) and 95% confidence interval (Ci) values. Continuous variables were expressed as 
mean standard deviation (sd) with 95% Cis.
Results:  a total of 6 rCTs and 8 observational studies were included, involving 17335 egFr below 
60 ml/min/1.73m2 patients combined with heart failure. in terms of efficacy, we analyzed the 
incidence of cardiovascular events and found that sacubitril/valsartan significantly reduced the risk 
of cardiovascular death or heart failure hospitalization in chronic kidney disease (CKd) stages 3–5 
patients with heart failure (or: 0.65, 95%Ci: 0.54–0.78). Moreover, sacubitril/valsartan prevented 
the serum creatinine elevation (or: 0.81, 95%Ci: 0.68–0.95), the egFr decline (or: 0.83, 95% Ci: 
0.73–0.95) and the development of end-stage renal disease in this population (or:0.73, 95%Ci:0.60–
0.89). as for safety outcomes, we did not find that the rate of hyperkalemia (or:1.31, 95%Ci:0.79–
2.17) and hypotension (or:1.57, 95%Ci:0.94–2.62) were increased in sacubitril/valsartan group 
among CKd stages 3–5 patients with heart failure.
Conclusions:  our meta-analysis proves that sacubitril/valsartan has a favorable effect on cardiac 
function without obvious risk of adverse events in abnormal renal function patients combined 
with heart failure, indicating that sacubitril/valsartan has the potential to become perspective 
treatment for these patients.

Introduction

Chronic kidney disease (CKd) is a global health problem with 
an increased risk of cardiovascular disease [1,2], often mani-
fested as heart failure [2,3]. Moreover, studies have docu-
mented that concomitant heart failure is associated with 
elevated morbidity and mortality of patients with CKd stages 
3–5 [3–5]. however, in these special patients, the manage-
ment of heart failure remains a huge challenge, potentially 
due to adverse drug reactions and their limited response to 
conventional therapies [6]. so, it is imperative to explore new 
therapeutic strategies for abnormal renal function patients 
combined with heart failure.

in recent years, sacubitril/valsartan has been confirmed to 
ameliorate the prognosis of heart failure through vasodilata-
tion, diuresis, natriuresis and anti-remodeling [2] by simulta-
neously restraining natriuretic peptides degradation and 
renin-angiotensin-aldosterone system (raas) activation [7]. 
Current clinical guidelines also have recommended sacubitril/
valsartan for patients with heart failure [8,9] to mitigate the 
risk of cardiovascular death [10]. however, these guidelines 
primarily pertain to patients with normal renal function. 
Whether sacubitril/valsartan is safe and effective in patients 
with impaired renal function, especially in advanced kidney 
disease, is still unclear.
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some randomized controlled trials (rCTs) once suggested 
that CKd stage 3 patients with heart failure might have 
received renal and cardiovascular benefits from sacubitril/val-
sartan [11–13]. But these results are unsystematic and incom-
plete because they have to be extrapolated from subgroup 
analyses, as well as lack of safety outcomes. additionally, 
patients with CKd at stage 4 or higher were excluded from 
rCTs investigating the effects of sacubitril/valsartan; however, 
they were included in several observational studies. one of 
the observational studies involving 49 patients with egFr < 
15 mL/min/1.73m2 concomitant with heart failure demon-
strated that sacubitril/valsartan effectively enhanced cardiac 
function without eliciting significant adverse effects [14]. But 
the findings of another observational study including 1039 
patients with CKd stages 3–5 and heart failure indicated that, 
after a duration of 12 months, the sacubitril/valsartan group 
exhibited a higher incidence of adverse drug reactions than 
control group [15]. it follows that these observational studies 
have inconsistent conclusions, small sample sizes and short 
follow-up periods, leading to a bias when assessing the 
effect of sacubitril/valsartan in CKd stages 4–5 patients with 
heart failure.

Previously, our research team has completed a study on 
the effect of sacubitril/valsartan in patients with CKd, while 
mainly emphasizing patients with CKd stage 3 and only 
including rCTs [16]. Consequently, to evaluate the efficacy 
and safety of sacubitril/valsartan in a broader population and 
the real-world clinical practice, we conducted this 
meta-analysis on patients with CKd stages 3–5 combined 
with heart failure, based on both rCTs and observational 
studies.

Materials and methods

This meta-analysis was conducted in compliance with the 
Preferred reporting items for reporting systematic reviews 
and Meta-analyses (PrisMa) statement [17].

Search strategy

online databases including the Cochrane Library, embase 
and PubMed were searched by yang and Jin for relevant 
studies published as of december 9th, 2023, using the fol-
lowing terms: ‘sacubitril valsartan’, ‘sacubitril and valsartan’, 
‘sacubitril/valsartan’, ‘sakubitril valsartan’, ‘entresto’, ‘neprilysin 
inhibitor’, ‘LCZ696’, ‘LCZ-696’, ‘ahU377’, ‘arni’, ‘angiotensin 
receptor neprilysin inhibitor’, ‘angiotensin receptor neprilysin 
blocker’. details were provided in the Supplementary 
Materials. disagreements were solved through consulting 
with the third reviewer (Xu).

Study selection

Two reviewers (yang and Cheng) screened all titles, abstracts 
and full texts, as well as ultimately determined the inclusion 
of studies by the consensus. any disagreements were referred 

to the third researcher (Bai) for advice. The following inclu-
sion criteria were required for eligible literature:

a. Participants: the population of trial contained 
abnormal renal function (egFr < 60 ml/min/1.73m2) 
patients combined with heart failure;

b. intervention: the experimental group used sacu-
bitril/valsartan;

c. Comparisons: the control group without sacubi-
tril/valsartan;

d. outcomes: cardiovascular events or safety out-
comes were available;

e. study design: the number of patients with CKd 
and heart failure was definite or can be calcu-
lated; the type of study was rCT or observa-
tional study.

We identified and excluded studies which met at least one 
of the following criteria: (a) repeated literature; (b) title or 
content not relevant to our meta-analysis; (c) animal or cell 
trial; (d) article not published in english; (e) did not meet the 
inclusion criteria; (f ) review, case, report, new, meta-analysis, 
conference abstract, letter, erratum or comment.

Data extraction and quality assessment

We extracted the following information from the eligible tri-
als: the trial name, number of patients, baseline egFr, drug 
names and doses, duration of treatment, efficacy outcomes 
(the incidence of cardiovascular death or hospitalization for 
heart failure) and safety outcomes (changes in renal function; 
the incidence of hyperkalemia and hypotension). discrepancies 
were addressed by consensus with a third author (Xu).

The bias of rCTs was assessed using the Cochrane risk of 
bias (roB) tool according to 5 items: according to random 
sequence generation (selection bias), allocation concealment 
(selection bias), blinding of participants and personnel (per-
formance bias), incomplete outcome data (attribution bias), 
and selective reporting (reporting bias) and other bias [17].

in addition, the risk of bias in studies of non-randomized 
interventions scale (roBins-i) was used to evaluate the qual-
ity of observational studies in 6 aspects: bias due to con-
founding, bias in selection of participants into the study, bias 
in classification of interventions, bias due to deviations from 
intended interventions, bias due to missing data, bias in 
measurement of outcomes, bias in selection of the reported 
results [18]. These assessments were done by two reviewers 
(Cheng and yang) separately. Conflicts were resolved by the 
third investigator (Jin).

Statistical analysis

all statistical analysis in this meta-analysis were performed 
on review Manager 5.3. Quality assessment of observational 
studies and funnel plot of cardiovascular events was drawn 

https://doi.org/10.1080/0886022X.2024.2349135
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by rstudio 4.1.3. dichotomous variables were described as 
event counts with the odds ratio (or) and 95% confidence 
interval (Ci) values. Continuous variables were expressed as 
mean ± standard deviation (sd) with 95% Cis. The heteroge-
neity of studies was assessed with the Q test, i2 statistic and 
forest maps. heterogeneity was low when i2 was less than 
25%, moderate when i2 was between 25% and 50% and high 
when i2 was greater than 50%. When Ι2 was less than 50%, 
heterogeneity was considered acceptable. We chose a 
fixed-effects model when i2<50%, otherwise the random- 
effects model was picked. Funnel plots and egger’s test were 
used to assess publication bias if at least ten studies were 
included. There is no missing data in the included articles, 
and we have received all answers from studies.

Results

Literature search results

Using our search strategy, we retrieved 10128 studies from 
target databases, removed 2854 duplicate records and fur-
ther screened 1125 full texts for eligibility. Finally, six rCTs 
[11–13,19–21] and eight observational studies [14,15,22–27], 

involving a total of 17335 CKd stages 3–5 patients with heart 
failure, were included (Cohen’s kappa = 0.832, p < 0.01, the 
consistency of literature search is strong). The flow diagram 
of literature searching and screening was detailed in the 
Figure 1.

Baseline characteristics and quality assessment of included 
studies

as specified in Table 1, the characteristics of the included 
studies were summarized. a total of 17335 CKd stages 3–5 
patients with heart failure were involved in our meta-analysis.

in terms of rCTs, three of the them compared sacubitril/
valsartan with angiotensin converting enzyme inhibitor (aCei) 
[12,19,21], two of them compared sacubitril/valsartan with 
angiotensin receptor blocker (arB) [11,13], and the last one 
compared the sacubitril/valsartan with routine treatment of 
heart failure which contained aCei or arB [20]. The duration 
of treatment ranged from 8 weeks to 35 months. regarding 
observational studies, patients in the experimental group 
received sacubitril/valsartan, while the control group did not 
receive sacubitril/valsartan. The period of therapy ranged 
from 6.9 to 15 months.

Figure 1. PRiSMa 2020 flow diagram.
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The average dosage of sacubitril/valsartan in most studies 
was 100 mg/bid or 200 mg/bid. and the mean dose of sacu-
bitril/valsartan in two studies conducted by Chang et  al. was 
112.5 ± 58.7 mg/qd [22] and 143 ± 84mg/qd [23], respectively.

Based on the roB tool, all included rCTs were of high 
quality (supplementary figure 1). according to the roBins-i 
tool, eight observational studies were assessed as having a 
relatively low risk of bias in six areas (supplementary figure 2).

Figure 2. Results of cardiovascular events. (a) Forest plot showing the difference in cardiovascular events between sacubitril/valsartan and control group. 
(B) Funnel plot of cardiovascular events. note: Berg et  al. defined cardiovascular events as a composite of cardiovascular death or rehospitalization for heart 
failure [12]; Chen et  al. described cardiovascular events as rehospitalization for heart failure and all-cause death [24]; Damman et  al. Chang et  al. Hsiao 
et  al. lee et  al. and Tsutsui et  al. described cardiovascular events as cardiovascular death or heart failure hospitalization [15,19,21–23,26]; Mc Causland et  al. 
defined cardiovascular events as a composite of total (first and recurrent) hospitalizations for heart failure and death from cardiovascular causes; in Sheng 
et  al.’s research, cardiovascular events were regarded as the rehospitalization of patients due to acute myocardial ischemia, HF, thromboembolic or hemor-
rhagic stroke, arrhythmia, and peripheral vascular disease [20]; niu et  al. regarded cardiovascular events as hospitalization because of cardiovascular dis-
eases [14].

https://doi.org/10.1080/0886022X.2024.2349135
https://doi.org/10.1080/0886022X.2024.2349135
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Cardiovascular events

a total of five rCTs and five observational studies described car-
diovascular events (cardiovascular death or heart failure hospital-
ization). Compared with control group, sacubitril/valsartan 
treatment reduced the incidence of cardiovascular events in CKd 
stages 3–5 patients with heart failure (12236 patients, or: 0.65, 
95%Ci: 0.54–0.78, p < 0.00001, i2=73%, Figure 2a). additionally, 
subgroup analysis based on CKd stage showed that even 
patients with egFr below 30 mL/min/1.73m2 were able to derive 
cardiovascular benefits from sacubitril/valsartan (or: 0.60, 95%Ci: 
0.42–0.87, p = 0.007, i2=67%, Figure 2a). Both funnel plot (Figure 
2B) and egger’s test (p = 0.602) did not show significant publica-
tion bias. overall, sacubitril/valsartan exhibited cardioprotective 
effects in abnormal renal function patients combined with heart 
failure.

Renal events

Changes in serum creatinine (scr)
Three rCTs and one observational study, involving 7030 CKd 
stages 3–5 patients with heart failure, analyzed the changes 
in serum creatinine. The pooled outcomes indicated that the 
risk of scr elevation was obviously decreased in the sacubi-
tril/valsartan group (or: 0.81, 95% Ci: 0.68–0.95, p = 0.01, 
i2=0%, Figure 3a).

Estimated glomerular filtration rate (eGFR)
Three rCTs and two observational studies reported the data 
on the incidence of egFr reduction. as shown in Figure 3B, 
CKd stages 3–5 patients with heart failure in the sacubitril/
valsartan group had a slower egFr decline compared with 

Figure 3. Results about cardiovascular events. (a) Forest plot about changes in Scr. (B) Forest plot regarding changes in eGFR. (C) Meta-analysis of the 
incidence of eSRD in CKD stages 3–5 patients with heart failure. *Berg et  al. defined the change of Scr as an increase in serum creatinine of at least 0.5 mg/
dl; **Mc Causland et  al. were described the change of Scr as elevated serum creatinine ≥ 2.0 mg/dl; *** Tan et  al. described the change of Scr as doubling 
of serum creatinine; ****Voors et  al. defined the change of Scr as >0.3 mg/dl increase in creatinine in combination with an increase of more than 25% in 
serum creatinine between two time points. †in the Chen’s study, the PaRaDiGM-HF trial and the PaRaGOn-HF trial, eGFR level declined >50% from base-
line; ††in the Berg et  al.’s trial, eGFR level declined >25% from baseline; †††in the Tan’s study, eGFR level declined >30% or more from baseline.
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the control group (or: 0.83, 95% Ci: 0.73–0.95, p = 0.007, 
i2=31%, Figure 3B).

The incidence of end-stage renal disease (ESRD)
The incidence of esrd was provided in two rCTs and four 
observational studies which contained 14008 CKd stages 3–5 
patients with heart failure. Compared with control group, 
patients receiving sacubitril/valsartan had a lower incidence of 
esrd (or:0.73, 95%Ci:0.60–0.89, p = 0.002, i2=46%, Figure 3C).

To sum up, these findings indicated that sacubitril/valsar-
tan might attenuate the progression of kidney function in 
abnormal renal function patients combined with heart 
failure.

Hyperkalemia

Meta-analysis of two rCTs and three observational studies 
(with a total of 4131 CKd 3–5 stages patients with heart 
failure) showed that the risk of hyperkalemia in the 

sacubitril/valsartan group was comparable to that in the 
control group (or: 1.31, 95% Ci: 0.79–2.17, p = 0.29, Figure 
4a), but with high heterogeneity (i2=69%). To explore the 
source of heterogeneity, subgroup analysis was performed 
according to egFr level, which illustrated a decrease in 
heterogeneity with no change in the conclusions (or: 0.90, 
95% Ci: 0.70–1.17, p = 0.45, i2=16%; or: 1.86, 95% Ci: 0.87–
3.98, p = 0.11, i2=45%, Figure 4a). in summary, sacubitril/
valsartan might not increase the risk of hyperkalemia 
among abnormal renal function patients combined with 
heart failure.

Changes in blood pressure

regarding the changes in blood pressure, we applied dichot-
omous and continuous variables to perform the meta-analysis, 
respectively. Two rCTs consisting of 2796 CKd 3 stage 
patients with heart failure provided information about the 
incidence of hypotension (dichotomous variable). The results 

Figure 4. (a) Forest plot of the incidence of hyperkalemia. (B) Meta-analysis of the incidence of hypotension in CKD stages 3-5 patients with heart failure. 
(C) Forest plots of changes in blood pressure. *Hyperkalemia was defined as potassium > 5.5 mmol/l in these studies; ** Hyperkalemia was defined as 
potassium > 6mmol/l in Hsiao’s study. †Berg et  al. regarded hypotension as symptomatic hypotension; ††Hypotension in the Mc Causland et  al.’s trial was 
regarded as SBP < 100 mmHg.
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showed that sacubitril/valsartan did not increase the risk of 
hypotension (or:1.57, 95%Ci:0.94–2.62, p = 0.08, i2=71%, 
Figure 4B).

Moreover, the pooled analysis of two observational stud-
ies involving 757 CKd 4–5 stages patients with heart failure 
indicated no statistically significant difference in systolic 
blood pressure between the two groups after follow-up (con-
tinuous variable, Md = 0.27 mmhg, 95% Ci: −11.14–11.68, 
p = 0.96, Figure 4C).

above all, we believed that the treatment with sacubitril/
valsartan might not influence blood pressure in abnormal 
renal function patients combined with heart failure.

Discussion

in the current study, we conducted a meta-analysis for the 
first time by combining rCTs and observational studies to 
comprehensively evaluate the efficacy and safety of sacubi-
tril/valsartan in abnormal renal function patients with heart 
failure. With respect to efficacy, we found that sacubitril/val-
sartan significantly reduced the rate of cardiovascular death 
or heart failure hospitalization and the risk of kidney function 
worsening among egFr below 60 mL/min/1.73m2 patients 
with heart failure. as for safety outcomes, the risk of hyper-
kalemia and hypotension was not increased in patients 
receiving sacubitril/valsartan. To sum up, data from our study 
showed an apparent cardioprotective effect and good tolera-
bility of sacubitril/valsartan, which could provide favorable 
evidence for the clinical management of abnormal renal 
function patients combined with heart failure.

it is clear that sacubitril/valsartan concurrently inhibits 
neprilysin and raas, thereby exerting effects on sympa-
thetic tone alleviating, vasodilation, natriuresis, and diuresis 
[28,29]. Thus, sacubitril/valsartan has an absolute cardiovas-
cular protective effect on heart failure patients with normal 
renal function [30,31]. For heart failure patients with abnor-
mal renal function, a meta-analysis by Kang et  al. revealed 
that the sacubitril/valsartan group reduced nT-proBnP levels, 
indicating the positive effect on cardiovascular system [32]. 
But this article focused on patients with CKd stage 3 and 
involved only three original studies. Based on this, our 
meta-analysis further included patients with CKd stages 4–5 
and more relevant researches. similar to the above study, we 
also found cardiovascular benefits of sacubitril/valsartan in 
CKd stages 3–5 patients with heart failure. To be specific, 
sacubitril/valsartan decreased risk of cardiovascular death or 
heart failure hospitalization. in summary, sacubitril/valsartan 
could improve cardiovascular prognosis in abnormal renal 
function patients combined with heart failure.

Theoretically, because of raas inhibition, sacubitril/valsar-
tan can cause dilation of the efferent arterioles, subsequently 
leading to a decrease in glomerular pressure and egFr [33]. 
however, our previous study [16] on patients with CKd stage 
3 did not observe a significant reduction in egFr among 
patients treated with sacubitril/valsartan. in the present 
meta-analysis, we further assessed the renal impact of sacu-
bitril/valsartan on patients with lower egFr based on rCTs 

and real-world observational studies. Consistently, the find-
ings demonstrated that sacubitril/valsartan could effectively 
prevent the deterioration of renal function. This may be 
related to the increase in renal perfusion after improvement 
of heart failure by sacubitril/valsartan [14,25]. Furthermore, 
with the extension of follow-up (ranged from 8 weeks to 
35 months), sacubitril/valsartan also revealed a favorable 
long-term prognosis for kidney function.

hyperkalemia is a potentially fatal side effect of sacubitril/
valsartan in patients with CKd [34]. But, the latest rCT involv-
ing CKd patients without heart failure found no statistical 
difference in hyperkalemia events between the sacubitril/val-
sartan and the control group [35]. our meta-analysis, focus-
ing on CKd patients combined with heart failure, also did 
not discover a trend of increased risk of hyperkalemia after 
sacubitril/valsartan treatment. Collectively, these findings 
indicated that sacubitril/valsartan may be safe for abnormal 
renal function patients combined with heart failure.

Previous studies found that in heart failure patients with nor-
mal kidney function, hypotension (sBP < 90mmhg) was more 
frequent in sacubitril/valsartan group than aCei/arBs [21]. 
Mechanistically, the use of sacubitril/valsartan in patients with 
renal impairment may increase the risk of hypotension, because 
the metabolism of sacubitril is dependent on renal function [33]. 
however, our results showed that sacubitril/valsartan did not 
exert a marked impact on blood pressure alterations among 
egFr below 60 mL/min/1.73m2 patients with heart failure. 
generally, apart from raas overactivation and volume overload, 
several hormones such as endothelin [36] and thromboxane 
[37,38] also play a role in the development of hypertension in 
CKd patients. But these hormones are not inhibited by 
sacubitril-valsartan, which may explain why the incidence of 
hypotension in CKd stages 3–5 patients with heart failure receiv-
ing sacubitril/valsartan has not increased. noteworthily, recent 
studies have demonstrated a dose-dependent effect of sacubi-
tril/valsartan on anti-hypertension [39–41]. in clinical practice, 
the risk of hypotension may elevate with the increase in dosage 
of the drug. Thus, it is crucial to customize personalized therapy 
for individuals based on fluctuations in blood pressure.

There were several limitations in our study. First, our 
meta-analysis included several observational studies which 
lacked the experimental random allocation to assess outcomes 
accurately. But the risk of bias was relatively low in these 
observational studies, which meant that confounding factors 
were controlled to some extent. second, some outcomes 
defined differently in these trials, but very slightly. Third, rCTs 
about the role of sacubitril-valsartan in patients with egFr < 
30 mL/min/1.73m2 are still rare, and further large-scale rCTs 
should be carried out to validate above results.

Conclusions

our meta-analysis proves that sacubitril/valsartan has a favor-
able effect on cardiac function without obvious risk of 
adverse events in abnormal renal function patients combined 
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with heart failure, indicating that sacubitril/valsartan has the 
potential to become perspective treatment for these patients.
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