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CONTEMPORARY REVIEW

Updates for Cardio-Kidney Protective 
Effects by Angiotensin Receptor-Neprilysin 
Inhibitor: Requirement for Additional 
Evidence of Kidney Protection
Shunichiro Tsukamoto , MD; Tatsuki Uehara, MD; Kengo Azushima, PhD; Hiromichi Wakui, PhD;  
Kouichi Tamura, PhD

ABSTRACT: The incidence of heart failure and chronic kidney disease is increasing, and many patients develop both dis-
eases. Angiotensin receptor-neprilysin inhibitor (ARNI) is a promising therapeutic candidate for both diseases. ARNI has 
demonstrated superior cardioprotective effects compared with renin–angiotensin system inhibitors (RAS-Is) in large clinical 
trials such as the PARADIGM-HF (Prospective Comparison of ARNI With ACEI [Angiotensin-Converting Enzyme Inhibitor] to 
Determine Impact on Global Mortality and Morbidity in Heart Failure) trial. It has also been suggested that ARNI can provide 
renoprotective effects beyond those of RAS-Is in patients with HF. ARNI might have beneficial effects on the kidneys be-
cause of its ability to improve cardiac function in patients with heart failure and affect renal hemodynamics by enhancing the 
effects of hormones such as natriuretic peptide. In contrast, in the PARADIGM-HF trial, ARNI was associated with more al-
buminuria compared with RAS-I; thus, it is unclear whether long-term ARNI therapy has renoprotective effects. Additionally, 
ARNI did not provide renoprotective effects beyond RAS-I in patients with chronic kidney disease in the UK HARP-III (United 
Kingdom Heart and Renal Protection-III) trial. In other words, the patient population in which ARNI is more renoprotective 
than RAS-I might be limited. Collectively, ARNI may have renoprotective effects in addition to cardioprotective effects, but 
the evidence to date is applicable only to heart failure. Theoretically, given the molecular mechanism of ARNI, it could also 
be renoprotective in conditions such as nephrosclerosis, which has low risks of albuminuria and reduced kidney perfusion, 
but the evidence for such effects is lacking. Further research is needed to clarify whether ARNI therapy is an acceptable 
treatment strategy for renal protection.

Key Words: albuminuria ■ angiotensin receptor-neprilysin inhibitor ■ chronic kidney disease ■ heart failure ■ kidney-protective effect  
■ renin–angiotensin system inhibitors

The heart and kidneys are closely related and in-
terdependent.1 The incidence of chronic kidney 
disease (CKD) and heart failure (HF) is increasing, 

and in many cases, patients have both diseases.2,3 
Angiotensin receptor-neprilysin inhibitors (ARNIs) are 
established treatments for HF. ARNIs are also expected 
to exert renoprotective effects, but a consensus on 
such effects has not been reached. This review aims 
to summarize the current evidence on renoprotection 

by ARNIs, along with blood pressure (BP) and car-
diovascular protection, and to identify areas in which 
more evidence is required for the renoprotective ef-
fects of ARNIs. We also discuss the potential and con-
cerns regarding the renoprotective effects of ARNIs 
compared with renin–angiotensin system inhibitors 
(RAS-Is) alone, including the results of previous ran-
domized controlled trials (RCTs) and the mechanisms 
involved in the renoprotective effects of ARNIs.

Correspondence to: Shunichiro Tsukamoto, MD, Department of Medical Science and Cardiorenal Medicine, Yokohama City University Graduate School of 
Medicine, 3-9 Fukuura, Kanazawa-ku, Yokohama 236-0004, Japan. Email: t206044g@yokohama-cu.ac.jp

This article was sent to Sula Mazimba, MD, MPH, Associate Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 13.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and 
is not used for commercial purposes. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-1146-6810
mailto:t206044g@yokohama-cu.ac.jp
mailto:t206044g@yokohama-cu.ac.jp
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e029565. DOI: 10.1161/JAHA.122.029565� 2

Tsukamoto et al� Review of ARNI Renal Protective Effects

RAS-IS AND CARDIORENAL 
PROTECTIVE EFFECTS
RAS-Is have long been used for cardiorenal protec-
tion.4 Two types of RAS-Is have been widely used in 
clinical practice, angiotensin-converting enzyme in-
hibitors (ACEIs) and angiotensin II receptor blockers 
(ARBs), and direct renin inhibitors are also available.5 
Renin secreted from the kidneys produces angioten-
sin I from angiotensinogen synthesized in the liver.5,6 
Angiotensin I is converted to angiotensin II by ACE.6 
Angiotensin II exerts a strong hypertensive effect by 
constricting peripheral blood vessels and increasing 
water and sodium reabsorption via enhanced angio-
tensin II type 1 receptor and aldosterone secretion.6 
Additionally, angiotensin II is involved in remodeling 
and fibrosis in the heart, blood vessels, and kidneys.6,7 
ARBs specifically block angiotensin II type 1 receptor, 
and ACEIs inhibit ACE, which is required to convert 
angiotensin I to angiotensin II.8 RAS-Is are believed 
to exhibit cardiorenal protective effects in addition to 
antihypertensive effects by inhibiting circulating RAS 
and local tissue RAS. ACEIs and ARBs have been 
demonstrated to be cardioprotective in patients with 
HF and CKD in several RCTs.4,9,10 However, because 
ACEIs inhibit the degradation of bradykinin, they have 
been reported to increase the risks of angioedema and 
cough.11

ANGIOTENSIN RECEPTOR-
NEPRILYSIN INHIBITORS
A new class of cardiovascular agents, termed ARNIs, 
was introduced in the late 2000s. ARNIs combine an 
ARB and a neutral endopeptidase inhibitor (NEP-I).12,13 
Sacubitril/valsartan (also named LCZ696) was the first 
agent in the ARNI class. Because neprilysin degrades 
NPs (natriuretic peptides), including ANP (atrial NP), 
BNP (B-type NP), and C-type NP.14 NEP-Is enhance the 
effects of active NPs. NPs improve myocardial relaxa-
tion and reduce hypertrophy through cyclic guanosine 
monophosphate dependent pathways.14,15 Additionally, 
NPs promote natriuresis, dilate blood vessels, and 

potentially have antifibrosis and sympathoinhibitory 
effects.14,16,17 The targets of neprilysin include gluca-
gon, glucagon-like peptide-1, bradykinin, substance 
P, endothelin, amyloid-beta, and NPs.18,19 Omapatrilat, 
which combines an ACE-I and NEP-I, exhibited better 
antihypertensive effects than enalapril and reduced the 
risks of HF all-cause mortality and hospitalizations.20,21 
However, because bradykinin is a target of NEP, in-
creased bradykinin levels due to NEP and ACE inhi-
bition increased angioedema events.18,20–22 The next 
agent to be developed, sacubitril/valsartan, combined 
an NEP-I with an ARB instead of an ACEI, and there-
fore, it was associated with good hemodynamics with 
no cough or angioedema in early trials.23,24

GREATER ANTIHYPERTENSIVE 
EFFECT OF ARNIS
Ruilope et al. reported that for patients with hyperten-
sion, sacubitril/valsartan was associated with signifi-
cantly greater reductions in the mean sitting diastolic 
BP versus the appropriate comparator dose of vals-
artan (mean reduction, −2.17 mm Hg [95% CI, −3.28 
to −1.06]; P<0.001).24 The PARAMETER (Prospective 
Comparison of Angiotensin Receptor Neprilysin 
Inhibitor With Angiotensin Receptor Blocker Measuring 
Arterial Stiffness in the Elderly) trial of older hyperten-
sive patients with arterial stiffness and increased pulse 
pressure revealed the superiority of sacubitril/valsar-
tan to olmesartan based on its ability to lower BP by 
−3.7 mm Hg (95% CI, −6.4 to −0.9), and it was also 
associated a better nighttime reduction in BP.25 ARNI 
therapy also displayed excellent antihypertensive ef-
fects in hypertensive patients with HF and CKD. In the 
PARADIGM-HF trial of patients with reduced left ven-
tricular ejection fraction (LVEF), the mean systolic BP 
(SBP) at 8 months was 3.2 ± 0.4 mm Hg lower in the 
sacubitril/valsartan group than in the enalapril group 
(P<0.001).26 In the PARAGON-HF (Efficacy and Safety 
of LCZ696 Compared to Valsartan, on Morbidity and 
Mortality in Heart Failure Patients With Preserved 
Ejection Fraction) trial of patients with preserved LVEF, 
the mean SBP at 8 months was 4.5 mm Hg (95% CI, 
3.6–5.4) lower in the sacubitril–valsartan group than in 
the valsartan group.27 In the UK HARP-III study of pa-
tients with CKD, the mean SBP was 5.4 (95% CI, −7.4 
to −3.4) mm Hg lower in the sacubitril/valsartan group 
than in the irbesartan group.28

EFFECTS OF ARNIS ON THE HEART: 
EVIDENCE FOR CARDIOPROTECTION
The characteristics of each RCT and subgroup that 
reported cardiovascular and renal outcomes are de-
scribed in Table 1.

Nonstandard Abbreviations and Acronyms

ARNI	 angiotensin receptor-neprilysin inhibitor
AT1R	 angiotensin II type 1 receptor
ESKD	 end-stage kidney disease
NEP-I	 neutral endopeptidase inhibitor
NP	 natriuretic peptide
RAS-I	 renin–angiotensin system inhibitor
UACR	 urinary albumin/creatinine ratio
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The PARADIGM-HF trial was a double-blind RCT 
that compared the efficacy and safety of sacubitril/val-
sartan with those of enalapril in 8399 patients with New 
York Heart Association class II to IV HF and reduced 
LVEF (≤35%). In this trial, 4187 patients who were ran-
domly assigned to sacubitril/valsartan exhibited a 20% 
(hazard ratio [HR], 0.80 [95% CI, 0.73–0.87]) reduc-
tion in the primary composite end point of cardiovas-
cular death or hospitalization attributable to HF versus 
enalapril.26 Although this study excluded patients with 
estimated glomerular filtration rate (eGFR) <30 mL/
min/1.73 m2, a subgroup analysis of patients with mild 
kidney impairment (eGFR ≥30 mL/min/1.73 m2 and 
<60 mL/min/1.73 m2) revealed a 21% lower risk of the 
primary composite end point of cardiovascular death 
or hospitalization for HF (HR, 0.79 [95% CI, 0.69–0.90]) 
and a 24% lower risk of cardiovascular death (HR, 0.76; 
[95% CI, 0.63–0.90]) in the sacubitril/valsartan group.29 
In patients without albuminuria (urinary albumin/creati-
nine ratio [UACR] ≥3.5 mg/mmol), the risk of the primary 
composite end point was lower in the sacubitril/valsar-
tan group than in the enalapril group (HR, 0.77 [95% 
CI, 0.61–0.97]), but in patients with albuminuria (UACR 
<3.5 mg/mmol), no difference in risk was identified be-
tween the groups (HR, 0.94 [95% CI, 0.67–1.31]).29

The PARAGON-HF (Efficacy and Safety of LCZ696 
Compared to Valsartan, on Morbidity and Mortality in 
Heart Failure Patients With Preserved Ejection Fraction) 
trial was a double-blind RCT that compared the efficacy 
and safety of sacubitril/valsartan with those of valsar-
tan in 4796 patients with New York Heart Association 
class II to IV HF and preserved LVEF (>45%). In this 
trial, sacubitril/valsartan reduced the risk of the pri-
mary composite end point of cardiovascular death 
or hospitalization for HF by 13% (HR, 0.87 [95% CI, 
0.75–1.01]) versus valsartan, although the result was 
not statistically significant. In a subgroup analysis of 
patients with mildly reduced LVEF (LVEF ≤57%), valsar-
tan reduced the risk of the primary end point by 22% 
(HR, 0.78 [95% CI, 0.64–0.95]).27 A subgroup analysis 
of patients with mild kidney impairment (eGFR ≥30 mL/
min/1.73 m2 and <60 mL/min/1.73 m2) revealed a 21% 
reduction in the composite end point of cardiovascu-
lar death or hospitalization (HR, 0.79 [95% CI, 0.66–
0.95]).27 However, there was no difference between 
sacubitril/valsartan and valsartan in patients with eGFR 
≥60 mL/min/1.73 m2. No subgroup analysis based on 
the presence of albuminuria was performed.

The UK HARP-III trial compared the therapeutic ef-
fects of sacubitril/valsartan with irbesartan, an ARB, in 
patients with CKD and eGFR=45–60 mL/min/1.73 m2 
and UACR >20 mg/mmol (177 mg/g creatinine) or eG-
FR=20–45 mL/min/1.73 m2. In this study, the primary 
outcome of eGFR change did not differ between the 2 
treatments, but sacubitril/valsartan significantly reduced 
cardiac biomarker levels, such as N-terminal proBNP 

and troponin I, compared with irbesartan. Specifically, 
N-terminal proBNP and troponin I levels were reduced 
by 18% (95% CI, 11%–25%) and 16% (95% CI, 8%–
23%), respectively, in the sacubitril/valsartan group.28

EFFECTS OF ARNIS ON THE 
KIDNEYS: EVIDENCE OF 
RENOPROTECTION
In the PARADIGM-HF trial, there was no difference in 
the prespecified kidney composite outcome, first occur-
rence of any of the following: (1) a 50% decrease in eGFR 
relative to baseline; (2) a >30 mL/min/1.73 m2 decrease in 
eGFR relative to the baseline to <60 mL/min/1.73 m2; or 
(3) reaching end-stage kidney disease (ESKD) between 
the sacubitril/valsartan and enalapril groups (HR, 0.86 
[95% CI, 0.65–1.13]).29 However, the risk of the new com-
posite kidney outcome added during the post hoc anal-
ysis (ESKD or a ≥50% decrease in eGFR from baseline) 
was reduced by 37% (HR, 0.63 [95% CI, 0.42–0.95]) in 
the sacubitril/valsartan group.29 The decrease in eGFR 
during the study was smaller for sacubitril/valsartan than 
for enalapril (−1.61 mL/min/1.73 m2/year [95% CI, −1.77 
to −1.44] versus −2.04 mL/min/1.73 m2/year [95% CI, 
−2.21 to −1.88], P<0.001).29 However, sacubitril/valsar-
tan was associated with an increased risk of albuminuria 
compared with enalapril, and UACR was significantly 
higher at 1 and 8 months after treatment in the sacu-
bitril/valsartan group than in the enalapril group.29 For 
patients with eGFR <60 mL/min/1.73 m2 (N=2754), sa-
cubitril/valsartan displayed a positive trend for both the 
prespecified kidney composite outcome and the new 
postanalysis kidney composite outcome, but it did not 
demonstrate a statistical advantage over enalapril for ei-
ther outcome (HR, 0.64 [95% CI, 0.37–1.08]; HR, 0.64 
[95% CI, 0.34–1.19], respectively).29 There was also no 
difference between the groups regarding the kidney 
composite outcome in the baseline UACR ≥3.5 mg/
mmol (HR, 0.94 [95% CI, 0.40–2.21] and UACR <3.5 
mg/mmol groups (HR, 1.05 [95% CI, 0.26–4.21]).29

The PARAMOUNT (Prospective Comparison of 
ARNI With ARB on Management of Heart Failure With 
Preserved Ejection Fraction) trial, which included patients 
with preserved EF, similarly found an increase in albumin-
uria in the sacubitril/valsartan versus valsartan despite 
the greater antihypertensive effect in the former group.17,31

In an exploratory analysis in the PARAGON-HF 
trial, sacubitril/valsartan reduced the risk of compos-
ite kidney events (≥50% decrease in eGFR relative to 
baseline; ESKD development; or death attributable 
to kidney causes; HR, 0.50 [95% CI, 0.33–0.77]) and 
the individual event of a ≥ 50% decrease in eGFR from 
baseline (HR, 0.44 [95% CI, 0.28–0.69]) compared 
with valsartan.30 Additionally, sacubitril/valsartan was 
linked to a reduction in eGFR decline compared with 
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valsartan (adjusted mean difference, 0.6 [95% CI, 0.4–
0.9]), but there was no difference in the risk of pro-
gression to ESKD.30 Among patients with CKD (eGFR 
<60 mL/min/1.73 m2 [N=2341]), sacubitril/valsartan re-
duced the risks of the kidney composite end point and 
the events associated with a > 50% eGFR reduction 
but not that of progression to ESKD, compared with 
valsartan.30 Data on albuminuria were not presented.

In the UK HARP-III trial, there was no difference in 
the primary outcome of measured GFR between sacu-
bitril/valsartan and irbesartan (measured GFR [SE], 
sacubitril/valsartan, 29.8 mL/min/1.73 m2 [0.5] versus 
irbesartan, 29.9 mL/min/1.73 m2 [0.5]).28 Additionally, 
there was no difference between sacubitril/valsartan 
and irbesartan for the primary outcome in any of the 
following subgroup analyses: baseline UACR >30 mg/
mmol, UACR ≤30 mg/mmol, measured GFR >30 mL/
min/1.73 m2, and measured GFR ≤30 mL/min/1.73 m2. 
Sacubitril/valsartan was associated with a nonsignif-
icant 9% reduction (−18% to 1%, P=0.08) in UACR 
compared with irbesartan, and this reduction was as-
sociated with a reduction in BP.28

RELATIONSHIP BETWEEN ARNI 
OUTCOMES AND BP
Summaries of the treatment effects of ARNI and RAS-I 
are summarized in Table  2. In the PARADIGM-HF 
and PARAGON-HF trials, ARNI therapy provided su-
perior cardiorenal protection in patients with reduced 
or preserved EF.26,27 However, it should be noted that 
the greater antihypertensive effect in the ARNI group 
might have influenced this organ protection. Strict 
BP control has been reported to improve the out-
comes of patients with HF.32,33 Post hoc analyses of 
the PARADIGM-HF and PARAGON-HF trials reported 
that the organ-protective effects of ARNIs were inde-
pendent of their antihypertensive effects.34,35 However, 
ARNI treatment reduced BP more strongly during the 
night,25 and, likely, these effects were not captured by 
daytime BP measurements in these trials. Therefore, 
it is unclear whether the actual antihypertensive and 
organ-protective effects of ARNIs are unrelated. In 
addition, the baseline BP of the patients should be 
considered with caution. The PARAGON-HF trial re-
corded a greater reduction in the risk of renal events 
than the PARADIGM-HF trial, consistent with the pres-
ence or absence of CKD. Notably, PARAGON-HF 
had 20% more patients with hypertension than the 
PARADIGM-HF trial, and the mean SBP was nearly 
10 mm Hg higher in this trial.26,27 In the PARADIGM-HF 
trial, it was reported that patients with a higher baseline 
SBP received a greater benefit from ARNI treatment.34 
Also, in general, lower BP often results in lower GFR. 
Although the organ-protective effect of ARNIs within 

the PARAGON-HF trial was reported to be independ-
ent of its antihypertensive effect,35 it is possible that the 
baseline BP of the included patients, in addition to dif-
ferences in cardiac contractility, led to different results 
in the PARADIGM-HF and PARAGON-HF trials.

AREAS WITH INSUFFICIENT 
EVIDENCE FOR ARNI TREATMENT 
OUTCOMES
For CKD patients with advanced GFR decline or high 
albuminuria, ARNIs did not exert a stronger renoprotec-
tive effect than ARBs, although the results suggested 
a possible cardioprotective effect.28 In post hoc analy-
sis of the PARADIGM-HF trial, ARNI had no cardiorenal 
protective effect versus enalapril in patients with HF and 
albuminuria.29 Figure 1 presents the patient populations 
evaluated for the renoprotective effects of ARNIs. There 
is insufficient evidence in current RCTs for some patient 
populations. For example, the renal impact of ARNIs in 
patients without HF and albuminuria and with reduced 
GFR (eg, nephrosclerosis) is unclear. In addition, ARNIs 
did not have different renoprotective effects than RAS-Is 
in patients with HF and albuminuria, although it should 
be noted that the number of eligible patients was small 
(N=441).29 Furthermore, patients with eGFR<30 mL/
min/1.73 m2 were excluded in the PARADIGM-HF and 
PARAGON-HF trials,26,27 which showed positive effects 
of ARNIs on the heart and kidneys, and the cardiorenal 
protective effects of ARNIs in patients with HF and se-
vere renal dysfunction or overt albuminuria are unclear.

Meanwhile, the racial demographics of these RCTs 
differed. Most patients were White, and a few Asian 
or Black patients were included.26–28 Racial differences 
might affect the sensitivity of the kidneys to treatment, 
and additional evidence is needed for racial and ethnic 
minority groups in these trials.36 It should also be noted 
that the results revealing the superior renoprotection 
of ARNIs versus RAS-Is were only obtained as sec-
ondary end points or in post hoc analyses, and kidney 
protection beyond RAS-Is as a primary outcome was 
not demonstrated.

POTENTIAL MECHANISM OF THE 
RENOPROTECTIVE EFFECTS OF 
ARNIS
There are several possible reasons why ARNIs display 
renoprotective effects in patients with HF. First, renal blood 
flow and perfusion gradients decrease with decreased 
cardiac output in HF, exacerbating renal hemodynamic 
changes.37 The worsening renal prognosis in patients 
with HF and preserved LVEF is not much different from 
that in patients with HF and reduced LVEF, and a similar 
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mechanism may be involved.38 ARNIs have been reported 
to improve cardiac function in patients with HF, especially 
in reduced LVEF.39 Therefore, the improvement in car-
diac function in patients with HF following ARNI treatment 
might contribute to renal protection by increasing renal 
perfusion. In addition, hemodynamic differences between 
ARNIs and RAS-Is in the kidneys might contribute to dif-
ferences in renal protection. RAS-Is have been reported to 
potentially decrease intraglomerular pressure via dilation of 
the efferent artery19,40 (Figure 2). This decrease in intraglo-
merular pressure prevents glomerular hyperfiltration and 
improves albuminuria.40 Generally, this mechanism might 
explain the long-term kidney-protective effects of RAS-Is. 
However, this is also a risk factor for rapid GFR reduction 
and hyperkalemia under conditions such as reduced kid-
ney blood flow attributable to HF.1,41,42 NEP-Is contained in 
ARNIs increase kidney blood flow by enhancing NP activ-
ity, leading to increased intraglomerular pressure via pre-
dominant afferent artery dilation19,43 and increased GFR 
via mesangial cell relaxation and an increased filtration 
coefficient43 (Figure  2). This effect might have improved 
reduced renal perfusion in HF pathology and exerted 

a renoprotective effect, including an increase in GFR. 
Conversely, in the UK HARP-III trial of patients with CKD, 
an increase in GFR following ARNI treatment as observed 
in other trials (in the first 3 months)29,30 did not record.28 In 
patients with CKD, some nephrons are sclerotic, whereas 
the residual nephrons are hyperfiltered. It is possible that 
patients with CKD already had hyperfiltration of residual 
nephrons, and therefore, they did not have the additional 
capacity to increase GFR after ARNI administration.

CONCERNS ABOUT RENAL STRESS 
INDUCED BY ARNIS
In patients with advanced GFR decline or severe al-
buminuria, ARNIs might be stressful to the kidneys. 
Increased intraglomerular pressure and increased GFR 
coupled with the direct effects of NPs could explain the 
increased incidence of albuminuria in several trials.8,44–46 
Elevated intraglomerular pressure might lead to glo-
merular damage and albuminuria. In addition, ANP 
and BNP might increase albumin efflux into the tubular 

Figure 1.  Patient populations evaluated for the renoprotective effects of ARNIs in major RCTs.
Boxes with light blue background described in red letters are populations for which there is insufficient 
evidence on ARNI treatment to date. ARNI indicates angiotensin receptor-neprilysin inhibitor; EF, ejection 
fraction; GFR, glomerular filtration rate; HF, heart failure; PARADIGM-HF, Prospective Comparison of ARNI 
With ACEI [Angiotensin-Converting Enzyme Inhibitor] to Determine Impact on Global Mortality and Morbidity 
in Heart Failure; PARAGON-HF, Efficacy and Safety of LCZ696 Compared to Valsartan, on Morbidity and 
Mortality in Heart Failure Patients With Preserved Ejection Fraction; RCT, randomized controlled trial; UACR, 
urinary albumin/creatinine ratio; and UK HARP-III, United Kingdom Heart and Renal Protection-III.
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lumen more strongly because of increased membrane 
permeability.44,46 An elevated level of endothelin-1, the 
degradation of which is inhibited by NEP-I, was also re-
ported to be involved in glomerular inflammation and 
damage to glomerular leg cells, thereby promoting pro-
teinuria and glomerulosclerosis.19,47 In addition to direct 
glomerular damage attributable to increased intraglo-
merular pressure, long-term albuminuria can cause 
glomerulosclerosis, tubular damage, and interstitial fi-
brosis.8 It is unclear whether long-term ARNI adminis-
tration is protective of the kidneys, even in patients with 
HF, when increased albuminuria is present.

In the PARAGON-HF trial, which found that ARNIs 
preserved eGFR, the slope of the eGFR decrease in the 
ARNI group in the second half of the study appeared 
to be similar to that in the RAS-I group.30 Furthermore, 
a subgroup analysis of patients with diabetes revealed 
a steeper eGFR reduction in the late stage of the study 
period in the ARNI group than in the RAS-I group.48 In 
these studies, sacubitril/valsartan resulted in a smaller 
eGFR decline from baseline over the study period be-
cause of the increase of eGFR during the initial study 
period, but the aforementioned findings cast doubt 
over whether sacubitril/valsartan has the long-term 
ability to preserve kidney function. There was no infor-
mation available on albuminuria.

ARNIS IN BASIC ANIMAL STUDIES
Basic science studies reported several ARNI’s car-
diorenal mechanisms and potential effects. In animal 
studies, combination treatment with NEP-Is and ARBs 
prevented cardiac damage (ie, fibrosis, inflammation, 
and apoptosis) in rats with streptozotocin-induced 
diabetes, and it was also associated with normaliza-
tion of histone acetylation and histone acetyltrans-
ferase levels.49 In experiments using Zucker obese 

rats, which exhibit hereditary obesity with insulin re-
sistance and impaired glucose tolerance, and db/db 
(+Leprdb/+Leprdb) mice, which exhibit genetic obe-
sity and type 2 diabetes attributable to leptin recep-
tor abnormalities, ARNIs exerted protective effects on 
glomerular podocytes and reduced the risk of protein-
uria.50,51 These mechanisms might be advantageous 
for patients with CKD and diabetes in clinical trials. 
However, another study using Zucker obese rats and 
rats with 5/6 nephrectomy-induced CKD found no ef-
fect of ARNIs on albuminuria,52,53 suggesting that the 
renal effects of ARNI may vary by pathology and model. 
ARNI was also reported to reduce tubular damage in 
a cyclophosphamide-induced nephrotoxicity model54 
and in an abdominal aortic ligation model.55 However, 
only positive results are likely to be published (publi-
cation bias), and the existence of negative results is 
unclear. Clinical trials have often found that ARNI treat-
ment results in more albuminuria than RAS-Is therapy, 
but there might be a discrepancy between the results 
of many published animal studies and clinical trials. 
Additionally, research to clarify the missing pieces of 
ARNI clinical trial evidence is also currently insufficient 
(eg, HF pathology with overt albumin). We attempted to 
address one of these gaps by investigating the molec-
ular mechanisms of the renoprotective effects of ARNI 
using cardiorenal syndrome model mice with overt al-
buminuria (data not presented; studies ongoing).

PERSPECTIVES: STRATEGY FOR 
THE RENOPROTECTIVE EFFECTS OF 
ARNIS
Based on previous findings, ARNIs can provide supe-
rior cardiovascular and kidney-protective effects com-
pared with those of RAS-Is in patients with HF and low 

Figure 2.  Kidney hemodynamics under hyperfiltration conditions and the influence of RAS-Is and ARNIs on the kidneys.
ARNI indicates angiotensin receptor-neprilysin inhibitor; CKD, chronic kidney disease; Prs., pressure; and RAS-I, renin–angiotensin 
system inhibitor.
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albuminuria. ARNIs might also have a positive effect 
on the kidneys in patients with decreased renal perfu-
sion and GFR with mild albuminuria, as in nephroscle-
rosis. Conversely, for patients without HF who have 
albuminuria, the evidence of the renoprotective ef-
fects of ARNIs is limited. Whereas ARNIs can increase 
GFR, tubular and glomerular damage attributable to 
albuminuria might also develop. Furthermore, if there 
is no residual nephron reserve, as in advanced CKD, 
ARNIs might not induce an increase in GFR. In pa-
tients with moderate-to-severe albuminuria, sodium–
glucose cotransporter 2 inhibitors and mineral 
corticoid antagonists used in addition to RAS-Is have 
been demonstrated to have superior cardiovascular 
and renoprotective effects.56,57 For such populations, 
the combination of sodium–glucose cotransporter 2 
inhibitors, mineral corticoid antagonists, and RAS-Is 
may be a better choice. These patients should be 
monitored for a sudden reduction in kidney perfusion 
and hyperkalemia, and if these occur, the option of 
switching to ARNIs, which increase kidney perfusion, 
should be considered. The renoprotective effects of 
ARNIs in populations with high albuminuria and HF or 
with low albuminuria without HF remain controversial. 
Furthermore, most evidence of the renoprotective ef-
fects of ARNIs was obtained from post hoc analyses, 
and high-quality RCTs with kidney outcomes as the 
primary end point are needed. It is also important to 
caution that most renal events including UACR are 
measured on a creatinine basis, which may not be 
an appropriate indicator depending on renal function. 
Creatinine and albuminuria are affected by tubular 
secretion and reabsorption. Additionally, because of 
the differences in the doses of ARNI and RAS-Is used 
in each trial, it is impossible to assess the extent to 
which RAS was suppressed in each trial, which limits 
the interpretation of the overall results. Further trials, 
including basic experiments, are needed to overcome 
these problems.

CONCLUSIONS
ARNIs have potential renoprotective effects in ad-
dition to their cardioprotective and antihypertensive 
effects. However, optimal ARNI use remains contro-
versial. Further research is needed to determine the 
conditions under which ARNIs are renoprotective and 
whether ARNIs have stronger renoprotective effects 
than RAS-Is even when used for longer periods.
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