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Effects of Sacubitril/Valsartan on Glycemic Control
in Japanese Patients With Heart Failure
and/or Hypertension
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Background: Post hoc analysis of the PARADIGM-HF trial showed that sacubitril/valsartan (S/V) was more effective than enalapril
in lowering HbA1c in patients with heart failure and diabetes.

Methods and Results: In the present study, the effect of S/V on glycemic control was retrospectively analyzed in 150 patients
(median age 74 years) who were prescribed S/V for the treatment of heart failure and/or hypertension. After a median period of 13
weeks treatment, mean (+SD) HbA1c levels decreased significantly from 6.56+0.68% to 6.49+0.63%. The decrease in HbA1c was
evident in patients with (n=111), but not in those without, diabetes. There were no significant changes in renal function after S/V
treatment, but systolic blood pressure was significantly reduced from 141+21 to 13419 mmHg. Ninety patients had N-terminal pro
B-type natriuretic peptide (NT-proBNP) tested, and S/V significantly decreased median NT-proBNP concentrations from 1,026 to
618pg/mL; however, there was no correlation between the degree of decrease in HbA1c and that in NT-proBNP. Multiple regression
analysis revealed that being diabetic, rather than having heart failure, was a significant independent variable for a reduction in HbA1c.

Conclusions: Treatment with S/V improved glycemic control in patients with heart failure and/or hypertension, especially in those
with concomitant diabetes. This favorable effect on glucose metabolism may be mediated by neprilysin inhibition and is desirable in
the treatment of heart failure and hypertension in diabetic patients.
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diseases, are known to be based on insulin resis-

tance and often coexist. In Japan, the frequency of
hypertension in diabetic patients has been reported to be
approximately twice that in non-diabetic patients, and the
prevalence of diabetes in hypertensive patients is 2- to
3-fold higher than in normotensive patients.! It is well
known that both hypertension and diabetes are important
risk factors for the development of heart failure. Hyperten-
sion is a risk factor for the development of heart failure
and cardiovascular events, and blood pressure (BP) con-
trol has been reported to significantly reduce these events.23
Diabetes and heart failure are also causally related to each
other and often coexist, with the prevalence of diabetes in
heart failure patients being as high as 35-40%.* Con-
versely, the incidence of heart failure in diabetic patients

D iabetes and hypertension, 2 major lifestyle-related

has been reported to be 2.9-fold higher than in non-dia-
betic patients, even after adjusting for sex and age.> More
importantly, the degree of glycemic control has been
shown to be associated not only with the development of
heart failure, but also with the prognosis for heart fail-
ure.%8 Therefore, management of diabetes and hyperten-
sion is critical to prevent the development of heart failure
and improve prognosis.

Treatment with sacubitril/valsartan (S/V), an angioten-
sin receptor—neprilysin inhibitor, reduced the rates of car-
diovascular death or hospitalization for heart failure by
20% and all-cause mortality by 16% in patients with heart
failure with reduced ejection fraction (HFrEF) compared
with treatment with enalapril, an angiotensin-converting
enzyme (ACE) inhibitor.® Based on the results of that
study, the administration of S/V to patients with HFrEF is
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Table 1. Baseline Clinical Characteristics
All patients Diabetes No diabetes P value
No. patients 150 111 39
Age (years) 74 [68-80] 73[68-79] 76 [67-83] 0.487
Male sex 104 (68.9) 73 (65.8) 31 (79.5) 0.157
BMI (kg/m2) 25.3 [22.5-28.0] 25.7 [22.6-28.1] 25.0 [21.6-26.6] 0.300
HbA1c (%)
Mean+SD 6.56+0.68 6.82+0.54 5.81+0.38 0.000
Median [IQR] 6.5 [6.2-7.0] 6.7 [6.5-7.1] 5.8 [5.6-6.1] 0.000
eGFR (mL/min/1.73m?) 55.8+20.5 54.8+20.3 58.4+21.0 0.346
K (mEqg/L) 4.20+0.43 4.21+0.44 4.18+0.37 0.717
Systolic BP (mmHg) 141.1+21.4 143.6+21.3 134.0+20.1 0.015
Diastolic BP (mmHg) 71.0+13.3 72.0+12.6 68.3+14.8 0.133
NT-proBNP (pg/mL) 1,026 [377-2,095] 996 [382-1,954] 1,192 [358-2,797] 0.461
No. patients 90 62 28
Comorbidities
Heart failure 107 (71.3) 72 (64.9) 35 (89.7) 0.003
HFrEF 43 32 11
HFmrEF 28 19 9
HFpEF 34 20 14
Unknown 2 1 1
Hypertension 126 (84.0) 93 (83.4) 33 (84.6) 1.000
Medications
Calcium channel blockers 76 (50.7) 59 (53.2) 17 (43.6) 0.354
B-blockers 105 (70.0) 75 (67.6) 30 (76.9) 0.315
Diuretics 79 (52.7) 58 (52.3) 21 (53.8) 1.000
MRA 34 (22.7) 23(20.7) 11 (28.2) 0.376
SGLT2i 73 (48.7) 70 (63.1) 3(7.7) 0.000
DPP-4i 68 (45.3) 68 (61.3) N/A
Metformin 34 (22.7) 34 (30.6) N/A
Sulfonylurea 13(8.7) 13 (11.7) N/A
Insulin 12 (8.0) 12 (10.8) N/A
GLP-1RA 6 (4.0) 6 (5.4) N/A
Other glucose-lowering treatment 8 (5.3) 8(7.2) N/A
Sacubitril/valsartan
Dose (mg/day) 200 [100-200] 200 [100-200] 200 [100-200] 0.975
Period (weeks) 13 [10-17] 12 [9-17] 15 [12-18] 0.009
Switched from ACEI or ARB 143 (95.3) 104 (93.7) 39 (100) 0.191

Unless indicated otherwise, data are presented as n (%), mean+SD, or median with [IQR]. ACEI, angiotensin converting enzyme inhibitor;
ARB, angiotensin Il receptor blocker; BMI, body mass index; BP, blood pressure; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated
glomerular filtration rate; GLP-1RA, glucagon-like peptide-1 receptor agonist; HFmrEF, heart failure with mildly reduced ejection fraction;
HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IQR, interquartile range; K, serum
potassium; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro B-type natriuretic peptide; SGLT2i, sodium-glucose

cotransporter 2 inhibitor.

recommended as Class 1 therapy in guidelines for the man-
agement of heart failure in many countries.!®12 A post hoc
analysis of the PARADIGM-HF trial showed that S/V
reduced HbA lc levels and the need for insulin initiation in
patients with HFrEF and diabetes.!? This effect of improv-
ing glucose metabolism is desirable in the treatment of
heart failure, but it is not clear whether this effect is limited
to diabetic patients and whether it is a pharmacological
effect of the drug or an indirect effect mediated via
improvements in heart failure. However, only a few studies
have investigated the effectiveness of S/V in improving
blood glucose levels, especially in actual clinical prac-
tice.1415 S/V has been approved for the treatment of hyper-
tension in addition to heart failure in Japan since 2021.
Thus, S/V can be used in patients with or without heart

failure in Japan, and the effect of heart failure on improve-
ments in blood glucose with S/V can be studied. In the
present study, we retrospectively analyzed the effect of S/V
on glycemic control in patients with heart failure and/or
hypertension.

Methods

This study was conducted in strict adherence with the prin-
ciples of the Declaration of Helsinki. Informed consent for
this retrospective study was obtained via study informa-
tion publicized on the Internet.

Patients who were prescribed S/V for heart failure and/
or hypertension between October 1, 2020, and April 30,
2022, were included in the study. To reduce confounding
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Table 2. Multiple Regression Analysis of Factors Affecting Reductions in HbA1c
Estimate (95% CI) P value VIF
Age 0.003 (-0.002, 0.008) 0.273 1.48
Female sex -0.106 (-0.215, 0.003) 0.057 1.18
BMI 0.001 (=0.010, 0.012) 0.840 1.30
Heart failure 0.004 (-0.110, 0.118) 0.944 1.22
Diabetes -0.192 (-0.307, -0.078) 0.001 1.17
Hypertension 0.005 (-0.130, 0.140) 0.068 1.13
Treatment period (weeks) —0.005 (-0.016, 0.005) 0.280 1.08
S/V dose (per 100mg) 0.003 (~0.002, 0.008) 0.920 1.03

BMI, body mass index; Cl, confidence interval; S/V, sacubitril/valsartan; VIF, variance inflation factor.

factors related to glycemic control, patients in whom HbAlc
was measured immediately before and approximately 3
months after the commencement of S/V treatment were
included. Patients whose other medications were changed
and patients who were hospitalized during the study period
were excluded. Blood tests and BP measurements were
performed in our outpatient clinic as part of regular practice,
and the results were extracted retrospectively from electronic
medical records. Patients with heart failure were defined as
those whose physician diagnosed heart failure at the initial
visit and who have continued outpatient treatment. The
diagnosis of heart failure was based on subjective symp-
toms, such as shortness of breath, chest X-ray findings,
and elevated B-type natriuretic peptide or N-terminal pro
B-type natriuretic peptide (NT-proBNP). Hypertension
was defined as BP of 140/90mmHg or higher and/or the
use of medication for hypertension; diabetes was defined
as an HbAlc level of 6.5% or higher and/or the use of
medication for diabetes.

Statistical Analysis

Continuous variables with a normal distribution are expressed
as the mean+SD, whereas those with a skewed distribution
are presented as the median with interquartile range (IQR).

The distribution of each parameter was tested for normal-
ity using the Shapiro-Wilk test. Paired t-tests or Wilcoxon
signed-rank tests were used to compare data before and
after S/V treatment. Intergroup differences in percentages
of demographic parameters were examined by Fisher’s
exact test, and comparisons of variables between patients
with and without diabetes were made using t-tests or the
Mann-Whitney U test. Multiple regression analysis was
used to identify factors involved in the reduction in HbAlc
after S/V treatment. Differences were considered to be
significant at P<0.05.

Results

Of the 472 patients treated with S/V during the study
period, 237 underwent HbAlc testing before and after
starting treatment. Of these 237 patients, 57 were excluded
because of changes in other medications and another 30
were excluded due to inpatient treatment during the study
period; thus, 150 patients were included in the present
study. The clinical characteristics of the patients and their
use of therapeutic agents are presented in Table 1. The
median age of patients was 74 years (IQR 68-80 years),
68.9% were male and the median body mass index was
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Table 3. Multiple Regression Analysis of Factors Affecting Reductions in HbA1c in Patients With Diabetes
Estimate (95% CI) P value VIF
Model 1
Age —0.002 (-0.006, 0.007) 0.940 1.46
Female sex -0.101 (0.2383, 0.297) 0.128 1.32
BMI 0.0002 (-0.013, 0.013) 0.973 1.30
Heart failure 0.009 (-0.119, 0.138) 0.883 1.27
HbA1c before S/V treatment -0.173 (-0.284, —-0.064) 0.002 1.21
Hypertension —0.048 (-0.209, 0.114) 0.559 1.20
Insulin use —0.065 (-0.25, 0.120) 0.559 1.12
S/V dose (per 100mg) 0.070 (~0.009, 0.149) 0.082 1.08
Model 2
Model 1+SGLT2i -0.005 (-0.126, 0.116) 0.935 1.15
Model 1+DPP-4i —0.069 (-0.183, 0.044) 0.227 1.04
Model 1+metformin -0.137 (-0.258, -0.015) 0.028 1.11
Model 1+GLP-1RA —0.053 (-0.311, 0.204) 0.683 1.14
Model 1+sulfonylurea 0.001 (-0.190, —0.192) 0.990 1.28
Abbreviations as in Tables 1,2.
25.3kg/m? (IQR 22.5-28.0kg/m?). Of the 150 patients in
the study, 107 had chronic heart failure (50 ischemic, 57 12
non-ischemic), 126 had hypertension, and 111 had diabe-
tes. Administration of S/V was initiated twice daily in 80
patients to treat heart failure and once daily in 70 patients 0.8 1 .
to treat hypertension. Most patients (95.3%) were switched .
from angiotensin II receptor blockers (ARBs) or ACE 04 - R
inhibitors. The starting dose of S/V was set by the attend- = ' oo .
ing physician according to the dose of ARBs or ACE S
inhibitors being used. After a median of 13 weeks S/V Z o0
treatment, HbAlc levels had decreased significantly from 2
6.5610.68% to 6.49+0.63% (Figure 1A). Estimated glomer- g
ular filtration rate (eGFR) decreased slightly from -0.4 - o o e
55.8420.5 to 54.5£20.2mL/min/1.73m2, but serum potas- y ol te
sium concentrations remained unchanged. Systolic, but e
not diastolic, BP was significantly reduced (from -0.8
141.14£21.4/71.0£13.3 to 133.9£19.1/69.7+£13.3mmHg). In Co.
multiple regression analysis for reductions in HbA lc, hav-
ing diabetes was found to be a significant independent -1.2 . . T T
variable (Table 2). 4.0 5.0 6.0 7.0 8.0 9.0
Of the 111 patients with diabetes, 72 had chronic heart : o
failure and 93 had hypertension; S/V was initiated in 54 Baseline HbALc (%)
patients to treat heart failure and in 57 patients to treat Figure 2. Relationships between changes in HbA1c after
hypertension. The medications used to treat diabetes are sacubitril/valsartan treatment (AHbA1c) and HbA1c levels
presented in Table 1; sodium-glucose cotransporter 2 inhib- before sacubitril/valsartan treatment (baseline HbA1c) in
itors were the most common (63.1%), followed by dipepti- patients with diabetes. There was a correlation between
dyl peptidase (DPP)-4 inhibitors (61.3%) and metformin AHbATlc and baseline HbATc levels (y=-0.194x+1.198;
(30.6%), whereas insulin was used in only 10.8% of patients. r=-0.35, P<0.05).

When the patients were divided into 2 groups according to
the presence or absence of diabetes, HbAlc was no longer
normally distributed. After S/V treatment, the median

HbA Ic level decreased significantly in patients with diabe-
tes, from 6.7% (IQR 6.5-7.1%) to 6.6% (IQR 6.4-7.0%),
whereas HbAlc in patients without diabetes remained
unchanged (from 5.8% [IQR 5.6-6.1%] to 5.8% [IQR 5.6—
6.2%]; Figure 1B,C). Multiple regression analysis for HbAlc
reductions in patients with diabetes revealed that the
HbA c level before S/V treatment was a significant inde-
pendent variable (Table 3, Model 1). That is, the higher the
HbA Ic before treatment, the stronger the effect of S/V on
blood glucose levels, although the association was modest
(Figure 2). When one oral medication was added to Model

1 in Table 3, taking metformin was found to be associated
with improved glycemic response after S/V administration
(Table 3, Model 2). There were no differences in eGFR and
serum potassium levels before and after S/V treatment, but
systolic BP was significantly reduced in patients with diabetes
(143.6+21.3/72.0+12.6 vs. 135.2+£19.2/69.7+13.6 mmHg).
We then investigated whether there is an association
between improvements in heart failure and reductions in
blood glucose levels with S/V treatment. NT-proBNP was
tested in 90 patients before and after S/V treatment. In
these patients, S/V significantly decreased median NT-
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AHbA1c and either baseline NT-
proBNP (Spearman’s rank correlation
coefficient: 0.032; P=0.761) or ANT-
proBNP (Spearman’s rank correlation
coefficient: 0.057; P=0.593). (C)
There was no correlation between
AHbA1c and ANT-proBNP in diabetic
patients with a ventricular overload
state (NT-proBNP >400pg/mL) before
sacubitril/valsartan treatment (n=45;
Spearman’s rank correlation coeffi-
cient: 0.056; P=0.715).

proBNP from 1,026 (IQR 377-2,095) to 618 (IQR 304-
1,713) pg/mL. The degree of reduction in HbAlc was not
correlated with either pretreatment NT-proBNP concen-
trations or changes in NT-proBNP with S/V treatment
(Figure 3A,B). Even in patients with diabetes and NT-
proBNP >400pg/mL before S/V treatment (n=45), there
was no association between the degree of decline in HbAlc
and the degree of decline in NT-proBNP (Figure 3C).

Discussion

In the present retrospective observational single-center
study, we found that 13 weeks of S/V treatment modestly
but significantly improved glycemic control in patients
with chronic heart failure and/or hypertension. The results
of this study are consistent with the results of the post hoc
analysis of the PARADIGM-HF and PARAGON-HEF trials,
which showed that S/V treatment significantly reduced
HbA Ic in patients with heart failure compared with enala-
pril or valsartan treatment.!®1¢ The median daily dose of
S/V used in the present study was 200mg (IQR 100-200mg),
with the mean dose being 163 mg, which is lower than the
mean dose of 37571 mg used in the PARADIGM-HF
study,!® probably due to the short observation period
(median 13 weeks) after initiation of S/V administration.
The possibility that the lower dose of S/V may have con-
tributed to the smaller HbAlc-lowering effect cannot be
ruled out. However, at least in the present study, the dose
of S/V was not found to be a significant independent vari-
able for HbA1c reduction. Inhibition of neprilysin by S/V

has been shown to improve glucose metabolism in pre-
clinical studies, as well as in case studies in humans.17-20
Recently, conflicting results regarding the effects of S/V on
glycemic control in heart failure patients were reported by
2 observational studies.!4!> Armentaro et al studied changes
in glycemic control in 90 HFrEF patients in whom medica-
tion was switched from ACE inhibitors or ARBs to S/V.15
In that study, 1 year of S/V treatment markedly reduced
HbAlc from 6.8% to 5.9%, and the reduction in HbAlc
was accompanied by improvements in insulin resistance
and heart failure.!s Conversely, Ryu et al reported that S/V
treatment did not reduce HbAlc in 132 patients with
HFrEF,4 despite baseline HbAlc levels of 6.9%, which
were similar to those reported by Armentaro et al.’® The
reasons for the differences between these 2 studies are not
clear, but many factors may influence glycemic control
over a long observation period. For example, it is pre-
sumed that changes in diet and exercise associated with
improvements in heart failure and changes in medications
other than S/V, such as diuretics and S-blockers, are likely
to affect glycemic control.2!-22 Therefore, in the present
study we examined changes in HbAlc over a relatively
short period of time (3-4 months) after S/V administration
in patients in whom medications other than S/V had not
been changed, and our results may reflect a direct effect of
S/V on glycemic control. In the present study, the effective-
ness of S/V in improving glycemic control was observed in
patients with but not without diabetes, and the effect of
S/V was more pronounced in those with poor glycemic
control before S/V treatment. To date, the aforementioned
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study by Armentaro et al has been the only study investi-
gating the effects of S/V on glycemic control in patients
without diabetes, and that study showed that treatment
with S/V for heart failure significantly improved glycemic
control.’s That report did not include details of medica-
tions in the non-diabetic group, and it is therefore unclear
why the results of that study differ from those of the pres-
ent study.

In the US and Europe, S/V is approved only for the
treatment of heart failure, and studies on the effects of S/V
treatment on blood glucose have therefore been conducted
in heart failure patients. It is well known that heart failure
is associated with insulin resistance,?? and it has been
reported that direct improvements in heart failure by left
ventricular assist devices reduce blood glucose concentra-
tions in patients with end-stage heart failure.?* Thus, in
studies in heart failure patients, improvements in heart
failure with S/V treatment may have affected glycemic
control. Because the present study included patients with
and without heart failure, it was possible to examine the
effect of heart failure on improvements in blood glucose
with S/V. In a multiple regression analysis of all patients,
the presence of heart failure was not an explanatory factor
for the decline in HbAlc (Table 2). Furthermore, there was
no correlation between the degree of decline in HbAlc and
the degree of decline in NT-proBNP in the 90 patients in
whom NT-proBNP testing was performed, or in the
patients with diabetes and a ventricular overload state
(NT-proBNP >400pg/mL) before S/V treatment (n=45;
Figure 3B,C). These results rule out the possibility that the
effect of S/V on glycemic control is indirect, via improve-
ment in heart failure, at least over a short treatment period
of 3-4 months.

Because most patients were switched from ARBs to S/V,
the reduction in HbA 1c seen in patients with diabetes may
be due to inhibition of neprilysin. In fact, S/V treatment for
obese hypertensive patients has been reported to improve
insulin sensitivity.2s More than 50 peptides are known to
be degraded by neprilysin, including glucagon-like peptide
(GLP)-1, natriuretic peptide, and bradykinin.2627 There-
fore, it has been argued that inhibition of neprilysin by S/V
may enhance the action of these peptides and improve
blood glucose concentrations. GLP-1 is degraded not only
by DPP-4, but also by neprilysin, and neprilysin inhibitors
thus potentiate the actions of GLP-1.28 Indeed, 2 studies
have shown that GLP-1 concentrations increase after S/V
treatment.?3 After switching from ACE inhibitors or
ARBs to S/V, a consistent increase in plasma GLP-1(7-36)
amide in 27 patients 3 months after the switch and increases
in total amidated GLP-1 levels in 73 patients 30 and 90
days after the switch were reported.?*3° Simultaneous inhi-
bition of DPP-4 may have a stronger effect on blood glu-
cose levels because GLP-1 concentrations are more
elevated.3132 However, in the present study, the degree of
HbA 1c reduction was not significantly different in patients
with diabetes taking DPP-4 inhibitors compared with
those not taking DPP-4 inhibitors (data not shown), and
the use of DPP-4 inhibitors was not found to be an explan-
atory factor for glycemic improvement in multiple regres-
sion analysis (Table 3, Model 2). Therefore, the hypoglycemic
effect of increased endogenous GLP-1 concentrations due
to neprilysin inhibition may not be as great as the effect of
DPP-4 inhibitors. It has been reported that both atrial
natriuretic peptide (ANP) and BNP are associated with the
development of diabetes and that increased natriuretic

peptides improve insulin sensitivity by increasing adipo-
nectin synthesis and inducing a functional switch of white
adipocytes to brown adipocytes.® Because Nougué et al
reported that ANP concentrations were increased after S/V
treatment in patients with heart failure,® an increase in
natriuretic peptides following S/V treatment may have
affected glycemic control in the present study.

In patients with diabetes, metformin use was found to be
an explanatory factor for glycemic improvement after S/V
treatment in multiple regression analysis (Table 3, Model
2). The change in HbAlc after S/V administration was
greater in those using metformin than in those not using
metformin (median [IQR] —0.2% [—0.5, —0.1%] vs. —0.1%
[-0.2, 0.1%)]; P<0.05), but HbAlc also decreased in patients
with diabetes not using metformin (from 6.7% [6.4—7.0%]
to 6.6% [6.3-7.0%)]). Pharmacokinetic experiments have
shown that both the maximum concentration of metfor-
min in the blood (Cmax) and the area under the curve
(AUC) for metformin were decreased by 23% after the
combined administration of S/V and metformin for 4 days,
whereas the Cmax and AUC of S/V were unaffected.?* Fur-
thermore, the hypoglycemic effect of dulaglutide, a GLP-1
receptor agonist, in combination with metformin has been
reported to be no different than the effect of dulaglutide in
combination with other oral diabetes medications. There-
fore, we do not have a clear explanation as to why metfor-
min promotes improvements in blood glucose levels with
S/V therapy, and further investigations are warranted.

This study has several limitations. First, only patients
whose HbAlc was tested before and after S/V treatment
were included in the present study, which may have biased
the results because these patients accounted for only
approximately half the patients for whom S/V was pre-
scribed. In particular, most patients without diabetes in
whom HbAlc was measured had impaired glucose toler-
ance, with a median HbA1c of 5.8%. Second, blood tests
were not performed during fasting because this was a ret-
rospective, real-world clinical study. Therefore, changes in
fasting glucose, insulin sensitivity, and lipid metabolism
could not be examined. Conversely, we were able to con-
firm that S/V treatment did not affect renal function or
electrolytes, such as serum potassium concentrations, as
previously reported.!536

In conclusion, treatment with S/V modestly but signifi-
cantly improved glycemic control in patients with heart
failure and/or hypertension, especially in those with con-
comitant diabetes. This favorable effect of S/V therapy on
glucose metabolism is mediated by neprilysin inhibition,
which is desirable in the treatment of heart failure and
hypertension in patients with diabetes.
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