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Abstract

Background: Compared with enalapril, sacubitril/valsartan lowered HbA1c and reduced new insulin therapy in
patients with heart failure with reduced ejection fraction (HFrEF) and diabetes in the PARADIGM-HF trial. We sought to
assess the glycemic effects of sacubitril/valsartan in heart failure with preserved ejection fraction (HFpEF) and diabe-
tes, and across the spectrum of left ventricular ejection fraction (LVEF) in heart failure and diabetes.

Methods: We compared the effect of sacubitril/valsartan, relative to valsartan, on HbA1c, new insulin therapy and
hypoglycemia in the randomized controlled trial PARAGON-HF, and performed pooled analyses of PARAGON-HF and
PARADIGM-HF.

Results: Among 2395 patients with HFpEF and diabetes in PARAGON-HF, sacubitril/valsartan compared with vals-
artan reduced HbA1c (baseline-adjusted between-group difference in HbA1c change at 48 weeks: — 0.24%, 95% Cl
—0.33to —0.16%, P <0.001). Numerically, new insulin treatment was initiated less often in the sacubitril/valsartan
group than in the valsartan group, but the difference was not statistically significant (12.8% vs. 16.19%; HR: 0.80, 95%
Cl10.62-1.02, P=0.07). Hypoglycemia adverse event reports were low, but more frequent in those receiving sacubi-
tril/valsartan than in the valsartan group (4.2% vs. 2.6%; HR: 1.64, 95% Cl 1.05-2.56, P =0.030). In a pooled analysis of
PARAGON-HF and PARADIGM-HF, the effect of sacubitril/valsartan on change in HbA1c was not significantly modified
by LVEF (Pieraction = 0-56). Across the spectrum of LVEF, sacubitril/valsartan reduced new insulin therapy (HR: 0.75, 95%
C10.63-0.89, P=0.001), compared with enalapril or valsartan.

Conclusions: Sacubitril/valsartan reduced HbA1c and new insulin therapy in patients with heart failure and diabetes
across the spectrum of LVEF but may be associated with a slightly higher risk for hypoglycemia.

Trial registration ClinicalTrials.gov NCT01920711
Keywords: Heart failure, Diabetes, Sacubitril/valsartan, Hypoglycemia

Background

In patients with heart failure with preserved ejection
fraction (HFpEF), diabetes is a common comorbidity
which is associated with decreased survival and increased
' Cardiovascular Division, Brigham & Women's Hospital, Harvard Medical risk for heart failure h0§pltallzat10n o CarleV&S§UIar
School, 75 Francis Street,/Bos%on, MA 02115, USA pital, death [1-5]. Poor glycemic control has been associated
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7], and the requirement for insulin in particular has been
associated with an increased risk for adverse cardiovas-
cular outcomes in this population [5, 8, 9].

Treatment with the angiotensin receptor neprilysin
inhibitor sacubitril/valsartan decreases morbidity and
mortality in patients with heart failure with reduced
ejection fraction (HFrEF) [10], and has also shown
benefit in some patients with HFpEF [11]. Sacubitril/
valsartan has recently received an expanded indica-
tion by the Food and Drug Administration (FDA) for
treatment of chronic heart failure in a broader range of
patients, with greatest benefits noted in patients with
left ventricular ejection fraction (LVEF) below nor-
mal. Sacubitril/valsartan has previously been shown to
reduce HbAlc levels and the need for insulin initiation
in patients with HFrEF and diabetes [12] in the PARA-
DIGM-HEF trial. Furthermore, sacubitril/valsartan has
been shown to improve measures of insulin sensitivity
in obese patients who did not have diabetes or heart
failure [13]. In the present study, we compared the
effect of sacubitril/valsartan with that of valsartan on
HbA1c, new use of antihyperglycemic drugs, and risk
for hypoglycemia in patients with HFpEF and diabetes
who participated in the PARAGON-HF trial. To bet-
ter understand the impact of sacubitril/valsartan on
glycemic control across the spectrum of LVEF, and to
refine the estimates of the treatment effects in a larger
sample, we also assessed these outcomes in a pooled
analysis of patients from the PARAGON-HF and PAR-
ADIGM-HEF trials.

Methods

Patients and study design

The PARAGON-HF trial (Clinical Trials.gov
NCTO01920711) was a randomized, double-blind, active-
controlled event-driven clinical trial that compared the
efficacy and safety of sacubitril/valsartan with that of
valsartan in 4796 patients with symptomatic HFpEF. As
described in detail previously [14], patients were required
to be at least 50 years old, to have LVEF of at least 45%
within 6 months of screening, to have symptoms of
heart failure corresponding to NYHA class II to IV, to
have required diuretic therapy for at least 30 days before
screening, and to have elevated levels of NT-proBNP
and echocardiographic evidence of either left ventricular
hypertrophy or left atrial enlargement or both. Patients
were not eligible for inclusion if they had a prior LVEF
of less than 40% or an alternative diagnosis that could
explain their symptoms, but there were no inclusion or
exclusion criteria related to diabetes, use of glucose low-
ering drugs, or glycemic control [14]. Patients who had
tolerated two sequential single-blinded run-in periods
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(valsartan as monotherapy at half the target dose fol-
lowed by sacubitril/valsartan at half the target dose) were
randomized to double-blinded treatment with either
sacubitril/valsartan 97/103 mg bid or valsartan 160 mg
bid. The primary and secondary outcomes of the PARA-
GON-HEF trial have been published previously [11]. The
PARADIGM-HEF trial was a randomized clinical trial that
compared the efficacy and safety of sacubitril/valsartan
with that of enalapril in 8399 patients with HFrEF [10,
15].

Definitions of diabetes, glucose lowering medications

and glycemic control

For this secondary analysis of the PARAGON-HF trial,
patients were classified as having diabetes at baseline if
at least one of the following three criteria were met: self-
reported history of diabetes at screening, use of antihy-
perglycemic medications, or HbAlc of 6.5% or higher at
randomization. The following medications were defined
as antihyperglycemic drugs: insulin, biguanides, sulfo-
nylureas, alpha-glucosidase inhibitors, thiazolidinedi-
ones, dipeptidyl peptidase-4 inhibitors, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, glucagon-like pep-
tide-1 (GLP-1) receptor agonists and glinides. Fixed com-
binations of oral drugs (used by 92 participants) were
categorized into their component classes. Assessments of
glycemic control (by HbAlc measurements) and of medi-
cation use were performed at the randomization visit
and after 48, 96 and 144 weeks. HbAlc was measured
by the BioRad D-10 ion-exchange high-performance liq-
uid chromatography method [16]. During follow-up, the
start dates for new use of antihyperglycemic drugs were
recorded. New-onset diabetes was an adjudicated end-
point in PARAGON-HEF, which required at least one of
the following criteria to be fulfilled: fasting plasma glu-
cose > 126 mg/dl on two occasions; HbAlc> 6.5% on two
occasions; fasting plasma glucose>126 mg/dl followed
by HbAlc>6.5% (or vice versa); random non-fasting
glucose > 200 mg/dl and subsequent fasting plasma glu-
cose > 126 mg/dl; two-hour post load glucose > 200 mg/
dl after oral glucose tolerance test with an equivalent of
75 g of glucose and either a random (non-fasting) glu-
cose>200 mg/dl on a different day or a fasting plasma
glucose > 126 mg/dl on a different day; confirmed use of
diabetes drugs. Thus, the adjudicated new-onset diabetes
events represented diabetes diagnosed in clinical practice
outside of the study protocol as reported by the inves-
tigators and were not based on HbAlc measurements
obtained as part of the study protocol. Hypoglycemia was
not an adjudicated end-point, but was assessed as inves-
tigator-reported adverse events.
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Statistics

Continuous  variables  were  summarized as
mean * standard deviation, or as median [IQR], and
categorical variables were summarized using counts
and percentages. Baseline between-group differences
were tested for statistical significance with Student’s
t-test, Wilcoxon’s rank-sum test or with the Chi-square
test, as appropriate. Between-group differences in
change in HbAlc from randomization to each of the
follow-up measurements were assessed with linear
regression models in which change in HbAlc was the
outcome, treatment group was the predictor, and ran-
domization HbAlc value was a covariate. Treatment-
induced reductions in levels of circulating natriuretic
peptides correlate with therapeutic benefits in terms of
reduced risk for heart failure hospitalizations [17], and
in both PARAGON-HF [18] and PARADIGM-HF [19],
larger reductions of this biomarker were observed with
sacubitril/valsartan, and were predictive of reduced
morbidity and mortality rates. Therefore, to assess the
possible contribution of improvements in heart failure
severity to changes in HbAlc, we performed a sepa-
rate linear regression model which adjusted addition-
ally for simultaneous changes in levels of NT-proBNP.
Overall differences between treatment groups regard-
ing change in HbAlc during follow-up were tested
for statistical significance with a longitudinal mixed
model, with patient-level random intercept terms, fixed
effects of treatment and time as a continuous vari-
able, which assumed an unstructured covariance pat-
tern. The impact of treatment on time to new use of
antihyperglycemic medications, and on time to first
hypoglycemic adverse events, was assessed with Cox
proportional hazards models. Kaplan—Meier curves
were used to visualize the cumulative incidence of
new use of antihyperglycemic medications and of first
hypoglycemic adverse events over time. Pooled analy-
ses of the primary outcomes of the PARAGON-HF and
PARADIGM-HF trials were pre-specified, and have
been published previously [20]. In the present study,
we pooled patient-level data of the two trials to assess
potential interactions between LVEF and the treat-
ment effects of sacubitril/valsartan on HbAlc change
and on new use of antihyperglycemic drugs and on
first hypoglycemic adverse events, and to calculate
pooled estimates of the effect of treatment on these
outcomes. The treatment effects of sacubitril/valsartan
vs. control (estimated rate ratios and 95% confidence
intervals obtained from negative binomial regression
models) were estimated as a function of LVEF using
restricted cubic splines with three knots. We consid-
ered two-sided P values <0.05 as evidence for statistical
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significance. Statistical analyses were performed in
STATA, version 14 (College Station, TX).

Results

Baseline characteristics

The baseline characteristics of the PARAGON-HF par-
ticipants are presented by diabetes status in Additional
file 1: Table S1. As shown in Additional file 1: Fig. S1,
there were 2395 patients who were identified as having
diabetes according to their medical history (n=2062)
and/or use of antihyperglycemic drugs (n=1761) and/
or having HbAlc>6.5% (n=1816). Patients with diabe-
tes were, on average, younger, had higher systolic blood
pressure, and were more likely to be male, to be obese, to
have had a myocardial infarction, and to have been hos-
pitalized for heart failure. In patients with diabetes, base-
line characteristics were similar between randomization
groups (Table 1). Metformin was the most frequently
used glucose-lowering medication (used by 1135 patients
or 47.4% of the patients with diabetes) followed by insulin
(used by 657 patients or 27.4% of the patients with diabe-
tes) and sulfonylureas (used by 480 patients or 20.0% of
the patients with diabetes). There were 634 patients with
diabetes (312 in the valsartan group and 322 in the sacu-
bitril/valsartan group, P =0.90) who did not use any anti-
hyperglycemic medications at the randomization visit.

Changesin HbA1c

At randomization, HbAlc values were available in all
but one patient with diabetes, and there was no signifi-
cant difference in mean HbAlc values between the sacu-
bitril/valsartan and the valsartan groups (7.37 +1.48%
vs. 7.324+1.43%, P=0.44). Mean values of HbAlc at
randomization and at weeks 48, 96 and 144 are shown
in Fig. 1 and in Table 2 by randomization groups. Over-
all, there was a significantly larger reduction in HbAlc
in the sacubitril/valsartan group than in the valsar-
tan group (P from mixed model for equality of HbAlc
slopes=0.036). The baseline-adjusted between-group
difference in changes in mean HbAlc values was largest
at week 48 (—0.24%, 95% CI — 0.33 to —0.16%, P <0.001).
In patients who also had available data for NT-proBNP
at randomization and at week 48 (n=1489), this differ-
ence remained significant after additional adjustment for
change in NT-proBNP (—0.20, 95% CI —0.31 to —0.10,
P <0.001). Baseline BMI did not significantly modify the
treatment effect of sacubitril/valsartan compared with
valsartan on HbAlc (P, eraction=0-44). There was no
significant association between change in HbAlc and
change in eGFR (P =0.64). The difference between treat-
ment-groups was attenuated over time but remained sta-
tistically significant also at week 96 and 144 (Table 2). In
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Table 1 Baseline characteristics of PARAGON-HF participants with diabetes by randomization
Valsartan,n=1184 Sacubitril/valsartan, n=1211 P
Demographics
Age, years 720483 721483 0.61
Female, n (%) 588 (49.7%) 593 (49.0%) 0.73
Race/ethnicity, n (%) 0.63
Asian 153 (12.9%) 165 (13.6%)
Black or African American 34 (2.9%) 27 (2.2%)
Other 42 (3.5%) 50 (4.1%)
White 955 (80.7%) 969 (80.0%)
Enrollment region, n (%) 0.84
Asia/Pacific 192 (16.2%) 209 (17.3%)
Central Europe 444 (37.5%) 444 (36.7%)
Latin America 75 (6.3%) 83 (6.9%)
North America 146 (12.3%) 158 (13.0%)
Western Europe 327 (27.6%) 317 (26.2%)
Comorbidities, n (%)
Prior Ml 306 (25.8%) 333(27.5%) 0.36
Ischemic etiology 476 (40.2%) 507 (41.9%) 040
Atrial fibrillation 369 (31.4%) 401 (33.1%) 0.36
Prior HF hospitalization 631 (53.3%) 622 (51.4%) 0.34
Hypertension 1145 (96.7%) 1170 (96.6%) 0.90
Stroke 120 (10.2%) 152 (12.6%) 0.06
Obesity (BMI > 30 kg/m?) 686 (57.9%) 679 (56.1%) 036
CKD (eGFR< 60 ml/min/1.73 m?) 614 (51.9%) 593 (49.0%) 0.16
NYHA functional class, n (%) 0.51
1 42 (3.5%) 37 (3.1%)
2 890 (75.2%) 910 (75.2%)
3 245 (20.7%) 260 (21.5%)
4 7 (0.6%) 3(0.2%)
LVEF (percent) 572480 572+78 0.98
SBP, mmHg 131£15 132+16 045
DBP, mmHg 7410 7411 0.79
Heart rate, bpm 71£12 72+£12 0.07
BMI, kg/m2 31.2+£49 309+49 0.16
eGFR, ml/min/1.73 m? 6220 63+£19 029
HbATc, percent 7324143 7374148 044
NT-proBNP, pg/ml 578 [281-1125] 564 [282-1142] 0.66
Medications, n (%)
Beta blockers 969 (81.8%) 998 (82.4%) 0.72
Diuretics 1138 (96.1%) 1159 (95.7%) 0.61
MRA 316 (26.7%) 308 (25.4%) 0.48
Insulin 319 (26.9%) 338 (27.9%) 0.60
GLP-1 receptor agonists 10 (0.8%) 10 (0.8%) 0.96
Oral glucose lowering
Metformin 563 (47.6%) 572 (47.2%) 0.88
Sulfonylurea 250 (21.1%) 230 (19.0%) 0.19
SGLT-2 inhibitors 14 (1.2%) 14 (1.2%) 0.95
DPP-4 inhibitors 150 (12.7%) 148 (12.2%) 0.74
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Table 1 (continued)
Valsartan,n=1184 Sacubitril/valsartan, n=1211 P
Alpha glucosidase inhibitors 40 (3.4%) 50 (4.1%) 033
Thiazolidinediones 14 (1.2%) 8 (0.7%) 0.18
Others (glinides) 25 (2.1%) 31 (2.6%) 047

Data are presented as mean =+ SD, median [Q1-Q3] or n (%)

BMI body mass index, CCB calcium channel blocker, CKD chronic kidney disease, DBP diastolic blood pressure, DPP-4 dipeptidyl peptidase-4, eGFR estimated
glomerular filtration rate, GLP-1 glucagon-like peptide-1, HF heart failure, LVEF left ventricular ejection fraction, Ml myocardial infarction, MRA mineralocorticoid
receptor antagonists, NT-proBNP N-terminal prohormone B-type natriuretic peptide, SBP systolic blood pressure, SGLT-2 sodium glucose cotransporter-2
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Fig.1 Mean HbA1c values at randomization and at follow-up, in
PARAGON-HF participants with diabetes, by treatment groups. Error
bars represent 95% confidence intervals. P from mixed model for
equality of HbA1c slopes

the 2184 patients without diabetes at baseline and with
HbAlc values measured both at randomization and at
week 48, sacubitril/valsartan (n=1094) was associated
with a significantly larger reduction in HbAlc than vals-
artan (n=1090), but of a considerably smaller magnitude
(baseline-adjusted between-group difference: —0.04%,
95% CI —0.04 to —0.01%, P=0.013) than among the
patients with diabetes at baseline.

New use of antihyperglycemic medications

At randomization, there were 1738 patients with diabe-
tes who did not use insulin. The proportion of patients
with diabetes who initiated insulin treatment during fol-
low-up was lower in the sacubitril/valsartan group than
in the valsartan group, but the difference did not reach
statistical significance (12.8% vs. 16.1%; HR: 0.80, 95% CI
0.62-1.02, P=0.07). Among the 634 patients with dia-
betes who did not use any antihyperglycemic drugs at
randomization, the proportions of patients who initiated
treatment with non-insulin antihyperglycemic medica-
tions were similar between treatment groups (13.7% vs.
15.7%; HR: 0.88, 95% CI 0.58-1.32, P =0.53). The propor-
tions of patients who initiated treatment with metformin
did also not differ significantly between groups (9.3% vs.
13.5%, HR 0.69, 95% CI 0.43-1.09, P=0.11).

The proportion of women was similar in patients
who initiated or not initiated insulin treatment (46.6%
vs. 50.4%, P=0.27) and in patients who initiated or not
initiated non-insulin antihyperglycemic medications
(47.3% vs. 54.3%, P=0.21), respectively. The cumulative
incidences of new use of insulin and of non-insulin anti-
hyperglycemic medications, respectively, are shown by
treatment groups in Fig. 2.

Hypoglycemia
Overall, 82 patients with diabetes had at least one inves-
tigator-reported hypoglycemic adverse event. Sixty-seven

Table2 Mean HbA1c values at randomization and at follow-up, in PARAGON-HF participants with diabetes, by treatment groups

Valsartan,n=1184 Sacubitril/valsartan, Adjusted difference in change from P value
n=1211 randomization (95% Cl)
HbA1c (percent)
Randomization 7324143 737+148 - -
Week 48 7304157 7104£1.37 —024(—033t0 —0.16) <0.001
Week 96 717£155 711146 —0.12(—0.22t0 —0.01) 0.027
Week 144 713+1.46 7084152 —0.13 (—0.26 to —0.003) 0.044

Between-group differences in changes from randomization were adjusted for randomization HbA1c values. Number of patients with HbA1c measurements at
randomization: n=2394 (val: n=1183, sac/val: n=1211), at week 48: n=2143 (val: n=1056, sac/val: n=1087), at week 96: n= 1947 (val: n=958, sac/val: n =989), at

week 144: n=1378 (val: n=693, sac/val: n=685)
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A. New use of insulin

025 Valsartan
0.20 Sacubitril/valsartan
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. o Ol -
0.00 HR: 0.80 (95% Cl: 0.62-1.02) P=0.07
T T T T T
0 1 2 3 4
Number at risk Years
Valsartan 865 778 715 322 39
Sacubitril/valsartan 873 804 731 328 43

B. New use of non-insulin
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C. Hypoglycemia
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Fig.2 Cumulative incidence of different outcomes in PARAGON-HF
participants with diabetes. A New use of insulin. B New use of
non-insulin antihyperglycemic medications. C Hypoglycemia.

HR hazard ratio, C/ confidence interval

of these events (81.7%) occurred in patients who used
either insulin or sulfonylurea (or both) at baseline. The
distribution of first hypoglycemic adverse events is
shown in Additional file 1: Table S2. Patients with diabe-
tes who experienced at least one hypoglycemic adverse
event were of similar age as patients with diabetes who
did not experience any hypoglycemic adverse event
(72.3£7.9 years vs. 72.0+8.3 years, P=0.78), and there
was no significant difference in the proportion of women
(50.0% vs. 49.3%, P=0.90). Patients with diabetes who
experienced at least one hypoglycemic adverse event
had significantly higher baseline HbAlc (7.67 £1.50% vs.
7.33+£1.46%, P=0.042), were more likely to use insulin
(62.2% vs. 26.2%, P<0.001) or sulfonylureas (28.0% vs.
19.8%, P =0.07) but the latter finding did not meet sta-
tistical significance. The incidence of first hypoglycemic
adverse events was significantly higher in patients with
diabetes in the sacubitril/valsartan group than in patients
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with diabetes in the valsartan group (4.2% vs. 2.6%; HR
1.64, 95% CI 1.05-2.56, P=0.030). In the 1064 patients
with diabetes who used either insulin or sulfonylu-
rea or both at baseline, the same conclusion was drawn
but the incidence of first hypoglycemic adverse events
was higher (7.8% vs. 4.8%; HR 1.66, 95% CI 1.02-2.71,
P =0.043), whereas in patients with diabetes who used
neither insulin nor sulfonylurea at baseline (n=1331),
no significantly increased risk was observed in the sacu-
bitril/valsartan group (1.5% vs. 0.8%; HR 1.92, 95% CI
0.65-5.61, P=0.24).

In patients with diabetes who used metformin but
who did not use neither insulin nor sulfonylurea at base-
line (n=>593), there were only nine first hypoglycemic
adverse events and there was not a significantly higher
risk for hypoglycemic adverse events in the sacubitril/val-
sartan group (2.0% vs. 1.0%; HR 1.92, 95% CI 0.48-7.69,
P=0.36). In an analysis of all patients (with or without
diabetes) who did not use glucose-lowering medications
at baseline (n=3035), there were 7 first hypoglycemic
adverse events and no significantly increased risk was
observed in the sacubitril/valsartan group (0.3% vs. 0.2%;
HR 1.31, 95% CI 0.29-5.86, P=0.72). The cumulative
incidence of first hypoglycemic adverse events in patients
with diabetes is shown by randomization groups in Fig. 2.

Body weight, triglycerides, and new diabetes

Mean values of body weight and of triglyceride levels at
randomization and at weeks 48, 96 and 144 are shown in
Additional file 1: Fig. S2, Table S3. In patients with diabe-
tes, body weight increased more in patients randomized
to sacubitril/valsartan than to valsartan (average yearly
treatment effect of sacubitril/valsartan: 0.27 kg (95% CI
0.06 to 0.49 kg, P=0.012) and triglycerides increased
more in patients randomized to valsartan (average yearly
treatment effect of sacubitril/valsartan: —0.05 mmol/l
(95% CI —0.08 to —0.02 mmol/l, P=0.003). Among the
2401 patients who did not have diabetes at randomiza-
tion, the incidence of adjudicated new-onset diabetes
was 9/1196 in the sacubitril/valsartan group and 12/1205
in the valsartan group (HR 0.74, 95% CI 0.31-1.76,
P=0.50).

Pooled analyses of PARAGON-HF and PARADIGM-HF

To assess the effects on glycemia of sacubitril/valsartan
across the spectrum of LVEF in patients with heart fail-
ure, we explored interactions between LVEF and treat-
ment effects in a pooled patient-level analysis of patients
with diabetes from the PARAGON-HF and PARADIGM-
HF trials. Pooled analyses of the primary outcomes of
these two heart failure trials were pre-specified, and have
been published previously [20]. Left ventricular ejection
fraction did not significantly modify the treatment effect
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A. Treatment effect on HbA1c
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Fig.3 Treatment effects of sacubitril/valsartan compared with control treatment (valsartan in PARAGON-HF and enalapril in PARADIGM-HF) in
patients with heart failure and diabetes, by left ventricular ejection fraction. A HbA1c reduction from randomization to 48 weeks (n=5241). B New
use of insulin (n=4778). C New use of non-insulin antihyperglycemic medications (n=2232). D Hypoglycemia (n=6173)
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of sacubitril/valsartan compared with control treatment
on HbAIc (P ieraction = 0-56, Fig. 3), and neither did base-
line BMI (P ieraction="0-06). There was no significant
association between change in HbAlc and change in
eGFR (P=0.08).

At 48 weeks, the reduction in mean HbAlc was larger
in the sacubitril/valsartan group than in the control
group, with a baseline-adjusted between-group differ-
ence in change in mean HbAlc of —0.19% (95% CI —0.25
to —0.13%, P<0.001). In patients who also had available
data for NT-proBNP at randomization and at week 48
(PARAGON-HF, n=1489) or week 32 (PARADIGM-
HF, n=757), this difference remained significant after
additional adjustment for change in NT-proBNP (—0.17,
95% CI —0.25 to —0.09, P<0.001). The proportions of
patients with diabetes who initiated insulin treatment
during follow-up was significantly lower in the sacubi-
tril/valsartan group than in the control group (9.3% vs.
12.4%; HR 0.75, 95% CI 0.63-0.89, P=0.001), and this
was not significantly modified by LVEF (Pjieraction = 0-40;
Fig. 3). Among the patients with diabetes who did not
use any antihyperglycemic medications at randomiza-
tion, the proportion who initiated treatment with non-
insulin antihyperglycemic medications was numerically

lower in the sacubitril/valsartan group than in the con-
trol group (11.5% vs. 14.3%; HR 0.80, 95% CI 0.64-1.01,
P=0.06) and this was not significantly modified by
LVEF (P, eraction="0-93; Fig. 3). New use of metformin
also occurred less often in the sacubitril/valsartan group
than in the control group (6.8% vs. 9.2%, HR 0.73, 95% CI
0.54-0.98, P=0.035).

Overall, there were 179 patients with diabetes who had
at least one investigator-reported hypoglycemic adverse
event. One hundred and forty-nine of these events
(83.2%) occurred in patients who used either insulin or
sulfonylurea (or both) at baseline. The distribution of
first hypoglycemic adverse events is shown in Addi-
tional file 1: Table S2. The incidence of first hypoglyce-
mic adverse events was significantly higher in patients
with diabetes randomized to sacubitril/valsartan than in
patients with diabetes randomized to the control group
(3.3% vs. 2.5%; HR: 1.37, 95% CI 1.02-1.84, P=0.038)
and without a significant interaction between LVEF and
treatment effect (P eraction=0-81, Fig. 3). In the sub-
group of patients with diabetes who used either insulin
or sulfonylurea or both at baseline (n=2493) the risk
was higher with sacubitril/valsartan (7.0% vs. 5.0%; HR
1.42 (95% CI 1.03-1.97, P=0.034), whereas in patients
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with diabetes who used neither insulin nor sulfonylurea
at baseline (n=3680) no significantly increased risk was
observed in the sacubitril/valsartan group (1.0% vs. 0.7%;
HR 1.43, 95% CI 0.69-2.97, P=0.34). In patients with
diabetes who used metformin but who did not use nei-
ther insulin nor sulfonylurea at baseline (n=1035) there
were 16 first hypoglycemic adverse events and there was
not a significantly higher risk for hypoglycemic adverse
events in the sacubitril/valsartan group (1.9% vs. 1.2%;
HR 1.57, 95% CI 0.57-4.31, P=0.39). In an analysis of all
patients (with or without diabetes) who did not use glu-
cose-lowering medications at baseline (n=9261), there
were 17 first hypoglycemic adverse events and no signifi-
cantly increased risk was observed in the sacubitril/val-
sartan group (0.2% vs. 0.1%; HR 1.81, 95% CI 0.67-4.90,
P =0.24). The cumulative incidences of new use of insu-
lin, of new use of non-insulin antihyperglycemic medi-
cations, and of first hypoglycemic adverse events in the
pooled cohort are shown by randomization groups in
Additional file 1: Fig. S3.

Discussion

We found that in patients with HFpEF and diabetes,
sacubitril/valsartan significantly reduced HbAlc com-
pared with valsartan, and that new use of insulin was
numerically lower in patients randomized to sacubitril/
valsartan than in patients randomized to valsartan. In a
pooled analysis of patient-level data from patients in the
PARADIGM-HF and PARAGON-HEF trials, the effects of
treatment with sacubitril/valsartan on HbAlc reduction
and on new use of insulin were similar across the spec-
trum of LVEFE. While these results suggest potentially
beneficial effects, we also found a slightly increased risk
for hypoglycemic adverse events with sacubitril/valsar-
tan. These findings have implications for the treatment of
patients with heart failure and diabetes.

Our finding that sacubitril/valsartan reduced HbAlc
in patients with HFpEF and diabetes are consistent with
what was observed in patients with HRrEF and diabetes
in the PARADIGM-HF trial [12], in which sacubitril/
valsartan reduced HbAlc compared with enalapril. The
incremental reductions in HbAlc observed with sacu-
bitril/valsartan compared with valsartan in PARAGON-
HF or with enalapril in PARADIGM-HF are small, but
appear to be consistent across the spectrum of LVEF and
to be sufficient to decrease the requirement for insulin.
Expectedly, the reduction of HbAlc that was observed
with sacubitril/valsartan in patients without diabetes at
baseline was considerably smaller in magnitude, which
may be an explanation to why we did not observe a
reduced incidence of new diabetes. We did not observe
any significant associations between changes in HbAlc
and changes in renal function, which may be due to the
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small magnitude of the HbAlc reduction and the rela-
tively short follow-up time.

The mechanisms by which sacubitril/valsartan might
lower HbAlc remain unclear. Sacubitril inhibits the
endopeptidase neprilysin which promotes the proteo-
lytic cleavage and inactivation of natriuretic peptides and
other vasoactive peptides [21]. In observational cohort
studies, higher levels of natriuretic peptides have been
associated with lower measures of insulin resistance in
obese as well as non-obese individuals [22], and with
decreased risk for new-onset diabetes [23, 24]. Mende-
lian randomization studies of a common variant of the
B-type natriuretic peptide (BNP) gene locus have sug-
gested that these inverse relationships between natriu-
retic peptide levels and the risk for new onset diabetes
may be causal [25]. The mechanisms by which natriu-
retic peptides may affect glucose metabolism and insu-
lin resistance remain to be determined, but may involve
increased secretion of the insulin-sensitizing hormone
adiponectin, decreased secretion of pro-inflammatory
cytokines from the adipose tissue, and increased insulin
secretion [26]. An alternative explanation for the ben-
eficial glycemic effects observed with sacubitril/valsartan
may be decreased degradation of the antihyperglycemic
incretin hormone glucagon-like peptide-1 (GLP-1) [27].
Glucagon-like peptide-1 is a known substrate for nepri-
lysin in vitro [28], and animal studies have suggested
that up to 50% of exogenously infused GLP-1 may be
degraded by neprilysin [29]. In patients with heart failure
who were switched from angiotensin converting enzyme
inhibitors or angiotensin receptor blockers to sacubi-
tril/valsartan, a dose-dependent increase of circulating
GLP-1 levels has been described, which correlated with
a decrease in levels of the protein glycation biomarker
fructosamine [30]. Finally, it is known that insulin resist-
ance increases with increasing heart failure severity [31],
and although the treatment effect on HbAlc remained
statistically significant after adjustment for changes in
levels of NT-proBNPD, it remains plausible that sacubitril/
valsartan improved measures of glycemia by reducing
worsening of heart failure progression over time.

Observational data have shown that use of insulin is
associated with an adverse prognosis in people with heart
failure and diabetes [5, 8, 9], and that higher HbAlc is
a risk factor for developing heart failure in people with
diabetes [6, 7]. Therefore, although the treatment effects
were numerically small, the improvement in HbAlc
and the reduced need to initiate insulin treatment that
was observed with sacubitril/valsartan in this secondary
analysis may benefit people with heart failure and dia-
betes. The slightly increased risk for hypoglycemia that
was observed should not discourage use of sacubitril/
valsartan, given its beneficial effects on morbidity and
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mortality [10, 11]. It should also be noted that in strati-
fied analyses, sacubitril/valsartan was associated with
significantly higher risk for hypoglycemic adverse events
only in patients with diabetes who used either insulin or
sulfonylurea at baseline. In people with heart failure and
diabetes who experience hypoglycemia, conventional
strategies should be recommended (such as patient edu-
cation, increased frequency of self-measurement of blood
glucose, and possibly dose adjustments of insulin or sul-
fonylurea) regardless of whether the patient is treated
with sacubitril/valsartan.

Study limitations and strengths

Some limitations of this analysis should be noted. The
PARAGON-HF trial was not primarily designed to
detect changes in HbAlc, changes in antihyperglyce-
mic medications, or hypoglycemia. Changes in HbAlc
were observed against the background of therapeutic
treatment decisions that took place outside of the study
protocol. Hypoglycemia was assessed as investigator-
reported adverse events without a requirement for bio-
chemical confirmation. While new onset diabetes was
a pre-specified exploratory outcome in PARAGON-HE,
there were a very small number of adjudicated cases
of new diabetes, and although the adjudication cri-
teria required hyperglycemia to be present on at least
two occasions, the adjudication criteria did not specifi-
cally mandate confirmation of hyperglycemia with two
different test methods. The statistical power for this
outcome was low. We did not have data that allowed
us to differentiate between type 1 and type 2 diabetes.
Finally, we did not analyze dose adjustments or changes
between different drug classes of antihyperglycemic
medications. Strengths of this study include the rand-
omized controlled design and the careful characteri-
zation of all patients at baseline and during follow-up.
The pooled analyses of patients from the PARAGON-
HF and PARADIGM-HF trials made exploratory anal-
yses across the spectrum of LVEF possible, including
patients who fulfilled the recently proposed criteria
[32] for either HFrEF, heart failure with mildly reduced
ejection fraction (HFmrEF) or HFpEFE.

Conclusions

In summary, these data indicate that the glucose-lower-
ing effect of sacubitril/valsartan, as evidenced by a small
but significant reduction in HbAlc and new use of insu-
lin, was similar in heart failure patients with diabetes
across the spectrum of LVEF. While the overall magni-
tude of the HbA1c lowering effect of sacubitril/valsartan
was modest and the overall occurrence of hypoglycemic
adverse events was low, clinicians should be aware of the
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possibility of improved glycemic control and reduced
need for insulin, when initiating therapy with sacubitril/
valsartan in patients with diabetes.
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