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Abstract

Background Frailty is a severe, common co-morbidity associated with heart failure (HF) with preserved ejection
fraction (HFpEF). The impact of frailty on HFpEF outcomes may affect treatment choices in HFpEF. The impact
of frailty on HFpEF patients and any impact on the clinical benefits of sodium glucose co-transporter 2 (SGLT2)
inhibition in HFpEF have been described in only a limited number of trials. Whether the SGLT2 inhibitor empagli-
flozin would improve or worsen frailty status when given to HFpEF patients is also not known. The aims of this
study were, therefore, to evaluate, in HFpEF patients enrolled in the EMPEROR-Preserved trial (Empagliflozin
Outcome Trial in Patients With Chronic Heart Failure With Preserved Ejection Fraction), the impact of frailty on
clinical outcomes, and on the effects of empagliflozin, as well as the effect of empagliflozin on frailty status during
treatment period.
Methods We calculated a cumulative deficit-derived frailty index (FI) using 44 variables including clinical, laboratory
and quality of life parameters recorded in EMPEROR-Preserved. Patients were classified into four groups: non-frail
(FI < 0.21), mild frailty (0.21 to <0.30), moderate frailty (0.30 to <0.40) and severe frailty (≥0.40). Clinical outcomes
and health-related quality of life were evaluated according to baseline FI along with the effect of empagliflozin on
chronological changes in FI (at 12, 32 and 52 weeks).
Results The patient distribution was 1514 (25.3%), 2100 (35.1%), 1501 (25.1%) and 873 (14.6%) in non-frail, mild
frailty, moderate frailty and severe frailty, respectively. Severe frailty patients tended to be female and have low Kansas
City Cardiomyopathy Questionnaire (KCCQ) scores, more co-morbidities and more polypharmacy. Incidence rates of
the primary outcome of cardiovascular death or HF hospitalization increased as frailty worsened (hazard ratio [HR]
of each FI category compared with the non-frail group: 1.10 [95% confidence interval, CI, 0.89–1.35], 2.00
[1.63–2.47] and 2.61 [2.08–3.27] in the mild frailty, moderate frailty and severe frailty groups, respectively;
P trend < 0.001). Compared with placebo, empagliflozin reduced the risk for the primary outcome across the four FI
categories, HR: 0.59 [95% CI 0.42–0.83], 0.79 [0.61–1.01], 0.77 [0.61–0.96] and 0.90 [0.69–1.16] in non-frail to
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severe frailty categories, respectively (P value for trend = 0.097). Empagliflozin also improved other clinical outcomes
and KCCQ score across frailty categories. Compared with placebo, empagliflozin-treated patients had a higher
likelihood of being in a lower FI category at Weeks 12, 32 and 52 (P < 0.05), odds ratio: 1.12 [95% CI 1.01–1.24] at
Week 12, 1.21 [1.09–1.34] at Week 32 and 1.20 [1.09–1.33] at Week 52.
Conclusions Empagliflozin improved key efficacy outcomes with a possible diminution of effect in very frail patients.
Empagliflozin also improved frailty status during follow-up.

Keywords empagliflozin; frailty; heart failure with preserved ejection fraction; randomized clinical trial; SGLT2 inhibitors
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Introduction

Frailty is becoming more common as the populations of the
world age and as previously fatal conditions are being man-
aged better, thereby allowing patients to survive longer
whilst accumulating an increased burden of co-morbidities.1

There is no precise definition of frailty as it is a combination
of multiple physiological and pathological deficiencies that
lead to a reduction in the reserve capacity of the body to
cope with physiological or physical stressors, as recently
reviewed.2 Frailty is of increasing interest for healthcare sys-
tems worldwide, and the impact of frailty on how best to
manage other illnesses is of great importance. Frailty fre-
quently accompanies a diagnosis of heart failure (HF),3 and
as heart failure with preserved ejection fraction (HFpEF) is
typically a condition of the elderly, it may be even more likely
to be associated with frailty.4,5 Frailty in patients with HF is
up to six times more common than in the general
population,6,7 and this is more likely in HFpEF compared with
heart failure with reduced ejection fraction (HFrEF) because
of the average older age and the greater frequency of
co-morbidities in HFpEF. HF predisposes to frailty through
multiple mechanisms including its impact on skeletal muscle
volume and function,8 as well as on other systems including
cognition.9

Previous studies have demonstrated that sodium glucose
co-transporter 2 (SGLT2) inhibitors effectively reduce car-
diovascular (CV) events and hospitalization for heart failure
(HHF), not only in at-risk type 2 diabetic patients10 but also
in HFrEF patients11 and HFpEF patients12 with or without
diabetes. SGLT2 inhibitors have been shown to cause
weight loss of around 2–3 kg in trials in diabetes,13–15 so
concern has been expressed that frail patients with fre-
quent low skeletal muscle mass may be made worse by
SGLT2 inhibitors.

Several reports have identified treatments of HFrEF and
the differential response to these therapies in patients with
or without frailty,16 but the number of reports of this poten-
tial interaction within HFpEF is limited. The SGLT2 inhibitors
empagliflozin and dapagliflozin are the only two agents that

have been proven in prospective outcome trials to be of
benefit for HFpEF patients, and it is thus of interest to eval-
uate the impact of one of these successful treatments for
HFpEF, empagliflozin, by analysing the impact of frailty in
the EMPEROR-Preserved trial (Empagliflozin Outcome Trial
in Patients With Chronic Heart Failure With Preserved Ejec-
tion Fraction). This may be of particular importance given
that the SGLT2 inhibitors can lead to calorie loss in patients
with diabetes and overall lead to a small but consistent re-
duction in body weight, which some physicians feel may
be a risk to already frail patients. Thus, it is important to an-
alyse the relationship between frailty and prognosis in a trial
that recruited significant number of severely frail and frail
high-risk patients among HFpEF subjects, as did EMPEROR-
Preserved.

Frail patients may receive guideline-directed medical ther-
apy less frequently compared with non-frail patients, possibly
because of the perception that they may have a lower toler-
ance of drug interventions.17 The number of reports that
have specifically evaluated the impact of frailty on the ability
to tolerate HF therapies and the relative effectiveness of
these therapies in frail HF patients is very limited. A recent
paper reported the impact of frailty in the DELIVER trial of
dapagliflozin in HFpEF patients.18 It reported a high frequency
of frailty in the recruited HFpEF patients with only 37.6% be-
ing non-frail. It reported that higher grades of frailty were as-
sociated with higher rates of the primary endpoint (CV mor-
tality or HF hospitalization). There was no significant
interaction between the severity of frailty and the effect of
dapagliflozin on the primary endpoint of the trial or on the
risk of side effects, although the authors reported a slightly
greater improvement in Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) with dapagliflozin in the more frail patients,
albeit with them starting from a lower baseline. In addition,
this manuscript did not report the impact of dapagliflozin
on frailty status during follow-up. The objective of this study
was to evaluate the impact of frailty on clinical outcomes, the
influence of frailty on the clinical effects of empagliflozin and
the effect of empagliflozin on frailty status over time in the
EMPEROR-Preserved trial.
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Methods

Trial design and study participants

This is a post hoc analysis of the phase 3 randomized clinical
trial EMPEROR-Preserved (ClinicalTrials.gov: NCT03057951).
The design of EMPEROR-Preserved has been described
previously.19 In brief, symptomatic HFpEF patients (left
ventricular ejection fraction [LVEF] > 40% and no previous
LVEF ≤ 40%) in New York Heart Association (NYHA) class
II–IV with an elevated N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) (>900 or >300 pg/mL in patients with and
without atrial fibrillation, respectively) and documented evi-
dence of structural heart disease, or an HHF within
12 months before enrolment, were randomized to once
daily empagliflozin 10 mg or matching placebo for a median
of 26 months. Exclusion criteria included symptomatic
hypotension, systolic blood pressure (SBP) of <100 or
≥180 mmHg or an estimated glomerular filtration rate
(eGFR) < 20 mL/min/1.73 m2. The trial was approved by
each local ethics committees, and all patients provided writ-
ten informed consent.

Patients were randomized double-blind (in a 1:1 ratio) to re-
ceive placebo or empagliflozin 10 mg daily, in addition to their
usual therapy for HF. Following entry into the trial, all appro-
priate treatments for HF or other medical conditions could
be initiated or altered at the clinical discretion of the investiga-
tor. Patients were periodically assessed at study visits for ma-
jor outcomes, symptoms and functional capacity related to
HF, vital signs and biomarkers reflecting changes in the course
of HF, and adverse events (AEs). All randomized patients were
followed for the occurrence of prespecified outcomes for the
entire duration of the trial, regardless of whether the study
participants were taking their study medications.

Trial endpoints

The primary endpoint of the main EMPEROR-Preserved trial
was the time-to-first-event analysis of the combined risk of
CV death or HHF. Key secondary endpoints were (1) the total
number of adjudicated HHF (including first and recurrent
events) and (2) the slope of the change in eGFR during
double-blind treatment.

In this analysis, we assessed the impact of empagliflozin on
the primary outcome across four frailty categories, based on
a cumulative deficit-derived frailty index (FI). We also
assessed the effect of empagliflozin on other clinical out-
comes and KCCQ score.

Previous reports have noted that AE rates increase as
frailty worsens.18 We therefore assessed safety signals across
frailty groups by investigating any AE and serious adverse
events (SAEs) and looked in particular at acute renal failure,
urinary tract infections (UTI), genital infections, lower limb

amputations, bone fractures, hypoglycaemia, symptomatic
hypotension and any hypotension. Assessments were based
on AEs reported by the investigators (coded according to
the Medical Dictionary for Regulatory Activities [MedDRA]
Version 23.1) and laboratory tests.

Frailty index

In our analysis, we developed an FI score using an adapta-
tion of the Rockwood cumulative deficit approach, as has
been used previously, calculating the sum of scores over all
non-missing variables per subject, divided by sum of all
non-missing variables assessed per subject. Rockwood de-
scribed an index derived from at least 40 items related to
ill-health (but not normal ageing) covering a range of body
systems to construct a cumulative deficits score.20 Measures
can be categorical, ordinal or interval variables and should
be defined as ranging from 0 = absence of a deficit to 1 = full
expression of the deficit. Individual deficit scores are
combined into an index, which thus varies between 0 and
1. Such an FI has been shown to be a reliable predictor of
mortality.21 Previous studies in HFrEF, such as an analysis
of PARADIGM-HF and ATMOSPHERE,22 used a 42-item FI, de-
rived from patient data from a clinical trial with the final
score being sub-divided into three groups, using a threshold
of ≤0.21 as non-frail and then two extra groups in incre-
ments of 0.1, that is, 0.21–0.31 and ≥0.31. For this analysis
of EMPEROR-Preserved in HFpEF, where patients were older
and had more co-morbidities, we chose to sub-divide the pa-
tients into four frailty classes: non-frail (FI < 0.21), mild
frailty (0.21 to <0.30), moderate frailty (0.30 to <0.40)
and severe frailty (≥0.40), allowing for a more even distribu-
tion between severity classes, and to inform more about the
impact of increasing frailty severity.

To construct our 44-parameter FI, we used a mixture of co-
morbidities, clinical, laboratory and quality of life (QoL) ob-
servations and data on physical limitations and symptomatic
status derived from 15 questions (of 23) from the KCCQ as
proxy measures of disability. For full list, see Table S1. Cate-
gorical variables were scored 0/1 (absent/present); ordinal
variables were scored between 0 and 1, with 1 the worst
and 0 the best.

Statistical analysis

Baseline characteristics were summarized using descriptive
statistics and compared across baseline status of these four
frailty categories constructed from the 44 clinical variables,
using ordinal regression likelihood ratio tests. Associations
between baseline status of frailty categories and subsequent
outcomes for the main trial endpoints and safety endpoints
were analysed by comparing between empagliflozin and the
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placebo groups and by comparing across frailty categories
with the treatment arms combined.

Time-to-first-event outcomes were analysed using the Cox
regression model with covariates of sex, age, region, diabetes
status at baseline, LVEF, baseline eGFR, baseline status of
frailty categories and treatment-by-baseline status of frailty
categories interaction. The interaction between baseline sta-
tus of frailty categories and treatment was tested using a
trend test assuming ordered frailty categories. Total (first
and recurrent) HHFs were evaluated using the joint frailty
model with CV death as competing risk, adjusted for the
same covariates as the Cox model. The change in eGFR slope
was analysed based on on-treatment data, using a random in-
tercept random slope model allowing intercept and slope to
vary randomly between patients. The analysis model included
age, baseline eGFR, baseline LVEF, sex, region, diabetes status
at baseline, baseline eGFR-by-time interaction, treatment-by-
baseline status of frailty categories interaction and time-by-
treatment-by-baseline status of frailty categories interaction
as covariates. In addition, as sensitivity analyses, the effect
of treatment (empagliflozin vs. placebo) on the primary end-
point of the composite of adjudicated CV death or HHF and
the two key secondary endpoints of total (first and recurrent)
hospitalizations for HF and the slope of the change in eGFR
were repeated using frailty categories using only the 41 clin-
ical variables that were used for the analysis of chronological
changes in the FI.

Changes in KCCQ score were analysed using a mixed model
for repeated measurements including age, baseline eGFR and
baseline LVEF as linear covariates and region, diabetes status,
sex, last projected visit based on dates of randomization and
trial closure, visit-by-treatment-by-baseline status of frailty
categories interaction and baseline KCCQ score-by-visit inter-
action as fixed effects.

The frequencies of the prespecified safety outcomes were
investigated using logistic regression modelling adjusted with
the same covariates as the Cox model based on patients who
have taken at least one dose of investigational treatment.

For analysis of FI score chronological change, neither
fasting glucose nor percutaneous coronary intervention or
coronary artery bypass grafting (PCI/CABG) was available dur-
ing follow-up and nor was the total number of medications
used at each trial visit reliably ascertained. These three pa-
rameters were therefore excluded from the calculation of
frailty over time, and hence, a 41-parameter was used to as-
sess FI change over time. FI at Weeks 12, 32 and 52 was
analysed using partial proportional odds regression model
adjusted for the same variables used in the Cox model and
baseline FI, assuming proportionality for all covariates except
region. In addition, responder analysis was performed to
study the proportion of patients with an improvement or de-
terioration in FI category ≥ 1 from baseline to Weeks 12, 32
and 52 using a logistic regression model adjusted for the
same variables used in the Cox model.

Analyses were done according to the intention-to-treat
principle. No adjustments for multiple testing were made.
All analyses were performed using SAS, Version 9.4 (SAS
Institute).

Results

Patient characteristics

All 5988 patients randomized in EMPEROR-Preserved were
included in this study, and the individual FI was calculated.
The distribution of the FI using the 44-parameter is shown
in Figures 1 and S1. Baseline demographic and clinical charac-
teristics according to FI categories are shown in Table 1. Pa-
tient distribution was 1514 (25.3%), 2100 (35.1%), 1501
(25.1%) and 873 (14.6%) in non-frail, mild frailty, moderate
frailty and severe frailty, respectively. Compared with
non-frail patients, those with higher grade frailty were more
often female, more likely to be White or Black/African
Americans and less likely to be Asian. Patients with higher
body mass index (BMI) and higher SBP and pulse pressure
more frequently had a higher grade FI. Those with lower
eGFR, higher NT-proBNP or in NYHA class III–IV were more
likely to exhibit a higher grade FI, whereas LVEF was similar
across the different FI categories. Higher fasting glucose
was associated with higher frailty grades. Patients with an
ischaemic aetiology and other co-morbidities were, as ex-
pected, more often seen in the higher frailty severity catego-
ries. The patients with higher grades of frailty had worse QoL
as assessed by KCCQ. The KCCQ Clinical Summary Score (CSS)
was progressively lower in increasing FI categories, being
87.8 ± 10.4 in non-frail, 77.3 ± 13.9 in mild frailty,
61.4 ± 16.2 in moderate frailty and 39.1 ± 14.0 in severe
frailty (P value for trend < 0.001). Similar results were seen
for KCCQ Total Symptom Score (TSS) and Overall Summary
Score (OSS). More severely frail patients were more likely
to be treated with beta-blockers, diuretics and lipid-lowering
drugs, but there was no significant difference in the use renin
angiotensin system inhibitor (RASi) drugs (angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker/
angiotensin receptor neprilysin inhibitor [ACEI/ARB/ARNI]) al-
though there was a shift in the type of agent used in this class
to more patients being treated with ARBs and fewer with an
ARNI in more severely frail groups. Frail patients were on
higher numbers of different drugs.

Effects of empagliflozin on heart failure outcomes
and mortality by frailty index

Major adverse clinical outcomes of the EMPEROR-Preserved
trial were more likely in more severely frail patients, and
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the hazard ratio of primary outcome (time to first event of
CV death or HHF) by empagliflozin treatment was 0.59
(0.42, 0.83), 0.79 (0.61, 1.01), 0.77 (0.61, 0.96) and 0.90
(0.69, 1.16) in the non-frail, mild frailty, moderate frailty
and severe frailty groups, respectively (P trend = 0.097)
(Table 2, Figure S2). The hazard ratio of key secondary
outcome (first and recurrent HHF) by empagliflozin
treatment was 0.50 (0.33, 0.77), 0.66 (0.47, 0.92), 0.83
(0.61, 1.14) and 0.80 (0.54, 1.17) in the non-frail,
mild frailty, moderate frailty and severe frailty groups,
respectively (P trend = 0.077) (Table 2). There was no
significant trend in another key secondary endpoint of
slope of eGFR decline in relation to the severity of
frailty, and the eGFR decline was consistently reduced by
empagliflozin across the FI categories (P trend = 0.159)
(Table 2).

There was similarly no significant trend on the impact of
empagliflozin on protection from the other secondary end-
points of the EMPEROR-Preserved trial (time to first HHF,
time to CV death and time to all-cause mortality), all of which
were more likely in more severe grades of frailty (Table S2).
Empagliflozin improved QoL as assessed by KCCQ-CSS consis-
tently across FI categories (P trend = 0.778) from baseline to
Week 52 (Figure S3).

Similar results were seen in the sensitivity analyses with FI
categories using the 41 clinical variables that were used for
the analysis of chronological changes in the FI.

The impact of frailty severity on changes on the
composite renal endpoint

We saw no significant interaction (P trend = 1.000) between FI
categories and the empagliflozin treatment effect on the com-
posite renal endpoint (sustained reduction of ≥40% eGFR or
end-stage kidney disease [chronic dialysis/renal transplant]
or sustained eGFR < 15 mL/min/1.73 m2 for patients with
baseline eGFR ≥ 30 mL/min/1.73 m2 or sustained
eGFR < 10 mL/min/1.73 m2 for patients with baseline
eGFR< 30mL/min/1.73m2). Increasing FI was associatedwith
an increasing risk of the composite renal endpoint (Table S2).

The impact of frailty severity on major clinical
events irrespective of treatment group

With both treatment groups combined, we performed an
analysis of the impact of baseline FI categories on the primary
and secondary endpoints of the EMPEROR-Preserved trial.
Figure 2 shows the results for the primary outcome (compos-
ite of CV death or HHF). As can be seen, there is a marked
impact of higher grades of the FI of the frequency of the pri-
mary composite endpoint. Compared with the non-frail
group, the higher grade frailty group showed a significantly
higher risk of the primary outcome (P trend < 0.001), and
also for total HHF (Figure 3) (P trend < 0.001), and the slope

Figure 1 Distribution of frailty index in all randomized patients.
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Table 1 Demographics by frailty index

Non-frail < 0.21
(n = 1514)

Mild frailty 0.21
to <0.3 (n = 2100)

Moderate frailty
0.3 to <0.4 (n = 1501)

Severe frailty ≥ 0.4
(n = 873)

P value
for trend

Age, years 70.7 ± 10.0 72.2 ± 9.0 72.6 ± 9.3 71.9 ± 9.4 <0.001
Women, n (%) 599 (39.6) 848 (40.4) 743 (49.5) 486 (55.7) <0.001
Race <0.001

White 1053 (69.6) 1579 (75.2) 1185 (78.9) 725 (83.0)
Black/African-American 47 (3.1) 76 (3.6) 72 (4.8) 63 (7.2)
Asian 288 (19.0) 316 (15.0) 166 (11.1) 54 (6.2)
Missing 0 2 (0.1) 0 0

Region <0.001
North America 130 (8.6) 217 (10.3) 215 (14.3) 157 (18.0)
Latin America 425 (28.1) 498 (23.7) 345 (23.0) 247 (28.3)
Europe 623 (41.1) 990 (47.1) 700 (46.6) 376 (43.1)
Asia 250 (16.5) 267 (12.7) 135 (9.0) 34 (3.9)
Other 86 (5.7) 128 (6.1) 106 (7.1) 59 (6.8)

LV ejection fraction, % 54.4 ± 9.0 53.9 ± 8.7 54.7 ± 8.6 54.6 ± 8.7 0.204
BMI, kg/m2 27.9 ± 5.2 29.5 ± 5.7 30.6 ± 5.8 32.7 ± 6.1 <0.001
Systolic BP, mmHg 127.8 ± 13.4 131.8 ± 15.1 133.3 ± 16.6 136.5 ± 16.9 <0.001
Diastolic BP, mmHg 75.7 ± 9.6 75.7 ± 10.4 75.5 ± 11.1 76.2 ± 11.7 0.700
Pulse pressure, mmHg 52.0 ± 12.6 56.0 ± 14.1 57.8 ± 15.1 60.3 ± 15.2 <0.001
eGFR, mL/min/1.73 m2 67.2 ± 18.7 61.3 ± 19.3 57.2 ± 19.4 53.6 ± 20.2 <0.001
NT-proBNP (median, IQR), pg/mL 905 (483–1563) 935 (492–1703) 1052 (510–1828) 1042 (521–2084) <0.001a

NYHA functional class, n (%) <0.001
I 1 (0.1) 1 (<0.1) 1 (0.1) 1 (0.1)
II 1434 (94.7) 1849 (88.0) 1104 (73.6) 496 (56.8)
III 79 (5.2) 248 (11.8) 391 (26.0) 365 (41.8)
IV 0 2 (0.1) 5 (0.3) 11 (1.3)

KCCQ-CSS 87.8 ± 10.4 77.3 ± 13.9 61.4 ± 16.2 39.1 ± 14.0 <0.001
KCCQ-TSS 90.9 ± 9.6 80.4 ± 14.7 64.5 ± 17.9 41.7 ± 17.3 <0.001
KCCQ-OSS 86.7 ± 9.7 76.1 ± 13.5 59.3 ± 15.7 37.2 ± 13.8 <0.001
Lab value

Haemoglobin (g/dL) 13.6 ± 1.4 13.4 ± 1.6 13.2 ± 1.6 12.9 ± 1.7 <0.001
Fasting glucose (mmol/L) 6.1 ± 1.6 6.8 ± 2.6 7.1 ± 2.8 7.7 ± 3.4 <0.001
Potassium (mmol/L) 4.5 ± 0.5 4.5 ± 0.5 4.6 ± 0.5 4.6 ± 0.6 <0.001
Sodium (mEq/L) 141.2 ± 2.6 141.2 ± 3.0 141.0 ± 3.1 140.9 ± 3.3 0.017
Albumin (g/dL) 4.4 ± 0.3 4.4 ± 0.3 4.4 ± 0.4 4.3 ± 0.4 <0.001

Cause of heart failure
Ischaemic 308 (20.3) 779 (37.1) 626 (41.7) 404 (46.3) <0.001

Medical history
History of HHF (in the last

12 months)
228 (15.1) 449 (21.4) 420 (28.0) 272 (31.2) <0.001

Atrial fibrillation or flutter 762 (50.3) 1099 (52.3) 804 (53.6) 470 (53.8) 0.044
Coronary artery disease 222 (14.7) 757 (36.0) 676 (45.0) 439 (50.3) <0.001
Diabetes 383 (25.3) 1052 (50.1) 875 (58.3) 628 (71.9) <0.001
Hypertension 1229 (81.2) 1925 (91.7) 1428 (95.1) 842 (96.4) <0.001
Myocardial infarction 233 (15.4) 626 (29.8) 563 (37.5) 358 (41.0) <0.001
PCI or CABG 181 (12.0) 706 (33.6) 617 (41.1) 410 (47.0) <0.001
COPD 104 (6.9) 237 (11.3) 247 (16.5) 207 (23.7) <0.001
Stroke 70 (4.6) 199 (9.5) 197 (13.1) 144 (16.5) <0.001

Heart failure medication
ACEI 598 (39.5) 894 (42.6) 594 (39.6) 323 (37.0) 0.194
ARB 552 (36.5) 790 (37.6) 598 (39.8) 376 (43.1) <0.001
ARNI 47 (3.1) 51 (2.4) 21 (1.4) 15 (1.7) 0.002
Any RASi (ACEI/ARB/ARNI) 1193 (78.8) 1721 (82.0) 1207 (80.4) 711 (81.4) 0.206
Beta-blocker 1279 (84.5) 1822 (86.8) 1304 (86.9) 762 (87.3) 0.037
MRA 549 (36.3) 779 (37.1) 559 (37.2) 357 (40.9) 0.062
Diuretic other than MRA 1085 (71.7) 1670 (79.5) 1266 (84.3) 788 (90.3) <0.001
Hypolipidaemic medication 803 (53.0) 1528 (72.8) 1180 (78.6) 731 (83.7) <0.001

Total number of medications
<8 968 (63.9) 834 (39.7) 381 (25.4) 152 (17.4) <0.001
8 to <12 462 (30.5) 925 (44.0) 677 (45.1) 373 (42.7)
≥12 84 (5.5) 340 (16.2) 443 (29.5) 348 (39.9)

Note: Values are mean ± SD, median (interquartile range [IQR]) or n (%). Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; BMI, body mass index; BP, blood pressure; COPD,
chronic obstructive pulmonary disease; CSS, Clinical Summary Score; eGFR, estimated glomerular filtration rate with Chronic Kidney Dis-
ease Epidemiology Collaboration formula; HHF, hospitalization for heart failure; KCCQ, the Kansas City Cardiomyopathy Questionnaire;
LV, left ventricular; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York
Heart Association; OSS, Overall Summary Score; PCI or CABG, percutaneous coronary intervention or coronary artery bypass grafting; RASi,
renin angiotensin system inhibitor; TSS, Total Symptom Score.
aBased on log-transformed results.
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of eGFR over time (P trend = 0.002). Increasing FI was also as-
sociated with an increasing risk of CV death and first HHF
when analysed separately, as well as of all-cause mortality
(Figures S4–S6, respectively) (P trend < 0.001, respectively).

Changes in the frailty index over time

We saw a significant empagliflozin treatment effect on the
FI over time. Compared with placebo, empagliflozin pa-

Table 2 Primary and secondary trial endpoints by frailty index and by treatment group

Outcome by frailty
index subgroup

Empagliflozin (N = 2997) Placebo (N = 2991)

HR (95% CI) P trendn/N %
Rate/100

person-years n/N %
Rate/100

person-years

Primary outcome—Time to first event of CV death or HHF
All patients 415/2997 13.8 6.86 511/2991 17.1 8.67 0.79 (0.69, 0.90) 0.097
Non-frail (<0.21) 55/770 7.1 3.41 88/744 11.8 5.85 0.59 (0.42, 0.83)
Mild frailty (0.21 to <0.3) 105/1015 10.3 4.92 139/1085 12.8 6.31 0.79 (0.61, 1.01)
Moderate frailty (0.3 to <0.4) 138/745 18.5 9.55 172/756 22.8 11.94 0.77 (0.61, 0.96)
Severe frailty (≥0.4) 117/467 25.1 13.74 112/406 27.6 15.11 0.90 (0.69, 1.16)

Key secondary outcome—First and recurrent HHF
All patients 407 — — 541 — — 0.73 (0.61, 0.88) 0.077
Non-frail (<0.21) 49 — — 89 — — 0.50 (0.33, 0.77)
Mild frailty (0.21 to <0.3) 80 — — 128 — — 0.66 (0.47, 0.92)
Moderate frailty (0.3 to <0.4) 157 — — 179 — — 0.83 (0.61, 1.14)
Severe frailty (≥0.4) 121 — — 145 — — 0.80 (0.54, 1.17)

eGFR slope
Mean (SE),

mL/min/1.73 m2/year
Mean (SE),

mL/min/1.73 m2/year
Difference of rate
of decline (95% CI) P trend

All patients �1.25 (0.11) �2.62 (0.11) 1.36 (1.06, 1.66) 0.159
Non-frail (<0.21) �1.27 (0.21) �2.32 (0.21) 1.05 (0.47, 1.62)
Mild frailty (0.21 to <0.3) �1.25 (0.18) �2.73 (0.17) 1.47 (0.98, 1.96)
Moderate frailty (0.3 to <0.4) �1.55 (0.22) �2.73 (0.22) 1.18 (0.57, 1.80)
Severe frailty (≥0.4) �0.79 (0.30) �2.80 (0.32) 2.01 (1.16, 2.85)

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalization for heart failure;
HR, hazard ratio.

Figure 2 Primary outcome by frailty index (treatment arms combined).
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tients had a higher likelihood of being in a lower FI cate-
gory at Weeks 12, 32 and 52, odds ratio: 1.12 [95% confi-
dence interval, CI, 1.01–1.24], 1.21 [1.09–1.34] and 1.20
[1.09–1.33] at Week 12, 32 and 52; P = 0.030, <0.001
and <0.001, respectively (Table 3). In a responder analysis,
we saw a significant difference in the proportion of sub-
jects who had a ≥1 class improvement in FI category be-
tween baseline and Week 12 in favour of the empagliflozin
group compared with placebo (odds ratio: 1.13 [95% CI
1.00–1.28], P = 0.046), but there was no significant differ-
ence in the proportion of subjects who had a ≥1 class de-

terioration in FI category over the same time period. At
Week 32, both ≥1 class improvement and ≥1 class deterio-
ration in FI statistically significantly favoured empagliflozin
compared with placebo, odds ratio for ≥1 class improve-
ment: 1.15 [95% CI 1.01–1.30], P = 0.035 and odds ratio
for ≥1 class deterioration: 0.80 [95% CI 0.69–0.91],
P = 0.001. Similar significant differences were seen at Week
52 (Figure 4), which presents the odds ratios for empagli-
flozin versus placebo for a ≥1 class improvement in FI or
a ≥1 class deterioration in FI from baseline to three time
points in follow-up.

Figure 3 Total hospitalizations for heart failure by frailty index (treatment arms combined).

Table 3 Effect of empagliflozin versus placebo: Frailty status over time

Empagliflozin (N = 2997) Placebo (N = 2991) Empagliflozin versus placebo

P valuen (%) n (%) Odds ratio (95% CI)

Week 12 N = 2934 N = 2907
Non‐frail 951 (32.4) 914 (31.4) 1.12 (1.01, 1.24) 0.030
Mild frailty 1044 (35.6) 1050 (36.1)
Moderate frailty 606 (20.7) 594 (20.4)
Severe frailty 333 (11.3) 349 (12.0)

Week 32 N = 2800 N = 2791
Non‐frail 927 (33.1) 844 (30.2) 1.21 (1.09, 1.34) <0.001
Mild frailty 927 (33.1) 958 (34.3)
Moderate frailty 568 (20.3) 569 (20.4)
Severe frailty 378 (13.5) 420 (15.0)

Week 52 N = 2710 N = 2695
Non‐frail 855 (31.5) 794 (29.5) 1.20 (1.09, 1.33) <0.001
Mild frailty 898 (33.1) 879 (32.6)
Moderate frailty 566 (20.9) 615 (22.8)
Severe frailty 391 (14.4) 407 (15.1)

Abbreviation: CI, confidence interval.
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Safety analyses

As expected, AEs increased with increased frailty grades.
Especially for SAEs, the incidence significantly increased in
the mild/moderate/severe frailty categories compared with
the non-frail group. For some specific AEs, which are consid-
ered to be important for SGLT2 inhibitors such as UTI, genital
infection and hypotension, the incidence tended to be higher
in empagliflozin, but the P trend values were not significant
(Table 4).

Discussion

In this post hoc analysis of the EMPEROR-Preserved trial, we
report several key findings.

First, this analysis confirms the high frequency of frailty in
HFpEF and that an increasing severity of frailty was associ-

ated with female gender, higher BMI and SBP, lower eGFR,
higher NT-proBNP and higher NYHA class III–IV, although
the age effect was not marked, perhaps because in this trial
of HFpEF, very elderly frail patients were not so frequently re-
cruited. Despite this, there was a very high rate of frailty
overall; previous reports using similar Rockwood cumulative
deficit FI scores showed frailty rates (defined as rates of
FI ≥ 0.21) of 50% in HFrEF16 and 55–62% in HFpEF,18,23 com-
pared with 74.7% in EMPEROR-Preserved.

In the DELIVER trial, 38% of patients were considered
non-frail (FI < 0.21) and in PARAGON-HF, it was 45%,
whereas in our report of EMPEROR-Preserved, this propor-
tion was only 25.3%; therefore, with a frailty rate of nearly
75%, this study recruited considerably more frail patients
compared with the previous two large HFpEF trials. This
increased severity of frailty was the reason for us to
define in this analysis four classes and introduce a category
of highest frailty (FI ≥ 0.40) that constituted 14.6% of our
patients compared with the worst frailty class in DELIVER

Figure 4 Effect of empagliflozin versus placebo ≥1 class improvement or deterioration in frailty index over time. Frailty index was calculated using 41
variables that were available during follow-up.

Table 4 Adverse events according to baseline frailty index categories

Non-frail Mild frailty Moderate frailty Severe frailty

P
trend

Empagliflozin
(N=770)

Placebo
(N=743)

Empagliflozin
(N=1015)

Placebo
(N=1084)

Empagliflozin
(N=745)

Placebo
(N=756)

Empagliflozin
(N=466)

Placebo
(N=406)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Any adverse event 624 (81.0) 597 (80.3) 856 (84.3) 924 (85.2) 666 (89.4) 680 (89.9) 428 (91.8) 384 (94.6) 0.208
Serious adverse
events

282 (36.6) 289 (38.9) 443 (43.6) 534 (49.3) 409 (54.9) 446 (59.1) 302 (64.8) 274 (67.5) 0.889

Acute renal
failure

52 (6.8) 59 (8.0) 103 (10.1) 115 (10.6) 125 (16.8) 119 (15.8) 83 (17.8) 91 (22.4) 0.685

Urinary tract
infections

48 (6.2) 51 (6.9) 95 (9.4) 69 (6.4) 86 (11.5) 77 (10.2) 68 (14.6) 46 (11.3) 0.339

Genital infections 12 (1.6) 2 (0.3) 20 (2.0) 8 (0.7) 22 (3.0) 3 (0.4) 13 (2.8) 9 (2.2) 0.163
Lower limb
amputations

0 (0) 2 (0.3) 5 (0.5) 2 (0.2) 4 (0.5) 8 (1.1) 3 (0.6) 5 (1.2) NC

Bone fractures 28 (3.6) 25 (3.4) 36 (3.5) 46 (4.2) 44 (5.9) 34 (4.5) 26 (5.6) 21 (5.2) 0.582
Hypoglycaemia 11 (1.4) 10 (1.3) 15 (1.5) 22 (2.0) 26 (3.5) 24 (3.2) 21 (4.5) 22 (5.4) 0.837
Symptomatic
hypotension

34 (4.4) 33 (4.4) 56 (5.5) 51 (4.7) 66 (8.9) 36 (4.8) 41 (8.8) 36 (8.9) 0.582

Hypotension 61 (7.9) 57 (7.7) 94 (9.3) 85 (7.8) 95 (12.8) 63 (8.3) 61 (13.1) 52 (12.8) 0.592

Abbreviation: NC, not calculated.
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(FI > 0.31) that represented 23.8% of their patients. In our
report, 39.7% of patients had an FI of ≥0.30. Thus, the
present report is more informative of more marked frailty
severity HFpEF patients, because it recruited more patients
with severe frailty compared with previous reports. This
increase of the classic FI intervals from three to four classes
is justifiable given that patients were older and with more
co-morbidity and in order to grade degrees of severity be-
yond the typical highest 0.30 cut-off; however, this variation
may require future validation in a similarly very frail group
in future HFpEF trials as the FI has typically only been
assessed using three classes of FI.

Second, we demonstrate the significant impact of frailty in
HFpEF on poor QoL and on the incidence of subsequent
adverse clinical outcomes. The KCCQ-CSS at baseline of
87.8 ± 10.4, 77.3 ± 13.9, 61.4 ± 16.2 and 39.1 ± 14.0 in the
four FI categories were substantially lower and covered a
considerably wider range of severity than reported in the
three categories used in the DELIVER analysis (75.3 ± 18.5,
67.9 ± 20.0 and 57.9 ± 20.6) or in previous PARAGON-HF
and DAPA-HF frailty analyses, demonstrating the greater se-
verity of frailty in this report.

For the entire trial cohort, the primary outcome of time to
first CV death or HHF was significantly related to frailty with
increasing frailty being associated with higher risk of primary
events. A similar relationship was seen between frailty sever-
ity and the key secondary endpoints of total HHF and slope of
decline in eGFR; also, the secondary endpoint of composite
renal endpoint did significantly increase with increasing
frailty severity. These results confirm the major clinical im-
pact of frailty severity in HF and extend them to a second
positive outcome trial in HFpEF. In the DELIVER trial, it was
noted that renal AEs increased in frequency as FI increased,
suggesting a possibly similar impact of frailty on adverse kid-
ney outcomes in this trial as well.18

Third, we made important observations on the treatment
effects of empagliflozin across the wider range of frailty
severity than seen in previous reports of SGLT2 inhibitors,
giving us greater confidence that empagliflozin maintains its
clinical benefits even in very severely frail HFpEF patients
and in those with a very poor initial QoL as assessed by KCCQ.
Frailty is reported to be a significant predictor for HF
progression, and the vicious cycle between frailty and HF
has been reported in the literature, so an effective therapy
in high-risk HFpEF patients, irrespective of frailty severity, is
of clinical benefit for an underserved population, who other-
wise are considered high risk for multiple proposed therapies
and interventions.24,25

KCCQ is a well-detailed measurement of the QoL of HF
patients, and one reported to be correlated with
prognosis.26,27 As previously suggested, increased frailty
was associated with worse baseline KCCQ scores and also
worse outcomes. Compared with placebo, empagliflozin con-
sistently increased KCCQ score across FI categories even in a

trial with more severe frailty than was reported in the DE-
LIVER or PARAGON trials. The beneficial effect of empagliflo-
zin on HHF has the capacity to favourably affect the compo-
nents of symptom frequency/burden/physical limitation and
may explain in part the consistent improvement in KCCQ
assessed QoL. It should be considered whether using KCCQ
scores causes the improved FI seen in this report, which
we need to consider both from the conceptual basis of
whether it is appropriate to present KCCQ as part of the
FI, given that we have previously already reported the ef-
fects on KCCQ,28 and from the perspective of whether the
KCCQ change is the primary driver of the improved FI. De-
spite the fact that the effects on KCCQ in
EMPEROR-Preserved have already been reported, we be-
lieve it is still appropriate to use patient-reported outcomes
(in the form of KCCQ) in generating an FI as patient symp-
tomatology and patient-reported limitations are an impor-
tant aspect of deriving a cumulative deficits FI. With regard
to the question of whether the KCCQ change is the sole
cause for the improved, we tested this assumption by per-
forming a sensitivity analysis excluding all 15 KCCQ items
from our FI, and there was still a significant effect of empa-
gliflozin on the trends in FI seen at Weeks 32 and 52 with a
similar trend at Week 12, although no longer statistically sig-
nificant at week 12 (results not shown).

We utilized 15 of the 23 items of KCCQ in our 44-item FI, in
a similar way as was done for the TOPCAT frailty analysis pa-
per where KCCQ contributed 15 of the 39 measures included,
whereas the DAPA-HF analysis used only EQ-5D (which con-
tributed only 5 of the 32 measures included). There is a sys-
tematic difference between DAPA-HF (and DELIVER) frailty
papers, which used only 5 of 32 (or 30) patient-reported
items in their FI, representing only 15.6–16.7% of the FI, com-
pared to our analysis (34%), TOPCAT (38%) and the analysis of
frailty in PARADIGM-HF and ATMOSPHERE, which also used
KCCQ, as 15 of the 42 items used (36%).

In terms of safety, as in previous reports, the side effect
event rate of the SGLT2 inhibitor increased as frailty
worsened.25 Especially severe AEs were significantly in-
creased in all frailty categories compared with the non-frail
group, and in some specific AEs such as UTI/genital infection,
the incidence tended to be higher in patients randomized to
empagliflozin, but the P trend value was not significant. The
benefit of empagliflozin on rates of HHF may have reflected
a better clinical stabilizing effect in these HFpEF patients’ con-
dition in terms of AE incidence.

Lastly, there was a statistically and clinically important
improvement compared with placebo assessed by a propor-
tional odds model and responder analysis for ≥1 class im-
provement/deterioration at each assessed time point. Sev-
eral previous reports have suggested that not only baseline
FI but also its change is associated with an increased risk of
mortality and hospitalization,29,30 regardless of age, and so
this effect of empagliflozin may be useful.
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Strengths and limitations

Strengths of this report include its large sample size in a pro-
spective study as part of a clinical trial evaluating a therapy
that is both effective in HFpEF but also one for which concern
had been expressed about the possibility of worsening frailty
status. The FI is an established method used in previous
studies, and therefore, the current results can be compared
with previous studies, which have used a similar approach
to assess frailty. On the other hand, its limitations must also
be recognized.

Limitations include the fact that the patients included in
this analysis were those selected for a clinical trial and
therefore not fully representative of the general population
and that this was a post hoc analysis and not prespecified
in advance. The cut-off values of FI of 0.3 and 0.4 investigated
in this paper have not been validated fully in literature, and
the applicability of these cut-off values should be investi-
gated in future studies. The follow-up period in EMPEROR-
Preserved was not long (26 months), and longer chronologi-
cal changes in frailty cannot therefore be guaranteed.
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