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Abstract

Objective To evaluate the comparative effects of dapagliflozin versus placebo in patients with heart failure (HF), focusing
on functional capacity, symptoms, and safety outcomes.

Background Despite advancements in heart failure (HF) therapy, HF is still a significant cause of recurrent hospitalization
and death worldwide. Dapagliflozin has demonstrated potential in lowering hospitalizations and mortality associated with
heart failure; however, its impact on functional capacity, particularly the 6-min walk distance (6MWD), and the comprehen-
sive assessment of safety outcomes in diverse HF populations, including those with preserved or reduced ejection fraction
(HFpEF and HFrEF, respectively), requires further investigation.

Methods PubMed, Web of Science, Cochrane Library, and Scopus databases were comprehensively searched to identify
randomized controlled trials (RCTs) investigating the efficacy of dapagliflozin in comparison with control interventions for
heart failure. The primary outcome was a change in the 6MWD, KCCQ score, and safety measures included hospitalization,
all-cause mortality, and adverse events.

Results In our meta-analysis of ten studies involving 12,695 patients with heart failure, dapagliflozin showed significantly
improved Kansas City Cardiomyopathy Questionnaire (KCCQ) scores [risk ratio (RR) of 2.75, 95% confidence interval (CI)
(1.95-3.569), p < 0.00001] and no significant differences in 6-min walk distance [6MWD; RR of 3.59, 95% CI (— 1.44 to
8.63), p = 0.16]. Dapagliflozin demonstrated a notable reduction in hospitalization for heart failure [RR of 0.76, 95% CI
(0.68-0.84), p < 0.00001], significant overall reduction on the effect of any cause mortality [RR of 0.90, 95% CI (0.83-0.99),
p = 0.03). There was, however, no significant effect on adverse events [RR of 0.96, 95% CI (0.98-1.03), p = 0.39).
Conclusions Our meta-analysis of ten trials concluded that dapagliflozin significantly improved KCCQ scores in both HFrEF
and HFpEF. The improvement in 6 MWD was not statistically significant but trended toward dapagliflozin. Dapaglifiozin also
showed a mortality benefit in patients with reduced ejection fraction; however, in patients with preserved ejection fraction,
the result was not statistically significant. There was also a statistically significant reduction in heart failure hospitalizations
across all classes.

1 Introduction SGLT-2 inhibitors have been demonstrated to lower the
likelihood of heart failure-related hospitalization in patients

Despite the implementation of established therapies, heart fail- ~ With T2DM [4-7].

ure (HF) remains a prlmary cause of recurring hospital admis- SGLT?2 inhibitors have been identified in two large trials

sions and mortality worldwide [1]. The poss]b]hty of deve]()ping that included ambulatory patients with heart failure with

HF and its consequences, including mortality, increases in the ~ reduced ejection fraction (HFrEF) to have been effective in

presence of type 2 diabetes mellitus (T2DM) [2, 3]. reducing hospitalizations for worsening heart failure (and
other episodes of heart failure exacerbation), as well as the

risk of death from cardiovascular events [8, 9].
Two more trials have revealed a parallel benefit associated

D< Basilio Addo with SGLT?2 inhibitors in patients suffering from heart fail-
basilioaddo@yahoo.com ure with preserved ejection fraction (HFpEF). The combined

. . : ) analysis of these four trials consistently demonstrates favora-
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Medical Center, 1199 Prince Avenue, Athens, GA 30606, € outcomes across the whole range of ejection fractions
USA [10-13]. The results of these studies led to the integration
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Dapagliflozin improved the functional capacity in
patients with heart failure across all classes, with
improvement in KCCQ scores in these patients.

Dapagliflozin showed a trend toward improving 6MWD;
however, the results were not statistically significant.

Dapaglifiozin showed a reduction in mortality in patients
with HFrEF.

Dapaglifiozin significantly reduced hospitalizations in all
classes of patients with heart failure.

of SGLT-2 inhibitors as recommended medications for heart
failure by the ACC/AHA/HFSA throughout the spectrum
[14].

Improving symptoms and functional capacity are additional
objectives in therapeutic interventions for heart failure, which
are considered necessary by both patients and regulatory agen-
cies [15, 16]. Symptom improvement has been observed in
patients with HFrEF and HFpEF treated with SGLT?2 inhibitors,
as measured by the patient-reported Kansas City Cardiomyopa-
thy Questionnaire (KCCQ). However, the persistent beneficial
effects on objective markers of physical function have not been
commonly recognized [8-11, 17-20].

Regarding physical activity, particularly the 6-min walk
distance (6MWD), different studies reported diverse out-
comes. The EMPERIAL-Reduced, EMPERIAL-Preserved
found no benefit of empagliflozin with regards to improve-
ment in symptoms as assessed by the 6MWD and KCCQ
scores. [18]. In contrast, the PRESERVED-HF trial dem-
onstrated a significant increase in 6 MWD and improvement
in KCCQ scores with dapagliflozin over the same period in
patients with HFpEF [19]. Furthermore, 6MWD increase
was not reproduced in the smaller HFrEF trial, DEFINE-
HF [17].

These findings highlight conflicting results in 6 MWD and
KCCQ. A recent large randomized controlled trial (RCT) on
the effect of dapagliflozin with regards to symptoms in heart
failure casts a new spotlight on this. In addressing a notable
gap in the existing research and emphasizing the need to
reconcile conflicting findings related to the impact of SGLT2
inhibitors on 6 MWD and KCCQ scores, it is appropriate to
have an updated systematic review. This systematic review
and meta-analysis aimed to assess the comparative effects of
dapagliflozin versus placebo in patients with heart failure,
with a primary focus on functional capacity and physical
activity including 6MWD and KCCQ score. Additionally,
we will examine the safety outcomes, including all-cause
mortality and HF hospitalization.
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2 Methods
2.1 Eligibility Criteria

This meta-analysis included all randomized clinical trials
that met our PICO criteria: population participants (P):
individuals with heart failure, including those with either
preserved or reduced ejection fraction; intervention (I):
dapagliflozin plus standard therapy; comparator (C): stand-
ard therapy; outcomes (O): change in 6 MWD, KCCQ score,
any-cause mortality, hospitalization for heart failure, and
adverse events.

2.2 Information Sources and Search Strategy

The PubMed, Scopus, Web of Science, and Cochrane
Library databases were searched until January 2024. The
primary search terms were as follows (Dapagliflozin OR
“Farxiga” OR “BMS512148” OR “BMS-512148”) AND
(“Heart failure” OR “Cardiac Failure” OR “Heart Decom-
pensation” OR “Systolic heart failure” OR “Diastolic heart
failure” OR “Myocardial Failure” OR “Heart Insufficiency”
OR HFrEF or “Heart failure with reduced ejection frac-
tion” OR HFpEF OR “heart failure with preserved ejection
fraction”).

2.3 Selection Process:

Duplicates were eliminated using the EndNote software
(Clarivate Analytics, PA). The obtained references were
evaluated using two screening steps: the first involved a rel-
evance assessment of the titles and abstracts and the second
involved a full-text article screening of the selected abstracts
to establish final eligibility for quantitative analysis. Two
reviewers (B.A. and S.1.) independently performed title and
abstract screening. Conflicts were resolved through a third
author (W.A.). The selection procedure was conducted using
Rayyan website, an online software that helps to expedite
the initial screening of abstracts and titles and synthesize
multiple RCTs [22].

2.4 Data Extraction

A predesigned extraction sheet was used to collect the fol-
lowing data: baseline characteristics [age, gender status
(male), body mass index, and medical comorbidities such
as hypertension and diabetes mellitus]; summary charac-
teristics (study design, country, number of participants in
each group, inclusion criteria, and duration of follow-up);
outcome data (change in 6MDW, KCCQ score, any cause
mortality, hospitalization for heart failure, any adverse
events)
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2.5 Risk of Bias and Quality Assessment

The revised Cochrane risk-of-bias tool for RCTs (ROB2)
was used to evaluate the risk of bias in the included clinical
trials was used [23]. This evaluation consistently assessed
the randomization process, concealment of the allocation
sequence, deviations from the intended interventions, uti-
lization of appropriate analysis to estimate the effect of
assignment to the intervention, measurement of the outcome,
selection of the reported results, and overall risk of bias.
Assessment of the methodological quality of the studies was
classified as low risk, some concerns, or high risk of bias.

2.6 Statistical Analysis

RevMan v5.3 was used to conduct the statistical analysis
[24]. The risk ratio (RR) was used to synthesize dichoto-
mous outcomes, and the mean difference (MD) with
95% confidence interval (CI) was used to pool continu-
ous outcomes. Chi-square and I? tests were both used in
the assessment of heterogeneity. The I test measured the
degree of heterogeneity, while the chi-square test was used
to determine whether heterogeneity existed. The Cochrane
Handbook’s (chapter nine) [25] interpretation of the P is
as follows: heterogeneity is not significant for percentages
0-40, moderate for percentages 30—60, significant for per-
centages 50-90, and significant for percentages 75—100. For
the Chi-square test to identify significant heterogeneity, the
alpha level must be less than 0.1. Leave-one-out sensitivity
analysis was used to resolve heterogeneity by methodically
removing each study from the pooled analysis.

3 Results
3.1 Literature Search Results

Our literature search resulted in 1201 records After remov-
ing duplicates using EndNote (Clarivate Analytics, Phila-
delphia, PA), we refined the dataset to 1047 records for
further screening. Following a thorough full-text screen-
ing, we identified ten randomized controlled trials (RCTs)
that matched the inclusion criteria for our meta-analysis, as
shown in (Fig. 1). This meta-analysis was reported in com-
pliance with the Preferred Reporting Items for Systematic
Reviews and Meta- Analysis (PRISMA) statement [26].

3.2 Characteristics of the Included Studies

In our comprehensive meta-analysis, we incorporated
ten studies [8, 11, 17, 19, 21, 25, 27-31], encompassing

a sizable population of 12,695 individuals presenting
with heart failure. This study included patients with both
reduced ejection fraction (HFrEF) and preserved ejection
fraction (HFpEF), all of whom received dapagliflozin in
comparison with a control group receiving either placebo
or standard therapy. The dapagliflozin group comprised a
large number of participants (n = 6350), whereas the con-
trol group consisted of 6345 participants. Two studies [8,
31] initially focused on patients with chronic kidney disease
(CKD) or type 2 diabetes but were incorporated based on
their preplanned analysis of outcomes concerning the pres-
ence of heart failure at baseline. The primary outcomes were
changes in 6-min walk distance (60 MWD) and Kansas City
Cardiomyopathy Questionnaire (KCCQ) scores. The second-
ary outcomes were all-cause mortality, hospitalization for
heart failure, and adverse events. A summary of the included
studies and the baseline characteristics of the participants are
provided in Table 1 and Table 2, respectively.

3.3 Risk of Bias Assessment

According to the Cochrane RoB2, nine randomized clini-
cal trials had an overall some concern risk of bias and two
studies had a low risk of bias, as shown in the risk of bias
graph (Fig. 2)

3.4 Primary Outcome:
3.4.1 Changes in 6-min walk distance (6MWD)

The overall analysis did not show a significant difference in
changes in 6-min walk distance (6MWD) between the dapa-
gliflozin and control groups [RR of 3.59, 95% confidence
interval (CI) (— 1.44 to 8.63), p = 0.16). Pooled analysis
demonstrated homogeneity (I = 37%, p = 0.17). Regarding
subgroup analysis, no significant difference in changes in
6MWD was observed between the dapagliflozin and control
groups for patients with HFpEF and HFrEF [RR = 0.87,
95% CI (- 5.68 to 7.42), p = 0.79] and [RR of 7.52, 95% CI
(— 0.35 to 15.39), p = 0.06, respectively] (Fig. 3).

3.4.2 Changes in Kansas City Cardiomyopathy
Questionnaire (KCCQ) Scores

The overall analysis demonstrated a statistically significant
improvement in (KCCQ) scores for patients receiving dapa-
gliflozin compared with the control group [RR of 2.75, 95%
CI (1.95-3.56), p < 0.00001]. Pooled analysis demonstrated
homogeneity (I = 0%, p = 0.81). In the subgroup analysis,
the improvement in the KCCQ score was noticed in both
heart failure groups. In the HFpEF group, the improvement
in KCCQ score was associated with a RR of 1.76, 95% CI
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Fig.1 PRISMA flow diagram
of the study selection process.
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(0.18-3.33), p = 0.03, while in the HFrEF group when com-
pared with placebo, RR of 3.10, 95% CI (2.17-4.04), p <
0.00001 (Fig. 4).

3.5 Secondary Outcome

3.5.1 Hospitalization for HF

The analysis revealed a significant reduction in the risk of
hospitalization for heart failure in patients receiving dapagli-
flozin compared with that in the control group [RR = 0.76,
95% CI (0.68-0.84), p < 0.00001). Pooled analysis demon-
strated homogeneity (/> = 0%, p = 0.86) (Fig. 5).

3.5.2 Any Cause of Mortality

The overall analysis also revealed a statistically significant

difference in the all-cause mortality between dapagliflozin
and control groups [RR = 0.90, 95% CI (0.83-0.99), p =

A\ Adis

0.03). Pooled analysis demonstrated homogeneity (I* = 0%,
p = 0.87). In the subgroup analysis, the reduction in all-
cause mortality was also observed in the HFrEF group. In
the HFrEF subgroup, when compared with placebo, RR of
0.84, 95% CI (0.72-0.97), p = 0.02. This mortality benefit
was not seen in the HFpEF group, when compared with pla-
cebo [RR = 0.94, 95% CI (0.84-1.06), p = 0.31) (Fig. 6).

3.5.3 Any Adverse Events

The overall analysis demonstrated no statistically signifi-
cant reduction in the risk of adverse events in patients
receiving dapagliflozin compared with the control group
[RR 0of 0.98, 95% CI (0.93-1.03), p = 0.39]. Pooled analy-
sis demonstrated homogeneity (I* = 6.9%, p = 0.30). The
subgroup analysis did not reveal a significant difference
between the two groups for patients with HFrEF and
HFpEF ([RR = 1.03, 95% CI (0.92-1.16), p = 0.61] and
[RR =0.96, 95% CI (0.91-1.02), p = 0.17], respectively)
(Fig. 7).
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Dapagliflozin on Functional Capacity, Symptoms and Safety Outcomes in HF

Table 2 Characteristics of the study populations

(a)
Study ID Group Number Age, years Male, n (%) Race Body mass index  HT, n (%)
(kg/m?)
Amiguet 2023  DAP 45 69.8 (62.4-74)  35(77.8) N/A 273 +44 33 (73.3)
PLA 42 67.5 (60.1-74.3) 31 (73.8) 283 +43 34 (81)
Ibrahim 2020  DAP 50 62.02 + 8.8 28 (56%) N/A 2778 +2.3 N/A
PLA 50 60.64 + 9.9 26 (52%) 28.23 +3.3 N/A
McMurray 2019 DAP 2373 662+ 11.0 1809 (76.2%) White, Black, 282+ 6.0 N/A
PLA 2371 66.5 + 10.8 1826 (77%)  Asian, other 28.1+59 N/A
McMurray 2021 No heart failure 3,836 61.4 (12.3) 2580 (67.3%) White, Black or 292+6 3,658 (95.4%)
Heart failure 468 65.3 (12.1) 299 (63.9%)  African Ameri- 317,638 463 (98.9%)
can, Asian, other
McMurray 2023 DETERMINE- DAP 156 69 (62, 76) 111 (71.2) White, Black, other 28 (24, 34) N/A
Reduced PLA 157 69 (60, 76) 122 (77.7) 29 (24, 33) N/A
DETERMINE- DAP 253 73 (67,78) 162 (64.0) 29 (25, 34) N/A
Preserved PLA 251 73(73,79) 158 (62.9) 28 (25, 33) N/A
Nassif 2019 DAP 131 622+ 11.0 95(72.5%)  White, African 30.7(27.3,359)  N/A
PLA 132 60.4 + 12.0 98 (74.2%) American 30.6 (27.6,364  N/A
Nassif 2021 DAP 162 69 (64, 77) 70 (43.2%)  White, African 35.1(30.4,41.8)  N/A
PLA 162 71 (63, 78) 70 (43.2%) American 34.6(29.7,404)  N/A
Palau 2022 DAP 45 69.8 (62.4-74.0) 35 (77.8) N/A 273 +44 33 (73.3)
Borlaug 2023  DAP 21 67 (9) 7 (33%) N/A 35.0(7.2) 14 (67)
PLA 17 67 (9) 6 (35) 345 (5.7) 10 (59)
(b)
Study ID Group DM, n (%) AF, n (%) HR (bpm) SBP (mm LVEF (%) History of eGFR (ml/
Hg) IHD, n (%) min/1.73 m?)
Amiguet DAP 16 (35.6) 26 (57.8) 70 (60-80) 120 (110~  35.4(30.2-37.7) 27 (60) 64.1 +20.7
2023 124)
PLA 13 (28.9) 23 (54.8) 71 (63-83) 1175 35.4(30-37.9) 21 (50) 68.8 +23
(110-130)
Ibrahim DAP N/A N/A N/A 110.74 + Mean + SD: N/A
2020 12.51 32.54 £2.99
PLA N/A N/A N/A 27.78 +2.3 Mean + SD: N/A
3223 +2.49
McMurray ~ DAP 993 (41.8) 916 (38.6) 71.5+11.6 122.0+16.3 Mean+ SD:31.2 1316 (55.5) 66.0 + 19.6
2019 +6.7
PLA 990 (41.8) 902 (38.0) 715+ 11.8 121.6+ 163 Mean + SD: 30.9 1358 (57.3) 65.5+ 19.3
+6.9
McMurray ~ No Heart 2,545 (66.3%) 138 3.6%) 73.1+11.7 1369+17.6 N/A N/A > 60 mL/
2021 Failure min/1.73
m’ =403
(10.5)
45-59 mL/
min/1.73
m2 = 1187
(30.9)
30-44 mL/
min/1.73
m? = 1694
442)
<30mL/
min/1.73
m?=552
(14.4)
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B. Addo et al.

Table 2 (continued)

(®)

Study ID Group DM, n (%) AF,n (%)  HR(bpm) SBP(mm  LVEF (%) History of  eGFR (ml/
Hg) IHD, n (%) min/1.73 m?)
Heart Fail- 361 (77.1%) 89 (19.0%) 713 +9.7 1389+159 N/A N/A > 60 mL/
ure min/1.73
m?=51
(10.9)
45-59 mL/
min/1.73
m? = 141
(30.1)
30-44 mL/
min/1.73
m? = 204
(43.6)
<30 mL/
min/1.73
m>=72
(15.4)
McMurray ~ DETER- DAP 72 55(35.3) N/A 114 (104, 30 (24, 35) N/A 60 (47, 74.6)
2023 MINE- (46.2) 132)
Reduced  pp A 73 62 (39.5) N/A 115 (106, 29 (23, 35) N/A 62 (50, 79)
(46.5) 126)
DETER- DAP 109 137 (54.2) N/A 128 (116, 50.0 (45, 59) N/A 57 (44, 72)
MINE- 43.1) 137)
Preserved  pp A 111 125 (49.8) N/A 128 (116, 53 (45, 60) N/A 58 (46, 72)
(44.2 140)
Nassif 2019 DAP 81 (61.8%) 57 (43.5%) 722+ 124 1223 +£20.1 27.2+8.0% 70 (53.4%) 66.9 +21.1
PLA 85 (64.4%) 49 (37.1%) 71.8+ 113 1248 £21.6 25.7 +8.2% 69 (52.3%) 712 +23.1
Nassif 2021 DAP 90 (55.6%) 82 (50.6%) 70 (61,77) 134 (120, 60 (55, 65) 32 (19.8%) 56 (42, 69)
152)
PLA 91 (56.2%) 89 (54.9%) 68 (62,75) 132 (118, 60 (54, 65) 31(19.1%) 54 (41, 69)
148)
Palau 2022  DAP 16 (35.6) 26 (57.8) 70 (60-80) 120 (110-  N/A 27 (60.0) 64.1 +20.7
124)
PLA 13 (28.9) 23 (51.1) 71 (63-83) 118 (110- 22 (48.9) 69.4 + 23
130)
Singh 2020  DAP 28 (100%) N/A N/A N/A N/A N/A 72
PLA 28 (100%)
Solomon DAP 1401 (44.7) 227/1327 N/A <128mm  54.0+8.6 N/A 61+19
2022 (AF at Hg =
enroll- 280/1568
ment) > 128 mm
Hg =
232/1563
PLA 1405 (44.9) 271/1317 <128mm  54.3+89 61+19
(AF at Hg =
enroll- 300/1590
ment) > 128 mm
Hg =
310/1542
Wiviott 2019 DAP 8582 (100%) N/A N/A 135.1+15.3 N/A 2824 (32.9) 854 +158
PLA 8578 (100%) 134.8+15.5 2834 (33.0) 85.1 +16.0
Borlaug DAP 6 (29) 8 (38) N/A N/A 61 (6) 4(19) 71 (17)
2023 PLA 1(6) 6 (35) 63 (6) 5(29) 73 (16)
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Dapagliflozin on Functional Capacity, Symptoms and Safety Outcomes in HF

Table 2 (continued)

©

Study ID  Group

NT-proBNP (pg/mL)

NYHA
class II

NYHA
class IIT

NYHA
class IV

DAP regimen

Medical treat-
ment

Time frame

Amiguet
2023

Ibrahim
2020

DAP
PLA

DAP
PLA

McMurray DAP

2019

McMurray No HF

2021

PLA

HF

1085 (889-1688)
1839 (924-2416)

N/A
N/A

1428 (857-2655)

1446 (857-2641)

N/A
N/A

41 (91.1)
37 (88.1)

N/A
N/A

1606
(67.7)

1597
(67.4)

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

747 (31.5) 20 (0.8)

751 (31.7) 23 (1.0)

N/A
N/A

N/A
N/A

N/A

DAP 10 mg
QD

DAP 10 mg
QD

DAP 10 mg
QD

Loop diuret-
ics

ARNI

MRA

ACEI/ARB/
ARNI

Diuretics
(Furo-
semide),
Anti-HF
treatment
(ACEY/
ARB,
B-blocker,
MRA,
ivrabra-
dine),
Insulin

Diuretic
ACEI
ARB
ARNI
Digitalis
MRA
Beta-blocker
Insulin
GLP-1 RA
DPP-4 inhibi-
tor
Sulfonylurea
Biguanide

Beta-blocker
Diuretic
MRA
ACEI/ARB/
other RAS
blocker
Digitalis
glycoside
Hydralazine
CCB
Antiplatelet
Statin
Other lipid-
lowering
therapy
Insulin
GLP-1 RA
DPP-4 inhibi-
tor
Sulfonylurea
Biguanide

3 months
after ini-
tiation of
treatment.

From
admis-
sion till
discharge

A median
of 18.2
months

A median of
2.4 years
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Table 2 (continued)

(©
Study ID  Group NT-proBNP (pg/mL) NYHA NYHA NYHA DAP regimen Medical treat- Time frame
class II class II1 class IV ment
McMurray DETER-  DAP 1426 (715, 130(83.3) 25(16.0) 1(0.6) DAP 10mg  ACEI 16 weeks
2023 MINE- 2561) QD ARB
Reduced  ppa 1224 (650, 125(79.6) 32(20.4) 0 ARNI
1921) ACEI/ARB
DETER-  DAP 850 (462, 205 (81.0) 48(19.0) 0 ACEVARB/
MINE- 1607) ARNI
Pre- PLA 716 (397, 216(86.4 34(13.6) O peu blockers
served 14g7 ’ (86. (13.6) MRA
) Diuretic
Nassif DAP 1136 (668, 2465) 91 (69.5%) 40 N/A DAP 10 ACEI/ARB 12 weeks
2019 (30.5%) mgQDin  ARNI
PLA 1136 (545, 2049) 82 (62.1%) 50 N/A additionto  Beta-blockers
(37.9%) guideline Hydralazine
directed Long-acting
standard of nitrates
care therapy MRA
Loop diuret-
ics
Digoxin
Lipid-lower-
ing agents
Anticoagulant
agent
Insulin
GLP-1RA
DPP-4 inhibi-
tor
Sulfonylurea
Metformin
Nassif DAP 641 (373, 1210) 96 (59.3%) 65 (40.1%) DAP 10mg  ACEI/ARB 12 weeks
2021 QD ARNI
PLA 710 (329, 1449) 90 (55.6%) 72 (44.4%) Beta-blockers
MRA
Loop diuretic
Lipid-lower-
ing agents
Anticoagulant
agents
Palau 2022 DAP 1085 (889-2100) NYHA class II/IV = 39 (86.7) DAP 10mg  Loop diuretic 3 months
PLA 1620 (889-2328) NYHA class I/IV = 41 (91.1) QD ACEVARB/
ARNI
ARNI
MRA
Beta-blockers
Singh DAP N/A 87.5% N/A N/A DAP 10mg N/A 1 year
2020 PLA were in QD on top
NYHA of usual
class I therapy
or II
Solomon  DAP < 1011 pg/mL = 173/1555 2314 807 (25.8) 10(0.3) DAP 10mg  N/A A median of
2022 > 1011 pg/mL = 339/1576 (73.9) QD on top 2.3 years
PLA <1011 pg/mL = 208/1578 2399 724 (23.1) 8(0.3) of usual
> 1011 pg/mL = 402/1553 (76.6) therapy
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Table 2 (continued)

(©

Study ID  Group NT-proBNP (pg/mL) NYHA

class II

NYHA Time frame

class IIT

NYHA
class IV

Medical treat-
ment

DAP regimen

DAP
PLA

Wiviott N/A N/A

2019

DAP
PLA

235 (102, 394)
118 (76, 226)

7(33)
5(29)

Borlaug
2023

N/A N/A DAP 10 mg  Insulin Patients
QD GLP-1 RA were fol-
DPP-4 inhibi-  lowed for
tor a median
Sulfonylurea of 4.2
Metformin years
Antiplatelet
agents
ACEI/ARB
Beta-blocker
Statin or
ezetimibe

Diuretics
DAP 10mg  ACEI/ARB/
QD ARNI
Beta-blockers
MRA
Diuretic

14 (67) 24 weeks

12 (71)

N/A

HT hypertension, AF atrial fibrillation, DAP dapagliflozin, DM diabetes mellitus, eGFR estimated glomerular filtration rate, HR heart rate, /[HD
ischemic heart disease, LVEF left ventricular ejection fraction, N/A not available, PLA placebo, SBP systolic blood pressure, ACEI angiotensin
converting enzyme inhibitor, ARB angiotensin receptor blocker, ARNI angiotensin receptor neprilysin inhibitor (sacubitril-valsartan), CCB cal-
cium channel blocker, DAP dapagliflozin, DPP dipeptidyl peptidase, GLP-1 RA glucagon-like peptide 1 receptor agonist, HF heart failure, HR
heart rate, /[HD ischemic heart disease, LVEF left ventricular ejection fraction, MRA mineralocorticoid receptor antagonist, N/A not available,
NT-proBNP N-terminal pro-brain natriuretic peptide, NYHA New York Heart Association, PLA placebo, QD once daily

4 Discussion
4.1 Summary of Main Results

This meta-analysis aims to assess the effect of dapagliflozin
on functional capacity in patients with heart failure, con-
sidering both reduced and preserved ejection fractions. The
findings suggest dapagliflozin was associated with a notable
improvement in KCCQ scores across all heart failure classes.
With regards to 6MWD, though not statistically significant
in either subgroup, there was a trend toward the dapagliflo-
zin group. The mortality benefit of dapaglifiozin was only
seen in the heart failure with reduced EF subclass. The was
no statistically significant reduction in adverse events in
either subgroup. Consistency prevailed in the results across
all the studies included, and there was statistical homogene-
ity in the analysis of various outcomes.

4.2 Justification of Results

4.2.1 Importance of Using Dapagliflozin for Patients
with Heart Failure and Related Adverse Events

The effect of dapagliflozin in individuals with heart failure
with and without diabetes has been widely acknowledged.

By targeting SGLT-2 receptors in the kidney, dapagliflozin
induces osmotic diuresis of glucose, along with natriuresis and
water loss. This process contributes to a decreased preload
on the heart in patients with heart failure [32]. An additional
potential mechanism is the impact of dapagliflozin on afterload
through its interaction with the endothelium, which primarily
leads to a decrease in vascular resistance, ultimately lowering

Risk of bias domains

pi | b2 | b3 | b4 | D5 | overal |
Bag202s | @ @ @ ® @ @
McMurray 2023 ' ‘ . @ . @
Solomon 2022 ‘ ‘ ‘ @ . @
iz | @ @ @ @ & O
z McMurray 2021 ‘ . . @ . @
lwsizer | @ @ @ @ @ @
bahim2020 | @ © @ @ © ©
shz20 | @ O @ & O ©
McMurray 2019 . @ . . . @
nassioe | @ @ @ O @ G

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Judgement

- Some concerns

. Low

Fig.2 Cochrane risk of bias assessment
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Dapaglifozin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 HFpEF
McMurray 2023 (P) 10.33 3877 253 10 38.02 251 56.4% 0.33[-6.37,7.03]
Nassif 2021 16 13815 148 3.66 13035 143 2.7% 12.34[-18.51,43.19]
Subtotal (95% Cl) 401 394 59.1% 0.87 [-5.68, 7.42]
Heterogeneity: Chi*= 0.56, df=1 (P = 0.46), F= 0%
Test for overall effect Z=0.26 (P=0.79)
1.1.2 HFrEF
MchMurray 2023(R) 20 3292 156 16 4489 157 33.4% 4004721272 N i
MNassif 2019 31.36 76,5 130 -0.033 13031 129 3.7% 31.39[5.34, 57.44]
Palau 2022 3711 58.92 39 356.2 56.28 38 3.8% 14.90[-10.83, 40.63] —
Subtotal (95% CI) 325 324 40.9% 7.52 [-0.35, 15.39] ‘
Heterogeneity: Chi*=417, df=2(P=012), F=52%
Test for overall effect: Z=1.87 (P = 0.06)
Total (95% CI) 726 718 100.0% 3.59[-1.44, 8.63] r

e A ;. _ L : + + y
Heterogeneity: Chi*=6.34, df=4 (P=017), F=37% »5'0 35 ﬁu 75 5’0

Test for overall effect Z=1.40 (P=0.16)
Test for subagroup differences: Chi*=1.62, df=1 (P=0.20), F= 38.2%

Fig.3 Change in 6 MWD

afterload [33]. The optimization of myocardial substrate utiliza-
tion, which leads to an increase in cardiac output, is facilitated
by SGLT?2 inhibitors. This is achieved through the reduction
of cardiac carbohydrate uptake and augmentation in the uptake
of p-hydroxybutyrate and ketone bodies [34]. In addition to its
anti-inflammatory effects, this drug class also plays a role in
preventing myocardial fibrosis [35]. In clinical applications,
dapaglifiozin is associated with various adverse effects such as
mycotic infections in the genital tract and urinary tract infections
[36]. Other side effects associated with dapagliflozin include
hypotension, hypoglycemia, and reduction in serum uric acid
levels [37]. An association between SGLT2 inhibitors and dia-
betic ketoacidosis (DKA) was noted in the DAPA-HF trial,
where every case of DKA occurred exclusively in patients with
T2DM. The incidence of DKA was reported to be 0.1% with
dapagliflozin and 0% with placebo [38].

4.2.2 Understanding the Variations in 6MWD in Patients
with Heart Failure using Dapagliflozin

Contrary to the recognized benefits of dapagliflozin in various
aspects of heart failure such as mortality, hospitalization, and
adverse events, our analysis did not reveal a significant differ-
ence in 6MWD between the dapaglifiozin and control groups.

For many years, the 6 MWD has been used as a standard
to evaluate capacity for function in heart failure (HF). Nev-
ertheless, using this measure to evaluate the implications of
SGLT?2 inhibitors resulted in interesting results.

The uncertainty of established successful medicines,
such as sacubitril/valsartan, and the failure to correlate
6MWD improvements with survival benefits represents a
comparative issue. This pattern remains in the HFpEF stud-
ies (DETERMINE-Preserved and EMPERIAL-Preserved)
emphasizing 6MWD’s limitations of [18, 21, 39]. In con-
trast, the PRESERVED-HF trial demonstrated a significant
increase in the 6MWD with dapagliflozin [19]. However,
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this improvement is contrasted by lower baseline limitations
in the KCCQ and 6MWD compared with the DETERMINE
and EMPERIAL trials [18, 21], highlighting the potential
influence of baseline characteristics on responsiveness to
SGLT?2 inhibitors.

4.2.3 Improvement of Kansas City Cardiomyopathy
Questionnaire (KCCQ) Score

Our meta-analysis revealed that dapagliflozin was associated
with an improvement in the KCCQ score compared with the
control group. Additionally, a subgroup analysis based on
HF type of heart failure was conducted.

In the HFTEF subgroup, self-reported symptoms, as
assessed by the KCCQ total symptom score (TSS), showed
a median improvement in the DETERMINE-Reduced Trials
[21]. This improvement aligns with findings from other tri-
als, including DAPA-HF and smaller trials [17]. Collective
evidence suggests that dapagliflozin leads to improvement
in patient-reported symptoms, which persist for at least 12
months and beyond. There was an improvement in KCCQ
physical limitation score (PLS) in the DEFINE-HF and
DAPA-HF trials. This score assesses limitations in routine
activities such as dressing, showering, walking, and house-
work [8, 17]. Although KCCQ-PLS has not been consist-
ently demonstrated, in comparison with KCCQ-TSS, the
cumulative data suggest a modest enhancement of KCCQ-
PLS by SGLT?2 inhibitors in individuals with (HFrEF).

In the HFpEF subgroup, no significant effect on KCCQ-
TSS was observed in DETERMINE-Preserved, aligning
with DELIVER and PRESERVED-HF. This is similar to
the finding seen with empagliflozin in the EMPEROR-
Preserved, and EMPERIAL-Preserved [10,11,18,19,21,].
The KCCQ-PLS score indicated no significant difference
between the two groups in DETERMINE-Preserved [21],
consistent with the findings in EMPEROR-Preserved [10].
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Dapaglifozin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.1 HFrEF
McMurray 2019 61 186 2373 33 192 2371 559% 2.80[1.72, 3.88) : 3
McMurray 2023 (R,PLS) 4166 1249 153 0 1242 156 8.4% 4.17[1.39, 6.94) —t
McMurray 2023 (R,TSS) 416 1406 156 0 1481 157 6.3% 4.16[0.96, 7.36] E—
Nassif 2019 (KCCQ CS) 42 258 130 5 2536 129 1.7% 3.70[-2.53,9.93] =
Nassif 2019(KCCQ 08) 52 26.05 130 19 2543 129 1.6% 3.30[-2.97 957] —
Subtotal (95% Cl) 2942 2942 74.0% 3.10[2.17,4.04] &
Heterogeneity: Chi*=1.33, df= 4 (P = 0.86), F= 0%
Test for overall effect: Z=6.50 (P < 0.00001)
1.5.2 HFpEF
McMurray 2023 (P,PLS) 28 1237 250 14 155 250 10.7% 1.40[-1.06, 3.86) T
McMurray 2023 (P, TSS) 486 1163 253 346 155 251 11.3% 1.40[-0.99 379 i i
Nassif 2021 (KCCQ CS) 52 2481 152 1 2548 152 2.0% 4.20[-1.45 9.85] —
Nassif 2021 (KCCQ 0S) 54 2525 148 22 2442 143 2.0% 3.20[-2.51,891] -
Subtotal (95% Cl) 803 796 26.0% 1.76[0.18,3.33] -3
Heterogeneity: Chi*=1.13,df=3{(P=0.77), F=0%
Test for overall effect Z=2.18 (P=0.03)
Total (95% CI) 3745 3738 100.0% 2.75[1.95, 3.56] L 3
Heterogeneity: Chi*= 4.53, df=8 (P=0.81); F=0% _150 55 3 é 150

Test for overall effect: Z=6.70 (P < 0.00001)

Test for subaroup differences: Chi*= 2.07, df=1 {P=0.15), F=51.8%

Fig.4 Change in Kansas City Cardiomyopathy Questionnaire (KCCQ) score

placebo Dapaglifozin

Dapa Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
McMurray 2019 231 2373 318 23711 #15%  0.73[0.62, 085 -+
McMurray 2021 20 235 29 233 38% 068[040,117) =
Singh 2020 1 28 1 28 01% 1.00[0.07,15.21]
Solomon 2022 329 N3N 418 3132 545%  0.79(0.69,0.90] E =
Total (95% CI) 5767 5764 100.0% 0.76 [0.68, 0.84] L 3
Total events 581 766
Heterogeneity: Chi*= 0.76, df= 3 (P = 0.86); F= 0% 0 I:JS 052 é 2=0
Test for overall effect: Z=5.35 (P < 0.00001) ' ’ Dapagifioxin Placebo
Fig.5 Hospitalizations for heart failure
Dapagifloxin Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 HFrEF
Ibrahim 2020 1 50 1 50 01% 1.00[0.06,15.55]
McMurray 2019 276 2373 329 2371 383% 0.84[0.72,097] —
Nassif 2019 1 13 1 132 01% 1.01[0.06,15.94]
Palau 2022 1 45 1 45 01% 1.00[0.06,15.50]
Subtotal (95% CI) 2599 2598 38.6% 0.84[0.72,0.97] e
Total events 279 332
Heterogeneity. Chi*= 0.05, df= 3 (P = 1.00); F= 0%
Test for overall effect: Z= 2.30 (P = 0.02)
3.1.2 HFpEF
Nassif 2021 1 162 2 162 02% 0.50(0.05, 5.46]
Solomon 2022 497 N3 526 3132 611%  0.95(0.84,1.06) z
Subtotal (95% CI) 3293 3294 61.4% 0.94[0.84,1.06)
Total events 498 528
Heterogeneity: Chi*= 0.27, df=1 (P = 0.60), F= 0%
Test for overall effect: Z=1.02 (P=0.31)
Total (95% CI) 5892 5892 100.0%  0.90 [0.83, 0.99] ¢
Total events 777 860
Heterogeneity: Chi*=1.84, df= 5 (P = 0.87); F= 0% 0‘55 sz é 250

Test for overall effect: Z= 2.22 (P = 0.03)

Test for subgroup differences: Chi*=1.50, df=1 (P=0.22), F= 33.5%

Fig.6 Any cause mortality

Dapagifioxin Placebo
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Dapagifloxin Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 HFrEF
Mchdurray 2019 400 2368 399 2368 207% 1.I'JI'J [0.88,1.14) g &
Mchurray 2023 26 252 19 249 1.0% 510.77,2.38) —
Massif 2019 30 131 24 132 1.2% 1 16 [0.78, 2.03) 1T
Subtotal (95% Cl) 2751 2749  22.9% 1.03 [0.92, 1.16] &
Total events 456 4472
Heterogeneity. Chi*=1.74, df=2(P=042), F=0%
Test for overall effect: Z=051 (P=10.61)
2.1.2 HFpEF
Borlaug 2023 4 21 0 17 00% 7.36(042,127.88] >
Mchdurray 2023 19 156 23 187 1.2% 0.83[0.47,1.46] —t
Massif 2021 44 162 38 162 2.0% 1.16(0.80,1.69] T
Solormon 2022 1361 3126 1423 3127 73.9% 0.96 [0.91,1.01] [l
Subtotal (95% Cl) 3465 3463 77.1%  0.96 [0.91, 1.02] 4
Total events 1428 1484
Heterogeneity: Chi*= 318, df =3 (P=0.36), P=6%
Testfor overall effect Z=138(P=017)
Total (95% Cl) 6216 6212 100.0%  0.98 [0.93, 1.03] 1
Total events 1884 1926
Heterogeneity: Chi*=6.10, df= 6 (P = 0.41); F= 2% 051 042 055 % é 1=U
Testfor overall effect. Z=0.86 (P =0.39) ' ’ Dapagiﬂoxin Placebo

Test for subaroup differences: Chi*=1.07, df=1(P=0.30),.F=6.9%

Fig.7 Adverse event

However, this contrasts with the PRESERVED-HF [19] trial
where dapagliflozin significantly improved the KCCQ-PLS
score. This systematic review shows a trend toward improve-
ment in KCCQ score in patients with HFpEF.

To sum up, these findings clearly suggested dapagliflozin
was associated with improvement in KCCQ score in two
heart failure types but with a pronounced effect in HFrEF.
It remains uncertain whether these findings truly indicate a
lesser impact of dapaglifiozin on KCCQ scores in patients
with HFpEF or if the study’s power was constrained by the
relatively small sample size.

4.2.4 Safety Outcomes of Dapagliflozin in Heart Failure

Regarding hospitalization for heart failure, the findings from
our meta-analysis underscore the demonstrated impact of
dapagliflozin on safety outcomes in patients with HF. The
observed significant reduction in the risk of hospitalization
for heart failure aligns with previous evidence [6, 8, 11]
suggesting the efficacy of dapagliflozin in preventing HF-
related events.

Regarding the any-cause mortality, a thorough assessment
within the subgroup analysis showed a notable reduction
in the risk of all-cause mortality in patients with HFrEF.
Despite not obtaining a similar finding in the HFpEF
group, our analysis found a statistically significant dif-
ference in overall any-cause mortality between the dapa-
gliflozin and control groups. The favorable response of a
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specific subgroup to dapaglifiozin indicated that the drug
may be useful in reducing mortality risks in a well-defined
population.

Regarding the risk for adverse events, there were no sig-
nificant difference in adverse events between the patients
with HFrEF and HFpEF according to the subgroup analyses
and the overall comparison with placebo.

4.3 Agreement and Disagreement with Previous
Studies

4.3.1 Agreement

Our comprehensive study and the most recent meta-analysis
[40] revealed a consistently favorable impact of dapagliflo-
zin. Specifically, both highlighted a noteworthy reduction in
all-cause mortality, a significant decrease in the overall risk
of adverse events, and a substantial reduction in hospitaliza-
tion for heart failure among patients receiving dapagliflo-
zin. This systematic review went a step further to illustrate
important symptom benefits of dapaglifiozin.

4.3.2 Disagreement
Our study comprehensively assessed the safety profile of

dapagliflozin in patients with heart failure, examining not
only its safety but also its effectiveness in enhancing both
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the functional capacity of the heart and overall physical
function.

In comparison to past meta-analyses [40], For the change
in 6MWD, our study provides the most updated evidence
regarding the effect of dapagliflozin on 6MWD, which previ-
ous meta-analysis did not provide. Moreover, while analyz-
ing the differences in KCCQ scores, it is important to keep
in mind that although both studies show improvement, there
are variations concerning the degree of improvement shown
in the HFpEF and HFrEF. Furthermore, it is essential to take
into consideration the particular scales that are utilized for
measurement, such as KCCQ-TSS and KCCQ-PLS. In our
study, each of these measurements was covered in detail.

4.4 Strength Points and Limitations

Our meta-analysis has various advantages: the study pro-
vided a comprehensive assessment and thorough evaluation
of dapaglifiozin’s impact on heart failure, considering both
HFrEF and HFpEF, and explores various outcomes, includ-
ing symptoms, functional capacity, hospitalizations, mortal-
ity, and adverse events. Symptoms and functional capacity
of our patients gets overlooked and this meta-analysis sug-
gest that despite the mortality benefits of dapaglifiozin, there
is also a symptom improvement as assessed by the KCCQ
score. In addition, all clinical trials in which patients with
heart failure were the initial study population or whose pop-
ulation randomization was predetermined based on whether
or not heart failure was present at baseline were included.

Furthermore, the study conducted subgroup analyses
based on heart failure type, providing valuable insights
into the differential effects of dapaglifiozin in patients with
HFrEF and HFpEF.

This meta-analysis has various limitations, and certain
included studies exhibited incomplete information con-
cerning the baseline characteristics of patients. Some of the
studies included in the analysis had limited sample sizes,
particularly in the context of HFpEF, potentially limit the
generalizability of findings for this specific subgroup. The
fact that there is a statistical benefit in KCCQ scores in all
classes of heart failure and that significance is not seen in
the 6MWD does bring into question the importance of this
metric in assessing patients with heart failure.

Moreover, the primary emphasis of the study was on out-
comes over the short to medium term, indicating that investi-
gations with prolonged follow-up periods would be valuable
for understanding the sustained effects of dapagliflozin.

4.5 Implications for Clinical Practice

The study suggests that dapagliflozin is valuable addition to
the management of heart failure, offering benefits in symp-
tom improvement, reduced hospitalizations, and favora-
ble safety profiles. Furthermore, the differential response
observed between HFrEF and HFpEF suggest these benefits
are better seen in the HFrEF subtype.

4.6 Recommendations for Future Researchers

To overcome the limitation of diversity in trial outcomes
emphasizes the importance of considering patient char-
acteristics and baseline limitations when evaluating the
efficacy of a treatment. Larger trials can be carried out
to especially focus on the benefit of dapaglifiozin in the
subtype of patients with preserved EF.

4.7 Conclusions

Our comprehensive meta-analysis, which included ten ran-
domized controlled trials with patients treated with dapa-
gliflozin and diagnosed with heart failure, concludes that
dapagliflozin shows significant improvements in KCCQ
scores, a notable decrease in hospitalizations, and any
cause of mortality across all ranges of heart failure. Con-
sistent benefits for both HFrEF and HFpEF are emphasized
in the study. However, it is crucial to acknowledge that no
significant difference was noted between the two groups
in terms of changes in 6MWD.
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