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ABSTRACT

Background: There is some discrepancy in current studies concerning the effect of sodium-glucose
cotransporter type 2 inhibitors (SGLT2i) on right ventricular (RV) functions in heart failure (HF) pa-
tients. Hence, this meta-analysis was focused on determining the impact of SGLT2i on RV functions
in such individuals.

Material and methods: Two independent investigators searched PubMed, Google Scholar, and the
Cochrane Library for articles of interest. To analyze heterogeneity, Higgins'I> as well as prediction
intervals and Egger’s test were used to assess heterogeneity. The Newcastle—Ottawa standard ratings
approach was used to assess the quality of observational studies. The ROBINS-I risk of bias algorithm
was used to assess bias risks of randomized studies.

Results: This meta-analysis evaluated 8 studies in total. Over the follow-up time frame, patients who
used SGLT2i had substantially lower systolic pulmonary artery pressure and higher tricuspid annular
plane systolic excursion values (mean difference [MD] = -5.23 [-7.81; -2.66] and, MD = 1.47 [1.01;
1.93]; P <0.01, respectively). There was no significant difference in RVS’ values between follow-up
and baseline (MD = 1.54 [-0.19; 3.26]; P = 0.08). However, as compared to the baseline period, frac-
tional area contraction values were substantially larger at the end of the follow-up (MD =5.52 [4.23;
6.82]; P <0.01).

Conclusion: To the best of our knowledge, this is the first meta-analysis assessing the impact of
SGLT2i on RV function in HF patients. Our findings suggest that SGLT2i may improve RV performance
in HF patients.
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INTRODUCTION
Heart failure (HF) is defined as a chronic
inflammatory disease that presents with
characteristic symptoms and signs that lower
the quality of life while increasing mortality
and morbidity risk [1]. Right ventricular (RV)
dysfunction is commonly observed in HF
individuals in addition to left ventricular (LV)
dysfunction [1]. Right ventricular HF (RVHF)
can occur as a result of a variety of processes

that precede left ventricular HF (LVHF). Patho-
logies that could contribute to LVHF, such as
ischemia, cardiomyopathies, or myocarditis,
can also impact RVHF the development of
RVHF. Elevated systolic pulmonary artery
pressure (sPAP), which develops in LVHF, raises
the afterload against which the RV must pump
[2]. Severe LVHF can compromise RV diastolic
performance by increasing RV dilation and
pericardial restriction, resulting in reduced
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WHAT'S NEW?

Studies on the effect of sodium-glucose cotransporter type 2 inhibitors (SGLT2i) on right ventricular functions in heart failure
patients are inconsistent. During the follow-up period, SGLT2i significantly reduced systolic pulmonary artery pressure and in-
creased tricuspid annular plane systolic excursion values, as well as fractional area contraction values. Our meta-analysis suggests
that SGLT2i may enhance right ventricular functions in individuals with heart failure.

coronary perfusion [1]. Notably, previous research demon-
strated that RVHF is the most important predictor of a poor
outcome in HF [2, 3].

Sodium-glucose cotransporter type 2 inhibitors (SGL-
T2i) act by preventing sodium and glucose reabsorption
from the kidney’s proximal tubules [4, 5]. This process
indirectly influences many pathways, resulting in a variety
of consequences in the body, including decreased vascu-
lar inflammation, generation of reactive oxygen species,
and improved endothelial function via lowering vascular
stiffness [1, 2]. Randomized controlled studies have been
conducted in recent years to investigate the impact of
SGLT2iin HF patients [2, 6]. These studies found that SGLT2i
lower cardiovascular mortality, all-cause mortality, and ho-
spitalization in HF patients with and without diabetes. On
the other hand, few studies examined the effects of SGLT2i
on RV function. Although some research shows that SGLT2i
have a favorable effect on RV functioning, other studies did
not show substantial findings [1, 6, 7]. As a result, the goal
of this meta-analysis was to investigate whether SGLT2i
might have any effect on RV functioning.

MATERIAL AND METHODS

Data collection

This meta-analysis was performed in accordance with
the Cochrane Collaboration’s standards. The subsequent
keywords were applied to search PubMed, Google Scholar,
and the Cochrane Library to search for eligible articles:“so-
dium-glucose cotransporter-2 (SGLT2) inhibitors, SGLT2 in-
hibitors, heart failure, right heart, right heart function, effect
of SGLT2 inhibitors on right heart, effect of SGLT2 inhibitors
onright heart failure, SGLT2 inhibitors on Tricuspid Annular
Plane Systolic Excursion (TAPSE), SGLT-2 inhibitor TAPSE,
SGLT2 inhibitors on systolic pulmonary artery pressure,
SGLT2 inhibitors on sPAP, SGLT2 inhibitors on RV”. There
were 98 articles available for evaluation. We also removed
75 irrelevant or duplicated articles, as well as case series
and review articles by assessing their titles and abstracts
and reserved 23 for full-text assessment. After studying
their full texts, we left out 15 articles from this meta-analysis
because of inappropriate designs, insufficient information
to estimate impact size, and no reported outcomes of in-
terest (Figure 1). Lastly, we finalized our analysis with the
final 8 research articles (Table 1). The review methods in
this meta-analysis were established before the conduct of
the review with the protocol number CRD42023493377,
and they were registered in the PROSPERO database.

Analysis of studies

Two independent investigators systematically reviewed all
research articles for their relevance and bias probability.
We applied the following criteria to analyze the articles:
1) studies that evaluated the effect of SGLT2 on right heart
functions, 2) studies that presented data regarding baseline
right heart functions, and 3) studies that published follo-
w-up data. Furthermore, we excluded articles where the
effect value and standard error could not be quantified.
There were no strict limitations on study design and sample
size, language, or follow-up duration.

Quality assessment and data extraction

All articles that met the inclusion criteria were evaluated
by two independent authors, with a third author resolving
any disagreements between them. Regarding the observa-
tional cohort studies included in this evaluation, the New-
castle-Ottawa standard rating method was implemented
in evaluating their quality. According to this rating scale,
a study can receive up to 9 points depending on the parti-
cipant population, uniformity, and results of interest. Based
on this scale, a score of 0 to 5 denotes low quality, whereas
a score of 6 to 9 excellent quality. ROBINS-I and RoB-2 risk
of bias algorithms based on the Cochrane Handbook for
Systematic Reviews were applied in evaluating bias risks of
randomized and observational investigations, respectively.

Clinical endpoints

This meta-analysis aimed to determine the effects of SGLT2i
on RV functions in HF patients based on four echocardio-
graphic parameters of RV functions including, TAPSE, sPAP,
RVS; and fractional area change (FAC).

Statistical analysis

This meta-analysis was carried out using R statistical softwa-
re, version 4.0.2 (Institute for Statistics and Mathematics in
Vienna, Austria). A“meta” package with “metagen”was used
for calculations of pooled mean differences between two
time points for outcomes with 95% confidence intervals. The
heterogeneity was calculated using Higgins's I>,and 1> <25%
was accepted as low heterogeneity, whereas >75% as
high. Since heterogeneity for all outcomes was over 25%,
a random effect estimate was used for the calculation of
pooled effect size. Additionally, prediction intervals and the
Cochrane Q test were used to evaluate heterogeneity. Since
baseline and follow-up values for all outcomes were obta-
ined from the same individuals, that makes them repeated
and correlated measures. Based on the Cochrane Handbook
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Studies identified through database
searching the words such as:

Sodium-glucose cotransporter-2 (SGLT2) inhibitors
Right heart function
Effect of SGLT2 inhibitors on right heart failure
SGLT2 inhibitors on TAPSE
SGLT2 inhibitors on systolic pulmonary artery pressure
SGLT2 inhibitors on sPAP
SGLT2 inhibitors on RV’
Effect of SGLT2 inhibitors on right heart failure
(n=98)

Articles excluded after scanning titles and abstracts:

» Duplicate articles (12)
- Irrelevant articles (51)
« Case series (5)

« Reviews (7)

Records retrieved for full article review
(n=23)

Articles excluded:
« Improper results to calculate effect sizes (n = 10)
+ Improper study design (n = 2)
» Outcomes of interest not reported (n = 3)

Articles included eventually
(n=8)

Figure 1. A flow diagram of meta-analysis

Abbreviations: RV, right ventricle; SGLT2, sodium-glucose cotransporter type 2; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid
annular plane systolic excursion

Table 1. Studies included in the analysis

Study Year Country Study SGLT2type | Time points Study Study design Quality
sample outcomes

Camcietal, 2022 Turkey 168 62.7(114) 774% 0-6 months  TAPSE, sPAP, Retrospective

2022[1] RVS; FAC observational study

SIMPLE trial, 2020 Denmark 17 65 (9) 61% EMPAGLI- 0-13 week sPAP RCT 7
2022 [6] FLOZIN

Patoulias et al., 2021 Greece 20 62.8 (7.87) 75% ALL 0-6 months TAPSE, RVS' Prospective 6
2022 (8] observational study

Mullens et al., 2019 Belgium 9 72(10) NA DAPAGLI- 0-1 week sPAP Prospective 5
2020 [9] FLOZIN observational study
Mustapicetal,, 2023 Croatia 18 67.3(11.5) 88.9% ALL 0-3 months  TAPSE, sPAP, Prospective 6
2022 (2] RVS; FAC observational study
Kirschbaum et 2022 Germany 17 67.18(3.09)  100% ALL 0-10 week sPAP Prospective 6
al., 2022 [10] observational study
Correale et al., 2023 Italy 38 65 (7) 89% ALL 0-3months  TAPSE, sPAP Prospective 6
2023 [11] observational study

Kotinas et al., 2021 Italy 83 65.78(8.53) 73.3% ALL 0-12 months  TAPSE, RVS’ Retrospective 6
2023 (7] observational study

Abbreviations: FAC, fractional area change; RCT, randomized controlled trial; other — see Figure 1
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A Risk of bias domains

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.

Bias arising from the randomizalion process

Bias due to deviations from intended interventions
Bias due to missing oulcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias
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Figure 2. ROBIN-I (A) and ROB-2 (B) tools for assessing the risk of bias for randomized and observational studies in the meta-analysis, respec-

tively

for Systematic Reviews of Interventions, an r (correlation co-
efficient) value can be calculated from baseline standard
deviation (SD), follow-up SD, and also mean difference SD
fromthe formulae;r=(SD?, .+ SDZfoIIow-up+ SD? canditerence)
/(2 X SDy,ceine X SDggonp)- HOWeVer, all studies reported
a mean difference between follow-up and baseline values
and none of them reported SD of mean difference. Thus,
we could not calculate the r value from at least one study
to apply it to all remaining studies, which was recommen-
ded by the Cochrane Handbook as an alternative method.
Another approach that was recommended by the Cochrane
Handbook was to choose a hypothetical r value. Therefore,
we used an r value of 0.7 and also performed sensitivity
analysis based on 0.1 and 0.9 values. The results of sensitivity
analyses for all outcomes are summarized in the Supple-
mentary material, Table S1. Alternatively, it is proposed to
apply a robust variance estimation method for estimating
correlated effect size and variances, in which the r value
is unknown. Thus, we also calculated effect size and 95%
confidence intervals based on the robust variance estima-
tion method and added those values in the Supplementary
material, Table S1 too. Finally, our results were robust for
different r values and were consistent with the results of
the robust variance estimation method as demonstrated
in the Supplementary material, Table S1.

Since the number of studies included in this meta-
-analysis was <10, we could not perform meta-regression
to detect the underlying cause of heterogeneity between
studies. Although funnel plots to evaluate for potential
publication bias do not give precise estimation in the
setting of the small number of studies (n <10) in our
meta-analysis, we created funnel plots for all outcomes
to assess the potential publication bias. There were po-

~

www.journals.viamedica.pl/polish_heart_journal

tential publication biases for all outcomes except sPAP
(Supplementary material, Figure ST). However, due to the
low number of studies, these results are unlikely to be ac-
curate. A P-value of 0.05 was used to determine statistical
significance (2-tailed tests).

RESULTS

This meta-analysis included 1 randomized controlled
trial and 6 prospective and 1 retrospective observational
studies consisting of 370 patients. The majority of patients
in the study population were male, and the mean (SD) age
was 64.3 (9.9) [1, 2,6,8-11]. In terms of bias, both randomi-
zed controlled trials (Figure 2A) and observational studies
(Figure 2B) had a low risk of bias except for one prospective
observational study conducted by Kotinas et al. [7], which
had a moderate risk of bias due to the higher rates of
missing values in the follow-up. In most of the studies, no
specific SGLT2i was investigated.

Regarding evaluating right heart functions, TAPSE
values of patients who used SGLT2i were significantly
elevated during the follow-up period (mean difference
[MD] = 1.47 [1.01; 1.93]; P <0.01). Notably, although pa-
tients on SGLT2i had lower sPAP values after the follow-up
when compared to the baseline values (MD =-5.23 [-7.81;
-2.66]; P <0.01), there was high heterogeneity (84%) and
wide prediction interval (-13.11; 2.64), which indicates
that this result requires confirmation in further me-
ta-analyses with more studies. There was no difference
between follow-up and baseline values with respect to
RVS’values (MD = 1.54 [-0.19; 3.26]; P = 0.08). FAC values
were significantly higher at the end of the follow-up
compared to the baseline period (MD = 5.52 [4.23; 6.82];
P <0.01) (Figure 2).
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TAPSE

Study MD SE Weight MD,95% CI

MD, 95% CI

Camci etal., 2022 1.2000 0.3613
Patoulias et al., 2022 1.1000 0.5550
Mustapic etal., 2023 4.5000 1.0288
Correale et al., 2023 1.8000 0.5546
Kotinas et al., 2023  1.2700 0.5620

41.9% 1.20 [0.48; 1.91]
17.8% 1.10[0.01; 2.19)
5.2% 4.50 [2.48; 6.52]
17.8% 1.80[0.71; 2.89]
17.3% 1.27[0.17; 2.37]

Total (95% Cl) 100.0% 1.47 [1.01; 1.93]
Prediction interval [0.73; 2.22]

Heterogeneity: Tau® < 0.0001; Chi’ = 10.16, df = 4 (P = 0.04); I° = 81%

Test for overall effect: Z = 6.29 (P < 0.01) 6 <4 2 0 2 4 6

jl ' ++}+t

RVS'

Study MD SE Weight  MD,95% CI MD, 95% CI

L

Camci et al., 2022 2.1000 0.4081
Patoulias et al., 2022 -0.8500 0.8407
Mustapic et al., 2022 3.5000 1.5679

29.5% 2.10 [ 1.30; 2.90]
24.5% -0.85 [-2.50; 0.80]
15.7% 3.50 [ 0.43; 6.57]

Kotinas etal., 2023  1.9000 0.3097 30.3% 1.90 [ 1.29; 2.51] ]
Total (95% CI) 100.0% 1.54 [-0.19; 3.26] -
Prediction interval [-6.19; 9.27] —
Heterogeneity: Tau’ = 2.4558; Chi’ = 11.76, df = 3 (P < 0.01); I = 74%

Test for overall effect: Z = 1.75 (P = 0.08) -5 0 5

sPAP

Study MD  SE Weight MD,95% CI MD, 95% CI

Gamei et al., 2022 -7.6000 0.7149 25.4% -7.60 [ -9.00; -6.20] I

SIMPLE trial, 2022 -1.0000 2.1475 15.9% -1.00[-5.21; 3.21] t

Mullens et al., 2020 -4.0000 40339 7.7% -4.00[-11.91; 3.91] ———
Mustapicetal. , 2022 -11.4000 4.8618  5.8% -11.40 [-20.93; -1.87] T

Kirschbaum et al., 2022 -3.5900 0.3759 26.9% -3.59 [ -4.33; -2.85] o

Correale et al., 2023 -6.6000 1.7654 18.4% -6.60[-10.06; -3.14] —

Total (95% Cl) 100.0% -5.23 [ -7.81; -2.66] ‘-

Prediction interval [-13.11; 2.64] —
Heterogeneity: Tau® = 8.3034; Chi* = 30.76, df = § (P < 0.01); I = 84%

Test for overall effect: Z = -3.98 (P < 0.01) <20 <10 0 10 20
FAC

Study MD  SE Weight MD,95% CI MD, 95% CI
Camcietal., 2022  5.4000 0.6707 96.6% 5.40 [4.09; 6.71] .
Mustapic et al., 2022 9.0000 3.5481  3.4% 9.00 [2.05; 15.95] =

Total (95% Cl) 100.0% 5.52 [4.23; 6.82] *
Heterogeneity: Tau” = 0; Chi* = 0.99, df =1 (P = 0.32); I = 0%

Test for overall effect: Z = 8.38 (P < 0.01) 15 10 5 0 5 10 15

Figure 3. The pooled effect of SGLT2 inhibitors on TAPSE, RVS; sPAP, and FAC

Abbreviations: see Table 1

DISCUSSION
To the best of our knowledge, the current meta-analysis is
the first to show that SGLT2i improve RV functions based
on TAPSE, sPAP, and FAC values. Our results highlight the
potential beneficial impact of SGLT2i on HF patients with
RV dysfunctions.

Randomized studies have shown that SGLT2i can re-
duce all-cause mortality and hospital admissions in HFRV
patients [12, 13]. Dysfunction is an important indicator of
HF progression and poor prognostic outcomes [14]. In the
same way, an improvement in RV function is associated
with favorable outcomes in HF patients [15]. Hence, en-
hancing RV functions is a key objective in the treatment
of HF patients.

SGLT2i exert their beneficial effects through various
mechanisms [4]. Multiple pleiotropic mechanisms bey-
ond glycemic control are thought to be responsible for
the benefits of SLGT2 inhibitors in HF [16]. The benefits
encompass natriuresis and a decrease in plasma volume,
enhanced oxygen-carrying capability, and improved sup-
ply of oxygen to tissues due to an elevation in hematocrit.
Possessing robust antioxidant and anti-inflammatory
characteristics, they enhance endothelium-dependent
vasodilation by increasing the bioavailability of nitric oxi-
de produced by the endothelium [17, 18]. They also show
their positive effects by decreasing glomerular pressure
and oxygen consumption in the proximal tubules of the
kidneys, modulating Na+/H+ exchange in the heart and
kidneys and adipokine production [19, 20]. SGLT2i induce
a significant shift in myocardial metabolism, transitioning
from reliance on glucose to usage of fatty acids, ketone
bodies, and branched-chain amino acids. This shift results
in augmentation of myocardial energy [21]. An alternative
hypothesis suggests that in individuals with diabetes, SGL-
T2iin the proximal tubule may favorably affect the heart via
a steep Frank-Starling curve driven by natriuresis and glyco-
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suria [19]. Each beneficial SGLT2i effect can be considered
as a mechanism that contributed to the improvement of
RV function shown in our meta-analysis.

SGLT2i have been shown to provide a significantimpro-
vement in pulmonary artery stiffness (PAS) and RV systolic
function compared to baseline as measured by TAPSE and
FAC in HF patients [22]. Another study in HF patients with
the CardioMEMS pulmonary artery pressure (PA) sensor
showed that empagliflozin caused rapid decreases in PA
pressures, independent of loop diuretic administration. Our
study suggests that mechanisms beyond the diuretic effect
of the SGLT2iin HF contribute to the observed reductions in
PA pressures. SGLT2i may lower PA pressures by positively
impacting endothelial functions, primarily through their
vasodilator effect on nitric oxide [23]. In addition, the initial
volume reduction by the effect of osmotic diuresis causes
a decrease in lung pressure [4]. Elevated PA pressures are
indicative of impending HF symptoms, unplanned hospital
admissions, and increased mortality [24, 25]. A study in
168 HF patients showed that SGLT2i resulted in positive
changes in RV function and sPAS, as well as symptomatic
and functional well-being [1]. Reducing PAS provides better
pulmonary vascular compliance, alleviates RV afterload,
and ultimately improves RV systolic function. In addition,
the previously demonstrated reductionin LV filling pressure
and improvement in diastolic function caused by SGLT2i
may also be considered to contribute to the improvement
in RV function [26]. The addition of SGLT2i to optimal me-
dical therapy significantly reduces the degree of tricuspid
regurgitation compared to optimal medical treatment
alone [2].

When we searched the current literature, we could
not find any meta-analysis that examined the effects of
SGLT2i on RV functions in HF patients. To our knowledge,
this might be the first meta-analysis on this topic. We also
think that, based on our meta-analysis findings, more large
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prospective and longitudinal studies are needed to demon-
strate the beneficial effects of SGLT2i on RV functioning.

Limitations

There are certain limitations to our meta-analysis. This
meta-analysis evaluated a small number of studies with
a limited sample size. However, we incorporated all of
the studies to ensure more accurate outcomes. It is worth
noting that the majority of the participants were male,
which might be significant because RV function differs
across sexes. Also, the majority of the studies had a rela-
tively short follow-up period. Furthermore, most studies
lacked right heart catheterization or cardiac magnetic
resonance imaging to measure RV functioning, which
might have influenced our findings. We were unable to do
further analyses such as funnel plots and meta-regression
since our meta-analysis comprised only 8 articles. Despite
these significant limitations, our findings should encourage
additional studies to determine the exact effects of SGLT2i
on RV function and its prognostic relevance in HF patients.

CONCLUSION
This meta-analysis indicates some favorable effects of
SGLT2i on RV function including TAPSE, PAP, and FAC in
HF patients.

Supplementary material
Supplementary material is available at https://journals.
viamedica.pl/polish_heart_journal.
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