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Abstract

Objective: Sodium-glucose cotransporter-2 inhibitors (SGLT2Is) reduce cardio-metabolic and renal outcomes in patients
with type 2 diabetes (T2D) but their efficacy and safety in older or frail individuals remains unclear.

Methods: We searched PubMed, Scopus, Web of Science, Cochrane CENTRA and Google Scholar and selected randomised
controlled trials and observational studies comparing SGLT2Is versus placebo/other glucose-lowering agent for people with
frailty or older individuals (>65 years) with T2D and heart failure (HF). Extracted data on the change in HbAlc % and
safety outcomes were pooled in a random-effects meta-analysis model.

Results: We included data from 20 studies (22 reports; N = 77,083 patients). SGLT2Is did not significantly reduce HbAlc
level (mean difference —0.13, 95%CI: —0.41 to 0.14). SGLT2Is were associated with a significant reduction in the risk of
all-cause mortality (risk ratio (RR) 0.81, 95%CI: —0.69 to 0.95), cardiac death (RR 0.80, 95%CI: —0.94 to 0.69) and
hospitalisation for heart failure (HHF) (RR 0.69, 95%CI: 0.59-0.81). However, SGLT2Is did not demonstrate significant
effect in reducing in the risk of macrovascular events (acute coronary syndrome or cerebral vascular occlusion), renal
progression/composite renal endpoint, acute kidney injury, worsening HE, atrial fibrillation or diabetic ketoacidosis.
Conclusions: In older or frail patients with T2D and HE SGLT2Is are consistently linked with a decrease in total mortality
and the overall burden of cardiovascular (CV) events, including HHF events and cardiac death, but not protective for
macrovascular death or renal events. Adverse events were more difficult to quantify but the risk of diabetic ketoacidosis
or acute kidney injury was not significantly increase.
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Key Points

* Frailty is highly prevalent in people with type 2 diabetes.

* Despite well recognised cardioprotective benefits of SGLT2 inhibitor, its effectiveness in people with type 2 diabetes with
heart failure remains who are frail remains unclear.

* Further evidence is required to support he use of SGLT2i in the older and frail population.
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* Our study showed that in older and frail patients with type 2 diabetes and heart failure, SGLT inhibitor are associated with
a reduction in total mortality, heart failure events and cardiac death, but not protective for macrovascular death or renal

events.

* Adverse events within this patient group remains difficult to quantify.

Introduction

Type 2 diabetes mellitus (T2DM) is an independent con-
tributor to the increased risk of heart failure (HF), cardio-
vascular (CV) risk, impaired renal function and premature
death [1-4]. Diabetes prevalence rises with age, peaking
at 24% in the 75-79 age group. In 2019, 135.6 million
people aged 65-99 had diabetes and expected to reach 276.2
million by 2045, with most cases in low- and middle-income
countries [5].

Frailty is a multi-dimensional concept characterised by
decreased physiological reserve and increased vulnerability
to adverse health outcomes. It can manifest as weakness,
fatigue, reduced physical activity and increased suscep-
tibility to illness or disability [6, 7]. T2DM has been
shown to accelerate the onset of frailty, in addition to
the established DM-related vascular complications [8].
The dynamic nature of frailty increases vulnerability to
adverse health outcomes, prompting various international
clinical guidelines to underscore its significance among
older (aged >065 years) or frail patients with T2DM and
HF [9-11].

Sodium-glucose co-transporter 2 (SGLT2) inhibitors
function in the proximal renal tubule to interrupt Na and
glucose reabsorption and are increasingly used in routine
clinical practice [12]. Numerous landmark clinical trials in
people with T2DM have now confirmed the irrefutable
benefits of SGLT2 inhibitors for reducing mortality and
CV risk as well as preventing both incident or recurrent
hospitalisation for heart failure (HHF) and declining renal
function [13-21]. Additional studies have also shown cardio-
renal benefits of SGLT2 inhibitors independent of diabetes
status [16, 22-24].

Despite the conclusive benefits of SGLT2 inhibitors in
patients with T2DM and HF, their efficacy and risk-benefits
profile in older individuals and those with frailty remain a
matter of ongoing debate and have not been systematically
investigated. Recent meta-analyses [25] have showed sub-
stantial benefits of SGLT2 inhibitors, including a reduction
in HHF and a slowing of chronic kidney disease progression
in older adults, with or without T2DM. Despite this, use of
SGLT?2 inhibitors in older adults remains a concern due to
the potential risk of acute kidney injury (AKI) or diabetic
ketoacidosis (DKA) [26-29], partially due to its effect on
volume depletion.

Further evidence is therefore needed to support the use
of SGLT?2 inhibitors in the older or frail population with
T2DM. The updated NICE T2DM clinical guideline now
calls for their broader use, alongside metformin, among
patients with HF or at high risks of CV disease irrespective
of HbAlc levels [30]. Current frailty-specific guidelines for
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T2DM also emphasise a need to individualised manage-
ment, in which SGLT2 inhibitors may provide cardiopro-
tective effects on frail patients with co-morbidities [31].

We therefore aimed to analyse the clinical efficacy and
safety of SGLT2 inhibitors in people with frailty or older
people (aged >65 years) with T2DM and HE

Materials and methods

We performed this systematic review and meta-analysis based
on the preferred reporting items for systematic review and
meta-analysis (PRISMA) statement [32] and according to
the Cochrane Handbook [33].

Literature search strategy

We performed a comprehensive literature search of five
electronic databases (PubMed, Scopus, Web of Science,
Cochrane CENTRAL, Google Scholar) through February
2023, using these search keywords ‘Sodium-glucose co-
transporter-2 inhibitors’, ‘SGLT?2 inhibitors’, ‘canagliflozin’,
‘dapagliflozin’, ‘empagliflozin’, ‘ipragliflozin’, ‘sotagliflozin’,
‘luseogliflozin’, “*Gliflozin’, ‘Heart failure’, ‘heart right
ventricle failure’, ‘congenital heart failure’, ‘Diabetes
Mellitus’, ‘type 2 diabetes’, “T2DM’, “T2DM’, ‘non-insulin
dependent’, ‘NIDDM’, ‘Frail’, “frailty’, ‘Elderly’, ‘Older’ and
‘Old’. These keywords were amalgamated using Boolean
operators for each database, as appropriate. We refrained
from applying any filters except for language. All duplicates
were removed using EndNote software, and all references to
the included studies were screened manually for any eligible
studies.

Study selection

Two independent authors (R.A. and T.C.) systematically
screened the titles and abstracts of identified records. Fol-
lowing this, they compared their results, reached a consensus
on which studies met the initial inclusion criteria and pro-
ceeded to conduct full-text screening for the selected studies.
Only relevant original research encompassing randomised
controlled trials (RCTs) and observational studies reported
in full-text that compared SGLT2 inhibitors with either
placebo or any other glucose-lowering agent was selected.
We adopted a comprehensive approach to select studies that
met the predefined criteria and included studies that used or
did not use propensity score matching (PS matching). Our
target population are individuals aged 65 years and older
with both HF and T2D. We excluded single-arm studies,
animal studies and studies reported in a language other than
English (due to practical considerations related to language



accessibility and resource constraints). A third author (I.I.)
adjudicated any discrepancies between authors.

Risk of bias assessment

Independently, two reviewers used the Cochrane risk of bias
(ROB) tool to assess the methodological quality [34] for
the included RCTs. We evaluated the risk of bias across
various domains, including sequence generation (indicating
selection bias), allocation sequence concealment (reflecting
selection bias), blinding of participants and personnel (per-
formance bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), selective out-
come reporting (reporting bias) and other potential sources
of bias. Our assessments are categorised as either "Low risk,
"High risk’ or *Unclear risk’ of bias. For this evaluation,
we referred to the quality assessment table found in (part
2, Chapter 8.5) of the Cochrane handbook of systematic
reviews of interventions. For the observational studies, the
Newcastle—Ottawa Scale (NOS) was used [35]. Each study
received a star rating ranging from 0 to 9 based on three
criteria: S for selection (04 stars), C for comparability (0—
2 stars) and O for outcome (0-3 stars). Studies receiving
six or more stars were categorised as good quality [36].
In case of disagreement among reviewers during the risk
of bias assessment, a consensus is sought through discus-
sion. If consensus cannot be reached, an independent third
reviewer is consulted for an objective assessment to resolve
the disagreement.

Data extraction and study outcomes

The lead author prepared formatted Excel sheets including
demographic data and study characteristics, ROB assessment
and outcomes of interest.

The data extraction process was conducted independently
by two authors, followed by a double-checking step to ensure
accuracy and consistency. The review authors extracted the
following data: demographic data, glycated haemoglobin
(HbAlc) and safety profile (CV and renal outcomes).
These studies excluded patients with type 1 diabetes due
to increased risks of DKA. Any incomplete or incompatible
data have been dealt with through methods recommended
in the Cochrane Handbook [37].

Statistical analysis

For continuous variables (change in HbAlc level), the mean
difference (MD) and its 95% confidence interval (CI) were
calculated, while the risk ratios (RRs) with 95% CI were cal-
culated for dichotomous variables (safety outcomes). The sta-
tistical model used was the generic inverse variance weighting
methodology. The statistical analysis was performed using
Review Manager (RevMan) software version 5.4. To cal-
culate the MD and standard error (SE) for the change in
HbAlc levels, we utilised the RevMan calculator. These
values were then used to derive the overall MD and a cor-
responding 95% CI. The included studies were of different
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populations (i.e. geographical location, demographic char-
acteristics and medical conditions) due to different interven-
tions across the studies. Therefore, we used a random-effect
model (DerSimonian—Laird) as we could not rely on each
study as the true effect size of the drug evaluated [33, 38].
We also assessed the degree of Heterogeneity between studies
using P statistics. Ranges of 0-24, 25-74 and 75-100%
were used to define low, moderate and high heterogeneity,
respectively [33]. We evaluated publication bias using funnel
plots and conducted the Egger test to assess both funnel
plot asymmetry and the presence of publication bias [39].
Further analysis based on the study design is also performed.
Leave-one-out sensitivity analyses were performed to assess
the impact of excluding individual studies on the summary
findings and heterogeneity in relation to the change in
HbAlc. These analyses helped determine the extent to which
a particular study influences the overall effect size and the
level of variation observed among studies. To account for the
variation observed in studies with a wide standard deviation
(SD) but a mean and median age of 65, a subgroup analysis
was conducted.

Results

Literature search results and study characteristics

A total of 5,362 records were initially identified through
database searching, with an additional 27 articles identified
through manual reference checks of relevant articles. After
removing duplicates, 3,202 unique records were retrieved
and were manually screened for the eligibility criteria.
Finally, 20 studies (22 reports) fulfilled the eligibility criteria
and were included in our study [40-60], with three articles
included exclusively in the qualitative synthesis [40, 58,
59] (Figure 1). The included studies comprised 77,083
patients (56.96% males; 7 =43,905) and assessed SGLT2
inhibitors compared with a placebo or any other glucose-
lowering agent among the targeted population with HF and
T2DM. Ten studies were RCTs [41, 42, 44, 46, 51-56],
seven studies were observational [40, 43, 47—50, 57] and one
study was a secondary analysis of the EMPEROR-Preserved
trial [45]. In a prespecified analysis of the DELIVER trial
by Butt et al. 2022 [59], the Rockwood cumulative deficit
approach was used to assess frailty. Patients were classified
into three groups based on their Frailty Index (FI) scores:
FI class 1 [not frail] comprised those with a FI <0.210,
FI class 2 [moderately frail] comprised those with a FI
of 0.211-0.310, while FI class 3 [most frail] comprised
those with a FI of >0.311. Class 1, class 2 and class 3
frailty were identified in 2354 (37.6%), 2,413 (38.6%)
and 1,491 (23.8%). While in a post hoc analysis of the
DAPA-HF trial (410 sites across 20 countries) [58], class
1, class 2 and class 3 frailty were identified in 2392 (50.4%),
1,606 (33.9%) and 744 (15.7%). The study characteristics
and demographic data of the participants are presented in
Table 1.
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Figure 1. The flow diagram of the study selection procedure. The reasons for exclusion during this phase included records thar were
irrelevant to the research ropic, did not involve the specified patient population or were not original research articles.



le with T2DM and HF

ibitors in peop

hi

SGLT2 in

(ponu11u03)
uswidar
SOFIL 0CTFOLY 98F 768 54 §CFLTIL 16 020z urnsut snjog-feseq uredg ‘eSe[pN lo1] 120T
90FTL I'YCF89% 60LF0°06 94 9CFOTL 16 PUE /10T Udamdg urzogySedwy 781  Apms euoneansqO ur speadsoy 3 e 39 AUOWg-2212]
uredg ‘eqopioD)
STF89 8LIFG6Y — [T IIFEL Vas [onuo) ‘endsol eyjog
CIFYL GCLIFY Sy — 0¢ 01 F 69 1S4 sqiuow g urzogySeur) 201 Aprusioqony  eury Aisiaarun [6] 1207 "[e 32 uniepy
Apnis 11040 $9181G PAAIUN)
I'TF88 — — [q¢ CEIF 69 191 undrgeng [euonEAISqO) T2AUD) [EAPIN
y1F98 — — ¢ TTLF8Y 68 skep 6T AN 0$T aandadsonay a10y2UOy (8] 2207 TR 1T
[
YIFOL — 0$ 30 (TSTF€98) 54 901 FT69 [2¢ pu1[q-2[qnop 0qa0e]] (Iem JH-INA-¥VONS)
9TFSL — yr30 (I'61FTS8) ¥ LT1FT89 49 sam 9¢ urzogySedury <ol ‘onudnwW Oy puepodg 120T e 32297
[so1munoo
mvuvﬂmMQ + On—uoa—& ﬁu>uvmuh& mN ur sanuad
$22quIq “4OYAdNA Jo TT9] paatasai]
0STFITL L8F6€ES — 7891 06F60L 99%°1 stpuow 9¢ + urzogngedury 99%°1 ssh[eue Lxepuodag ~OYAANT  [9] TToT T8 2 soreddiry
80F 69 7’6 F 8¢ IEIFSE9 4 LLFIYL 78 2s0qr80A
u\:r—uu_ﬁ:—:
LOFOL Y6F LS LTIF Y9 99 LLFLIL €8 SPIM T urzoy3oasn'] 991 ‘Pae-uado (LY uede( [¢] 0z0T "Te 3 g
(0%,-0'%9
— — — 9¢g  a8uer) 0'0L uTIpIN €80°1 IZITHS-UON
(TH2P#MS)
8107 12qua03(] AnsiSoyg
(064079 1€ PU® 9107 dH YsIpams)
— — — €87 8uwn) 069 UEIPA 19¢  Awenue[ | usamwg rANRN a2 Al [euonEAISqO) udpamg [#] 120T "¢ 32 19y2g
C81FC9L — — 44! 69°TT F9¢°¢9 €81 IZLTOS-UON
6102
IquIDA(] [§ U0 (8107-9107)
pareurwiIdg, 18107 Apms 110402
88'TF96L — — 1zt YTETF 6059 €81 019107 Woiy lrAN N 99¢ aandadsonay ueME], [€] €20 Te 12 Buapy
(%8°SL) ST %Sy< (TL6-0°6L (0747065
— (%THT) 8 :%SH>  28Buwr) ¢*/g ueipoy 61 a3uer) [/ uelpopy 13 0q2e]]
(%L9L) €T *%Sy< (#'£01-0'9L (07,079
— (%E°€T) L:%SHy>  2Buer) §°/g weipay 0z 28uer) ¢'gg uwIpay 0¢ Sw ¢z urzoyyBeduy
(%0°08) ¥T %5H=< (Ty01-0'/L8 (0'1£-0°09
— (%0°02) 9 :%Sy> a8uex) 06 UeIpIN ¥T a8uex) 99 uerpapy 0¢ Fw (g urzopydoor]
(%0°6L) TT :%SH< (T901-8'8L (6°$/-0°99
— (%0°57) ¥ :%SH>  28ur1) 0°06 UeIpIN (4 a8uer) ¢/ ueIpay 91 S [ urzoyyBoory
VII
(9%L°99) 01 :%SH=< CY11-$LL (0°5£-079 aseyd dnod-pojjered $a1IUN0d 7
— (%E€E) S %Sy> a8uer) (66 UBIPIN ¥1 a8uer) (0L ueIpajy a1 spPam 71 Sw ¢z urzogySoory 1 Qnudonmuw [ R $SOIDE $1IUD ¢ [2] 0207 "Te 32 320 °p
I'1F6L T8FH09 SCSIF 699 61 S8FECO0L 43 JUIWITAN [BUONUIATOD)
anudpmw [1] (Apms EIOXA)
0IFI8 0'LF 609 TILFEE9 44 08F61L 9¢ SpPamM T urzogySexd] 89 ‘Pqef-uado (1Y uede( TT0T "[e 2 eyesey
e ke e T i iy ARy R
21yqH duipaseq ‘(%) JAAT s F ueaw ySrop 19puan) s F ueaw 98y syuaped jo *N Apmg sdnoid Apmg JoO°N uSisap Apmg Anunon) ai 4pms

SOTPNIS PAPN[OUT 21 JO SONSLINJLIBYD) *| d|qeL



R. Aldafas et al.

"UONEIAIP pIepuels = (IS mwuw_ﬁowm 101d20a1 H|u—uﬁ—&u& wvﬁTﬁowmuﬂ—w =Vd1-dT1D MEOMHUN@ ﬂoﬁuuu_u Te[NOINUIA 3] = JHAT

(£ =09 28uer)

(%£°G1) ¥/ = (reay 1sowr

L'9 UBIPIN €COFTTE - $9¢ 06F869 DTIE0< 1) ey ¢ sseD
(0°£-8°¢ 28ues) (%6°€€) 909°1 = (Jre1y dr0wr *>° e
T'9 UEIpPIN SIOFO6IE - STT'1 Y6F889 0I€0-11T0 1) Ly 7 ssed dH-Vdvd
(#'9-9°¢ a8uer) (%¥%°0S) T6£T = (Jreyy 20U syauowr 7'g| =owmn 0Qade[] a3 jo sisdjeue $2L1IUN0D [o2]
6°G UBIPI 0'LFT0E . %81 9IIF9€E9 DT01T°0> L) Lrey 1 sse[D dn-mofjoy uerpay 'sa urzogrSedeq WLy 204 150 0T Ul SIS OT¥ 7T0T Te @ ung
(%8°€T) 1631 = (re1g 350w
ITFTL C8FIYS - 178 8'8FLTL PEIE0S 1) Oprey ¢ ssepD
(%9°8€) €13 = (frey 210w 271 [eHL
CI1F99 8'8FTHS - €9¢€°1 06F9TL  f0I€0-11T0 D) Dreyy T sseD HIAITIA
(%9°L€) p€ T = (re1g 200 042¥[d s jo stspeue $2IUNOD (7 l61]
TIFTY U6 FTHS - 80¢°1 COLF 0L TOIT0> 1) Dfrey 1 sseD sjpuour g s uizopydedeqy 8$T'9 payads-a1]  SSOIOE SIS CCE 70T e @ ung
— — — LIT°6 CCCTFENTL T0S°LT VAI-dTD Aprus (81] (z31040d)
- - - £80°6 LUSTFSITL T0S°LT sqauow 71 upzopySedury $00°SE  [euoneAIsqO TT0T Te W e
- - - S%0°9 €T0SFS81L 6TV 1T undySeng 4pms [81] (1 310100)
- - - ¥0°9 T0'SFC8IL 6Ty 1L sqauowr 71 urzopSedwg 8G8CC  [PUONEAISQO SIS PN TT0T "Te W e
(9/—%9 28uer) Ppajjonuod
- 0°6LF 8% - 00% 0L UeIpaIN ¥19 (sqpuowr °¢1-6'y 0qaoF[d -oqaoeyd
(9/—¢9 28uer) ‘a3uer anrenbiaur) ‘pur[q-a[qnop *SA1IIUN0D [£1]
- T'6LF 18% - o1y 69 UBIpIN 809 Sqauow 0°6 urzopy3ei0g [ada IO TE Ul sams 90¢ 1207 e 39 3prezg
[91] (dpras
JuoUnNEIn TVDINONVYD
SC'0F 069 9LF 619 8CTTF06'€9 LT 8SF 6L U7 SIGEIp prepuTIg ShudpMw a)
VLOFEUL SLFTIY 96'0T F 68°C9 8T ¥oOFSIL (44 SPem BT uizopy[Seue)) 8 10¥ uede( 120T e @ TpaN)
It
LITIO(GOF 1L O (THLITFLLS) 9ETF Y99 98 y'01F6'89 0cl apudounn
101 anusonu uede[  [S1] (ATANVO)
TILIO(LOF 69  J0OVIFILY) LTIF 999 88 8'6F €89 (8¢ Som H urzogySeur) €T 1O¥ ULsanuad ¢ OTOT e 32 BeuE],
(7'8-8"9 28uex) (16-T¢ 28uwex) (98—, 28uex)
¥'L URIPIN 6E UBIPIN - 81 T8 UPIpIN 6T [euoRuLAUOY
(9°£—%"9 dSuer) (19— 98uer) (g8 28uer) 0207 Areniqa pue 2anoadsor ] [#1]
69 UEIPIN ¥y UEIPPN - 81 08 UBIPIN 0¢ £10T Arenue( usamiag urzoprdedury 65 1O¥ uede[  [70T e 22 PEWEL
le1]
791 F9°8S LTTF 9% 06 61 89F VL9 8¢ 0qaoFld anusd puepoog (UL WY OJTY)
8LIF0€C9 YILF Sy 6'T6 81 0LF 699 8¢ e | upzopydedey 9¢ durs (LY ‘opisder SHN 0207 'Te 2 y3uig
610T
sun( 9 uo dn-mofjoy
[EUY I ‘T0T
ITFYL 89F01¢ - L78 8'6FL99 $90°1 asn8ny £ pue 10T 0Ga3¢[ pul[q-s[qnop $3UN0d [c1]
SIFVL 99F¥IE - c€8 66F€99 SLO'T Areniqag g1 uvamiog urzopydede(y 6E1T 104 0z wsAusQry 020T 'Te 39 oM
uwunSor
urnsut
80FYL SETFOLY 08FT68 8¢ YYFT8 6L 120 dun( pue ¢10g snjoq-feseq Apras [11] zzoz e
6GO0FSL CTTFSIFFOLFH 06 (U4 I'FF0¢8 6L 1pquinndag usomiag  urzoyyBedurg 8¢1 [EUOREAISGO PIVOWPRY-Z215]
Dmuﬂ:auE DmH:qu&AEnEV &:.Bo:o&:o:ﬁ:ﬁ S:Eﬁ&
d1VqH durpseq ‘(%) JAAT S Fueow aySiop  1opueny (S F ueow 9fy dnoid yoes ur syuaned jo N Apmg sdnoig Apmg Jo N uSisop Apmg Anunon) i 4pms

panunuo)) | 9|qeL

O



SGLT2 inhibitors in people with T2DM and HF

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Akasaka et al. 2022 (EXCEED study) -0.068 0.1694 17.5%  -0.07 [-0.40, 0.26) ~ i
de Boer et al. 2020 (Empagliflozin) -0.3192 01753 171%  -0.32[-0.66,0.02) s
de Boer et al. 2020 (Licogliflozin) -0.4 02674 12.7% -0.40[-0.92,0.12] —
Ejiri et al. 2020 -0.68 1.2346 1.2%  -0.68[-3.10,1.74] ¢ >
Lee et al. 2021 (SUGAR-DM-HF trial) -0.36 0.2245 14.7%  -0.36[-0.80,0.08) ——r
A Martin et al. 2021 -0.12 0.4796 6.3% -0.12[-1.06,0.82]
Singh et al. 2020 (REFORM Trial) -0.1884 0.3522 95% -0.19[-0.88,0.50] —_—
Tanaka et al. 2020 (CANDLE) 0.33 0.0969 21.0% 0.33[0.14,0.52) =
Total (95% Cl) 100.0%  -0.13[-0.41,0.14]

Heterogeneity: Tau®= 0.09; Chi*= 20.30, df= 7 (P = 0.005); I*= 66%

Test for overall effect. Z= 0.95 (P = 0.34)

1 05 0 05 1
[SGLT2i] [Non-SGLT2i]

Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Akasaka et al. 2022 (EXCEED study) -0.068 0.1694 30.5%  -0.07 [-0.40, 0.26) —
de Boer et al. 2020 (Empagliflozin) -0.3182 01753 285%  -0.32[-0.66,0.02) — &
de Boer et al. 2020 (Licogliflozin) -0.4 02674 122% -0.40[-0.92,0.12] —
Ejiri et al. 2020 -0.68 1.2346 06% -0.68[-3.10,1.74] ¢ >
Lee et al. 2021 (SUGAR-DM-HF trial) -0.36 0.2245 17.4%  -0.36[-0.80,0.08) —_—r
B Martin et al. 2021 -0.12 0.4796 3.8% -0.12[-1.06,0.82)
Singh et al. 2020 (REFORM Trial) -0.1884 03522 71% -0.19[-0.88,0.50] —
Tanaka et al. 2020 (CANDLE) 0.33 0.0969 0.0% 0.33[0.14,0.52)
Total (95% Cl) 100.0% -0.24 [-0.43, -0.06] -
Heterogeneity: Tau®= 0.00; Chi*= 2.09, df= 6 (P = 0.91); F= 0% i } t 1

Test for overall effect. Z= 2.62 (P = 0.009)
Figure 2. A and B Forest plot of the change in HbA1c%.

Risk of bias assessment

Most studies showed a low risk in most Cochrane ROB
tool domains. The summary of the ROB assessment of the
included RCTs is shown in Figure S1 and Figure S2, while
the ROB assessment of the included observational studies is
presented in Table S1. The risk of bias assessment suggested
that most of the data in this meta-analysis originated from
studies with good evidence. We observed no significant
evidence of publication bias in our study.

Change in HbAIlc%

Eight studies provided adequate data for this outcome.
The pooled MD for % change of HbAlc did not show a
statistically significant difference in SGLT?2 inhibitors over
the non-SGLT?2 inhibitors arm (MD —0.13, 95% CI —0.41
to 0.14, P = 0.34). Heterogeneity within this subgroup was
moderate (2= 0.005; I* =66%), Figure 2(a). However, in
a sensitivity analysis excluding a study [2] based on lower
dose of Canagliflozin, there was a statistically significant
difference in HbAlc (MD —0.24, 95% CI —0.43 to —0.06,
P =0.009); the pooled studies were homogenous (P = 0.91;
I’ =0%), as shown in Figure 2 (b). Additional analysis,
conducted in accordance with the study’s design, yielded
similar findings, as illustrated in Figure S3.

Cardio-renal and safety outcomes

Overall, an RR of 0.81 (95% CI 0.69-0.95, P= 0.008)
and 0.80 (0.69-0.94, P= 0.0006) corresponding to a
relative risk reduction of 19 and 20% in favour of SGLT2

-0.5 0 05 1
[SGLT2i] [Non-SGLT2i]

inhibitors was found in terms of all-cause mortality
and cardiac death, Figure 3(a) and (b). No stadistically
significant difference was found in all-cause mortality
between SGLT2 inhibitor and control groups 0.90 (0.87—
1.05) in RCT. However, observational studies indicated a
significant reduction in mortality associated with SGLT2
inhibitors in real-world settings 0.81(0.69-0.95, P =0.02),
Figure S4. Further analysis demonstrated a consistent and
statistically significant favouring of SGLT2 inhibitors in
reducing the risk of cardiac death. This effect is particularly
prominent in real-world observational studies, but it remains
statistically significant when combined with RCT data,
Figure S5.

Rate ratios for renal progression/composite renal end-
point and AKI did not show any difference 0.88 (0.65-1.13)
and 0.92 (0.29-2.91), respectively, between the two groups.
Overall, an RR of 0.69 (0.59-0.81, P < 0.00001) corre-
sponding to a relative risk reduction of 31% in favour of
SGLT?2 inhibitors was found for HHF [the requirement of
intravenous medications such as cardiotonics, diuretics and
vasodilators to treat worsening HF] Figure 3(c). This benefit
is particularly pronounced in RCTs and remains significant
when considering both RCT and observational data, despite
we observed a higher heterogeneity in observational studies,
which may reflect real-world variations, Figure S6.

The overall RR however did not differ between both
groups for worsening HF 0.55 (0.22-1.37), atrial fibrillation
1.67 (0.29-9.49) or DKA 0.94 (0.33-2.67). Regarding the
incidence of thromboembolic events Acute coronary syn-
drome (ACS) or cerebral vascular occlusion, the overall RR
did not favour either of the two groups 0.93 (0.76-1.13);
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(a)

Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Singh et al. 2020 (REFORM Trial) -1.3863 1.0856 06% 0.25[0.03,2.10] ¢
Tanaka et al. 2020 (CANDLE) -0.652 1.2182 0.4% 0.52[0.05,5.67] ¢ >
Martin et al. 2021 -0.6199 0.21 9.6% 0.54 [0.36, 0.81) —_—
Desaietal. 2022 (cohort 1) -0.4953 01737 121% 0.61[0.43,0.86) —
Weng etal. 2023 -0.4246 0242 8.0% 0.65[0.41,1.08) —
Petrie etal. 2020 -0.2294 01036 18.6% 0.80[0.65, 0.97) ——
Szarek etal. 2021 -0.1625 016 131% 0.85([0.62,1.186) =T
Ueda et al. 2021 {(CANONICAL study) -0.0481 1.9883 02%  095(0.02, 46.94] ¢ >
Perez-Belmonte et al. 2021 0 06914 1.3% 1.00[0.286, 3.88)
Perez-Belmonte et al. 2022 0 0689 1.3% 1.00 [0.26, 3.86)
Desaietal. 2022 (cohort 2) 0.0325 0.1467 14.3% 1.03[0.77,1.38] —r
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Total (95% CI) 100.0% 0.81[0.69, 0.95] <P
Heterogeneity: Tau?= 0.03; Chi*=18.85, df= 11 (P = 0.06); F= 42% EII 2 u t é
Test for overall effect: Z= 2.63 (P = 0.008) ’ '[SGLTzi] [Non-SGLT2i]
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
de Boer et al. 2020 (Empagliflozin) 0.0926 1.9844 0.2%  1.10[0.02,53.62] ¢ >
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Total (95% CI) 100.0% 0.80 [0.69, 0.94] <P
Heterogeneity: Tau®= 0.00; Chi*= 4.84, df=7 (P = 0.68); F=0% 0%2 0?5 é é
Test for overall effect: Z= 2.76 (P = 0.006) ' [SGLT:i] [Non-SGLT2i]
(c) Risk Ratio Risk Ratio
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Figure 3. Forest plot of risk of (a) all-cause mortality, (b) cardiac death and (c) HHF

pooled studies were homogenous (P = 0.71). The detailed
safety profile is reported in Table 2 and Figure S7.

In Becher et al 2021 [40], the authors documented a
30% reduction in the risk of CV death/first HHF among
SGLT?2 inhibitors users over a median follow-up of 256 days,
with a hazard ratio of 0.70 and CI 0.52—-0.95, and this
was observed irrespective of Ejection Fraction (EF), prior
metformin treatment or kidney function. Use of SGLT2
inhibitors was also linked to a decreased risk of (i) all-cause
and CV death, (ii) CV hospitalisation and HHF and (iii) CV
death/myocardial infarction/stroke.
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SGLT?2 inhibitors and frailty

In the pre-specified analysis of the DELIVER trial [59], the
impact of dapagliflozin was consistent among different levels
of FI for worsening HE, HHEF, CV death, all-cause mortality
and the composite of total HF events and CV death. The
HRs and RRs indicated a reduction in risk with dapagliflozin
across FI classes. Specifically, the lowest to highest FI classes
showed HRs of 0.87-0.69 for worsening HE, HRs of 0.83—
0.69 for HF hospitalisation, HRs of 0.84-0.79 for CV death,
HRs of 0.92-0.90 for all-cause mortality and RRs of 0.85—
0.71 for the composite outcome.
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Table 2. Summary of the safety profile results

SGLT2 inhibitors in people with T2DM and HF

Studies RR (IV, Random, 95% CI) P(Z)-value P(Q) Hetero.; I-Sqr (Q)
Thromboembolic (ACS or Cerebral vascular 8 0.93 [0.76, 1.13] 0.46 P=071;1* =0%
occlusion)
All-cause mortality 12 0.81 [0.69, 0.95] 0.008 P=0.06;12%=42%
Cardiac death 8 0.80 [0.69, 0.94] 0.006 P=0.6812=0%
HHF 10 0.69 [0.59, 0.81] < 0.00001 P=0.07); 1% =42%
Atrial fibrillation 3 1.67 [0.29, 9.49] 0.56 P =0.86; I* =0%
Worsening HF 3 0.55 [0.22, 1.37] 0.2 P=0.84; 1" =0%
Renal progression/Composite renal end point 4 0.88 [0.69, 1.13] 0.31 P=03%1"=1%
AKI 3 0.92 [0.29, 2.91] 0.89 P=0.01;1*=77%
DKA 5 0.94 [0.33, 2.67] 0.91 P =0.68;I* =0%

Furthermore, the post hoc analysis of the DAPA-HF trial
[58] confirmed the beneficial effects of dapagliflozin across
different FI classes. The number needed to treat to pre-
vent one event per 100 person-years decreased as FI class
increased, indicating a greater efficacy of dapagliflozin in
more frail patients. The HRs of composite and individual
outcomes for worsening HE hospitalisation or CV death
showed consistent reductions across all FI classes compared
with placebo arm. The magnitude of the reduction in these
outcomes was generally more pronounced in the most fragile
patients. Despite the consistent efficacy of dapagliflozin in
reducing adverse outcomes, the study did not find any
significant differences between dapagliflozin and placebo in
terms of discontinuation of trial therapy or serious adverse
events across all FI categories.

Subgroup analysis

A subgroup analysis was performed on individuals 65 and
older with varying SD to consider the age variation. In terms
of cardiac death, individuals aged 65 with a lower SD group
had a risk estimate of 0.68 (0.49-0.96), while those with a
higher SD group had a risk estimate of 0.88 (0.69-0.94).
All-cause mortality risk estimates were 0.72 (95% CI: 0.61,
0.85), compared with 0.91 (0.76-1.08) for the higher SD
group. In terms of HF hospitalisation, the risk estimate
for the lower SD group was 0.45 (0.22-0.91), compared
with 0.71 (0.64-0.80) for the higher SD group. For the
efficacy profile based on HbAlc levels, the difference for
the lower SD group was —0.28 (—0.63 to 0.06), compared
with —0.23 (—0.45 to —0.01) for the higher SD group,
Figure S8.

Discussion

Our study showed that SGLT2 inhibitors significantly
reduced the risk of all-cause mortality, cardiac death and
HHEF in frail or older patients (aged >65 years) with T2DM
and HE While SGLT2 inhibitors did not substantially
improve HbAlc levels overall (P =0.34), a sensitivity
analysis excluding a study with lower doses of Canagliflozin
revealed a statistically significant reduction in HbAlc

(P =0.009). Interestingly, the post hoc analyses of the pivotal
trials, DELIVER and DAPA-HF trials, confirmed that the
positive effects of SGLT2 inhibitors on the CV adverse
outcomes were consistent across the different levels of F1. The
magnitude of the reduction in these outcomes was generally
more pronounced in the most fragile patients [58, 59].

Frail and older patients with T2DM have consistently
shown a progressive increase in the risk of adverse CV out-
comes. Previous reports showed synergistic effects between
frailty/ageing and T2DM, leading to higher risks of acute
HE coronary artery disease and stroke [61, 62]. In the
presence of HE older and frail patients with T2DM may
have a greater risk of adverse CV outcomes [62-64]. While
pivotal clinical trials and meta-analyses demonstrated the
clinical benefits of SGLT?2 inhibitors on HF-related adverse
outcomes in patients with HFrEF [41, 50, 65], there is a lack
of ample evidence to support the clinical benefits of SGLT2
inhibitors in the context of frail or older patients. To our
knowledge, this is the first meta-analysis that evaluated the
CV outcomes of SGLT?2 inhibitors in this important patient
group. Our findings align with previous meta-analysis that
demonstrated a lower risk of HHE, CV death and all-cause
mortality in T2DM patients with HF who received SGLT2
inhibitors [66, 67] and confirmed that the clinical benefits
of SGLT2 inhibitors on CV outcomes extend to older and
frail HF patients with T2DM.

Several mechanisms can potentially drive the positive
effects of SGLT?2 inhibitors in older or people with frailty
with HF and T2DM. Growing evidence suggests that
SGLT2 inhibitors improve the efficiency of myocardial
metabolism by utilising ketone bodies as a primary substrate
[68]. SGLT?2 inhibitors have also been shown to reverse
cardiac remodelling, attenuate inflammatory markers,
[68], enhanced glucosuria and natriuresis, lowering blood
pressure, improve hemodynamics, attenuate oxidative stress
and decrease reperfusion injury [69]. In the context of HE
recent reports suggested that the SGLT?2 inhibitors-mediated
volume unloading and sustained improvement in the left
ventricular filling pressure may contribute to the reduced risk
of adverse CV outcomes, particularly HHF [70] although
this mechanism was not supported by subanalysis of the
EMPEROR-Reduced trial [71].
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The main advantages of SGLT?2 inhibitors usage in older
frail patients are driven by a reduction in cardio-renal events
(reduced CV mortality, HHF and renal adverse events) and
improved HF-related health status [14, 16, 22, 72—74] rather
than its glycaemic benefits. In the present meta-analysis,
we observed comparable changes in the HbAlc between
the SGLT2 inhibitors and non-SGLT?2 inhibitors arms; this
difference became significant (P =0.009) in the sensitiv-
ity analysis, excluding TANAKA et al. 2020 (CANDLE)
[54], which evaluated canagliflozin 100 mg, rather than the
more effective 300 mg dose [75]. According to two meta-
analyses, canagliflozin 300 mg was more effective in lower-
ing HbAlc levels than either dapagliflozin or empagliflozin
[76-78].

HF and T2DM are associated with a prothrombotic state,
a leading cause of hospitalisation and death in HF patients,
especially in older people [79] and renal dysfunction. Both
conditions can interact to induce renal damage through mul-
tiple pathways. The present meta-analysis showed no signifi-
cant difference in the incidence of thromboembolic events
and renal progression/composite renal endpoint between
patients with and without SGLT?2 inhibitors. The exact
reason for this is unclear but we speculate that the het-
erogeneity in the studied population and length of follow-
up may represent potential explanations. It is also reassur-
ing that the incidence of DKA was observed to be not
significantly increased in the people with frailty and older
people in our study. This is important due to the high
risks of volume depletion, reduce food intake and risk of
acute illness in this patient group, which might increase
the risk of developing DKA with concurrent use of SGLT2
inhibitors.

When all the studies in which the mean age of the
population was 65 years or above were considered, the
analysis showed decreased risk of HF outcomes associated
with SGLT?2 inhibitors. This finding, however, should be
interpreted with caution as the age data exhibited a wide
SD, suggesting that the study cohorts lacked homogeneity.
A subgroup analysis was therefore carried out in order to
examine the influence of age, with particular emphasis on
subjects who were older than 65 years. The data showed
no statistical significance with respect to all-cause mortality
and cardiac death, a finding that could be related to the few
studies published on this issue and which exposes a gap in
the literature.

Some limitations of our study needs to be highlighted;
(i) the small number of studies included and restrictions
to English language, (ii) a lack of standardisation of the
interventions being investigated across the studies, (iii) the
existence of residual confounding or selection bias cannot be
ruled out, even though observational studies gather numer-
ous variables that permit executing substantial adjustments
utilising PS matching, (iv) it is conceivable that patients
may have unmeasured traits linked with decreased risk, (v)
due to the lack of studies and data, we could not per-
form a subgroup analysis based on the frailty status and
(vi) we have not included other adverse outcomes such
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as urinary or genito-tract infection due to our focus on
cardio-metabolic outcomes. Additionally, we acknowledge
a potential limitation related to reporting bias, including
language bias. We excluded non-English articles to maintain
language consistency and prevent potential misinterpreta-
tions due to language nuances or translation errors. While
this decision was made to ensure the accuracy of our analysis,
it may have inadvertently restricted the inclusivity of our
study, potentially introducing bias by omitting relevant non-
English publications influenced by pharmaceutical interests.
This limitation is prominently noted to emphasise its impact
on the comprehensiveness of our research.

Clinical implications and conclusions

The present meta-analysis confirmed that the cardioprotec-
tive advantages of SGLT2 inhibitors extend to the frail/older
population, who are often underrepresented in clinical tri-
als. Our findings provide further evidence to reinforce rec-
ommendations of initiating SGLT2 inhibitors early and
not to miss the opportunity of reduced risks of adverse
CV outcomes and avoid therapeutic inertia in this patient
group. However, a multidisciplinary approach is crucial in
the decision-making process for managing older individuals
or people with frailey with T2DM and HF to effectively
integrate SGLT?2 inhibitors into treatment pathways [80].
In addition, co-morbidities, disability, frailty, anticipated life
expectancy, patient preferences and therapeutic goals should
all be considered while developing a treatment plan for this
population.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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