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Abstract

Background As indications for sodium-glucose co-transporter-2 inhibitors (SGLT2i) are expanding, a growing num-
ber of older adults have become candidates for treatment. We studied the safety profile of SGLT2i among older adults.

Methods A retrospective, pharmacovigilance study of the FDA's global database of safety reports. To assess reporting
of pre-specified adverse events following SGLT2i among adults (< 75 years) and older adults (> 75), we performed a
disproportionality analysis using the sex-adjusted reporting odds ratio (adj.ROR).

Results We identified safety reports of 129,795 patients who received non-insulin anti-diabetic drugs (NIAD), includ-
ing 24,253 who were treated with SGLT2i (median age 60 [IQR: 51-68] years, 2,339 [9.6%] aged > 75 years). Compared
to other NIAD, SGLT2i were significantly associated with amputations (adj.ROR=355.1 [95%Cl: 258.8 — 487.3] vs adj.
ROR=250.2 [79.3 — 789.5]), Fournier gangrene (adj.ROR=45.0 [34.5 — 58.8] vs adj.ROR =88.0 [27.0 — 286.6]), diabetic
ketoacidosis (adj.ROR=32.3 [30.0 — 34.8] vs adj.ROR=23.3 [19.2 — 28.3]), genitourinary infections (adj.ROR=10.3

[94 —11.2] vs adj.ROR=8.6 [7.2 — 10.3]), nocturia (@dj.ROR=5.5 [3.7 — 8.2] vs adjROR=6.7 [2.8 — 15.7]), dehydra-

tion (@djROR=25[2.3—2.8] vs adjROR=2.6[2.1 —3.3]), and fractures (adjROR=1.7 [1.4 —2.1] vs adjROR=1.5

[1.02 —2.1]) in both adults and older adults, respectively. None of these safety signals was significantly greater in
older adults (P; eraction threshold of 0.05). Acute kidney injury was associated with SGLT2i in adults (adj.ROR=1.97
[1.85—2.09]) but not in older adults (adjROR=0.71 [0.59 — 0.84]). Falls, hypotension, and syncope were not associated
with SGLT2i among either adults or older adults.

Conclusion In this global post-marketing study, none of the adverse events was reported more frequently among
older adults. Our findings provide reassurance regarding SGLT2i treatment in older adults, although careful monitor-
ing is warranted.
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Introduction

Sodium-glucose co-transporter-2 inhibitors (SGLT2i)
have changed the treatment landscape of type II diabetes
mellitus (T2DM) and demonstrated efficacy in reducing
blood glucose and diabetic-related complications [1, 2].
SGLT?2i have been shown to slow the progression of dia-
betic kidney disease and reduce heart failure (HF) hos-
pitalizations and cardiovascular death [3, 4]. Therefore,
clinical trials were designed to assess their role in patients
with HF with reduced ejection fraction and found a lower
risk of cardiovascular death or hospitalizations irrespec-
tive of diabetes status [5, 6]. Recently, empagliflozin was
the first medication to exhibit a significant beneficial
effect in patients with HF with preserved ejection frac-
tion, which was consistent across all age groups [7, 8]. As
indications for SGLT2i treatment are expanding, a grow-
ing number of older adults have become candidates for
treatment, prompting a clinical need to assess the treat-
ment safety in this population.

SGLT2i were well-tolerated in clinical trials, with geni-
tourinary infections being the most common adverse
event (AE) [1, 2]. Additional potential therapy-related
AEs are an ongoing source of concern, including diabetic
ketoacidosis (DKA), acute kidney injury (AKI), amputa-
tions, fractures, hypoglycemia, and Fournier gangrene
[9-13]. Older adults might be at a greater risk of devel-
oping treatment-related complications due to frailty,
polypharmacy, and different pharmacokinetic and phar-
macodynamic properties [14]. However, safety data in
this population are limited and mainly derived from clin-
ical trials, in which the geriatric population was under-
represented. Moreover, clinical trials may not represent
the real-world population and are usually underpow-
ered to detect rare AEs, particularly in sub-populations.
Therefore, post-marketing surveillance programs may
provide complementary information. Herein, we aim to
characterize the safety profile of SGLT2i among older
adults (age>75 years) in real-world settings using the
FDA adverse events reporting system (FAERS), a global
data repository of post-marketing safety reports.

Methods

Data sources and study design

An observational, retrospective, pharmacovigilance study
using the FAERS, a global post-marketing surveillance
program [15, 16]. The FAERS include voluntary and man-
datory safety reports submitted by healthcare profession-
als, consumers, and manufacturers. The database was
screened for reports of non-insulin anti-diabetic drugs
(NIAD) as the primary suspects of a given AE between
July 1, 2014, and June 30, 2021. Patients who reported
SGLT2i (canagliflozin, dapagliflozin, empagliflozin, or
ertugliflozin) as the primary suspect were defined as the
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exposure group, while all other NIAD were the compara-
tor group. We excluded patients below 18 years of age,
patients receiving the treatment for indications other
than T2DM, and patients who reported concomitant
treatment with insulin. In case multiple reports of the
same event were detected, only the latest case version of
every event was retained, as recommended by the FDA.
We further applied an algorithm to eliminate suspected
duplicate reports of the same drug-AE pair with different
case numbers, by screening for identical values in four
key fields: age, sex, event date, and country of occurrence
[17]. Patients aged 18-75 years were defined as adults
and patients older than 75 years as older adults.

Endpoints

AEs in the FAERS are coded at the preferred-term level
of the Medical Dictionary for Regulatory Activities
(MedDRA) classification [18]. Due to a large number
of preferred terms (~25,000) and their lack of specific-
ity, Standardized MedDRA Queries (SMQs) were devel-
oped. SMQs are standard sets of MedDRA terms that are
related to the same medical condition, thereby facilitating
data retrieval and signal detection [18, 19].

In this study, 13 pre-specified AEs of interest were
selected based on previous reports [1, 2, 5, 6]. AE defi-
nitions included all terms in the corresponding SMQ
(MedDRA version 25.1), in case it was available, with
a manual validation by the author (Additional file 1:
Table S1). Otherwise, the definitions of the AEs were
based on high-level terms in the MedDRA hierarchy [19].

Statistical analysis

We performed a disproportionality analysis to compare
the proportion of specific AEs following SGLT?2i (cases)
with the corresponding proportion of other NIAD in the
entire database (non-cases), also known as case/non-case
analysis [17]. We used a restricted comparator group of
NIAD other than SGLT2j, also known as disproportion-
ality by therapeutic area [20], in order to generate groups
sharing common characteristics, thereby minimizing
confounding by indication. We used the reporting odds
ratio (ROR) and the lower bound of the information
component 95% credibility interval (IC,;), which are
well-validated measures to detect signals of dispropor-
tionate reporting in post-marketing passive-surveillance
databases [21-23]. These measures evaluate whether
a drug-AE pair is reported higher-than-expected. The
expected number is the AE occurrence by any other drug
in the reference group. Reporting odds ratio, a frequentist
measure, is the pharmacovigilance equivalent of the odds
ratio, and therefore easily communicated to non-stat-
isticians. Crude RORs were calculated with a shrinkage
transformation as described by Noren et al. [24] and the
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sex-adjusted RORs (adj.ROR) were calculated by logistic
regression models. IC;,;, a Bayesian measure that also
accounts for disproportionate reporting, has been shown
to reduce false positive results when a small number of
cases is reported [21, 22]. A lower bound of the ROR 95%
confidence interval (CI) greater than one and a positive
ICy,5 value are the traditional thresholds for signal detec-
tion, also used in this study.

We added an interaction term to the model to esti-
mate for interaction between SGLT2i treatment and age
group (i.e., adults and older adults). To evaluate whether
the SGLT2i type affects the observed associations (drug
effect rather than class effect), we stratified the analysis
by SGLT2i product. In addition, we conducted a stratified
analysis by event year to study the reporting pattern of
SGLT?2i-related AKI over the years.

Continuous variables were non-normally distributed,
as reflected by the Shapiro—Wilk test and visual inspec-
tion of quantile-quantile plots and histograms, and
therefore they were presented by median [interquartile
range (IQR)]. Categorical data were compared by the
chi-square test or the Fisher’s exact test. All tests were
two-sided with a significance level of p-value<0.05.
Data processing and statistical analyses were performed
in R statistical software (R Foundation for Statistical
Computing).

Results

Characteristics of patients

The FAERS database included safety reports of
4,686,438 eligible patients. We identified safety reports
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of 129,795 patients who reported NIAD as the primary
suspected drug, of whom 24,253 SGLT2i recipients
(Fig. 1). The median [IQR] age of patients treated with
SGLT2i and other NIAD was 60 [51-68] years and 64
[54-73] years, respectively, but a smaller proportion of
SGLT?2i recipients were older adults (n=2,339/24,253
[9.6%], n=17,040/105,542 [16.1%], p<0.001) (Addi-
tional file 2: Table S2). The median age of patients
treated with other NIAD was 60 [52-67] years for
adults and 79 [77-83] years for older adults. The pro-
portion of females was 45.3% among SGLT2i recipi-
ents and 52.1% among recipients of other NIAD. 56%
of SGLT2i reports were submitted by healthcare pro-
viders, mostly from the Americas (n=16,427/23,656
[69%]), followed by Europe (n=3972/23,656 [17%])
and Asia (2758/23,656 [12%]) (Table 1). Canagliflo-
zin had the greatest number of reports in the FAERS
(n=10,872), followed by empagliflozin (n=8112),
dapagliflozin (n=5099), and ertugliflozin (n=170).
The main NIAD medications other than SGLT2i in the
FAERS were glucagon-like peptide-1 receptor agonists
(44,385 reports [42.1% of all other NIAD reports]),
thiazolidinediones (25,837 [24.4%]), metformin (22,788
[21.6%]), dipeptidyl peptidase-4 inhibitors (10,281
[9.7%]), and insulin secretagogues (2,381 [2.3%]). A
higher proportion of older SGLT2i recipients were
treated concomitantly with diuretics, angiotensin-con-
verting enzyme (ACE) inhibitors, angiotensin recep-
tor blockers (ARBs), beta-blockers, statins, steroids,
and PPI, as compared to younger recipients (all p val-
ues <0.001, Table 1).

10,526,408 patients in the FAERS
database (7/2014-6/2021)

> Excluded (n=5,839,970)

Reports with missing age data.

4,686,438 eligible patients in the
FAERS database (7/2014-6/2021)

Reports without defined
primary suspected drug.
Suspected duplicated reports.

|

129,795 patients received non-
insulin antidiabetic drugs.

l

l

24,253 patients received SGLT2-

105,542 patients received other

inhibitors. non-insulin antidiabetic drugs.
21,914 adults 2,339 older adults 88,502 adults 17,040 older adults

(18=age<75) (age=75)

(182age<75)

(age=75)

Fig. 1 Study flowchart. FAERS- FDA adverse event reporting system
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Table 1 Demographic and clinical characteristics of adults (<75 years) and older adults (> 75 years) treated with SGLT2-inhibitors in

the FAERS

ALL (24,253) Adults (21,914) Older adults (2339)
Region
Americas® 16,427/23,647 (69.4) 15,134/21,338 (70.9) 1,284/2,309 (55.3)
Europe 3,972/23,647 (16.7) 3,511/21,338 (16.4) 461/2,309 (19.9)
Asia 2,758/23,647 (11.7) 2,262/21,338 (10.6) 496/2,309(21.4)
Africa 61/23,647 (0.3) 59/21,338(0.3) 2/2,309 (0.1)
Australia 438/23,647 (1.9) 372/21,338(1.8) 66/2,309 (3.3)
Reporter

Health professional
Patient/lawyer
Year of report
2014°

2021

Medication
Canagliflozin
Dapagliflozin
Empagliflozin
Ertugliflozin

Age, years

Median (IQR)

Sex

Females

Males
Concomitant drugs
Metformin
GLP-1-agonists / DPP-4 inhibitors
Sulfonylureas

ACE inhibitors / ARBs
Diuretics®
Beta-blockers
Steroids

Stains

PPI

12,882/23,100 (55.8)
10,218/23,100 (44.2)

652/24,253 (2.7)
3,465/24,253 (14.3)
2,747/24,253 (11.3)
3,057/24,253 (12.6)
5/426/24,253 (22.4)
4,038/24,253 (16.6)
3,201/24,253 (13.2)
1,667/24,253 (6.9)
10,872/24,253 (44.8)
5,099/24,253 (21.0)
112/24,253 (334)
170/24,253 (0.7)

60 (51-68)

10,885/24,006 (45.3)
13,121/24,006 (54.7)

9,480 (39.1)
4,895 (20.2)
2,718 (11.2)
4,208 (17.4)
1,529 (
1697(
41(2.2)
405W(167)
1,518 (6.3)

9.1
0.2
11.2
174
6.3)
7.0)

11,412/20,878 (54.7)
9,466/20,878 (43.2)

603/21,914 (2.
3,157/21914
2,490/219
2,775/219
5,044/219

8)
4,
14 (11
14 (12.
1
3,619/2191
1
1

144
14
12.7
16.5

12.7
6)

2,790/21,9

4
4
4
4
4

1436/21914

(14.4)
(114)
(12.7)
(23.0)
(16.5)
(12.7)
(6

10,115/21,914 (46.2)
4,560/21,914 (20.8)
7,078/21,914 (32.3)
161/21,914 (0.7)

58 (50-65)

9,819/21,695 (45.3)
11,876/21,695 (54.7)

8,655 (39.5)
4,274 (19.5)
2,359(10.8)
3,686 (16.8)
1,280 (5.
1,422 (6.

454 (2.1)
3,530 (16.1)

1,269 (5.8)

5
8
8
8)
5)

1,470/2,222 (66.2)
752/2,222 (33.8)

49/2,339 (2.1)

308/2,339(13.2
257/2,339 (11.0
282/2,339
382/2,339
419/2,339
411/2,339
231/2,339

)
(11.0)
(12.1)
(16.3)
(17.9)
(17.6)
9.9)

757/2,339 (324)
539/2,339 (23.0)
1,034/2,339 (44.2)
9/2,339 (0.4)

79 (76-82)

1,066/2,311 (46.1)
1,245/2,311 (53.9)

Values are n/N (%) unless otherwise specified. a. Americas category includes north and south America; Out of 16,427 recipients of SGLT2-inhibitors from the Americas,
15,158 were from the United States (14,022 adults and 1,136 older adults). b. Only reports from July to December were included. c. Including loop diuretics, thiazides,
and aldosterone antagonists. ACE inhibitors- angiotensin-converting enzyme inhibitors; ARBs- angiotensin Il receptor blockers; DPP-4- dipeptidyl peptidase-4; FAERS-
FDA adverse event reporting system; GLP1- glucagon-like peptide 1; IQR- interquartile range; PPI- proton pump inhibitors; SGLT2- sodium-glucose co-transporter-2

SGLT2i-related AEs

Compared to other NIAD, SGLT2i were significantly
associated with the following pre-specified AEs in both
adults and older adults after sex adjustment: ampu-
tations (n=3054 [13.9%],
258.8—487.3] vs. n=102

adjROR=355.1 [95% CI:
adj.ROR=250.2

[79.3—789.5]), Fournier gangrene (n=666 [3.0%], ad;.

ROR=45.01 [34.47 —58.78]

n=36 [1.5%], adj.

ROR=88.02 [27.04—286.56]), DKA (n=>5226 [23.9%],

adj. ROR=32.32 [30.01 — 34.80]

n=399 [17.1%],

adj.ROR=23.34 [19.24—28.32]), genitourinary infec-
tions (n=1580 [7.2%], adj.ROR=10.26 [9.37 —11.23]
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vs. n=258 [11.0%], adj.ROR=8.57 [7.15—10.26]), noc-
turia (n=58 [0.3%], adj.ROR=5.48 [3.67 —8.18] vs.
n=10 [0.4%)], adjROR=6.65 [2.82—15.70]), dehydra-
tion (n=643 [2.9%], adjROR=253 [2.29—2.79] vs.
n=102 [4.4%], adj.ROR=2.61 [2.07 —3.28]), and frac-
tures (n=155 [0.7%], adj.ROR=1.74 [1.44—2.10] vs.
n=238 [1.6%], adjROR=1.45 [1.02—2.06]) (Fig. 2). The
ICy,5 and the crude ROR with shrinkage transformation
of all of these safety signals were statistically significant
apart from fractures in older adults (ICg,;=-—-0.10,
ROR=1.38 [0.98-1.96]) (Additional file 2: Table S3).
SGLT?2i treatment was associated with AKI in adults
(adj.ROR=1.97 [1.85-2.09]) but not in older adults (adj.

Adverse Event Age population SGLT2-inhibitors Other NIAD
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ROR=0.71 [0.59-0.84]) (Fig. 2). Falls, hyperkalemia,
hypotension, syncope, and hypoglycemia were not sig-
nificantly over-reported among SGLT2i recipients. DKA
and AKI were reported more frequently in adults than in
older adults (P eraction < 0-05). None of the pre-specified
AEs was reported more frequently in older adults.

In the stratified analysis by SGLT2i type, none of the
AEs was more frequently reported in older adults than
adults, consistent with the findings of the main analy-
sis (Fig. 3). AKI disproportionality signal was statisti-
cally significant only in adult canagliflozin recipients,
and not in older adults or recipients of other SGLT2i
types. Amputations were also reported more frequently

adj.ROR (95% Cl) Pinteraction

n (%) n (%)
Amputations
Adults 3054 (13.94) 39 (0.04) - 355.1(258.8-487.3) 0.550
Older adults 102 (4.36) 3(0.02) ——  250.2 (79.3-789.5)
Fournier gangrene
Adults 666 (3.04) 59 (0.67) -l 45.01 (34.47-58.78)  0.301
Older adults 36 (1.54) 3(0.02) —— 88.02 (27.04-286.56)
DKA
Adults 5226 (23.85) 863 (0.98) ] 32.32(30.01-34.80) 0.002
Older adults 399 (17.06) 152 (0.89) L] 23.34 (19.24-28.32)
Genitourinary infections
Adults 1580 (7.21) 706 (0.80) ] 10.26 (9.37-11.23)  0.140
Older adults 258 (11.03) 251 (1.47) L] 8.57 (7.15-10.26)
Nocturia
Adults 58 (0.26) 41 (0.05) —— 5.48 (3.67-8.18) 0.753
Older adults 10 (0.43) 11 (0.06) —a— 6.65 (2.82-15.70)
Dehydration
Adults 643 (2.93) 1074 (1.21) | 2.53 (2.29-2.79) 0.828
Older adults 102 (4.36) 303 (1.78) G ] 2.61(2.07-3.28)
Fractures
Adults 155 (0.71) 380 (0.43) L] 1.74 (1.44-2.10) 0.372
Older adults 38 (1.62) 201 (1.18) Hil- 1.45 (1.02-2.06)
AKI
Adults 1758 (8.02) 3724 (4.21) ] 1.97 (1.85-2.09) <0.001
Older adults 147 (6.28) 1477 (8.67) L 0.71 (0.59-0.84)
Falls
Adults 179 (0.82) 638 (0.72) 1.16 (0.98-1.37)
Older adults 54 (2.31) 342 (2.01) 1.19 (0.89-1.59)
Hyperkalemia
Adults 161 (0.73) 549 (0.62) 1.16 (0.97-1.39)
Older adults 20 (0.86) 233 (1.37) — 0.63 (0.40-0.99)
Hypotension
Adults 312 (1.42) 1190 (1.34) [ ] 1.06 (0.93-1.20)
Older adults 46 (1.97) 261 (1.53) Ll 1.27 (0.93-1.75)
Syncope
Adults 199 (0.91) 704 (0.80) L 1.15(0.98-1.34)
Older adults 38 (1.62) 248 (1.46) 1.13 (0.80-1.59)
Hypoglycemia
Adults 228 (1.04) 3508 (3.96) @ 0.26 (0.22-0.29)
Older adults 43 (1.84) 1502 (8.81) -~ 0.19 (0.14-0.26)

1 1
1.0 4.0

adj.ROR (95% Cl)

T T 1
16.0 64.0

I 1
0.25 256.0

Fig. 2 SGLT2-inhibitors related adverse events among adults and older adults. Disproportionality analysis of SGLT2-inhibitors-related adverse
events as compared to other non-insulin antidiabetic drugs from the full database. A lower limit of the adj.ROR 95% Cl above 1 is the conventional
threshold for significant signal detection. Adults are patients aged 18-75, older adults are 75 years or older. adj.ROR- Sex-adjusted reporting odds
ratio; AKI- Acute kidney injury; Cl- Confidence interval; DKA- Diabetic ketoacidosis; NIAD- non-insulin antidiabetic drugs; SGLT2- Sodium-glucose

co-transporter 2
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Fig. 3 Selected safety signals stratified by SGLT2-inhibitor agent. Selected statistically significant safety signals were stratified by SGLT2-inhibitor
type (canagliflozin: 10,115 adults and 757 older adults; dapagliflozin: 4,560 adults and 539 older adults; empagliflozin: 7,078 adults and 1,034 older
adults). RORs of every drug-AE pair were compared to non-insulin antidiabetic drugs from the full database (88,502 adults and 17,040 older adults).
A lower limit of the ROR 95% Cl above 1 is the conventional threshold for significant signal detection. Adults are patients aged 18-75, older adults
are 75 years or older. ROR- Reporting odds ratio; AKI- Acute kidney injury; Cl- Confidence interval;, DKA- Diabetic ketoacidosis; GU- genitourinary;
NIAD- non-insulin antidiabetic drugs; SGLT2- Sodium-glucose co-transporter 2

by canagliflozin recipients. All other safety signals were
consistent across SGLT2i types. When AKI events were
stratified by reporting year, the disproportionality sig-
nals were statistically significant between 2014 and
2017 but not in the following years (Additional file 2:
Table S4).

Overall, the most frequent medications used con-
comitantly with SGLT2i were metformin (9,480 [39.1%
of SGLT?2i recipients]), statins (4,051 [16.7%]), dipepti-
dyl peptidase-4 inhibitors (3,661 [15.1%]), sulfonylureas
(2,718 [11.2%]), ACE inhibitors (2,287 [9.4%]), and ARBs
(1,971 [8.1%]) (Additional file 2: Table S5). When the
reports were stratified by adverse event type, loop diuret-
ics and thiazides were more frequently coadministered
in patients who developed AKI, dehydration, falls, and
hypotension. Coadministration of ACE inhibitors and
ARBs was more common in patients with AKI, dehydra-
tion, hypotension, syncope, hyperkalemia, genitourinary
infections, and Fournier gangrene. Combination therapy
of NIAD was more common among patients who devel-
oped DKA, dehydration, and hypoglycemia (Additional
file 2: Table S5).

Discussion

As indications for SGLT2i treatment are expanding, a
growing number of older adults have become candidates
for treatment. Thus, characterizing treatment safety in
this population is a current clinical need. In this post-
marketing study, SGLT2i-related AEs were reported
similarly between age groups. Amputations, Fournier
gangrene, DKA, genitourinary infections, dehydration,
nocturia, and fractures were over-reported in SGLT2i
recipients of both age groups. These findings were in
comparison to patients treated with other NIAD and
were consistent across SGLT2i types (canagliflozin,
empagliflozin, and dapagliflozin). Our findings provide
reassurance regarding SGLT2i treatment in older adults,
although careful monitoring is warranted.

Genitourinary tract infections are among the most
common AEs of SGLT2i in clinical trials [25]. They
are of particular interest in the older population due
to increased susceptibility and potentially worse out-
comes. In the FAERS, genitourinary tract infections were
more commonly reported among individuals treated
with SGLT2i as compared to other NIAD. However, no
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difference between age groups was found. These find-
ings are in line with sub-analyses of randomized con-
trolled trials (RCTs) which did not observe an increased
risk of genitourinary tract infections in older adults
compared to younger patients [8, 26, 27]. Fournier gan-
grene, a necrotizing soft tissue infection of the peri-
neum, was previously reported as a potentially rare and
fatal complication of SGLT2i therapy in postmarket-
ing studies [28, 29]. Concordantly, SGLT2i were associ-
ated with increased reporting of Fournier gangrene in
our study. The increased risk is apparently mediated by
the increased incidence of genitourinary tract infections,
which in severe cases can penetrate the urethral mucosa.
As with genitourinary infections, Fournier gangrene was
reported similarly in adults and older adults.

SGLT2i may increase the risk of dehydration due to
their osmotic diuretic effect, particularly in older adults
and patients receiving additional diuretics or antihyper-
tensives. These, in turn, may result in falls, syncope, and
fractures. In this study, we observed increased reporting
of nocturia and dehydration following SGLT2i treatment
in the entire cohort, without differences between age
groups. Indeed, concomitant use of diuretics and hyper-
tensives was more common among those patients. RCT
sub-analyses of the older population reported mixed
results regarding dehydration risk. In the EMPA-REG
OUTCOME, patients older than 75 years receiving empa-
gliflozin had an increased frequency of volume depletion,
but not patients aged <75 years [26]. In contrast, older
dapagliflozin recipients had a similar frequency of dehy-
dration to younger patients in the DECLARE-TIMI 58
and DAPA-HF studies [27, 30]. In our stratified analy-
sis, dehydration reporting did not differ among SGLT2i
types. Despite their blood pressure-lowering effect,
SGLT2i treatment did not result in hypotension among
the pivotal RCTs participants, including older adults. [8,
30] This finding was consistent in patients with severely
reduced systolic function, who are particularly suscepti-
ble to hypotension [31]. Concordantly, SGLT2i were not
associated with an increased reporting of hypotension in
both age groups in the FAERS.

Fractures are another debated concern of SGLT?2i treat-
ment in the older population, which can primarily result
from hypotension and falls. We found a borderline sig-
nificance of increased fractures reporting, without signif-
icant differences between age groups or products. Most
of the RCTs and postmarketing studies did not observe
an increased incidence of fractures following SGLT2i
[32, 33], apart from the CANVAS trial in which fractures
were more common among canagliflozin recipients [34].
Considering the borderline significance and the lack of
over-reporting of hypotension and falls in the FAERS
(which are the major mediators), we do not identify a
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robust safety signal of fractures. Overall, in this study, we
did not find an increased reporting of the major potential
sequelae of volume depletion- falls, hypotension, syncope
events, and fractures.

Amputations were associated with canagliflozin in
clinical trials, but not empagliflozin or dapagliflozin [9,
35, 36]. Several postmarketing studies found an increased
risk of amputation with all SGLT2i [11, 37], while oth-
ers observed this association only for canagliflozin [38,
39]. Our analysis of contemporary postmarketing data
is in line with previous studies, demonstrating increased
reporting of amputations following SGLT2i treatment,
particularly with canagliflozin. One population-based
cohort study addressed the effect of age on amputation
risk and observed an increased rate of amputations only
in adults aged 65 years or older with baseline cardiovas-
cular disease, with an event rate of 1.8 per 1,000 patients
[40]. In contrast, SGLT2i-related amputations are not
reported more frequently by older adults than younger
patients in our FAERS analysis.

SGLT2i are associated with increased reporting of
DKA in the FAERS, consistent with a meta-analysis of
RCTs, which included more than 60,000 patients, and
postmarketing large-scale population studies [41-44].
Although DKA-precipitating factors (e.g., intercurrent
illnesses, reduced food and fluid intake) are more com-
mon among older adults, previous cohort and pharma-
covigilance studies did not observe an increased risk of
SGLT2i-associated DKA in this population [43, 44]. Like-
wise, we did not find excessive reporting of this potential
life-threatening AE in older adults.

SGLT2i can cause an initial decline in the estimated
glomerular filtration rate (eGFR), usually within the
first months of treatment, due to intravascular volume
changes [45]. This decline raised concerns regarding
AKI development and its long-term outcomes, particu-
larly in high-risk patients (e.g., elderly and patients with
reduced baseline eGFR). Recently, a growing body of
evidence indicates that initial eGFR decline is usually
small and not associated with long-term greater eGFR
decline or worse clinical outcomes [45-47]. Further-
more, several clinical trials found that SGLT2i slowed
the rate of eGFR decline irrespective of diabetes [46, 48].
In the FAERS, a moderately increased reporting of AKI
was found in adults but not older adults. This finding
was unexpected since older adults are at a higher risk to
develop AKI, and therefore we conducted post-hoc sen-
sitivity analyses to assess for reporting bias. When AKI
events were stratified by reporting year, we observed a
statistically significant disproportionality signal only in
the first years after approval, which has lost statistical
significance since 2018. This reporting pattern may there-
fore reflect a notoriety bias caused by the initial concerns
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regarding SGLT2i-related AKI, which were mitigated
with the growing understanding of the interplay between
SGLT2i treatment and renal function [20]. Moreover,
a high proportion of patients who reported AKI were
concomitantly treated with diuretics, ACE inhibitors,
or ARBs, suggesting a mutual contribution to the eGFR
decline. As SGLT2i demonstrated a long-term reduction
in CKD progression in various trials [10, 46, 48], under-
standing the temporary nature of eGFR decline is impor-
tant to avoid the discontinuation of SGLT2i in the older
population.

Limitations

Several limitations of this pharmacovigilance study
should be acknowledged. First, this study provides abso-
lute numbers and disproportionality measures but not
a true incidence, which cannot be calculated using the
FAERS since the number of patients exposed to the drugs
is unknown. Therefore, although we did not find signifi-
cant differences in the reporting of SGLT2i-related AEs
between adults and older adults, the incidence rate of
these AEs might still be higher in the older population.
Second, granular data on patients’ characteristics, comor-
bidities, and diabetic complications are lacking in the
FAERS. To mitigate potential confounders, we included
only patients with T2DM and used a restricted compara-
tor group of NIAD other than SGLT2i, which represents
a population sharing common features with SGLT2i
recipients. Third, concomitant drugs may have a contrib-
utive role in the AEs occurrence. Although older adults
were treated more frequently with various concomi-
tant medications (e.g., diuretics, anti-hypertensives, and
statins), we did not find differences in the AEs reporting
between age groups. These findings underscore the exter-
nal validity of our analysis which represents real-world
settings. Finally, lack of statistical power is an inherent
limitation of sub-group analysis, particularly when ana-
lyzing infrequent AEs, such as DKA and Fournier gan-
grene. However, the FAERS provides an opportunity to
address this limitation due to its large sample size and
longer follow-up compared to clinical trials. Clinical tri-
als may also not reflect the real-world population, par-
ticularly the older population which is underrepresented.
Furthermore, some of the AEs, such as DKA, are less
likely to occur in closely monitored participants in the
RCT setting compared to a real-world setting. Therefore,
global post-marketing surveillance programs can provide
essential complementary information.

Conclusions and clinical implications

In this post-marketing study, none of the pre-specified
AEs was reported more frequently by older adult recip-
ients of SGLT2i as compared to younger recipients.
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Amputations, Fournier gangrene, DKA, genitourinary
infections, dehydration, nocturia, and fractures were
overreported in both age groups in contemporary post-
marketing surveillance data, and therefore still represent
treatment safety concerns. Overall, our findings support
the evidence-based utilization of SGLT2i in older adults,
although careful monitoring is warranted.
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