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Background: To compare risk of diabetic retinopathy (DR) between patients taking sodium-glucose cotransporter-2 inhibitors
(SGLT2is) and those taking glucagon-like peptide-1 receptor agonists (GLP1-RAs) in routine care.

Methods: This retrospective cohort study emulating a target trial included patient data from the multi-institutional Chang Gung
Research Database in Taiwan. Totally, 33,021 patients with type 2 diabetes mellitus using SGLT2is and GLP1-RAs between 2016
and 2019 were identified. 3,249 patients were excluded due to missing demographics, age <40 years, prior use of any study drug, a
diagnosis of retinal disorders, a history of receiving vitreoretinal procedure, no baseline glycosylated hemoglobin, or no follow-up
data. Baseline characteristics were balanced using inverse probability of treatment weighting with propensity scores. DR diagno-
ses and vitreoretinal interventions served as the primary outcomes. Occurrence of proliferative DR and DR receiving vitreoretinal
interventions were regarded as vision-threatening DR.

Results: There were 21,491 SGLT2i and 1,887 GLP1-RA users included for the analysis. Patients receiving SGLT2is and GLP-1
RAs exhibited comparable rate of any DR (subdistribution hazard ratio [SHR], 0.90; 95% confidence interval [CI], 0.79 to 1.03),
whereas the rate of proliferative DR (SHR, 0.53; 95% CI, 0.42 to 0.68) was significantly lower in the SGLT2i group. Also, SGLT2i
users showed significantly reduced risk of composite surgical outcome (SHR, 0.58; 95% CI, 0.48 to 0.70).

Conclusion: Compared to those taking GLP1-RAs, patients receiving SGLT2is had a lower risk of proliferative DR and vitreoreti-
nal interventions, although the rate of any DR was comparable between the SGLT2i and GLP1-RA groups. Thus, SGLT2is may be
associated with a lower risk of vision-threatening DR but not DR development.
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Diabetic retinopathy in SGLT2i versus GLP1-RA

INTRODUCTION

The number of people with diabetes mellitus (DM) surpassed
537 million worldwide in 2021 and has been estimated to
reach 783 million by 2045 [1]. Patients with DM are at a high
risk of macrovascular and microvascular complications [2].
Diabetic retinopathy (DR) is an important ocular microvascu-
lar disease and is the leading cause of blindness at working age
[3]. With increasing prevalence of DM, the incidence of vision-
threatening DR increases [4]. Multiple therapies, including
retinal laser coagulation, intravitreal injection of corticoste-
roids or anti-vascular endothelial growth factor medications,
and vitrectomy, are currently used to treat vision-threatening
DR. However, visual outcomes may remain suboptimal in ad-
vanced DR [5]. Therefore, prevention of DR is important for
vision preservation.

Within the past decade, sodium-glucose cotransporter-2 in-
hibitors (SGLT2is) and glucagon-like peptide-1 receptor ago-
nists (GLP1-RAs) have been available for the treatment of type
2 diabetes mellitus (T2DM) [6]. In addition to their glucose-
lowering effects, other pleiotropic benefits, such as cardiorenal
protections, have been noted in both SGLT2is and GLP1-RAs
[7,8]. Recently, SGLT2is have been shown to ameliorate apop-
tosis of endothelial cells in retinal vessels and thinning of retina
[9,10]. By contrast, GLP1-RAs not only reduce damage to reti-
nal ganglion cells but also prevent neural degeneration in DR
[11,12]. In addition, both of these medications affect vascular
remodeling and alleviate oxidative stress, which may improve
hemodynamics of capillaries [13]. Theoretically, both SGLT2is
and GLP1-RAs could decrease the likelihood in development
of DR.

Currently, the role of SGLT2is and GLP1-RAs in DR remain
unclear. A systematic review and meta-analysis randomized
controlled trials (RCTs) reported comparable risks of DR out-
comes between SGLT2i and placebo groups [14]. However, 2
real-world studies suggested that SGLT2i significantly de-
creased the risk of DR, compared to dipeptidyl peptidase-4 in-
hibitor (DPP4i) and sulfonylurea [15,16]. On the contrary, the
trial to evaluate cardiovascular and other long-term outcomes
with semaglutide in subjects with type 2 diabetes (SUSTAIN-6)
trial demonstrated that GLP1-RA significantly increased the
risk of DR outcomes, which was inconsistent with the afore-
mentioned biologic mechanism [17]. However, the liraglutide
effect and action in diabetes: evaluation of cardiovascular out-
come results (LEADER) trial and AngioSafe trial indicated
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comparable rates of DR outcomes between the GLP1-RA and
placebo [18,19]. Because of the similar medical indications, the
National Health Insurance reimbursement guideline in Taiwan
does not allow combination therapy of SGLT2i and GLP1-RA.
RCTs may restrict generalizability in routine care, and observa-
tional studies have insufficient power with small population.
Therefore, this study adopted a target trial design with a large
real-world database to determine the risk of DR between
SGLT2is and GLP1-RAs users.

METHODS

Data source

This retrospective cohort study used data from the Chang
Gung Research Database (CGRD), the largest multi-institu-
tional electronic medical record database in Taiwan covering
over 1.3 million people. This database comprises clinical infor-
mation of patients, including medication, intervention, and
laboratory data. The CGRD has been described in detail previ-
ously [20]. Disease diagnosis was made on the basis of Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnostic codes before 2015 and
ICD-10-CM after 2016. The comorbidities and outcomes were
defined by at least two outpatient diagnoses or one inpatient
diagnosis, and the diagnostic codes are listed in Supplementa-
ry Table 1. The intervention data were collected from outpa-
tient and inpatient data. The study protocols adhered to the
principles of the Declaration of Helsinki. Written informed
consent was waived because of the use of de-identified data.
This study was approved by the Institutional Review Board of
Chang Gung Medical Foundation (IRB No. 202200260B1).

Study design and patient inclusion

A target trial design was pursued to emulate an RCT with ob-
servational data (Supplementary Table 2) [21]. RCTs may limit
generalizability in clinical practice due to exclusion of patients
with high risk at baseline. Observational studies with small
population were underpowered to identify meaningful differ-
ence in rare events. Therefore, target trial design with large-size
population was adopted to acquire powerful evidence of safety
profile. New-user and active-comparator designs were adopted
to minimize potential selection bias [22]. Patients diagnosed of
T2DM receiving either SGLT2is (canagliflozin, dapagliflozin,
and empagliflozin) or GLP1-RAs (dulaglutide and liraglutide)
between January 1, 2016, and December 31, 2019, were identi-
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fied. The index date was defined as the day of first prescription
of SGLT2i or GLP1-RA. Patients with age >40 years, missing
demographics, prior use of any study drug, diagnosis of type 1
DM, retinal disorders classified based on the ICD categories
(DR, retinal vascular occlusion, separation of retinal layers [in-
cluding all types of retinal detachment and central serous reti-
nopathy], degeneration of retina, chorioretinal inflammations,
and other retinal disorders [including retinal hemorrhage, vit-
reous hemorrhage, retinal edema, etc.]), history of receiving
vitreoretinal interventions (intravitreal injection, laser coagu-
lation, and vitrectomy), no baseline glycosylated hemoglobin
(HbAIc), or no follow-up data in the subsequent 6 months af-
ter being prescribed the medication, were excluded from this
study. Each patient was followed up until occurrence of prima-
ry outcomes, switch between SGLT2is and GLP1-RAs, discon-
tinuation of study drugs, death, or December 31, 2019.

Primary outcomes

Our primary outcome included DR outcomes (any DR, non-
proliferative DR, and proliferative DR) of vitreoretinal inter-
ventions (intravitreal injection, retinal laser, vitrectomy, and
composite surgical outcome). Composite surgical outcomes
indicated any intravitreal injection, laser therapy, or vitrecto-
my. Vision-threatening implied proliferative DR or vitreoreti-
nal interventions.

Secondary outcomes

Our secondary outcomes were microvascular complications
(diabetic nephropathy and neuropathy), macrovascular com-
plications (myocardial infarction, ischemic stroke, and major
adverse limb events), and cardiovascular death. To determine
internal validity, occurrence of diabetic nephropathy and
change of estimated glomerular filtration rate (eGFR) were
considered positive control outcomes because of the evidence
of renoprotective effects of SGLT2is [23]. Major adverse limb
events included any peripheral arterial disease, claudication,
critical limb ischemia, endovascular therapy, peripheral by-
pass, and nontraumatic amputation. Details regarding death
and its cause were extracted from the Taiwan Death Registry
database released by Taiwan Ministry of Health and Welfare.
Laboratory data, HbAlc, and eGFR, were extracted every 6
months. Glycemic control plays a crucial role in development
of DR, and analysis of change in HbA 1c elucidates whether the
impact of glucose-lowering drugs on DR was independent of
glycemic status.

396

Covariate assessment

General information comprised sex, age, body mass index,
smoking habit, and alcoholic consumption. Severity of DM
was assessed by disease duration, associated complications (di-
abetic nephropathy and diabetic neuropathy), and number of
outpatient, inpatient, and emergency department visits for DM
in the last year. Comorbidities collected within 6 months be-
fore the index date included metabolic syndrome (hyperten-
sion and dyslipidemia), cardiovascular disorders (heart failure,
myocardial infarction, ischemic stroke, peripheral arterial dis-
ease, coronary artery disease, cardiovascular disease [CVD]),
and chronic kidney disease. CVD indicates any myocardial in-
farction, ischemic stroke, peripheral artery disease, or coro-
nary artery disease. Charlson comorbidity index scores were
calculated to evaluate disease burden [24]. Concurrent medi-
cations retrieved 6 months before the index date were classified
into three categories, namely antihypertensive, antidiabetic,
and other medications. The eGFR and HbA1c measured at the
closet day before the index date were considered the baseline
(Table 1).

Statistical analysis

Inverse probability of treatment weighting (IPTW) with pro-
pensity scores was performed to obtain homogenous groups
with more balanced baseline characteristics for comparison.
The propensity score represents the predicted probability that
was assigned to the SGLT2i group compared with the GLP1-
RA group. The covariates used in the calculation of propensity
scores through multivariable logistic regression are listed in
Table 1. The IPTW allows a comparison based on the average
treatment effect of drugs between groups [25]. To prevent the
impact of outlier extreme weight, we used stabilized weight
and truncated weight at the 97th percentile [26,27]. Single ex-
pectation-maximization was used for imputing missing labo-
ratory data. An absolute standardized difference (STD) <0.1
indicated negligible difference between the two groups. The
incidence was presented as the number of events per 1,000
person-years. The risk of non-fatal outcome was compared us-
ing the Fine and Gray subdistribution hazard model, which re-
garded death as a competing risk. The risk of fatal outcome was
compared using Cox proportional hazard model. The change
in HbAlc and eGFR were compared using a linear mixed
model, which contains two random effects, namely intercept
and slope. Subgroup analysis was conducted by major risk fac-
tors, including sex, age, duration of T2DM, CVD, usage of in-
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Table 1. Baseline demographics of patients with a diagnosis of T2DM receiving SGLT2is versus GLP1-RAs

Before [IPTW After [IPTW
Variable Avaﬂabble SGLI2i GLP1-RA
InbLnlDrEE (n=21,491) (n=1,887) STD SGLT2i GLP1-RA STD
Male sex 23,378 13,019 (60.6) 895 (47.4) 0.27 59.4 59.7 -0.01
Age, yr 23,378 61.0+10.3 60.3+11.1 0.07 61.0+10.3 60.3+10.6 0.06
Age >65yr 23,378 7,544 (35.1) 641 (34.0) 0.02 35.1 328 0.05
Body mass index, kg/m’ 20,942 28.0+4.8 29.1+54 -0.23 28.1+4.6 28.4+48 -0.07
Smoking 23,378 3,764 (17.5) 306 (16.2) 0.03 17.4 16.5 0.02
Alcohol 23,378 2,106 (9.8) 151 (8.0) 0.06 9.7 9.4 0.01
Severity of DM
Duration, yr 23,378 6.98+5.42 7.93+£5.82 -0.17 7.05+5.43 7.15%£5.72 -0.02
Diabetic nephropathy 23,378 4,996 (23.2) 672 (35.6) -0.27 24.2 26.7 -0.06
Diabetic neuropathy 23,378 2,051 (9.5) 283 (15.0) -0.17 10.0 11.4 -0.05
OPD visit due to DM last year 23,378 4.85+3.73 6.45+4.82 -0.37 5.00+3.89 5.37+4.16 -0.09
IPD visit due to DM last year 23,378 3,347 (15.6) 393 (20.8) -0.14 16.0 14.1 0.05
ED visit due to DM last year 23,378 1,710 (8.0) 245 (13.0) -0.16 8.4 10.1 -0.06
Comorbidity
Hypertension 23,378 15,522 (72.2) 1,375 (72.9) -0.01 72.3 71.9 0.01
Dyslipidemia 23,378 16,094 (74.9) 1,384 (73.3) 0.04 74.7 73.5 0.03
Heart failure 23,378 1,239 (5.8) 79 (4.2) 0.07 5.6 5.4 0.01
Myocardial infarction 23,378 1,663 (7.7) 79 (4.2) 0.15 7.4 4.8 0.11
Ischemic stroke 23,378 1,156 (5.4) 123 (6.5) ~0.05 55 56 <0.01
Peripheral arterial disease 23,378 836(3.9) 80 (4.2) -0.02 39 4.4 -0.03
Coronary arterial disease 23,378 6,343 (29.5) 422 (22.4) -0.16 28.9 25.1 -0.09
Cardiovascular disease® 23,378 7,418 (34.5) 540 (28.6) -0.13 34.0 30.9 -0.07
Chronic kidney disease 23,378 8,018 (37.3) 987 (52.3) -0.31 38.5 40.6 -0.04
Charlson comorbidity index score 23,378 3.26+2.20 3.96+2.65 -0.29 3324223 3.36+2.32 -0.02
Anti-hypertensive medication
ACEi/ARB 23,378 11,088 (51.6) 924 (49.0) 0.05 514 494 0.04
Beta-blocker 23,378 7,722 (35.9) 534 (28.3) 0.16 35.2 30.7 0.10
Calcium channel blocker 23,378 3,476 (16.2) 326(17.3) -0.03 16.4 16.5 <0.01
Diuretic 23,378 2,643 (12.3) 274 (14.5) ~0.07 125 13.6 ~0.03
Anti-diabetic medication
Metformin 23,378 19,561 (91.0) 1,390 (73.7) 0.47 89.5 88.6 0.03
Sulfonylurea 23,378 5,294 (24.6) 590 (31.3) -0.15 25.2 229 0.05
Meglitinide 23,378 353 (1.6) 90 (4.8) -0.18 1.9 2.0 <0.01
Thiazolidinedione 23,378 2,846 (13.2) 240 (12.7) 0.02 13.2 13.9 -0.02
Alpha-glucosidase inhibitor 23,378 3,247 (15.1) 399 (21.1) -0.16 15.7 17.4 -0.04
Dipeptidyl peptidase-4 inhibitor 23,378 3,458 (16.1) 199 (10.5) 0.16 15.7 14.8 0.03
Insulin 23,378 2,926 (13.6) 860 (45.6) -0.75 16.4 17.8 -0.04
Other medication
Anti-platelet 23,378 7,298 (34.0) 530(28.1) 0.13 33.5 29.1 0.09
Anti-coagulant 23,378 842 (3.9) 48 (2.5) 0.08 3.8 3.5 0.02
Statin 23,378 14,084 (65.5) 1,146 (60.7) 0.10 65.0 60.4 0.09
Fibrate 23,378 1,994 (9.3) 213(11.3) -0.07 9.4 10.6 —-0.04
Laboratory data
HbAlc, % 23,378 8.58+1.63 9.08+1.75 -0.30 8.62+1.65 8.73+1.63 -0.07
eGFR, mL/min/1.73 m* 22,816 89.9+28.0 79.7+£37.3 0.31 89.0+28.8 90.2+29.0 -0.04
Follow—up,yr 23,378 1.75+1.12 1.61+£1.03 0.13 1.74+1.13 1.83+£1.06 -0.08

Values are presented as number (%) or mean +standard deviation.

T2DM, type 2 diabetes mellitus; SGLT2i, sodium-glucose co-transporter 2 inhibitor; GLP1-RA, glucagon-like peptide-1 receptor agonist; IPT'W, inverse probability
of treatment weighting; STD, standardized difference; DM, diabetes mellitus; OPD, outpatient department; IPD, inpatient department; ED, emergency department;
ACE;, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate.
*Anyone of myocardial infarction, ischemic stroke, peripheral arterial disease, or coronary arterial disease.
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Patients with a diagnosis of DM receiving
either GLP1-RA or SGLT2i between
January 1, 2016 and December 31, 2019

(n=33,021)
Exclude criteria Exclude criteria

Missing demographics (n=3) Missing demographics (n=1)

Type 1 DM (n=751) Type 1 DM (n=106)

Age <40 years (n=1,844) 7 v Age <40 years (n=410)

Prior use of any study drug (n=134) ) Prior use of any study drug (n=0)

Diagnosis of retinal disorder (n=3,905) SGLT2i GLP1-RA Diagnosis of retinal disorder (n=703)
Any diabetic retinopathy (n=2,940) (n=29,774) (n=3,247) Any diabetic retinopathy (n=622)
Retinal vascular occlusion (n=134) Retinal vascular occlusion (n=5)
Separation of retinal layers (n=161) Separation of retinal layers (n=9)
Degeneration of retina (n=597) Degeneration of retina (n=61)
Chorioretinal inflammations (n=4) Chorioretinal inflammations (n=0)
Other retinal disorders (n=69) < »> Other retinal disorders (1=6)

History of vitreoretinal intervention (n=113) History of vitreoretinal intervention (n=16)
Intravitreal injection (n=12) Intravitreal injection (n=4)
Laser treatment (n=_84) Laser treatment (n=10)
Vitrectomy (n=17) v v Vitrectomy (n=2)

No baseline HbA1lc (n=500) No baseline HbAlc (n=60)

No follow-up data (n=1,033) SGLT2i GLP1-RA No follow-up data (n=64)

(n=21,491) (n=1,887)

Fig. 1. Selection process of study population. DM, diabetes mellitus; GLP1-RA, glucagon-like peptide-1 receptor agonist; SGLT?2i,
sodium-glucose cotransporter-2 inhibitor; HbAlc, glycosylated hemoglobin.

sulin, HbAlc, hypertension, dyslipidemia, and smoking. A
2-sided P value of <0.05 was considered statistically signifi-
cant. All analyses were conducted with SAS software version
9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Baseline characteristics

From January 1, 2016, to December 31, 2019, 33,021 patients
with T2DM receiving either SGLT2is or GLP1-RAs were iden-
tified. After application of exclusion criteria, 21,491 SGLT2i us-
ers and 1,887 GLP1-RA users were included in our analysis
(Fig. 1). Before IPTW, SGLT2i group had a greater proportion
of male patients than GLP1-RA groups. The age was compara-
ble between the two initiators. Regarding the severity of DM,
shorter duration, lower prevalence of diabetic nephropathy and
diabetic neuropathy, and fewer outpatient, inpatient, and emer-
gency department visits due to DM were observed in SGLT?2i
group. The prevalence of most systemic comorbidities was
comparable between the two users, but SGLT2i users exhibited
a higher prevalence of ischemic stroke and a lower prevalence
of chronic kidney disease at baseline. Regarding the medication,
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more patients receiving SGLT2i used beta-blockers. A higher
proportion of SGLT?2i users received metformin and DPP4i and
a lower proportion of SGLT21i users received sulfonylurea,
meglitinide, alpha-glucosidase inhibitor, and insulin. Anti-
platelet agents and statins were more often administered in
SGLT?2i group. Regarding general and laboratory data, SGLT2i
initiators had lower body mass index and HbAlc and higher
eGFR. After IPTW, most covariates were well balanced (STD
<0.1) between the two users, although a nonsubstantial differ-
ence was noted in myocardial infarction (STD=0.11) and beta-
blocker use (STD=0.10). The duration of follow-up was com-
parable (1.74+1.13 years vs. 1.83£1.06 years, STD=-0.08) be-
tween the SGLT2i and GLP1-RA groups.

Primary outcomes

A comparison of primary outcomes between the SGLT2i to
GLP1-RA groups was presented in Table 2. The number of
events and incidence data of outcomes before and after IPTW
were presented in Supplementary Tables 3 and 4. The incidence
of any DR was 15.6 (95% confidence interval [CI], 14.3 to 16.8)
events per 1,000 person-years in SGLT2i group and 19.3 (95%
CI, 17.3 to 21.3) events per 1,000 person-years in GLP1-RA

Diabetes Metab ] 2023;47:394-404  https://e-dmj.org
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Table 2. Primary ocular outcomes of patients with a diagnosis of T2DM receiving SGLT2is versus GLP1-RAs

Before [IPTW After [IPTW
S sam o Gemtem M
DR outcomes
Any DR 15.0 (13.8-16.3) 23.3(17.5-29.2) 15.6 (14.3-16.8)  19.3(17.3-21.3) 0.90 (0.79-1.03) 0.128
Non-proliferative DR 122(11.0-13.3)  14.4(9.8-19.0) 12.6(11.5-13.7)  12.1(10.5-13.7) 1.16 (0.99-1.36) 0.063
Proliferative DR 3.3(2.7-3.9) 8.7 (5.1-12.2) 3.3(2.8-3.9) 7.0 (5.8-8.2) 0.53 (0.42-0.68) <0.001
Vitreoretinal interventions
Intravitreal injection 1.9(1.4-2.3) 3.7 (1.4-6.1) 2.0 (1.6-2.5) 34(2.5-4.2) 0.65 (0.47-0.91) 0.013
Laser therapy 3.8(3.1-4.4) 9.4 (5.7-13.1) 3.9 (3.3-4.6) 7.4 (6.1-8.6) 0.59 (0.47-0.74) <0.001
Vitrectomy 1.3 (0.9-1.7) 3.0 (0.9-5.1) 1.3(1.0-1.7) 2.2(1.5-2.9) 0.68 (0.46-1.03) 0.066
Composite surgical outcome® 5.5 (4.8-6.3) 13.2(8.8-17.6) 5.8 (5.0-6.6) 11.1 (9.6-12.7) 0.58 (0.48-0.70) <0.001

Values are presented as the number of events per 1,000 person-years (95% confidence interval).
T2DM, type 2 diabetes mellitus; SGLT2i, sodium-glucose co-transporter 2 inhibitor; GLP1-RA, glucagon-like peptide-1 receptor agonist; IPTW, inverse
probability of treatment weighting; SHR, subdistribution hazard ratio; DR, diabetic retinopathy.

‘Indicates any intravitreal injection, laser therapy, or vitrectomy.
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Fig. 2. Cumulative event rate of (A) proliferative diabetic retinopathy and (B) composite surgical outcome in patients with type 2
diabetes mellitus taking sodium-glucose cotransporter-2 inhibitor (SGLT2i) versus glucagon-like peptide-1 receptor agonist
(GLP1-RA) in the inverse probability of treatment weighting-adjusted cohort. CI, confidence interval.

group, and the rate of any DR (subdistribution hazard ratio
[SHR], 0.90; 95% CI, 0.79 to 1.03) was comparable between the
two groups. Notably, no significant difference was observed in
nonproliferative DR (SHR, 1.16; 95% CI, 0.99 to 1.36) between
two users, but SGLT2i users had a significantly lower risk of
proliferative DR (SHR, 0.53; 95% CI, 0.42 to 0.68) (Fig. 2A).
Furthermore, the SGLT2i group demonstrated a significantly
lower risk of composite surgical outcome (SHR, 0.58; 95% CI,
0.48 to 0.70) (Fig. 2B), mainly driven by intravitreal injection
(SHR, 0.65; 95% CI, 0.47 to 0.91) and laser therapy (SHR, 0.59;
95% CI, 0.47 to 0.74). In each level of all the subgroup vari-
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ables, SGLT2i users reported significantly lower incidence of
proliferative DR and composite surgical outcome than GLP1
users (Supplementary Tables 5 and 6).

Secondary outcomes

A comparison of secondary outcomes between the SGLT2i and
GLP1-RA groups was presented in Table 3. The number of
events and incidence data of secondary outcomes was present-
ed in Supplementary Tables 3 and 4. Regarding microvascular
complications, the SGLT2i group had a significantly lower risk
of diabetic nephropathy (SHR, 0.79; 95% CI, 0.71 to 0.88) and
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Table 3. Secondary outcomes of patients with a diagnosis of T2DM receiving SGLT?2is versus GLP1-RAs
Before IPTW After IPTW
Variable i _ ] Pvalue
SGLT2i GLP1-RA SGLT2i GLP1-RA SHR of SGLTZl
(n=21,491) (n=1,887) (95% confidence interval)

Microvascular complications

Diabetic nephropathy 20.8 (19.3-22.3)  35.3(28.0-42.5) 22.0(20.5-23.4) 31.2(28.6-33.7) 0.79 (0.71-0.88) <0.001

Diabetic neuropathy 7.02(6.15-7.88) 13.7(9.2-18.1) 7.27(6.43-8.12) 12.8(11.1-14.4) 0.64 (0.53-0.76) <0.001
Macrovascular complications

Myocardial infarction 3.9 (3.3-4.6) 6.4 (3.3-9.4) 4.04 (3.41-4.67) 4.31(3.37-5.25) 1.03 (0.79-1.35) 0.833

Ischemic stroke 6.1 (5.3-6.9) 4.1(1.7-6.5) 6.27 (5.49-7.06)  2.80 (2.04-3.56) 2.53 (1.88-3.40) <0.001

Major adverse limb events® 6.5 (5.6-7.3) 5.6 (2.8-8.5) 6.76 (5.94-7.58)  4.12 (3.20-5.04) 1.84 (1.42-2.37) <0.001
Cardiovascular death 3.8 (3.1-4.4) 49(22-7.5) 3.81(3.20-4.42) 4.68 (3.70-5.66) 0.82 (0.63-1.06) 0.131

Values are presented as the number of events per 1,000 person-years (95% confidence interval).

T2DM, type 2 diabetes mellitus; SGLT2i, sodium-glucose co-transporter 2 inhibitor; GLP1-RA, glucagon-like peptide-1 receptor agonist;
IPTW, inverse probability of treatment weighting; SHR, subdistribution hazard ratio.

“‘Indicates any peripheral arterial disease, claudication, critical limb ischemia, endovascular therapy, peripheral bypass, or nontraumatic amputa-

tion.
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Fig. 3. Long-term change in (A) glycosylated hemoglobin (HbAlc) and (B) estimated glomerular filtration rate (¢GFR) among
patients with type 2 diabetes mellitus taking sodium-glucose cotransporter-2 inhibitor (SGLT2i) versus glucagon-like peptide-1
receptor agonist (GLP1-RA) in the inverse probability of treatment weighting-adjusted cohort.

neuropathy (SHR, 0.64; 95% CI, 0.53 to 0.76). Concerning
macrovascular complications, the rate of myocardial infarction
was comparable between the two groups (SHR, 1.03; 95% ClI,
0.79 to 1.35), but a significantly higher incidence of ischemic
stroke (SHR, 2.53; 95% CI, 1.88 to 3.40) and major adverse
limb events (SHR, 1.65; 95% CI, 1.37 to 1.99) were observed in
SGLT2i users. Moreover, risk of cardiovascular death was com-
parable between the two groups (hazard ratio [HR], 0.82; 95%
CI, 0.63 to 1.06). Regarding laboratory data, the HbAlc in both
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user groups swiftly decreased 6 months after drug initiation
and became stable subsequently. Notably, the decline in HbAlc
was significantly lower in SGLT?2i users than in GLP1-RA users
at 6th months (—0.80% *1.56% vs. —0.93% +1.63%, P for inter-
action <0.001) (Fig. 3A). The eGEFR in both the groups gradu-
ally decreased after drug initiation. However, SGLT2is main-
tained but GLP1-RAs persistently reduced the eGFR after the
24th month (-4.34+19.75 mL/min/1.73 m? vs. —5.70+18.81
mL/min/1.73 m?, P for interaction <0.001) (Fig. 3B).
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DISCUSSION

DR serves as the leading cause of blindness in working-age
population. Novel glucose-lowering drugs are proposed to
prevent DR, but current studies are underpowered to confirm
their safety profile. Therefore, this study compared the risk of
DR between patients with T2DM receiving SGLT2is and
GLP1-RAs using a real-word database. Regarding our primary
outcomes, the two groups had comparable incidence of DR.
However, the SGLT2i group exhibited a lower rate of prolifera-
tive DR and vitreoretinal interventions. That is, SGLT2is may
be associated with a reduced risk of vision-threatening DR.
Regarding our secondary outcomes, SGLT2i users had a lower
risk of diabetic nephropathy and a more stable eGFR. These
positive control outcomes confirmed the internal validity of
our study.

The role of SGLT2is in DR remained unknown according to
previous studies. Certain research synthesized data form RCTs
to assess the risk of DR in SGLT2i users. A network meta-anal-
ysis reported that the incidence of DR outcomes, including
DR, macular edema, vitreous hemorrhage, diabetes-related
blindness, and treatment of intravitreal agent, retinal photoco-
agulation, and vitrectomy, were comparable not only between
patients receiving SGLT2i and placebo (odds ratio [OR], 0.79;
95% CI, 0.49 to 1.28) but also between patients receiving
SGLT2i and GLP1-RA (OR, 0.66; 95% CI, 0.39 to 1.13) [28].
Also, a systematic review and meta-analysis found no signifi-
cant difference in DR outcomes, including DR, macular ede-
ma, vitreous abnormality, requirement for eye-related surgery,
and blindness, between SGLT2i and placebo users (risk ratio,
0.98; 95% CI, 0.84 to 1.16) [14]. That is, SGLT2i seemed not to
reduce the risk of DR. These different findings from our results
may be derived from the following reasons. First, the definition
of DR outcomes in the above meta-analyses included not only
DR but also DR-related diseases, blindness, and vitreoretinal
interventions. In addition, we respectively retrieved the inci-
dence of nonproliferative and proliferative DR. Second, certain
RCTs were designed to apply intention-to-treat analysis which
the patients were followed up in their respective groups until
the end of follow-up. Our study utilized as-treated analysis
which ceased the follow-up until the switch between two
drugs. This method could avoid the impact from both SGLT2i
and GLP1RA. However, a retrospective cohort study declared
that SGLT2i significantly reduced the incidence of DR com-
pared to DPP4i (HR, 0.89; 95% CI, 0.83 to 0.97) [15]. A real-
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world study between SGLT2i and sulfonylurea, significantly
decreased rate of DR was observed in SGLT2i group (OR,
0.152; 95% CI, 0.034 to 0.674) [16]. Another retrospective co-
hort study showed that SGLT2i users reported significantly
lower risk of diabetic macular edema than GLP1-RA users
(HR, 0.75; 95% CI, 0.64 to 0.88) [29]. Therefore, SGLT2is were
considered to decrease the risk of more advanced DR in rou-
tine care. Consequently, we conducted an observational real-
world study with large population to realize the association be-
tween SGLT2is, GLP1-RAs and DR.

Our study revealed that SGLT2is were associated with a de-
creased rate of proliferative DR and vitreoretinal interventions
compared with GLP1-RAs. Notably, two groups had a similar
incidence of any DR and nonproliferative DR. Nonprolifera-
tive and proliferative DR represent the early and advanced
stage of DR, respectively [5]. A smaller proportion of patients
with proliferative DR indicated that SGLT2i may ameliorate
development of advanced DR. SGLT2i was associated a small-
er decline in HbAlc in our study. Rapid decline of serum glu-
cose level was proposed to induce DR [30]. Therefore, SGLT2i
provide steady glucose-lowering effect which resulted in lower
incidence of PDR in the early phase of this study (Fig. 2A).
Furthermore, this possible effect may be related to anti-inflam-
matory activity of SGLT2i [31,32]. Excessive glucose level re-
sults in secretion of pro-inflammatory cytokines and swelling
of pericytes [33], and subsequent destruction of retinal capil-
laries causes ischemia and induces neovascularization [34].
SGLT2i has been proposed to alleviate apoptosis in retinal mi-
crovascular endothelial cells and attenuate thinning of retina
and thereby prevent structural change in DR [9,10]. However,
definite mechanisms between these glucose-lowering drugs
and DR require further experimental investigations.

SGLT?2i and GLP1-RA may also be associated with a reduc-
tion of other diabetic complications. SGLT2i significantly low-
ered the risk of diabetic nephropathy and maintained the
eGEFR effectively compared with GLP1-RA in our study, which
were similar with the outcomes found in two recent network
meta-analyses [35,36]. The consistency between our outcome
and the published data confirmed the internal validity of this
study. Regarding macrovascular complications, comparable
incidence of myocardial infarction was observed between pa-
tients receiving SGLT2i and GLP1-RA, which was consistent
with a population-based cohort study [37]. Similar with the re-
sults in two network meta-analyses, GLP1-RA users exhibited
a significantly lower incidence of ischemic stroke than SGLT?2i
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users [38,39]. Moreover, we found that GLP1-RA significantly
reduced the rate of major adverse limb events compared with
SGLT2i, which was consistent with the conclusions in two ret-
rospective cohort studies [40,41]. Based on our results,
SGLT2is were associated with a lower rate of vision-threaten-
ing DR, diabetic nephropathy, and diabetic neuropathy, and
GLP1-RAs were associated with the reduction of ischemic
stroke and major adverse limb events. Thus, SGLT2is and
GLP1-RAs may have different mechanisms in microvascular
and macrovascular complications of T2DM. Further experi-
mental studies are required to confirm these observations.

To the best of our knowledge, this is the first study to com-
pare the risk of DR between the patients with T2DM receiving
SGLT2i and GLP1-RA with a rea-world database. Our study
has a number of strengths. First, target trial, new user, and ac-
tive comparator designs were adopted to minimize bias.
Through IPTW adjustment, the confounding factors were well
balanced between the two groups. Second, the validated code
of T2DM and the regular administration of glucose-lowering
drugs confirmed the diagnosis. Third, the inclusion of a large
population provided powerful evidence for our results. Fourth,
we assessed the disease status by extracting critical laboratory
data, such as HbA1c, which was also a risk factor for DR. Fifth,
significantly lower incidence of proliferative DR and compos-
ite surgical outcome were observed in SGLT2i users than
GLP1 users in all subgroup analysis, which strengthen the
power of evidence in this study.

Our study has some limitations. First, the CGRD does not
include data, such as the occurrence of DR outcomes or vitreo-
retinal interventions, from the hospitals not covered by the
CGRD. Therefore, the incidence of DR may have been under-
estimated. However, this underestimation occurred non-dif-
ferentially across the two groups, and the relative effect should
therefore be unbiased. Second, our findings were only applica-
ble to the studied SGLT2is (canagliflozin, dapagliflozin, and
empagliflozin) and GLP1-RAs (dulaglutide and liraglutide).
Additional studies should confirm our observations by analyz-
ing newer drugs such as oral semaglutide. Third, although we
applied IPTW to balance the baseline characteristics between
the two groups, the potential residual confounding effect due
to unobserved variables may still exist. Therefore, given the
retrospective nature of this study, the conclusions should be
taken more conservatively. However, the positive control out-
come of diabetic nephropathy confirmed our internal validity.
Fourth, experimental evidence for pathophysiological mecha-
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nism of SGLT2i in DR is still lacking, which should be clarified
by future studies.

In conclusion, the incidence of any DR was comparable be-
tween SGLT2i and GLP1-RA users, but the SGLT2i group ex-
hibited a reduced rate of proliferative DR as well as vitreoreti-
nal surgeries. That is, SGLT2is may be associated a decreased
risk of vision-threatening DR.
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