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Post hoc analyses of the Trial to Evaluate
Cardiovascular and Other Long-term
Outcomes With Semaglutide in Subjects
With Type 2 Diabetes (SUSTAIN-6)
showed an increased risk of diabetic
retinopathy complications associated
with semaglutide versus placebo among
patients with a history of retinopathy, es-
pecially among those with insulin use (1).
Although concerns have been raised re-
garding the safety of glucagon-like peptide
1 (GLP-1) receptor agonists in patients with
existing retinopathy, subgroup analyses by
retinopathy status at baseline have not
been presented for other trials of GLP-1 re-
ceptor agonists; the two observational
studies on GLP-1 receptor agonists and dia-
betic retinopathy performed to date have
excludedpatientswithahistoryof retinopa-
thy (2) or treatment of retinopathy (3).
We conducted a cohort study (January

2010 to December 2016) of patients with
existing retinopathy using nationwide
data in Sweden and Denmark from
the prescription registers, patient regis-
ters, population registers, the national
bureaus of statistics, and the Swedish
National Diabetes Register. Data sources

and general methods used have been
described in detail elsewhere (4,5). We
included patients, aged 35–84 years, who
filled their first prescription for either a
GLP-1 receptor agonist or a dipeptidyl
peptidase 4 (DPP-4) inhibitor (active
comparator) during the study period
and had a history of diabetic retinopathy
(retinal photocoagulation, treatment
with intravitreal agents, vitreous hemor-
rhage, vitrectomy, retinal detachment,
retinal bleeding, and diabetic eye com-
plications/retinopathy). We excluded
patients who had previously filled pre-
scriptions for any of the study drugs; had
no hospital contact or prescription drug
in the past year; had dialysis, renal trans-
plantation, severe pancreatic disorders,
end-stage illness, or drugmisuse; orwere
hospitalized for any reason or had a
hospital contact for diabetic retinopathy
within 30days before cohort entry. Using
logistic regression, we estimated pro-
pensity scores for the probability of
starting a GLP-1 receptor agonist
versus a DPP-4 inhibitor given the status
of 60 covariates, including sociodemo-
graphic characteristics, comorbidities,

comedications, and health care utiliza-
tion, at cohort entry; two-way interaction
terms between country and each cova-
riatewere included in themodel. Patients
with a propensity score outside the over-
lapping area of the distribution for the
two study drug groups were excluded.

Patients were considered exposed to
the study drugs as long as prescriptions
were refilled before the estimated end
date of the most recent prescription,
including a grace period of 180 days.
The primary outcome, retinopathy com-
plications, was a composite of retinal
photocoagulation, treatment with intra-
vitreal agents, vitreous hemorrhage, vit-
rectomy, retinal detachment, or retinal
bleeding, which were identified by pro-
cedure and diagnostic codes. Patients
were followed from cohort entry to
end of exposure to the study drug,
crossover to the other study drug, the
outcome event, death, emigration,
5 years since cohort entry, or end of
study period. Cox proportional hazards
regression was used to calculate hazard
ratios (HRs). Adjusted HRs were calcu-
lated using propensity score weighting.
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The study was approved by the Regional
Ethical Review Board in Stockholm, Swe-
den, and the Danish Data Protection
Agency.
The study population included 6,650

new users of GLP-1 receptor agonists
(liraglutide, 91.6%; exenatide, 4.3%; du-
laglutide, 2.7%; and lixisenatide, 1.4%)
and 11,630 new users of DPP-4 inhibitors
with history of retinopathy.
After propensity score weighting, the

treatment groups were well balanced
on baseline characteristics (data on file).
Use of GLP-1 receptor agonists was
not associated with a statistically signifi-
cant increase in risk of diabetic retinop-
athy complications (adjusted HR 1.07
[95% CI 0.95–1.20]). Adjusted HRs in sub-
group analyses by country, sex, age-group,

insulin treatment, and glycated hemo-
globin level at cohort entry (for patients
in Sweden) were similar to those observed
in the primary analyses (Table 1). The
findings were similar in an additional
analysis in which the follow-up time was
truncated at 6 months after cohort entry
and in sensitivity analyses applying an
intention-to-treat exposure definition,
truncation of large weights, or additional
adjustments for glycated hemoglobin,
blood pressure, albuminuria, estimated
glomerular filtration rate, BMI, and
smoking in the Swedish part of the
cohort (Table 1).

In this nationwide cohort study of
patients with existing retinopathy from
two countries, we found no association
between use of GLP-1 receptor agonists

and diabetic retinopathy complications in
analyses using DPP-4 inhibitors as the ac-
tive comparator. Liraglutide comprised the
majority (91.6%) of GLP-1 receptor agonist
use in our study, and examination of in-
dividual GLP-1 receptor agonists remains a
topic for future studies.

Data from the placebo-controlled
SUSTAIN-6 trial suggest that retinopathy
complications associated with semaglu-
tide may occur due to early worsening
of existing retinopathy following rapid
improvement of glycemic control (1).
We found no evidence of a risk increase
associated with use of GLP-1 receptor
agonists versus DPP-4 inhibitors among
patients who might have a higher likeli-
hood of experiencing a rapid improve-
ment of glycemic control, including those

Table 1—Analysesof associationbetweenuseofGLP-1 receptor agonists versusDPP-4 inhibitors and risk of diabetic retinopathy
complications

GLP-1 receptor agonists DPP-4 inhibitors

Unadjusted HR
(95% CI)

Adjusted HR
b

(95% CI)N Events

Events per
1,000 patient-

years N Events

Events per
1,000 patient-

years

Primary analysis
Total cohorta 6,650 909 69.4 11,630 1,162 59.3 1.25 (1.15–1.36) 1.07 (0.95–1.20)

Subgroup analyses
Country
Denmark 2,821 370 53.7 3,497 322 47.9 1.25 (1.08–1.45) 1.02 (0.82–1.26)
Sweden 3,829 539 86.6 8,133 840 65.2 1.34 (1.20–1.49) 1.12 (0.98–1.28)

Sex
Women 2,762 354 64.5 4,739 448 58.7 1.20 (1.05–1.38) 1.04 (0.87–1.25)
Men 3,888 555 72.8 6,891 714 59.7 1.29 (1.15–1.44) 1.08 (0.93–1.25)

Age (years)
,65 3,942 589 71.7 4,266 521 68.4 1.12 (0.99–1.26) 1.00 (0.87–1.15)
$65 2,708 320 65.5 7,364 641 53.5 1.28 (1.12–1.47) 1.13 (0.94–1.35)

Insulin use
No 1,554 158 48.3 7,190 606 46.4 1.12 (0.94–1.33) 1.18 (0.95–1.45)
Yes 5,096 751 76.4 4,440 556 84.9 1.00 (0.89–1.11) 0.98 (0.86–1.11)

Glycated hemoglobin (Sweden)c

,8.7% (72 mmol/mol) d d d d d d d 1.17 (0.94–1.46)
$8.7% (72 mmol/mol) d d d d d d d 1.04 (0.87–1.26)

Additional analysis
Truncated follow-up time at

6 months after cohort entry 6,650 410 135.9 11,630 602 116.7 1.17 (1.03–1.33) 1.04 (0.88–1.24)

Sensitivity analyses
Intention-to-treat exposure

definitiond 6,650 1,159 62.4 11,630 1,515 53.3 1.23 (1.14–1.33) 1.03 (0.93–1.14)
Truncated weightse 6,650 909 69.4 11,630 1,162 59.3 1.25 (1.15–1.36) 1.08 (0.97–1.20)
Additionally adjusted model

(Sweden)f 3,829 539 86.6 8,133 840 65.2 1.34 (1.20–1.49) 1.09 (0.95–1.25)

aMean follow-up time (SD): 1.8 (1.5) years [2.0 (1.6) years for GLP-1 receptor agonists and 1.7 (1.4) years for DPP-4 inhibitors]. Total follow-up time:
13,105 patient-years for GLP-1 receptor agonists and 19,602 patient-years for DPP-4 inhibitors. bInverse probability of treatment weighting based on
a propensity score that included 60 covariates. cAnalysis of patients in Sweden. There were missing data on glycated hemoglobin, and multiple
imputation (Markov chainMonte Carlomethod)was used to create 10 imputed data sets. Because each imputation yielded different subgroups of the
total population, thenumber of patients, number of events, incidence rates, andunadjustedHRs arenot presented. dPatientswere consideredexposed
to the studydrug throughout follow-up. eInverse probability of treatmentweighting can generate very largeweights for patientswith lowprobability of
treatment. In this analysis, weights.5 were set to 5. fAnalysis of patients in Sweden additionally adjusted for glycated hemoglobin, blood pressure,
albuminuria, estimated glomerular filtration rate, BMI, and smoking. Because there were missing data for all these variables, multiple imputation
(Markov chain Monte Carlo method) was used to create 10 imputed data sets.
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with a higher glycated hemoglobin and
those with insulin treatment at cohort
entry. In addition, findings remained
similar when follow-up time was trun-
cated at 6 months after cohort entry,
although incidence rates in both groups
were higher in this time period.
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