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BACKGROUND

Long-term glycemic control reduces retinopathy risk, but transient worsening can
occurwithglucose control intensification.Glucagon-likepeptide1 receptoragonists
(GLP-1RA) lower glucose, but the long-term impact on retinopathy is unknown.
GLP-1RA cardiovascular outcome trials (CVOTs) provide long-term follow-up,
allowing examination of retinopathy outcomes.

PURPOSE

To examine the associations between retinopathy, HbA1c, systolic blood pressure
(SBP), and weight in GLP-1RA CVOTs.

DATA SOURCES

Systematic review identified six placebo-controlled GLP-1RA CVOTs reporting
prespecified retinopathy outcomes.

STUDY SELECTION

Published trial reports were used as the primary data sources.

DATA EXTRACTION

HbA1c, SBP, andweight data throughout follow-upby treatment groupwereextracted.

DATA SYNTHESIS

Random-effects model meta-analysis showed no association between GLP-1RA treatment
and retinopathy (odds ratio [OR] 1.10; 95% CI 0.93, 1.30), with high heterogeneity between
studies (I25 52.2%;Q statisticP5 0.063).Univariatemeta-regressionshowedanassociation
betweenretinopathyandaverageHbA1creductionduringtheoverallfollow-up(slope50.77,
P5 0.007), but no relationship for SBP or weight. Sensitivity analyses for HbA1c showed a
relationship at 3months (P5 0.006) and 1 year (P5 0.002). A 0.1% (1.09mmol/mol)
increase in HbA1c reduction was associated with 6%, 14%, or 8% increased Ln(OR)
for retinopathy at the 3-month, 1-year, and overall follow-up, respectively.

LIMITATIONS

CVOTs were not powered to assess retinopathy outcomes and differed in retinopathy-
related criteria and methodology. The median follow-up of 3.4 years is short compared
with the onset of retinopathy.

CONCLUSIONS

HbA1c reduction was significantly associated with increased retinopathy risk in meta-
regression for GLP-1RA CVOTs. The magnitude of HbA1c reduction was correlated with
retinopathy risk in people with diabetes and additional cardiovascular risk factors, but the
long-term impact of improved glycemic control on retinopathy was unmeasured in these
studies.Retinopathystatusshouldbeassessedwhenintensifyingglucose-loweringtherapy.
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Diabetic retinopathy is a leading cause of
vision loss globally and develops in re-
sponse to prolonged exposure to hyper-
glycemia (1). Despite clear evidence that
near-normalization of blood glucose lev-
els reduces the long-term risk of dia-
betic retinopathy (2), transientworsening
of preexisting retinopathy has also been
demonstrated when glucose control is
intensified (3–5), typically with insulin or
sulfonylurea treatment (2,5).Neweragents,
such as glucagon-like peptide 1 receptor
agonists (GLP-1RAs), are effective glu-
cose-lowering agents that reach steady
state quickly to produce significant gly-
cemic reductions (6), but the effect of
glucose lowering by these agents on di-
abetic retinopathy is poorly understood.
Cardiovascular outcome trials (CVOTs)
provide the longest available random-
ized, placebo-controlled follow-up for the
GLP-1RAs, with currently completed trials
ranging in duration from 1.3 to 5.4 years
(7–12). Some CVOTs have shown a point
estimate suggestive of increased risk of
retinopathy related to treatment; how-
ever, none of these trials was designed
or powered to provide robust estimates
ofGLP-1RAeffects on retinopathy.Meta-
analyses of CVOT data sets have not
demonstrated a potential class effect of
GLP-1RA treatment, showing instead no
significant relationship between GLP-1RA
treatment and retinopathy outcomes,
and offering only limited insight to dis-
criminate between direct pharmacolog-
ical drug effects and indirect effects
potentially mediating changes in HbA1c
or other risk factors. The purpose of this
study is to use meta-analysis and meta-
regression to investigate the relation-
ship between retinopathy outcomes and
changes inglycemiccontrol, systolic blood
pressure (SBP), and body weight associ-
ated with GLP-1RA treatment.

RESEARCH DESIGN AND METHODS

Search Strategy and Eligibility Criteria
This meta-analysis was aligned with the
Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA)
guidelines (13). The protocol was registered
in The International Prospective Register of
Systematic Reviews (PROSPERO) (14).
An updated systematic literature re-

view was performed based on a recent
publication in 2019 (15). MEDLINE, Em-
base, and theCochraneLibrarydatabases
were searchedwithout language restrictions,
using search terms including “glucagon-

like peptide-1 receptor agonist”, and
“diabetes,” and “randomized trials.”
The full list of search terms is listed in
Supplementary Table 1. We included
large (N. 1,000) randomized controlled
trials published from January 2018 up to
September 2019 that compared the ef-
ficacy and safety of GLP-1RA versus pla-
cebo in adults with type 2 diabetes.
Eligible trials reported both major ad-
verse cardiovascular events (MACE, a
composite including myocardial infarc-
tion, stroke, and cardiovascular death)
and retinopathy as prespecified end
points. Definitions of retinopathy were
as described by each trial and were not
standardized for these analyses. The
technical data extraction requirements
for the meta-regression required eligible
studies to report and display data for
changes in HbA1c, SBP, and body weight
by treatment group over the duration
of follow-up. After full-text screening,
new eligible studies were added to
those included in the recent systematic
review (15). Title and abstract screening
and full-text screening were done in
duplicate.

Data Extraction and Quality
Assessment
Published trial reports and supplemen-
tary materials were used as the primary
data source. Data extraction was done
in duplicate using standardized forms,
and conflicts were resolved by R.D. Study
characteristics (e.g., year of publication,
study design, sample size, and length of
follow-up), intervention characteristics,
patient characteristics (e.g., age, sex,
duration of type 2 diabetes, BMI, and
baseline HbA1c), and efficacy and safety
data, including the retinopathy event
definitions, were recorded. HbA1c, SBP,
and body weight data throughout the
follow-up periods by treatment group
were extracted from published figures
using DigitizeIt software (https://www
.digitizeit.de/). This software facilitated
the extraction of the (x, y) numerical data
fromthe image, considering the specified
axes system.

Data Synthesis and Analysis
The odds ratio (OR) and 95% CI for ret-
inopathy outcomes were obtained from
each trial along with the available event
information to unify the reported effect
size. The overall OR and 95% CI were
calculated using a random-effects model

meta-analysis, in which the reported
effect size of every study was weighted
by the inverse of its variance and the
between-study variance was estimated
using the DerSimonian-Laird estimator.
The Cochran Q test was used to assess
heterogeneity of treatment effect be-
tween trials. The null hypothesis evalu-
ated by this test is that all studies share a
common effect size. The proportion of
the total observed variance that reflects
real differences in effect size was eval-
uated through the I2 index. Thresholds
describing the degree of heterogeneity
for the I2 index are low (#25%), mod-
erate (26250%), and high (.50%). The
P value for statistical significance was
set at 0.05.

Changes in HbA1c, SBP, and bodyweight
over the duration of follow-up were an-
alyzed as follows: First, the published
figures describing these variables were
digitized using DigitzeIt software (https://
www.digitizeit.de/). Second, the extracted
datawereusedtocalculatetheareasunder
the curve for each of the three variables
in response to GLP-1RA or placebo by
trapezoidal integration. Third, the relative
difference in area under the curve in the
GLP-1RA versus the placebo group was
calculated for each trial. Fourth, theaverage
reduction was calculated as the average of
thedifferencesbetweengroups through-
out follow-up weighted by time (years) for
each variable and trial. Thus, for each trial
we obtained two summary metricsdthe
relative difference in area under the curve
in the GLP-1RA versus the placebo groups
andtheaveragereductioncalculatedasthe
averageof thedifferences betweengroups
throughout follow-up weighted by time in
years. Sensitivity analyses provided both
summary metrics at discrete time points
of 3 months and 1 year.

Three separate univariate meta-
regression analyses were used to esti-
mate the relationship between changes
in each of HbA1c, SBP, and body weight
and the Ln-transformed OR of retinop-
athy in people randomly assigned to the
GLP-1RA versus placebo comparator. In-
dependent variables were the relative
change in the area under the curve or the
average reduction, both calculated for
each of the three variables at three time
points. The exponential of the regression
coefficient of each univariate meta-
regression was used to estimate of the
relative change in the intervention effect
with a unit increase in the independent
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variable. The P value for statistical sig-
nificance was set at 0.05. Analyses were
done using Comprehensive Meta-Analysis
software (version 2.0; Biostat, Englewood,
NJ), R (version 3.6.0; R CoreTeam, Vienna,
Austria), and the R package metafor
(version 2.0-0) (16).

Role of Funding Source
Estudios Clı́nicos Latino América (ECLA)
Foundation (Rosario, Argentina) covered
all of the costs related to the data col-
lection, statistical analyses, and writing
of the manuscript.

RESULTS

Individual Trial Characteristics
Five randomized GLP-1RA CVOTs were
included in a recently published system-
atic review (15). We performed the elec-
tronic search on 10 September 2019,
detecting 707 additional publications
that underwent screening. After dupli-
cate removal and full-text screening, six
randomized trials were included in the
meta-analysis: LEADER (Liraglutide Effect
and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results), SUS-
TAIN-6 (Evaluate Cardiovascular and
Other Long-term Outcomes with Sema-
glutide in Subjects with Type 2 Diabetes),
EXSCEL (Exenatide Study of Cardiovascu-
lar Event Lowering), HARMONY (Effect
of Albiglutide, When Added to Standard
Blood Glucose Lowering Therapies, on
Major Cardiovascular Events in Subjects
With Type 2 Diabetes Mellitus), REWIND

(Researching Cardiovascular Events with
a Weekly Incretin in Diabetes), and PIONEER
6 (Cardiovascular Safety of Oral Semaglu-
tide in Subjects With Type 2 Diabetes)
(7–12).

Key trial features and retinopathy event
definitions used in each trial are pre-
sented in Tables 1 and 2. All trials used
subcutaneous injectable GLP-1RAs, ex-
cept for PIONEER6,which studied anoral
GLP-1RA. These analyses included49,936
patients (n5 24,943 GLP-1RA, n5 24,993
placebo). The mean age of the popula-
tion was similar across the trials (range
62266 years), 31246% of the popula-
tions were women, the mean BMI was
similar (32233 kg/m2), and the mean
duration of diabetes ranged from 10
to 15 years. All patients had a history
of established cardiovascular disease in
HARMONY, whereas almost 70% did not
have a history of established cardiovas-
cular disease in REWIND. Mean HbA1c
ranged from 7.3 to 8.7% (56.3–71.6
mmol/mol). Duration of follow-up ranged
from a median of 1.3 to 5.4 years. Ret-
inopathy prevalence was reported at
baseline in the REWIND, HARMONY, and
PIONEER 6 trials, ranging from 9.0 to
28.2% of patients (Table 1). Investiga-
tional drug nonadherence ranged from
5.4 to 15.0% per year.

Meta-analysis: GLP-1RA Treatment
and Retinopathy Outcomes
The combined median follow-up time of
the six trials for retinopathy outcomes

was 3.4 years (41months).Meta-analysis
showed no significant association be-
tween GLP-1RA and retinopathy risk (OR
1.10; 95% CI 0.93, 1.30), with high het-
erogeneity between studies (I25 52.2%;
Q statistic P 5 0.063) (Fig. 1).

Meta-regression: Association Between
Retinopathy and Key Risk Factors for
Retinopathy
Mean reduction values in HbA1c, SBP,
and body weight weighted by follow-up
period for each individual CVOT and area
under the curve relative reduction met-
rics are presented in Supplementary
Tables 2–4.

For the overall follow-upperiod,meta-
regression showed a significant associa-
tion, with the Ln(OR) for retinopathy
increasing by 0.77 for every 1% (10.93
mmol/mol) greater average reduction
in HbA1c (95% CI 0.21, 1.34; P5 0.007),
but no significant relationship for SBP
(slope 5 0.23 [95% CI 0.004, 0.45]; P 5
0.054) or weight (slope 5 0.09 [95% CI
20.02, 0.19]; P 5 0.095) (Fig. 2). Sensi-
tivity analyses showed that a significant
relationship was consistently present at
all time points only for HbA1c reduction
(3 months: slope 5 0.58, [95% CI 0.17,
0.99]; P 5 0.006; 1 year: slope 5 1.31
[95% CI 0.48, 2.13]; P 5 0.002) (Supple-
mentary Fig. 1). Thus, a 0.1% (1.09 mmol/
mol) greater HbA1c reduction was associ-
ated with 6%, 14%, or 8% increased Ln
(OR) at 3 months, 1 year, or overall
follow-up, respectively (Fig. 2). Sensitivity

Table 1—Key baseline characteristics from each CVOT

LEADER (2016)
N 5 9,340 (9)

SUSTAIN-6 (2016)
N 5 3,297 (8)

EXSCEL (2017)
N 5 14,752 (7,30)

HARMONY (2018)
N 5 9,463 (11)

REWIND (2019)
N 5 9,901 (10)

PIONEER-6 (2019)
N 5 3,183 (12)

Active treatment Liraglutide
1.8 mg, s.c. daily

Semaglutide 0.5 mg or
1.0 mg s.c. weekly

Exenatide 2 mg
s.c. weekly

Albiglutide 30–
50 mg s.c. weekly

Dulaglutide 1.5 mg
s.c. weekly

Semaglutide
14 mg oral daily

Age, years 64 6 7 65 6 7 62 6 9 64 6 7 66 6 7 66 6 7

Sex, n (%)
Male 6,003 (64) 2,002 (61) 9,149 (62) 6,569 (69) 5,312 (54) 2,176 (68)
Female 3,337 (36) 1,295 (39) 5,603 (38) 2,894 (31) 4,589 (46) 1,007 (32)

Duration of
diabetes, years 12.8 6 8.0 13.9 6 8.1 13.1 6 8.3 14.1 6 8.6 10.6 6 7.2 14.9 6 8.5

HbA1c, % 8.7 6 1.6 8.7 6 1.5 8.1 6 1.0 8.7 6 1.5 7.3 6 1.1 8.2 6 1.6

HbA1c, mmol/mol 71.6 6 17.5 71.6 6 16.4 65.0 6 10.9 71.6 6 16.4 56.3 6 12.0 66.1 6 17.5

BMI, kg/m2 32.5 6 6.3 32.8 6 6.2 32.7 6 6.4 32.3 6 5.9 32.3 6 5.7 32.3 6 6.5

SBP, mmHg 136 6 18 136 6 17 135 6 17 135 6 17 137 6 17 136 6 18

Established CVD,
n (%) 7,598 (81) 2,735 (83) 10,782 (73) 9,463 (100) 3,114 (31) 2,695 (85)

History of heart
failure, n (%) 1,667 (18) 777 (24) 2,389 (16) 1,922 (20) 853 (9) 388 (12)

Retinopathy, n (%) N/A N/A N/A 1,937 (20) 891 (9) 898 (28)

Data are mean 6 SD, unless otherwise noted. N/A, not available.
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analyses for SBP and body weight at 3
months and 1 year are presented in
Supplementary Figs. 2 and3. A significant
relationship with SBP reduction was only
present at 1 year, at which time a 1-
mmHg greater SBP reduction was asso-
ciated with 27% increased Ln(OR) for
retinopathy (slope 5 0.24 [95% CI 0.03,
0.44]; P5 0.025) (Supplementary Fig. 2B).
Similar conclusions were derived when

area under the curve reductionmetrics for
HbA1c, bodyweight, and SBP in each CVOT
were replaced by relative reduction
metrics (data not shown).

CONCLUSIONS

This analysis uses the tools of meta-
analysis and meta-regression to explore
the relationship between retinopathy
outcomes andGLP-1RA treatment, changes
in HbA1c, SBP, and body weight. While
meta-analysis did not demonstrate an as-
sociation betweenGLP-1RA treatment and
retinopathy outcomes, meta-regression
showed a significant association between
HbA1c reductionandretinopathy, regard-
less of the follow-up time period. No
consistent relationship was observed
with SBP or body weight over the dif-
ferent follow-up time periods over a
median follow-up of 3.4 years.
The association between initiation of

intensive glucose control and worsening
of preexisting retinopathy is well known.
It was first described in patients with
type 1 diabetes who were treated with
continuous subcutaneous insulin infu-
sion rather than the conventional short-
to intermediate-acting injectable insulin

(4,17–19), buthasalsobeendocumented
in other studies in both type 1 and type 2
diabetes (2,5,20,21). These early studies
documented worsening with sequential
retinal photographs, which is a highly
sensitive method to detect incidence
and progression of retinopathy. The time
course of this early worsening is variable,
ranging from 3months to.3 years after
treatment intensification (3). In contrast,
the time course for improved retinopa-
thy outcomes attributable to intensive
glucose control is longer, ranging from
;3 years in the DCCT (5) to.5 years in
a meta-analysis of intensive versus
conventional treatment trials in type
2 diabetes (22).

Similar trends can be seen among the
trials included in this meta-regression
of HbA1c on the GLP-1RA CVOT meta-
analysis. Trials with the smallest impact
on HbA1c, for example within the first 3
months, were EXSCEL, HARMONY Out-
comes, and PIONEER-6. These trials also
had the lowest OR for retinopathy. The
outlier for retinopathy outcomes, SUSTAIN-
6, also had the largest HbA1c differences
recorded at follow-up of 3 months, 1
year, and overall. However, the median
duration of follow-up for retinopathy
within the HbA1c meta-regression (3.4
years) is unlikely to have been of suf-
ficient length to evaluate the potential
long-term impact on retinopathy.

Neither SBP nor weight changes were
significantly associated with overall ret-
inopathyoutcomes inthemeta-regression,
consistent with existing literature show-
ing inconsistent or only epidemiological

relationships between these risk factors
and the incidence or progression of reti-
nopathy (23,24).However, themagnitudes
of SBP and weight changes demonstrated
in themeta-regression are relatively small,
andaswithHbA1c, the follow-up is perhaps
too short to evaluate any potential impact
on retinopathy outcomes.

In addition to a relatively short fol-
low-up time compared with the time
course of improvements in retinopathy,
this meta-regression analysis is further
limited by several factors. Even though
49,936 participants contributed data to
the CVOT analyses, the information is
analyzed as six unique observations (one
data point from each trial) rather than as
patient-level data. This is smaller than
theminimumof 10 recommended by the
Cochrane Collaboration Handbook (25)
for a meta-regression, potentially limit-
ing assessments of heterogeneity within
the data.

It is also important to remember none
of the included CVOTs were designed
or powered to assess retinopathy out-
comes. The baseline prevalence of ret-
inopathy was not reported in all trials,
and only PIONEER-6 excluded patients
with existing retinopathy, defined as
proliferative retinopathy ormaculopathy
requiring acute treatment. The methods
of ascertainment differ, and within-trial
retinopathy event definitions range from
a categorical yes/no retinopathy ques-
tion included in EXSCEL to capture of
retinal procedures in most other studies.
Only SUSTAIN-6 and PIONEER-6 evalu-
ated retinopathy outcomes with fundus

Figure 1—Meta-analysis of retinopathy outcomes in GLP-1RA CVOTs. Data were assessed using the random-effects model.
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photography or dilated fundoscopy as
scheduled assessments within the trial.
Adjudication of retinopathy events was

not used in all of included CVOTs. These
limitations are probably most important
when considering the findings of the

meta-regression in the context of ded-
icated retinopathy studies, which typi-
cally use retinal photographs or dilated
fundoscopic examinations to provide
more detailed assessment of retinopathy
progression, for example by using a five-
stage diabetic retinopathy severity score
(26) to more objectively quantify retinal
changes.

The ongoing FOCUS trial (ClinicalTrial
.gov identifier: NCT03811561) will exam-
ine long-term effects of semaglutide
compared with placebo on diabetic ret-
inopathy using validated and standard
ophthalmic assessments (27). The study
will enroll 1,500 patients with type 2
diabetes, HbA1c between 7 and 10% (53–
86 mmol/mol), and Early Treatment Di-
abeticRetinopathy Study (ETDRS) level of
10–75 evaluated by fundus photography
and confirmed by a central reading cen-
ter, with follow-up planned for 5 years.

In conclusion, our data suggest that
the strongest relationship between GLP-
1RA treatment and early worsening of
retinopathy after drug initiation is via
their impact on HbA1c; however, without
dedicated trials designed to evaluate the
impact on retinopathy, a direct mecha-
nism attributable to one or more drugs
in this class cannot be excluded. In this
respect, care for those initiating GLP-1RA
treatment should not differ from care
provided for patients initiating any type
of intensive glucose-lowering therapy.
Early detection and treatment of reti-
nopathy remains the standard of care.
Screening for retinopathy in patients
with type 2 diabetes is recommended
from the time of diagnosis and typically
annually thereafter, depending on the
level of glycemic control and retinopa-
thy status (28). Those with severe, pro-
liferative retinopathy should undergo
treatment for retinopathy before or in
conjunction with the initiation of in-
tensive glucose-lowering therapy. Pro-
gression of diabetic retinopathy due
to intensified glycemic control is typically
transient and reversible over a longer
period of time (29). Even with the po-
tential for initial progression of reti-
nopathy, intensive glycemic treatment
reduces risk for the onset and progres-
sion of diabetic retinopathy over time
compared with conventional treatment
(29). Current recommendations that GLP-
1RAs be used early in the treatment of
type 2 diabetes acknowledge their effec-
tive glucose-lowering effects and associated

Figure 2—The association of HbA1c (A), SBP (B), and body weight reduction (C) vs. retinopathy
Ln(OR) at the overall follow-up period. Data are meta-regression estimations and the 95% CI
(represented by the dotted lines). The average of the differences of HbA1c (A), SBP (B), and body
weight (C) between the two treatment groups (GLP-1RAor placebo)weightedby follow-up (years)
are presented. The area of each circle is proportional to the study’s variance.
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potential for weight loss and low risk
of hypoglycemia. As with any potent
glucose-lowering agent, clinicians should
consider retinopathy status at the time
of treatment initiation and follow guide-
lines for monitoring in patients with
established retinopathy.
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