JOURNAL OF DIABE

TES, METABOLISM AND ITS COMPLICATIONS | ISSN 2674-4163

Research Article

Available online at www.sciencerepository.org

Comparative Retinopathy Risk in People with Type 2 Diabetes Treated with Post
Metformin Second-line Incretin Therapies: Study Based on US Electronic Medical

Records

Sanjoy K Paul", Jennie H Best? and Olga Montvida®

IMelbourne EpiCentre, University of Melbourne and
2University of Washington, Seattle, Washington, USA

Melbourne Health, Melbourne, Australia

ARTICLEINFO

ABSTRACT

Article history:

Received: 23 September, 2020
Accepted: 8 October, 2020
Published: 19 October, 2020

Keywords:

Incretins

DPP-4 inhibitor

GLP-1 receptor agonist
retinopathy
microvascular disease
type 2 diabetes

Studies have reported conflicting results of the association of incretin-based treatment with the risk of
diabetic retinopathy (DR), while the risk of DR in people treated with different antidiabetic drugs (ADD)
in the context of glycaemic control in real-world settings is limited. This study aimed to evaluate (1) the
risk of developing DR in metformin-treated patients with type 2 diabetes (T2DM) who initiated second-
line ADD and (2) if glycaemic control over one-year post-therapy initiation is associated with DR risk
during follow-up . From US Electronic Medical Records (EMR), those who received second line DPP-4
inhibitor (DPP-4i), GLP-1 receptor agonist (GLP-1RA), sulfonylurea, thiazolidinedione, or insulin for
>3 months post-2004 were analysed. Based on 237,133 people with an average of 3.2 years follow-up,
compared to people who initiated second-line with sulfonylurea, those with DPP-4i/GLP-
1RA/thiazolidinedione had 30%/31%/15% significantly lower adjusted risk of developing DR; insulin
users had 84% increased risk (all p< 0.01), with significantly better sustainable HbAlc control over one
year in incretin groups. This population representative EMR based study suggests that DR risk is not

higher in people treated with incretins, versus other ADD, with the benefit of better glycaemic control.

© 2020 Sanjoy Ketan Paul. Hosting by Science Repository.

Introduction

Incretin-based therapies have demonstrated their ability to significantly
reduce glucose levels while maintaining a low risk of hypoglycaemia in
patients with type 2 diabetes (T2DM) [1]. While randomized controlled
trials (RCT), have indicated that tight glycaemic control in patients with
T2DM reduces the risk of microvascular complications, the clear picture
on the effects of incretin-based therapies on macrovascular outcomes is
not yet established [2-6]. GLP-1 receptors are expressed in the cells of
the retinal ganglion, Muller cells, and pigment epithelial cells, and
preclinical studies suggest that GLP-1 receptor agonists (GLP-1RAS)
possess a protective effect against diabetic retinopathy (DR) by reversing
and preventing early changes, such as neurodegeneration and blood-
retinal barrier permeability [7, 8]. However, the association of incretin-
based therapies and DR in humans is limited and inconclusive [7].

Few real-world data-based studies have evaluated the possible
association of treatment with incretin-based therapies with the risk of
DR, and outcome trials have reported on the association of GLP-1RA
with DR in patients with T2DM [9-16]. The SUSTAIN-6 trial (Trial to
Evaluate Cardiovascular and Other Long-term Outcomes With
Semaglutide in Subjects With Type 2 Diabetes) reported 76% (95% CI
of HR: 1.11, 2.78) significantly increased risk of severe DR in people
treated with GLP-1RA compared to placebo [14]. The LEADER trial
(Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results-A Long Term Evaluation) reported a statistically
insignificant 15% (95% CI of HR: 0.87, 1.52) higher risk of DR in people
treated with GLP-1RA With Type 2 Diabetes) [15]. The pair-wise meta-
analysis of 37 clinical trials revealed 27% (95% CI of OR: 1.05, 1.53)
increased likelihood of DR in patients treated with DPP-4 inhibitor
(DPP-4i) compared with placebo [16].
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Based on Medicare data in adults aged > 65 years with 0.8 years of
median follow-up, Wang et al. (2018) reported no increased risk of DR
in people treated with incretins compared to other antidiabetic drugs
(ADDs) [9]. A UK primary care data-based study on 77,115 individuals
with 2.8 years of median follow-up also reported no increased DR risk
among users of GLP-1RA, compared to those using two or more oral
ADDs [10]. While the UK study was based on an exposure-level design
comparing GLP-1RA with a combination of any other ADDs, the US
cohort study was based on claims data [9, 10]. We are not aware of any
real-world electronic medical record (EMR) based study that holistically
evaluated the possible association of different ADDs when introduced as
post-metformin second-line intensification with the DR risk, in
conjunction with the glycaemic control post-second-line ADD
intensification. Using the US Centricity Electronic Medical Records
(CEMR), the aims of this pharmaco-epidemiological outcome study
were to evaluate (1) the rates and risks of developing retinopathy in
metformin-treated individuals with T2DM who initiated second-line
ADD therapy with DPP-4i, GLP-1RA, sulfonylurea (SU),
thiazolidinedione (TZD), or insulin (INS), and (2) if the glycaemic
control over one-year post-second-line therapy intensification explains
the possible DR risk difference between therapy groups.

Methods
| Data Source

The CEMR incorporates patient-level data from over 40,000
independent physician practices, academic medical centres, hospitals
and large integrated delivery networks covering all states of the US. The
similarity of the general population characteristics and cardiometabolic
risk factors in the CEMR database with those reported in the US national
health surveys has been reported, and this database has been extensively
used for academic research [17-21]. Longitudinal EMRs were available
for more than 34 million individuals from 1995 until April 2016.

11 Study Design

All individuals with a diagnosis of T2DM (excluding type 1 and
gestational diabetes) were included in this study with the conditions of
(1) no missing data for age and sex; (2) age > 18 and <80 years at
diagnosis of T2DM; (3) initiated therapy with metformin, and (4)
received a second-line ADD for at least 3 months from 2005 to 2016.
The clinically driven machine-learning-based algorithms to identify
patients with T2DM from EMRs have been described previously [22,
23]. The second line ADDs were DPP-4i, GLP-1RA, INS, TZD, or SU.
The following cross-exposure users were excluded: (1) users of second-
line SU, TZD, and INS who had ever received a DPP-4i or GLP-1RA,
(2) users of second-line DPP-4i who had ever received a GLP-1RA, and
(3) users of second-line GLP-1RA who had ever received a DPP-4i.
Initiation of a second-line ADD was defined as index date (baseline).
Sensitivity analyses were conducted by censoring follow-up at the
initiation of other restricted ADDs in the individual therapy groups. A
robust methodology for extraction and assessment of longitudinal
patient-level medication data from the CEMRs has previously been
described [24]. A detailed account of glucose-lowering drug use in the
US population and the likelihood of sustaining glycaemic control by
post-metformin second line ADD classes based on this database has also
been reported [25, 26].
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The presence of retinopathy and comorbidities prior and post-baseline
was assessed by relevant disease identification codes (ICD-9, ICD-10,
SNOMED-CT). Cardiovascular disease (CVD) was defined as
ischaemic heart disease, peripheral vascular/artery disease, heart failure,
or stroke. A disease was considered as prevalent if its first available
diagnostic date was on or prior to the index date. HbAlc measures at
index, 6 and 12 months were obtained as the nearest measure within 3
months either side of the time point. With the condition of at least one
non-missing follow-up data over 12 months and complete data at
baseline, the missing data were imputed using a Markov Chain Monte
Carlo method adjusting for age, diabetes duration and usage of
concomitant ADDs [27].

111 Statistical Methods

Among those without DR at index, the event rates per 1000 person-years
(PY) were estimated for retinopathy using the standard life-table
method. Using multinomial propensity scores approach, the treatment
groups were balanced on age, sex, diabetes duration, history of CVD,
neuropathy, and renal diseases. Parametric survival regression models
were used to calculate the risk (95% Cl) of incident DR under propensity
score balanced setup. Time to event was calculated from the second line
ADD initiation to the first record of DR if any, or till the end of follow-
up in the database. The final model was adjusted on age, sex, smoking
status, baseline HbAlc, BMI, systolic blood pressure, use of third line
ADDs, cardio-protective and anti-hypertensive medications, and history
of CVD, neuropathy and renal diseases. The probability of HbAlc
control below 7.5% within a 6-month follow-up was used as a time-
varying covariate in additional risk analysis. The probability of reducing
HbAlc level below 7.5% at 6 months and sustaining this glycaemic
control over 12 months were estimated using a multivariate logistic
regression model, adjusting and balancing for the covariate/confounders
mentioned above. Sensitivity analyses were conducted excluding those
developed DR within 6 months of the index date.

Results

From 2,624,954 individuals with T2DM, 237,133 met the inclusion
criteria (Figure 1) and the characteristics of these individuals at index
date are presented in the table below (Table 1). ADD groups included:
DPP-4i (21%, n=49,516), GLP1-RA (5%, n=11,850), SU (50%,
n=119,716), INS (16%, n=37,273), TZD (8%, n=18,778). With the
baseline mean HbAlc ranging between 7.8-9.2% in different second-line
ADD groups, the adjusted probability (95% CI) of reducing HbAlc
below 7.5% at 6 months of the index was higher in the GLP-1RA [41
(40-42)%), DPP-4i [44 (43-45)%] and TZD [42 (41-43)%], compared to
SU [38 (37-39)%] and insulin [34 (33-35)%]. Among those who
achieved glycaemic control at 6 months, the adjusted probability of
sustaining such control over one-year post-second-line ADD initiation
was 73/79/70/68/76% in the DPP-4i/GLP-1RA/SU/INS/TZD groups,
respectively.

Based on 2.8/3.0/3.2/2.8/4.5 years of follow-up in the DPP-4i/GLP-
1RA/SU/INS/TZD groups, the rates per 1000 PY (95% CI) of DR were
45(4.2,4.9)/3.8(3.2,4.5)/6.6 (6.3, 6.8)/12.4 (11.7, 13.1)/4.8 (4.4, 5.3),
respectively (Table 1). Compared to those who initiated second-line with
SU, those with DPP4i/GLP-1RA/TZD had 30%/ 31%/ 15% significantly
lower adjusted risk of developing retinopathy, while insulin users had
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84% increased risk (all p< 0.01). One-point higher baseline HbAlc was higher probability of reducing HbAlc below 7.5% over 6-month was
associated with 13 (11-15)% higher risk of developing DR, while 5% associated with 12 % (HR CI: 1.08, 1.20) lower DR risk.

Table 1: By second-line treatment groups: baseline characteristics at the time of second-line initiation, comorbidities, and the rates and risk of diabetic
retinopathy post-second-line antidiabetic drug (ADD) initiation.

Diabetes Diagnoses after entry to the EMR (n=1,412,938)

Diabetes Diagnosis on or after Jan 1, 2005 (n=1,305,686)

DPP-4i GLP-1RA Sulfonylurea | Insulin Thiazolidinedione

N 49,516 11,850 119,716 37,273 18,778
Male, n (%) 24,068 (49) 4,073 (34) 62,839 (52) 17,611 (47) 9,846 (52)
Age, years, mean (sd) 59 (12) 54 (12) 61 (12) 58 (13) 59 (12)
Diabetes duration, months, mean (sd) 15.1 (22.2) 14.0 (21.6) 11.7 (20.5) 8.4 (17.4) 6.6 (14.8)
HbA1c, %, mean (sd) 8.1(1.7) 7.8 (1.6) 8.3 (1.9) 9.2 (2.3) 7.8 (1.7)
SBP, mean (sd) 130 (14) 128 (13) 132 (16) 131 (16) 130 (15)
SBP > 140 mmHg, n (%) 12,446 (22) 2,565 (18) 46,191 (27) | 11,642 (25) 6,993 (24)
LDL, mg/dL, mean (sd) 98 (36) 96 (35) 98 (36) 98 (39) 97 (36)
Weight, kg, mean (sd) 97 (24) 108 (26) 97 (24) 99 (26) 99 (24)
BMI, kg/m2, mean (sd) 34(7) 38 (8) 34 (8) 35 (8) 34 (8)
Second-line ADD treatment duration, months, | 26 (20) 25 (20) 31 (25) 31 (25) 32 (26)
mean (sd)
History of diseases on or prior to second-line therapy initiation
Cardiovascular disease, n (%) 10,033 (20) 1,616 (14) 27,512 (23) 8,930 (24) 3,491 (19)
Chronic kidney disease, n (%) 1,686 (3) 229 (2) 4,432 (4) 1,239 (3) 493 (3)
Neuropathy, n (%) 2,947 (6) 706 (6) 7,410 (6) 3,052 (8) 873 (5)
Cancer, n (%) 2,768 (6) 477 (4) 6,606 (6) 1,970 (5) 835 (4)
Post second-line initiation
Follow-up years, mean (sd) 2.8 (1.9) 3.0(2.3) 3.2(2.4) 2.8 (2.1) 4.5(2.9)
Developed retinopathy, n (%) 622 (1) 134 (1) 2,493 (2) 1,249 (3) 405 (2)
Person-years follow-up 137,137 35,418 380,040 101,131 84,008
Rate per 1000 PY (95% CI) 45 (4.2,4.9) 3.8 (3.2, 4.5) 6.6 (6.3,6.8) | 12.4(11.7,13.1) | 4.8(4.4,53)
Risk of retinopathy, HR (95% CI) 0.70 (0.63,0.77) | 0.69 (0.56, 0.85) | ref 1.84 (1.70,2.00) | 0.85(0.75, 0.96)

| Patients with non-missing sex and age (n=34,299,123)

| Diabetes Melht:s (n=2,893,321)

(3
l Type 2 Diabetes (n=2,624,954)
¥
: :
|

Age at diagnosis = 18 and <80 (n=2,590,853) |

| Metformin as first-line (n=740,478)

v

Initiated second-line (n=357,482)

DPP-4i GLP-1RA INS SU TZD
(n=61,508) | (n=15,448) | (n=49,939) | (n=187,819) | (n=33,021)
v
No record of retinopathy prior to second-line initiation (n=343,890)

DPP-4i GLP-1RA INS SuU TZD
(n=61,033) | (n=15,315) | (n=49,062) | (n=185,744) | (n=32,736)
¥
On treatment for at least 3 months, no cross-exposure (n=237,133)
DPP-4i GLP-1RA INS sU TZD
(n=49,516) | (n=11,850) | (n=37,273) (n=119,716) | (n=18,778)

Figure 1: Flowchart of the study cohort. DPP-4 inhibitor (DPP-4i), glucagon-like peptide-1 receptor agonist (GLP-1RA), sulfonylurea (SU),
thiazolidinedione (TZD), insulin (INS).
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Discussion

Given the lack of real-world evidence on the association of second line
ADD intensification choices, including incretins in conjunction with
population-level glycaemic control with DR risk in the context of the
guideline-oriented ADD therapy intensification pathway, our study
offers new insight into the DR risk dynamics in people treated with
different second-line ADDs with varying levels of HbAlc control. Based
on about 237,000 people with mean 3.5 years of follow-up from a US
representative EMR, our study suggests no association of treatment with
incretins with DR risk in comparison to other ADDs. While other
observational studies have evaluated the association of incretins with DR
risk, the novelty of our study is the exploration of the glycaemic control
post-second-line therapy intensification, and an explanation of how the
observed population-level sustainable glycaemic control in these therapy
groups could explain the dynamics of DR risk.

Our study design is based on the “New User” approach at second line
ADD initiation post metformin therapy and is different compared to the
published studies based on real-world data from the US and UK. We
observed that patients treated with incretins or TZD as second-line ADD
intensification in the US had significantly lower rates and risk of
developing DR over 737,733 person-years of follow-up. Although not
comparable, a pharmacovigilance study based on Food and Drug
Administration Adverse Event Reporting System, reported that the
frequency of retinal adverse events (AEs) for GLP-1RAs was
significantly lower than for other glucose-lowering medications [28].
Furthermore, retinal AEs were more than four times more frequent in
reports listing (11.7/1000) than in those not listing insulin (2.9/1000).
While better glycaemic control is associated with microvascular risk
reduction in patients with type 2 diabetes, our study also provides a real-
world context in terms of sustainable glucose control with incretins and
TZD (compared to insulin and sulfonylurea) and its association with
long-term risk of diabetic retinopathy.

Limitations of this study include unavoidable indication bias and
residual confounding that remains as a common problem in any EMR
based outcome studies, and lack of complete and/or reliable data on
socioeconomic characteristics, physical activity, the nature of insurance,
education, and income. Furthermore, while reliable information on
medication adherence is a common problem in all clinical studies,
detailed validation studies of US EMRs suggest a high level of
agreement between EMR prescription data and the pharmacy claims
data, especially in chronic diseases [29]. The results should be
interpreted with caution as we are not aware of the validity of the
retinopathy coding in the CEMR database. However, a study by Lau and
colleagues suggested that diagnostic, procedure and therapeutic codes
derived from insurance billing claims accurately reflect the medical
record for patients with diabetic retinopathy [30]. A large cohort size
with reasonable follow-up post metformin second-line ADD
intensification, appropriate segregation of patients treated with insulin,
adjustments for baseline risk factors and exposure to different cardio-
protective therapies help provide confidence in the reliability of the
estimates reported in the present study. While about 20% of patients in
the USA are prescribed a non-metformin antidiabetic drug as the first-
line therapy, we chose to consider post metformin therapy intensification
only [26]. These aspects may introduce some selection bias.
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In conclusion, with a relatively better likelihood of sustainable
glycaemic control in people treated with incretins, compared to those
treated with sulphonylurea or insulin as second-line ADD, treatment
with incretins was not associated with DR risk. Even a modest glycaemic
control below 7.5% significantly reduced the DR risk independent of
second line ADD intensification.
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