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Background: The global incidence of type 2 diabetes (T2D) continues to increase annually, and persons 
with T2D typically require regular changes in pharmacologic invention for achieving glycemic targets. 
Healthcare providers must consider multiple factors when selecting a 2nd line. This retrospective cohort 
study evaluates impact of two common anti-diabetes medication classes (dipeptidyl peptidase-4 inhibitors and 
glucagon-like peptide-1 receptor agonists) on the well-known composite 3-point major cardiovascular events 
outcome (3P-MACE, comprised of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke). 
No significant impact was found. Persons with T2D face increased risks of many adverse cardiovascular 
outcomes. This study duplicated common inclusion and exclusion criteria to create an observational cohort 
from a large healthcare system’s electronic health records for testing DPP-4i and GLP-1RA against each 
other to evaluate impact on likelihood to develop 3P-MACE.
Methods: The statistical model and analyses were based on a cohort of 5,518 adult patients with T2D who 
were prescribed metformin and either DPP-4i or GLP-1RA to control glycemia during clinic visits between 
January 2005 and September 2019. A Cox proportional hazards model was developed from the cohort to 
predict the 3P-MACE endpoint.
Results: The model did not show a meaningful difference in likelihood of developing the 3P-MACE 
outcome between patients treated with DPP-4i compared to patients treated with GLP-1RA. 
Conclusions: Prior history of cardiovascular disease (CVD) did not impact this small difference between 
the two classes of drug.
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Introduction

Due to chronic hyperglycemia, persons with type 2 
diabetes (T2D) are typically at an increased for many 
hyperglycemia-associated complications and outcomes, 
including retinopathy, nephropathy, and neuropathy. In 
addition, it has also been well-established that persons with 
T2D have a high likelihood of experiencing adverse macro-

vascular events including stroke, myocardial infarction, 
coronary artery disease, and heart failure (1-3). Numerous 
studies of persons with T2D have demonstrated associations 
between glycemic control and incident cardiovascular 
and heart failure events (4-9). Healthcare professionals 
regularly work with adult patients who have T2D to achieve 
euglycemic targets as improved glycemic control has been 
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shown to decrease long-term risk of hyperglycemia-related 
complications and cardiovascular events in persons with 
T2D. There have been many approvals of new anti-diabetes 
drugs in the last 10–15 years, and healthcare providers 
must consider multiple factors when selecting therapies 
for their patients. Metformin continues to be the most 
common first-line therapy of choice for patients newly-
diagnosed with T2D (10,11). Metformin is a member of 
the biguanide drug class, and is a prized therapy option due 
to its clean safety profile, low cost, and glycemic efficacy 
in combination therapy regimens (12). While in recent 
years, the use of metformin as a first-line has continued to  
increase (13), unfortunately it alone is typically not sufficient 
therapeutically to achieve glycemic targets (11,14), so other 
anti-diabetes medications must be added to the therapeutic 
regimen as second and third-line choices. 

More than a decade ago, several large epidemiological 
studies implicated certain anti-diabetes medications in 
adverse cardiovascular outcomes for adults with T2D 
(8,15-17), and as a response, in 2008, the FDA issued a 
guidance for all new T2D glycemic management drugs that 
outlined approval requirements specific for cardiovascular 
outcomes tested in clinical trials. The guidance stated that 
all new T2D drug programs should rule out unacceptable 
cardiovascular risk by demonstrating that an upper bound 
of the two-sided 95% confidence interval (CI) of the risk 
ratio for a composite endpoint of major adverse cardiac 
events (3P-MACE) consisting of at least CV death, nonfatal 
MI, and stroke, had to be <1.8 before preapproval would 
be considered. The guidance required that meaningful 
(specified) numbers of patients with comorbid conditions 
and diabetes-associated complications be included in these 
trials. 

Since that time, nearly 20 large, randomized, controlled 
Cardiovascular risk Outcomes Trials (CVOTs) have been 
run (or are ongoing) to test new therapies for acceptable 
levels of cardiovascular risk, and the resultant trials have 
shown valuable results. The TECOS trial showed that 
patients randomized to DPP-4i improved glycemic control 
compared to those randomized to placebo treatment, 
without increasing adverse cardiovascular outcomes (18). 
The SUSTAIN-6 trial (19) and LEADER trials (20) showed 
that patients on metformin monotherapy receiving GLP-
1RA therapies had a significantly lower rate of 3P-MACE 
outcomes than their placebo-treated counterparts. Despite 
historic studies, recent studies demonstrate that both classes 
of glucose-lowering agents (both DPP-4i and GLP-1RA) 
are beneficial in that they safely lower glucose without 

increasing risk of developing adverse cardiovascular events 
when compared to placebo. Three of the major trials, 
SAVOR-TIMI 53 (saxagliptin, n=16,492), EXAMINE 
(alogl ipt in,  n=5,380) ,  EMPA-REG OUTCOMES 
(empagliflozin, n=7,020) all used a 3P-MACE outcome 
to evaluate the cardiovascular risk of the (DPP-4i and 
GLP-1RA, respectively, compared to placebo treatments 
in their patients. Since the 3P-MACE outcome was 
commonly used as a primary endpoint in the majority of 
recent noninferiority studies (19-27), we attempted to 
duplicate inclusion/exclusion criteria from several recent 
major CVOT trials and compare DPP-4i to GLP-1RA as 
second-line therapies for the 3P-MACE outcome. These 
anti-diabetes agents are commonly added to metformin 
monotherapy and have shown additive glucose lowering 
benefits (28-33) in combination regimens (10,14). Both of 
these agents have been proven to be efficacious in different 
settings, and both have different contra-indication profiles. 
The choice of which therapy to use should be made using a 
combination of factors, including comorbidities and contra-
indications, disease needs, patient preference, and financial 
feasibility. This study is novel in that it uses real-world data 
rather than studying data from a highly-controlled clinical 
trial setting. We present the following article in accordance 
with the STROBE reporting checklist (34) (available 
at: http://dx.doi.org/10.21037/atm-20-4063).

Methods

The data used for this study were gathered from the 
enterprise-wide electronic health record system (EHR; 
EPIC My Practice) at Cleveland Clinic between January 
2005 and September 2019. A modified Kho algorithm 
was used to confirm the correct identification of patients 
with T2D (35,36); and details for this algorithm and the 
International Classification of Diseases (ICD) codes that 
it uses are as follows: the eMERGE algorithm, modified 
to include ICD-10 codes in addition to ICD-9 codes 
as in the original algorithm, was used to calculate the 
earliest date when a patient record contained any of the 
following combinations: T2D code (ICD-9 codes 250.x0 or  
250.x2; ICD-10 codes E11.xx) and T2D medication, T2D 
code and abnormal glucose, T2D code recorded twice and 
an outpatient insulin prescription, T2D medication and 
abnormal glucose, or insulin preceded by T2D medication. 
The patients with an outpatient insulin prescription 
were eventually excluded from analyses, as the insulin 
prescription would have preceded a metformin prescription 
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if they had been included in the study cohort. If patients 
were correctly identified by the algorithm described 
above, they were then screened using the exclusion 
criteria described below. Patients with ICD-9 codes at any 
time specific for type 1 diabetes (250.x1, 250.x3) and/or 
ketoacidosis (250.10 and 250.12), or ICD-10 codes E08 
(diabetes mellitus due to underlying conditions), E09 (drug 
or chemical induced diabetes mellitus), E10 (type 1 diabetes 
mellitus), or E13 (other specified diabetes mellitus), were 
excluded. Abnormal glucose was defined based on the ADA 
criteria [fasting blood glucose (BG) ≥126 mg/dL, A1C  
≥48 mmol/mol (≥6.5%), or random BG ≥200 mg/dL]. The 
earliest date that any of the five conditions occurred was 
documented as the date on which the patient first met the 
criteria for T2D. Our cohort was restricted to patients who 
were identified by the modified Kho algorithm and who 
also were on Metformin as the initial active medication 
(the active medication was defined as a medication on the 
current medication list in the EHR for at least three months 
after being initiated). The cohort contained patients who 
entered and exited according to normal clinical courses, and 
there was no pre-specified follow-up period.

Baseline time was defined as the date of the first recorded 
prescription of a second hypoglycemic agent added to 
metformin in the Cleveland Clinic EHR. We restricted 
analysis to patients for whom the second-line anti-diabetes 
agent had been on the active medications list for >90 days to 
ensure that the medication was not discontinued in the early 
course of management or denied by insurance. Patients 
were also excluded from the analyses if they were on more 
than 2 oral diabetes medications at baseline. Consistent 
with the literature, 3P-MACE outcome was defined as 
the first occurrence of one of the following: death from a 
cardiovascular cause, nonfatal stroke, or nonfatal myocardial 
infarction (nonfatal MI). Nonfatal stroke and nonfatal 
MI were stroke and MI that did not lead to death within  
30 days after occurrence. Hypertension drugs included were 
the following: calcium channel blockers, methyldopa, alpha 
blockers, beta blockers, diuretics, clonidine, angiotensin-
converting enzyme inhibitors, mineralocorticoid receptor 
agonists, adenosine A2A receptor antagonists, and 
angiotensin receptor blockers. 

Patients were further excluded from the dataset if they 
had any of the following conditions present at baseline 
(diagnoses identified by ICD 9/10 codes in Cleveland Clinic 
EHR unless otherwise indicated): diabetic nephropathy, 
glomerulonephritis, hypertensive renal disease, polycystic 
kidney disease, chronic kidney disease (defined as a 

minimum of two documented events of estimated 
glomerular filtration (eGFR) rate of less than or equal to 
30 mL/min/1.73 m2, at least 90 days apart), patients with 
albuminuria (defined as two records of either urine albumin 
to creatinine ration of >30 mg/g or urine protein creatinine 
ratio >150 mg/g separated by 90 days), and patients with 
history of renal failure (defined as documented eGFR <30). 
Patients were excluded from analysis if they had a recorded 
eGFR of <30 or if they had a history of prior myocardial 
infarction prior to start of cohort data collection Persons 
with history of heart disease or established cardiovascular 
disease (CVD) were identified by ICD codes. A flow 
diagram depicting the algorithm for cohort selection can be 
reviewed in Figure S1. 

Statistical analysis

SAS was used to extract the data and build the dataset. R 
Software, version 3.6.1 (37), was used for programming 
and statistical analysis. Missing values were imputed 
using the Multivariate Imputation by Chained Equations 
(mice) package, version 3.6.0. Imputation was performed 
to maximize the available information and to reduce 
potential bias that could be incurred by deleting incomplete  
records (38). The imputation was performed using 
regression techniques that include using all baseline patients 
and all baseline variables as predictors. 

Cohort characteristics were reported using medians 
with interquartile ranges (IQR for 25th and 75th percentile) 
for continuous variables, and categorical variables were 
reported using counts with percentages. Differences in 
patient characteristics between the two drug classes, DPP-
4i and GLP-1RA, were assessed using chi-square tests for 
categorical variables and the Wilcoxon rank sum test for 
continuous variables. 

Predictor variables for each of the models were chosen 
based on extensive literature review and clinical judgment 
of subject matter experts and were adjusted for by the 
model. A Cox proportional hazards regression (39) was used 
to explore associations of baseline characteristics and the 
risk of 3P-MACE, and 5% was used to declare statistical 
significance. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The data were 
supplied relating to ethical approvals by the Institutional 
Review Board of Cleveland Clinic #19-066. A waiver of 
informed consent was granted as patient data were de-
identified. 
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Results

The baseline characteristics, stratified by second-line oral 
medication, are shown in Table 1. These are comparable 
to characteristics seen in other Type 2 populations (36). In 
the cohort of 5,518 patients, we observed 534 3P-MACE 
composite events, comprised of 283 strokes, 157 MI, and 94 
CV-deaths.

Study cohort

The overall population was predominantly Caucasian with 
a gender distribution showing a higher percentage of male 
users of DPP-4i (50.9%) than GLP-1RA (31.1%). Persons 
receiving GLP-1RA therapy were on average younger than 
those receiving DPP-4i (mean ages of approximately 53 vs. 
60, respectively), had a higher body mass index than those 
receiving DPP-4i (approximately 38 vs. 32.5), and had a 
lower A1C (54.1 and 59.6 mmol/L, respectively). Median 
follow-up time for the overall cohort is 3.6 years. Loss to 
follow up was managed by time-to-event methodology.

Model covariates

The results of the Cox regression are shown in Table 2. The 
following covariates were the most influential prognostic 
factors associated with 3P-MACE: age (hazard ratio 1.057, 
P<0.001), male gender (hazard ratio 1.362, P=0.001), 
hypertension (hazard ratio 1.593, P=0.021), prior heart 
failure (hazard ratio 1.515, P=0.008), and insurance type 
(medicaid in particular, hazard ratio 1.952).

Although we saw some evidence that likelihood of 
developing a 3P-MACE outcome was higher for patients 
who were treated with GLP-1RA compared to patients 
who were treated with DPP-4i (hazard ratio 1.131, 95% 
confidence interval 0.896 to 1.428), the difference between 
groups did not reach a conventional level of statistical 
significance. To probe this finding further, we considered 
the possibility that the effect of the drug on 3P-MACE 
might depend upon whether the patient had established 
cardiovascular disease (CVD, identified by ICD codes in the 
EHR). To test that hypothesis, we evaluated an interaction 
term between drug and CVD but found no significant effect 
(hazard ratio 1.072, P=0.836), suggesting that the effect of 
the drug on 3P-MACE did not depend upon a history of 
CVD. We created a nomogram as a graphical depiction of 
the model, and it can be used by healthcare providers as a 

prognostic tool for choosing between DPP-4i and GLP-
1RA as a second-line therapy for their patients (Figure 1). 

Conclusions

While there has been some discussion surrounding use 
of composite outcomes, and whether to use a 3P or a 
4P-MACE (40), we believe that it makes sense to group 
outcomes with common pathophysiological mechanisms. 
Some limitations to our study must be noted. First, we 
are not able to factor duration of disease into our review, 
as it is possible that patients may have pre-diabetes 
symptoms or early-stage disease prior to their entry into 
our healthcare system (41,42). However, we are able to 
adjust for many proxies of disease duration (i.e., other 
variables that reflect disease duration such as A1C level 
and comorbidities) such that it is of unclear value what 
additional information would be gained from having the 
actual disease duration value. Our study is also limited 
somewhat by the prescription data in the electronic health 
record in that we cannot gauge compliance, and we cannot 
provide data per manufacturer of each drug. We also do 
not have complete dosing data to make conclusions based 
on medication usage or compliance. We are not able to 
make conclusions based on different DPP-4i or GLP-
1RA subcategories such as dosage level subgroups due to 
sample size limitations; however, this may be possible in 
the future as more patients use GLP-1RA and DPP-4i as a 
part of glycemic control combination therapies. Our model 
could also be limited by residual confounding. Given that 
patients were not randomized to either DPP-4i or GLP-
1RA as they would have been in a clinical trial, and given 
that the two therapies were compared directly against each 
other, there could be potential differences in biases that are 
not adjusted for in our analysis. Nonetheless, our model 
included factors that are generally considered by healthcare 
providers when making the decision as to which drug to 
choose, and also included the factors that are generally 
considered to be predictive of 3P-MACE outcomes. Our 
database was sufficient for our study in that we were able to 
include all factors noted in the literature and suggested by 
our experts. 

These limitations aside, our findings were provocative. 
First, we saw no major difference between drug classes 
with respect to risk of 3P-MACE. While one might predict 
a higher risk of 3P-MACE for someone with a history 
of heart disease, the increase is minor after adjusting 
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Table 1 Baseline characteristics of the patient cohort

DPP-4i GLP-1RA P value Missing (%)

Number of patients 4,131 1,387

Age, median [IQR] 60.04 [51.46, 67.53] 52.58 [43.50, 60.39] <0.001

Gender, male (%) 2102 (50.9) 431 (31.1) <0.001

A1c, median [IQR] 59.60 [51.90, 70.60] 54.10 [45.30, 66.20] <0.001 28.4

BMI, median [IQR] 32.57 [28.55, 37.67] 37.95 [33.47, 43.86] <0.001 11.2

Smoking history (%) 0.045

Never smoked tobacco 2,082 (50.4) 749 (54.0)

Current smoker 440 (10.7) 148 (10.7)

Former smoker 1,609 (38.9) 490 (35.3)

Hypertension, TRUE (%) 3,520 (85.2) 1,090 (78.6) <0.001

Number of medications for hypertension, 
median [IQR]

2.00 [1.00, 3.00] 2.00 [0.00, 3.00] <0.001

Diastolic, median [IQR] 77.55 [72.00, 82.80] 79.00 [74.00, 84.00] <0.001 8.3

Systolic, median [IQR] 130.00 [122.33, 138.59] 129.25 [122.00, 138.00] 0.09 8.3

Dyslipidemia, TRUE (%) 3156 (76.4) 878 (63.3) <0.001

Statin, TRUE (%) 2477 (60.0) 638 (46.0) <0.001

Median income, $1,000, median [IQR] 54.6 [43.1, 68.1] 52.2 [42.7, 67.1] 0.009 1.3

Insurance (%) <0.001

Commercial 1,681 (40.7) 749 (54.0)

Medicaid 273 (6.6) 139 (10.0)

Medicare 1,841 (44.6) 362 (26.1)

Other 336 (8.1) 137 (9.9)

Race (%) 0.083

Caucasian 3,182 (77.0) 1,094 (78.9)

Black race 622 (15.1) 210 (15.1)

Asians 73 (1.8) 14 (1.0)

Other/unknown 254 (6.1) 69 (5.0)

Marital (%) 0.016

Unmarried 808 (19.6) 327 (23.6)

Married or domestic partner 2,590 (62.7) 823 (59.3)

Divorced/separated/widow 662 (16.0) 214 (15.4)

Other/unknown 71 (1.7) 23 (1.7)

Heart failure, TRUE (%) 195 (4.7) 54 (3.9) 0.227

Heart disease, TRUE (%) 147 (3.6) 60 (4.3) 0.223
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Table 2 Variables included in the final model

Covariate HR 95% CI P value

Second line medication 0.301

DPP-4i Ref

GLP-1RA 1.131 0.896, 1.428

Age 1.057 1.045, 1.069 <0.001

Gender, male 1.362 1.131, 1.640 0.001

A1c 1.074 1.015, 1.136 0.137

BMI 1.002 0.988, 1.016 0.821

Smoking history 0.204

Never smoked tobacco Ref

Current smoker 1.319 0.968, 1.799

Former smoker 1.081 0.901, 1.297

Hypertension 1.593 1.072, 2.368 0.021

Number of meds for hypertension 1.101 1.032, 1.176 0.004

Diastolic 0.995 0.983, 1.008 0.490

Systolic 1.005 0.998, 1.013 0.179

Dyslipidemia 0.848 0.683, 1.052 0.134

Statin 1.208 0.988, 1.478 0.065

Median Income (per $1,000) 0.994 0.989, 0.999 0.014

Insurance 0.006

Commercial

Medicaid 1.952 1.307, 2.915

Medicare 1.216 0.941, 1.572

Other 0.935 0.606, 1.444

Race 0.035

Caucasian

Black race 0.726 0.545, 0.968

Asian race 0.488 0.181, 1.314

Other/Unknown 1.213 0.849, 1.733

Marital 0.106

Unmarried Ref

Married or domestic partner 0.787 0.619, 1.000

Divorced/separated/widow 0.996 0.759, 1.307

Other/unknown 0.870 0.451, 1.676

Heart failure 1.515 1.112, 2.064 0.008

Heart disease 1.044 0.695, 1.570 0.835
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Figure 1 Proportion free from 3P-MACE.
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for other baseline characteristics. Second, the effect of 
baseline heart disease upon risk of 3P-MACE was not 
meaningfully different between the two drugs (see Figure 2). 
Taken together, these findings would suggest that, for the 
purposes of medical decision making in individual patients, 
weighing the risk of 3P-MACE should not be much of a 
consideration when deciding between these two drugs, 
regardless of whether the patient has a history of heart 
disease. Moreover, history of heart disease should not be a 
contraindication for either of these drugs. 

In future studies, it would be useful to add other anti-
diabetes drugs and combination therapies into this analysis, 
such as 3P-MACE outcome for metformin plus SGLT-2  
inhibitors, metformin plus insulins, and metformin plus 
thiazolidinediones, which are other commonly-used 
combination therapies. Given the increased cardiovascular 
burden for persons with T2D, and possibility for multiple 

cardiovascular interventions over a lifetime, it could be 
useful to modify the model to include patients with a history 
of prior cardiovascular procedure (common procedures such 
as arteriograft, balloon pump, stent, arthrectomy, etc.) to 
see whether comparable risk of 3P-MACE would be present 
in these patients if treated with DPP-4i or GLP-1RA as a 
second-line drug. It would also be useful to look further 
into external factors contributing to increased risk for some 
of the groups in our cohort, for example social determinants 
of health, but these factors are complex and not readily 
captured in electronic health record data or quantifiable by 
standard methods.

It will be essential to continue to closely monitor and 
evaluate adverse cardiovascular signals observed in T2D 
drug development programs as more pharmacological 
interventions continue to be developed and approved for 
use. 
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Figure 2 Nomogram for 3P-MACE.
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