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Abstract

Background: There are limited real-world data on the comparative cardiovascular (CV) safety of 

linagliptin, a dipeptidyl peptidase-4 inhibitor (DPP-4i) available since May 2011.

Objectives: We aimed to evaluate the safety of linagliptin vs. other glucose-lowering 

medications in a multi-year monitoring program using insurance claims data.

Methods: In two commercial U.S. claims databases, we identified three pairwise 1:1 propensity 

score (PS) matched cohorts of type 2 diabetes (T2D) patients ≥18 years initiating linagliptin or a 

comparator [other DPP-4i (n=31,492 pairs), pioglitazone (n=23,316 pairs), or 2nd generation 

sulfonylureas (n=19,731 pairs)] between May 2011 and December 2015. The primary endpoint 

was the risk of a composite CV outcome (hospitalization for myocardial infarction, stroke, 

unstable angina, or coronary revascularization). We estimated pooled hazard ratios (HR) and 95% 

confidence intervals (CI) controlling for >100 baseline characteristics.

Results: Patient characteristics were well balanced after PS-matching. Mean age was 55 years 

and mean follow-up was 0.8 years. Linagliptin had a similar risk of the composite CV outcome 

compared to other DPP-4is (HR = 0.91; 95% CI = 0.79–1.05) and pioglitazone (0.98; 0.84–1.15), 

and showed a reduced risk of CV outcomes compared to 2nd generation sulfonylureas (0.76; 0.64–
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0.92). Key findings signaled at the first interim analysis in June 2013 and solidified during 

ongoing monitoring through 2015.

Conclusion: Analyses from a large monitoring program in routine care of patients with T2D, 

showed that linagliptin had similar cardiovascular safety compared to other DPP-4i and 

pioglitazone, and a reduced cardiovascular risk compared to sulfonylureas.
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Background

Linagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibitor approved in the United States in 

May 2011 to improve glycemic control in adults with type 2 diabetes (T2D). It increases 

insulin secretion and reduces glucagon secretion, thus decreasing blood glucose levels.[1] 

Randomized controlled trials (RCTs) showed efficacy and safety against placebo.[2–4] 

Linagliptin does not require dose adjustment in T2D patients at any stage of renal 

impairment,[5] which may lead to increased use in this vulnerable population.

As cardiovascular disease is the leading cause of morbidity and mortality in patients with 

T2D,[6] the understanding of the effects of glucose-lowering medications on cardiovascular 

events is of utmost importance in clinical practice. Available results from large 

cardiovascular outcome trials among patients with T2D and increased cardiovascular risk, 

have demonstrated that other DPP-4 inhibitors (saxagliptin, alogliptin, and sitagliptin) 

neither increased nor decreased major acute cardiovascular events (MACE) compared to 

placebo.[7–9] With regard to linagliptin, two large randomized cardiovascular outcome trials 

comparing this agent to either placebo (CARMELINA)[10] or glimepiride (CAROLINA),

[11] will provide large-scale information regarding its effects on cardiovascular endpoints. 

While results for CAROLINA are not available yet, CARMELINA has recently shown that 

linagliptin added to usual care was non-inferior to placebo with regard to the risk of a 

composite cardiovascular outcome in approximately 7,000 adults T2D adults with high 

cardiovascular and renal risk.[12]

However, use of linagliptin in routine care settings outside a highly controlled research 

environment may differ with respect to patient characteristics and adherence patterns. Large 

healthcare database studies containing longitudinal recordings of routine clinical practice of 

tens of thousands of patients, represent an important complementary tool to compare and 

contrast effectiveness and safety findings with results from clinical trials.[13–16] For newly 

marketed medications, in particular, database studies can play a crucial role insofar as they 

allow ongoing monitoring of the safety and effectiveness of these agents in routine care, as 

real-world data accumulates over time.[17, 18] As time passes, more patients start the new 

agent and take it for longer durations; longitudinal patient-level study data can be amended 

with refreshed data in regular time intervals and reanalyzed with an increasing source 

population, provided the existence of an established real-world data generation mechanism.

[17, 19, 20]
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Based on data from a pre-specified sequential monitoring program, we aimed to assess the 

comparative cardiovascular safety of linagliptin versus three alternative agents or classes of 

glucose-lowering drugs as used in routine care in patients with T2D in two U.S. commercial 

claims datasets from May 2011 through December 2015.

Methods

Data sources

Data for this study were collected from two U.S. commercial claims datasets (Optum 

Clinformatics and IBM MarketScan) with nationwide coverage. The Clinformatics database 

includes data for individuals who are commercially insured or who have insurance through a 

Medicare Advantage plan. The MarketScan database includes data for individuals who are 

commercially insured or who have primary traditional (part A & B but no D) Medicare 

insurance plus a supplemental health plan with a pharmacy benefit. For each insured 

individual, the two data sources contain demographic information, health plan enrollment 

status, longitudinal patient-level information on all reimbursed medical services, both 

inpatient and outpatient diagnoses and procedures along with pharmacy dispensing records, 

including information on medication start and refill, strength, quantity, and days’ supply. 

These data sources are used extensively in pharmacoepidemiologic research.[21]

The first data cut for this monitoring program became available for analysis of data through 

June 2013 and was subsequently updated every six months, at each time undergoing new 

analyses. The individual-level data were de-identified and the study was approved by the 

Brigham and Women’s Hospital Institutional Review Board. Signed data license agreements 

were in place and the study was registered at ENCePP (EUPAS5790) and ClinicalTrials.gov 

(NCT02197078).

Study design

The monitoring program spans from May 2011 through December 2016, and is comprised 

of seven pre-specified analyses, each performed based on six-month data refreshes and a 

final analysis, Here, we report the first 4 years of data, through December 2015. This 

monitoring system is designed as three sequentially built new-user active-comparator 

cohorts with 1:1 propensity score (PS) matched patients of either linagliptin or a comparator 

medication. This study design reduces confounding arising from differences between 

patients prescribed these two alternative medications.[14, 22] The comparators for 

linagliptin, i.e., other DPP-4 inhibitors (DPP-4i) (alogliptin, saxagliptin, or sitagliptin), 

pioglitazone, or 2nd generation sulfonylureas (glimepiride, glipizide, or glyburide), were 

chosen as they represent common therapeutic strategies used at comparable stages of 

diabetes progression. This approach is expected to improve clinical equipoise across 

treatment groups and to reduce confounding.[23]

Cohort entry was the day of the start of any of the drugs listed above. Initiation of drug use 

was defined for each pair-wise cohort as no prior use of either linagliptin or the specific 

comparator during the previous six months before cohort entry. Patients who met inclusion 

criteria could contribute to multiple cohorts, though for a given comparison they were only 
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allowed to contribute once. Individuals eligible for our study were aged 18 years or older, 

had to have a diagnosis of T2D, defined as an inpatient or outpatient diagnosis (ICD-9 code 

250.x0 or 250.x2 or ICD-10 code E11) at any point before cohort entry. We excluded 

patients with a diagnosis of diabetes type 1 (ICD-9 diagnosis code 250.x1 or 250.x3 or 

ICD-10 diagnosis code E10), history of secondary or gestational diabetes, malignancy, end-

stage renal disease, human immunodeficiency virus, organ transplant, or a nursing home 

admission in the previous six months.

Follow-up for study outcomes started on the day after treatment initiation and continued in 

an “as-treated” approach until treatment discontinuation, switch to a comparator, the 

occurrence of an outcome, a nursing home admission, death, plan disenrollment, or end of 

the study period, whichever came first. In case of treatment discontinuation, we extended the 

exposure effect window until 90 days after the end of the last prescription’s supply.

Outcome definition and identification

The primary outcome was defined as a composite cardiovascular outcome comprised of 

hospitalization for acute myocardial infarction, ischemic or hemorrhagic stroke, unstable 

angina, or coronary revascularization (eTable-1). Secondary cardiovascular outcomes 

included the individual components of the primary composite cardiovascular outcome. In 

previous studies, the positive predictive values of these claims-based algorithms for 

cardiovascular events were 84% or higher.[24–27] For the last quarter of 2015, outcome 

definitions included ICD-10 codes. Other secondary outcomes were defined by the protocol 

but will be reported elsewhere.

Patient Characteristics

Patient characteristics were captured at baseline, i.e., during the six months preceding and 

including the date of cohort entry. Covariates of interest included demographics, 

comorbidities, use of medications, and indicators of health care utilization as proxy for 

overall disease state and care intensity (Table-1 and eTable-2). As previously reported, 

emphasis was placed on the identification of claims-measured indicators of diabetes severity, 

e.g., number of glucose-lowering medications at index date and specific past or concurrent 

diabetes therapy, diabetic nephropathy, neuropathy, retinopathy, diabetic foot, number of 

HbA1c or glucose tests ordered.[23] Comorbidities were defined using ICD-9 or ICD-10 

diagnosis codes and CPT-4 procedure codes.

Analysis

We cross-tabulated patient characteristics for each pair of linagliptin and the respective 

comparator. For each sequential cohort, we estimated an exposure PS using multivariable 

logistic regression predicting the initiation of linagliptin vs. each comparator, conditional 

upon over 100 pre-defined baseline characteristics (eTable-2).[28] We 1:1 PS-matched 

patients using the nearest neighbor methodology with a maximum caliper of 0.05 of the PS 

and additional matching within calendar quarter, such that patients initiating linagliptin were 

only eligible to be matched to patients initiating a comparator in the same calendar quarter.

[29, 30] Post-matching covariate balance between treatments was assessed by the calculating 

absolute standardized differences for each covariate. Values greater than 0.1 were considered 

Patorno et al. Page 4

Diabetes Obes Metab. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



meaningful imbalances.[31] Post-matching PS model c-statistics provided a measure for 

balance across all covariates with a c close to 0.5 indicating excellent balance.

For each comparison and for all outcomes, hazard ratios (HR) with 95% confidence intervals 

(CI) were estimated in the PS-matched cohorts using unstratified Cox regression.[32] 

Analyses for both outcomes were conducted in each data source separately and then pooled 

across the data sources using a fixed-effects meta-analysis.[33] The cumulative incidence 

since drug initiation of the composite cardiovascular outcomes comparing PS-matched 

linagliptin and other agents initiators was plotted in Kaplan-Meier survival curves and the 

logrank test calculated.

Several sensitivity analyses were conducted to assess the robustness of our primary findings. 

First, to address potential exposure misclassification and potential informative censoring, we 

extended the exposure effect window until 30 days, instead of 90 days, after the end of the 

last prescription’s supply, and we applied an intention-to-treat type analysis, which carried 

forward the initial exposure until the occurrence of a study event, plan disenrollment, 

admission to a nursing home, or the end of the study period, disregarding treatment 

discontinuation or switching.[34] Second, to improve adjustment for potential unmeasured 

confounding, we implemented high-dimensional propensity score (hdPS) matching, which 

enriched the original PS with 500 additional empirically identified covariates.[35, 36] Third, 

to further align patients on a similar time scale for diabetes progression, and to reduce 

imbalances related to kidney disease for which metformin would be contraindicated, we 

restricted the analyses to patients with past or current use of metformin. Fourth, to account 

for potential differences in baseline glucose control between treatment groups, we re-

estimated the original PS adding HbA1c level in addition to the other baseline covariates in 

the subgroup of patient with HbA1c values available, about 35% in Optum Clinformatics and 

5% in IBM MarketScan). Lastly, we conducted subgroup analyses stratified by age (<65 and 

≥65 years), gender, and presence of cardiovascular disease at baseline. All analyses were 

done using SAS 9.4 Statistical Software (SAS Institute Inc., Cary, NC).

Repeated analyses

As the objective of this study was to assess the incremental evidence as data accumulate, for 

the primary outcome we present the point estimates from each pre-specified analysis to show 

how these changed sequentially. We reported HRs and 95% CIs at 6 distinct time points over 

a 4.7-year period. No adjustments for multiple testing over time were made.[37]

Results

After applying inclusion and exclusion criteria, three pairwise 1:1 PS-matched cohorts of 

patients initiating linagliptin or other DPP-4i (N=31,492 pairs), linagliptin or pioglitazone 

(N=23,316 pairs), and linagliptin or sulfonylureas (N=19,731 pairs) were accumulated from 

May 2011 through December 2015 (eFigure 1). PS-matched linagliptin initiators 

approximately doubled from the first pre-specified analysis (May 2011 through June 2013), 

which identified a total of 14,379, 9,966, and 8,895 new linagliptin users, per comparator 

group respectively (Figure 1). With the exception of an increasing propensity of patients 

with concomitant kidney disease to be initiated on linagliptin and a decreasing likelihood for 
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linagliptin to be initiated as first-line monotherapy, the patient characteristics after PS 

matching did not change meaningfully over the course of the monitoring program (Table 1). 

For each pre-specified analysis, patient characteristics showed absolute standardized 

differences smaller than 0.1 indicating good balance (eTables 2–4) with post-matching c-

statistics smaller than 0.6 (eTable 5). All three comparisons groups had similar follow-up 

(mean follow-up from 0.73 to 0.79 years) with similar reasons for censoring (eTable 6 and 

eTable 7).

For the primary composite cardiovascular outcome, estimates remained overall stable over 

the course of the monitoring period for all three comparisons (Figure 1). In the first 

sequential analysis (data up to June 30, 2013) for the primary composite cardiovascular 

outcome, we identified 132 versus 165 events among initiators of linagliptin versus other 

DPP-4i (15.6 versus 19.6/1,000 person-years; HR= 0.80; 95% CI = 0.63 to 1.01); 101 versus 

96 events among initiators of linagliptin versus pioglitazone (17.87 versus 19.5/1,000 

person-years, HR= 0.94; 0.71 to 1.26); and 60 versus 94 events among initiators of 

linagliptin versus sulfonylureas (12.3 versus 19.1/1,000 person-years; HR= 0.66; 0.48 to 

0.93).

By the sixth sequential analysis (data up to December 31, 2015) we had identified 405 

versus 442 CV events among initiators of linagliptin versus other DPP-4i (16.2 versus 

17.9/1,000 person-years; HR= 0.91; 0.79 to 1.05); 291 versus 286 events among initiators of 

linagliptin versus pioglitazone (16.3 versus 16.8/1,000 person-years; HR= 0.98; 0.84 to 

1.15); and 213 versus 286 events among initiators of linagliptin versus sulfonylureas (14.6 

versus 18.7/1,000 person-years; HR= 0.76; 0.64 to 0.92; see Table 2). The cumulative 

incidence since drug initiation of the composite cardiovascular outcomes comparing the PS-

matched linagliptin and other comparator groups, are shown in Figure 2. The effects are 

similarly observed in both databases (eTable 8).

For the individual components of the composite cardiovascular outcome, results were largely 

consistent though the estimates were less precise due to the smaller number of patients. 

Compared with initiators of other DPP-4i or pioglitazone, linagliptin initiators had similar 

risk of myocardial infarction, stroke and coronary revascularization, and a trend to lower risk 

of unstable angina. For the comparison with sulfonylureas, all individual endpoint results 

generally pointed towards a numerical lower risk associated with the initiation of linagliptin. 

(Table 2).

Our findings remained consistent in sensitivity analyses that (1) defined the exposure effect 

window until 30 days after the end of the last prescription’s supply, (2) used an intention-to-

treat type approach, (3) implemented hdPS-matching, (4) restricted to patients with past or 

current use of metformin, and (5) further adjusted for baseline HbA1c level, though with 

wider confidence intervals (eFigure 2). Results from subgroup analyses by age (<65 and ≥65 

years), gender, and presence of cardiovascular disease at baseline, were mostly consistent 

with the findings from the total study population (eFigure 2).
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Discussion

We report six interim analyses from a monitoring program for the cardiovascular safety of 

linagliptin in commercially-insured patients with T2D spanning the first 4.5 years after it 

first became available. Our results showed that linagliptin had similar safety on a 

cardiovascular composite outcome compared to other members of the DPP-4i class and 

compared to pioglitazone. Notably, we found that linagliptin was associated with a 24% 

decreased risk for the combined cardiovascular endpoint compared to sulfonylureas. These 

findings were largely consistent across sensitivity analyses and patient subgroups, though 

fewer events led to less precise estimates in many subgroups.

Two large cardiovascular outcome trials comparing linagliptin to either placebo 

(CARMELINA) or glimepiride, a sulfonylurea (CAROLINA), have just begun releasing 

large-scale information regarding the effects of linagliptin on cardiovascular endpoints. [12] 

Specifically, CARMELINA has shown that over a median follow-up period of 2.2 years, 

linagliptin was non-inferior to placebo with regard to the risk of a composite cardiovascular 

outcome (HR 1.02 95% CI 0.89, 1.17) in approximately 7,000 adults with high 

cardiovascular and renal risk. While randomized, controlled trials represent the gold 

standard for establishing the efficacy of medications, they generally exclude considerable 

portions of the potentially treatable population, thus limiting the generalizability of their 

study findings. A well-designed non-interventional study excels in the ability to provide 

real-world evidence on safety and effectiveness of treatments in routine clinical care settings, 

thus complementing results from RCTs of interest.

In CARMELINA and CAROLINA the average age was 66 and 64 years, respectively, and 

approximately 60% of patients were males. CARMELINA included patients with long-

standing T2D and cardiovascular and/or kidney disease, whereas CAROLINA includes an 

earlier T2D population with cardiovascular risk factors or disease. However, both trials 

excluded patients with recent acute cardiovascular events (<3 month), BMI more than 45kg/

mμ, and previous treatment with some other antidiabetic agents, e.g., GLP-1 receptor 

agonists and insulin in CAROLINA, GLP-1 receptor agonists, SGLT-2 inhibitors or 

glitazones in CARMELINA.[10, 11] Our study reflects routine care among commercially-

insured US populations with T2D, and includes a broad spectrum of T2D patients. 

Therefore, we believe our study provides valuable and complementary real-world evidence 

on the effects of linagliptin in the setting of patterns of medication use and patient selection 

that reflect routine clinical care. In our study, the average age was 55 years, with 

approximately 20% of the population older than 65 years, and almost 60% of the 

participants were males. Individuals with history of cardiovascular disease, including recent 

acute cardiovascular events, represented about 10% of the sample and between 8% and 9% 

of patients used insulin at baseline.

Our results are consistent with a population-based study leveraging the Korean Health 

Insurance Review and Assessment Service database, which assessed cardiovascular 

outcomes for linagliptin as compared with sulfonylureas in over sixty thousand 1:1 PS 

matched pairs with T2D.[38] The study found reductions in the risk of stroke (HR=0.71; 

0.62 to 0.82) and myocardial infarction (HR=0.77; 0.59 to 1.02) associated with linagliptin 
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use. Another study based on the Taiwan National Health Insurance Research Database 

evaluated the association between linagliptin and major cardiovascular events in a 

population of 1,203 patients with T2D after an episode of acute coronary syndrome or 

ischemic stroke. Compared with patients who did not receive any incretin-based therapy, 

linagliptin users had a similar risk of major cardiovascular events (HR=1.06; 0.66 to 1.68).

[39] These results complement our findings.

The observed cardiovascular risk reduction associated with linagliptin compared to 

sulfonylureas may be driven by a potential increased risk associated with sulfonylureas. 

Sulfonylureas may cause weight gain, fluid retention, and hypoglycemia, which are potential 

mediators of cardiovascular events.[40] Several non-randomized studies have found these 

agents to be associated with an increased risk of cardiovascular events[41]; this finding 

remained consistent after studies with major design-related biases were excluded.[42]

Nevertheless, residual confounding by some unmeasured characteristics is possible, 

although it is unlikely to be of a meaningful extent. To minimize this possibility, we used PS 

matching including over 100 baseline characteristics between the exposure groups, including 

proxies of diabetes progression and detailed history of diabetes medications, implemented 

hdPS matching, to further enrich the PS, and adjusted analyses for HbA1c among the subset 

of patients with HbA1c values. All analyses produced consistent results. In a validation study 

based on a subset of the population with linked laboratory test results and electronic health 

records, that quantified the residual confounding due to relevant clinical risk factors not 

observed in claims (e.g., BMI, duration of diabetes, HbA1c, estimated GFR), we showed 

convincing balance between the exposure groups for the clinical parameters.[23] The high 

rate of medication discontinuation for glucose-lowering medications in routine care limits 

the robust estimation of long-term effects beyond one year after initiation. However, 

depending on the specific comparison, between 5,000 and 9,000 PS matched patients were 

still on their initial treatment at 1.5 years of follow-up, providing reassurance regarding the 

assessment of long-term cardiovascular effects.

We purposefully did not adjust 95% confidence intervals for the repeated analyses at each 

pre-specified assessment. This monitoring system was set up to inform the medical 

community in a timely manner on the best available effect estimate as the data accumulated 

over time. Unlike a clinical trial, non-experimental studies based on large utilization 

databases cannot prevent people from receiving a substandard treatment once the treatment 

effects in routine care have been established. Thus, the periodic analyses in database studies 

are not performed to evaluate potential earlier study termination, nor any other time 

dependent actions such as regulatory decisions, but rather to provide the most timely and 

accurate information when treating individual patients.[18, 43, 44]

Conclusions

In a pre-specified analysis from a five-year monitoring program involving >100,000 

commercially-insured patients with T2D, linagliptin had similar cardiovascular safety 

compared to other DPP-4i and pioglitazone, and a reduced cardiovascular risk compared to 

sulfonylureas. Together with other recent examples, [18, 43, 44] this monitoring program 

demonstrates the value of routinely collected health care data in a framework of principled 
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epidemiological analyses to prospectively monitor the effectiveness and safety of approved 

medical products.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sequentially updated propensity score matched cohorts of linagliptin initiators vs. 
three comparators, mean follow-up time, number of composite cardiovascular outcomes events, 
hazard ratios and 95% confidence intervals
DPP-4is: dipeptidyl peptidase-4 inhibitors; PS: propensity score; FU: follow-up; CV: 

cardiovascular; CI: confidence intervals; DPP-4is: dipeptidyl peptidase-4 inhibitors
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Figure 2. Propensity score matched Kaplan-Meier curves for cumulative incidence of composite 
cardiovascular outcome events since treatment initiation for the three comparisons
DPP-4is: dipeptidyl peptidase-4 inhibitors
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