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BACKGROUND: Individuals with type 2 diabetes mellitus are at increased risk for 
heart failure (HF), particularly those with coexisting atherosclerotic cardiovascular 
disease and/or kidney disease. Some but not all dipeptidyl peptidase-4 inhibitors have 
been associated with increased HF risk. We performed secondary analyses of HF and 
related outcomes with the dipeptidyl peptidase-4 inhibitor linagliptin versus placebo 
in CARMELINA (The Cardiovascular and Renal Microvascular Outcome Study With 
Linagliptin), a cardiovascular outcomes trial that enrolled participants with type 2 
diabetes mellitus and atherosclerotic cardiovascular disease and/or kidney disease.

METHODS: Participants in 27 countries with type 2 diabetes mellitus and 
concomitant atherosclerotic cardiovascular disease and/or kidney disease were 
randomized 1:1 to receive once daily oral linagliptin 5 mg or placebo, on top of 
standard of care. All hospitalization for HF (hHF), cardiovascular outcomes, and 
deaths were prospectively captured and centrally adjudicated. In prespecified and post 
hoc analyses of HF and related events, Cox proportional hazards models adjusting 
for region and baseline history of HF were used. Recurrent hHF events were analyzed 
using a negative binomial model. In a subset of participants with left ventricular 
ejection fraction captured within the year before randomization, HF-related outcomes 
were assessed in subgroups stratified by left ventricular ejection fraction > or ≤50%.

RESULTS: CARMELINA enrolled 6979 participants (mean age, 65.9 years; estimated 
glomerular filtration rate, mL/min per 1.73m2; hemoglobin A1c, 8.0%; 62.9% men; 
diabetes mellitus duration, 14.8 years), including 1873 (26.8%) with a history of HF 
at baseline. Median follow-up was 2.2 years. Linagliptin versus placebo did not affect 
the incidence of hHF (209/3494 [6.0%] versus 226/3485 [6.5%], respectively; hazard 
ratio [HR], 0.90; 95% CI, 0.74–1.08), the composite of cardiovascular death/hHF (HR, 
0.94; 95% CI, 0.82–1.08), or risk for recurrent hHF events (326 versus 359 events, 
respectively; rate ratio, 0.94; 95% CI, 0.75–1.20). There was no heterogeneity of 
linagliptin effects on hHF by history of HF at baseline, baseline estimated glomerular 
filtration rate or urine albumin-creatinine ratio, or prerandomization left ventricular 
ejection fraction.

CONCLUSIONS: In a large, international cardiovascular outcome trial in participants 
with type 2 diabetes mellitus and concomitant atherosclerotic cardiovascular disease 
and/or kidney disease, linagliptin did not affect the risk of hHF or other selected 
HF-related outcomes, including among participants with and without a history of HF, 
across the spectrum of kidney disease, and independent of previous left ventricular 
ejection fraction.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique 
identifier: NCT01897532.
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Type 2 diabetes mellitus (T2DM) is commonly 
complicated by atherosclerotic cardiovascular 
disease (ASCVD) and/or chronic kidney disease,1,2 

and is also associated with an increased risk of hos-
pitalization for heart failure (hHF) and heart failure 
(HF)–related outcomes.3–5 The increased risk for hHF 
is particularly strong in people with coexisting chronic 
kidney disease,6,7 or with pre-existing HF.4,5 Since 2008, 
evaluation of the cardiovascular safety of new glucose-
lowering medications for T2DM has been required by 
international regulatory agencies.8,9 To date, results 
from 3 cardiovascular outcome trials (CVOTs) of dipep-
tidyl peptidase-4 (DPP-4) inhibitors have consistently 
demonstrated cardiovascular safety with regard to AS-
CVD outcomes, but none has demonstrated incremen-
tal cardiovascular efficacy.10–12 Across these trials, there 
has been heterogeneity with regard to the effects of 
the 3 DPP-4 inhibitors on the risk of hHF, ranging from 
no effect with sitagliptin,3 numeric imbalance that was 
not statistically significant with alogliptin,13 and sta-
tistically significant increased risk with saxagliptin.14 
In a pooled analysis including data from the 3 pivotal 
CVOTs with saxagliptin, alogliptin, and sitagliptin, the 
overall hHF risk was not significantly different (hazard 
ratio [HR], 1.14; 95% CI, 0.97–1.34), but because of 
heterogeneity across the trials, a meta-analytic ap-
proach to this matter is of uncertain validity.3

CARMELINA (The Cardiovascular and Renal Micro-
vascular Outcome Study With Linagliptin) was designed 
to evaluate the cardiovascular safety and kidney out-
comes of linagliptin, a highly selective DPP-4 inhibitor 
with minimal renal excretion,15 in people with T2DM at 
high cardiovascular and renal risk.16 The overall trial re-
sults revealed safety but not incremental efficacy of lin-
agliptin with respect to the primary composite outcome 
of cardiovascular death, nonfatal myocardial infarction, 
and nonfatal stroke as well as for all-cause mortality,17 in 
line with observations from 3 other DPP-4 inhibitor CV-
OTs.10–12 The primary analysis for CARMELINA revealed 
no difference in risk for hHF with linagliptin. Here, we 
comprehensively explore the impact of linagliptin on 
hHF and associated clinical outcomes using a statisti-
cal analysis plan specific to HF-related outcomes, with 
most analyses being prespecified, in the overall study 
population and in key participant subgroups. These 
analyses include assessments of recurrent hHF events in 
the overall cohort and of outcomes by baseline history 
of HF, chronic kidney disease categories, and the subset 
of participants with such information available, by left 
ventricular ejection fraction (LVEF).

METHODS
The data, analytic methods, and study materials will not be 
made available to other researchers for purposes of reproduc-
ing the results or replicating the procedure.

Study Oversight
The oversight and conduct of CARMELINA has been described 
previously.16 The trial was conducted in accordance with the 
principles of the Declaration of Helsinki and the International 
Conference on Harmonization Good Clinical Practice guide-
lines and was approved by local authorities. An independent 
ethics committee or institutional review board approved the 
clinical protocol for each participating center. All individuals 
provided written informed consent before entering the trial.

Study Design
The CARMELINA design has previously been described.16 In 
brief, this was a randomized, double-blind, placebo-con-
trolled clinical trial conducted at 605 centers in 27 countries, 
designed to continue until at least 611 participants had an 
adjudication-confirmed primary outcome event. Adults with 
T2DM, hemoglobin A1c 6.5% to 10.0%, at high cardiovas-
cular risk were eligible for inclusion. High risk was defined 
as (1) prevalent ASCVD with micro- or macroalbuminuria, 
defined as urinary albumin:creatinine ratio >30 mg/g or 
equivalent; or (2) impaired kidney function (estimated glo-
merular filtration rate [eGFR] 45–75 mL/min per 1.73m2 
and urinary albumin:creatinine ratio >200 mg/g or equiva-
lent; or eGFR 15–45 mL/min/1.73m2 regardless of urinary 
albumin:creatinine ratio). Established ASCVD eligibility criteria 
included history of myocardial infarction, coronary artery dis-
ease, stroke, carotid artery disease, or peripheral artery dis-
ease. Participants with end-stage kidney disease, defined as 

Clinical Perspective

What Is New?
•	 In patients with type 2 diabetes mellitus and con-

comitant atherosclerotic vascular disease and/
or diabetic kidney disease, the antihyperglycemic 
medication linagliptin did not affect risk for heart 
failure hospitalization or other associated heart 
failure–related complications.

•	 These findings were consistent across a group of 
individual and composite outcomes, most of which 
we prespecified, across sensitivity analyses, and 
across numerous subgroup analyses, underscoring 
the robustness of the observations.

What Are the Clinical Implications?
•	 In a patient population at very high risk for heart 

failure and its complications, linagliptin can be 
used without increasing the risk for hospitalization 
for heart failure.

•	 Within the class of dipeptidyl peptidase-4 inhibi-
tors used for the treatment of hyperglycemia in 
type 2 diabetes mellitus, with cautions and warn-
ings about an increased risk for heart failure for 
some but not all members of the class, these data 
provide robust assurance that linagliptin does not 
increase heart failure risk.
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eGFR<15 mL/min/1.73m2 or requiring maintenance dialysis, 
were excluded, as were those who, before providing informed 
consent at screening, had been treated ≥7 consecutive days 
with a glucagon-like protein 1 receptor agonist, other DPP-4 
inhibitors, or sodium glucose cotransporter 2 inhibitors.

Study Procedures
Eligible individuals were randomized 1:1 to once-daily double-
blind oral linagliptin 5 mg or matching placebo. After random-
ization, participants returned for study visits after 12 weeks and 
then every 24 weeks until study end. A final follow-up visit was 
scheduled 30 days after the end of treatment. In an attempt 
to maintain glycemic equipoise between the groups, investi-
gators were encouraged throughout the trial to monitor and 
use additional medication for glycemic control (except DPP-4 
inhibitors, glucagon-like protein 1 receptor agonists, and sodium 
glucose cotransporter 2 inhibitors) according to regional stan-
dards of care, independent of study treatment assignment that 
remained blinded. Treatment of other cardiovascular risk factors 
was encouraged in accordance with applicable guidelines and 
current standards of care. Participants who prematurely discon-
tinued study medication were followed for ascertainment of 
cardiovascular and key secondary kidney outcome events, and 
attempts were made to collect vital status information on every 
randomized patient at study completion, in compliance with 
local laws and regulations.

Outcomes
Definitions of the major clinical outcomes in the CARMELINA 
trial have been published.16 All cardiovascular outcome events, 
including hHF, were prospectively captured and centrally adju-
dicated by an independent Clinical Events Committee masked 
to treatment assignment. The primary outcome was defined 
as the time to first occurrence of cardiovascular death, non-
fatal myocardial infarction, or nonfatal stroke (3-point major 
adverse cardiovascular event). Other HF-related outcomes 
prespecified in the statistical analysis plan included hHF, the 
composite outcomes of hHF or cardiovascular death and hHF 
or all-cause death, and investigator-reported HF. Post hoc 
analyses included first plus recurrent hHF, the composite of 
investigator-reported adverse event of HF and hHF, initia-
tion of loop diuretics, and the composite of hHF and initia-
tion of loop diuretics. Prespecified subgroup analyses were 
performed by baseline characteristics, including the pres-
ence/absence of a history of HF, by baseline eGFR, and uri-
nary albumin:creatinine ratio status; and by pretrial LVEF. In 
addition to demographic, clinical, and laboratory defined 
subgroups, we predefined an analysis of hHF by LVEF at base-
line for those participants with an LVEF assessment available 
within the year before enrollment.

Hospitalization for HF was defined in accord with contem-
porary regulatory guidance18 as an event requiring inpatient 
admission or a ≥12-hour stay in the emergency department 
as a result of clinical manifestations of new or worsening HF. 
These included dyspnea, orthopnea, paroxysmal nocturnal 
dyspnea, edema, rales, jugular venous distension, third heart 
sound or gallop rhythm, and/or radiological evidence of HF. 
An additional criterion was the need for added or increased 
therapy that included (1) initiation or up-titration of diuret-
ics, inotropes, and/or vasodilator therapy or (2) initiation of 

mechanical or surgical therapy, such as mechanical circula-
tory support, heart transplantation, or ventricular pacing 
to improve cardiac function, and/or (3) use of ultrafiltra-
tion, hemofiltration, or dialysis directed at the treatment of 
HF. Investigator-reported HF events were identified based 
on adverse event reporting using the Medical Dictionary 
for Regulatory Activities (MedDRA) narrow standardized 
MedDRA query for “cardiac failure” (Table I in the online-only 
Data Supplement). Safety was assessed based on reported 
adverse events coded using MedDRA version 20.1.

Statistical Analysis
Time-to-event outcomes were analyzed using Cox propor-
tional hazards regression models, with randomized treatment 
and geographical region as factors; hHF and hHF or cardiovas-
cular death analyses additionally included a factor for baseline 
history of HF. Censoring was applied the day a participant 
was last known to be free of the specific outcome event. To 
account for potential competing risks, the main composite 
HF outcomes incorporated either cardiovascular or all-cause 
mortality as part of a composite outcome. Analyses of other, 
nonfatal HF-related outcomes were planned with the assump-
tion of a neutral effect of linagliptin on overall mortality, and 
therefore did not account for the competing risk of death. 
All analyses were performed using the intention-to-treat prin-
ciple, modified to exclude randomized participants who did 
not take at least 1 dose of study medication (treated set). In 
addition, for the key outcome of hHF, prespecified sensitivity 
analyses were also conducted for participants with a mini-
mum treatment duration of 30 days (on-treatment set), and 
by censoring at day 0 (treated set + 0) and day 30 (treated set 
+ 30) after the last dose of study drug taken, respectively. For 
analysis of first plus recurrent hHF events, the effect estimate 
(rate ratio) was derived from a negative binomial model.

Subgroups were prespecified, and a formal test of het-
erogeneity of the treatment effect among subgroups was 
performed for each group. A 2-sided P<0.05 was considered 
significant for all analyses with no adjustments made for 
multiple testing. Iteratively measured continuous parameters 
were analyzed using mixed-effect models for repeated mea-
sures, and overall safety assessments were conducted using 
descriptive statistics for adverse events. Analyses were con-
ducted with SAS version 9.4 (SAS Institute; Cary, NC).

RESULTS
Baseline Characteristics and Effects of 
Treatment on Cardiovascular Risk Factors
The cohort comprised 6991 participants randomized 
between August 2013 and August 2016, of whom 
6979 received at least 1 dose of study drug and are 
included in the present analyses. Vital status was avail-
able for 99.7% of participants at study completion (lin-
agliptin, 99.8%; placebo, 99.6%).

Baseline clinical characteristics were balanced be-
tween treatment arms, with participants having long-
standing diabetes mellitus and 26.8% having a history 
of HF at baseline (Table 1). Further, they had relatively 
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Table 1.  Baseline Characteristics of Participants in CARMELINA With or Without a History of Heart Failure

Characteristic

Participants With HF at Baseline Participants Without HF at Baseline
Total CARMELINA 

PopulationLinagliptin Placebo Linagliptin Placebo

N (%) 952 (100) 921 (100) 2542 (100) 2564 (100) 6979 (100)

Age, y 66.5 (8.64) 65.8 (8.95) 65.9 (9.2) 65.6 (9.2) 65.9 (9.10)

Male, n (%) 561 (58.9) 581 (63.1) 1587 (62.4) 1661 (64.8) 4390 (62.9)

Race, n (%)

 ��������������� White 845 (88.8) 813 (88.3) 1982 (78.0) 1956 (76.3) 5596 (80.2)

 ��������������� Asian 38 (4.0) 26 (2.8) 269 (10.6) 307 (12.0) 640 (9.2)

 ��������������� Black/African American 43 (4.5) 57 (6.2) 151 (5.9) 160 (6.2) 411 (5.9)

 ��������������� Other* 26 (2.7) 25 (2.7) 140 (5.5) 141 (5.5) 332 (4.8)

Region, n (%)

 ��������������� Europe (including South Africa) 589 (61.9) 572 (62.1) 884 (34.8) 889 (34.7) 2934 (42.0)

 ��������������� Latin America 187 (19.6) 192 (20.8) 969 (38.1) 962 (37.5) 2310 (33.1)

 ��������������� North America 142 (14.9) 136 (14.8) 451 (17.7) 451 (17.6) 1180 (16.9)

 ��������������� Asia 34 (3.6) 21 (2.3) 238 (9.4) 262 (10.2) 555 (8.0)

Smoking status, n (%)

 ��������������� Never smoker 553 (58.1) 539 (58.5) 1344 (52.9) 1317 (51.4) 3753 (53.8)

 ��������������� Ex-smoker 310 (32.6) 300 (32.6) 921 (36.2) 976 (38.1) 2507 (35.9)

 ��������������� Current smoker 88 (9.2) 81 (8.8) 274 (10.8) 269 (10.5) 712 (10.2)

 ��������������� Missing 1 (0.1) 1 (0.1) 3 (0.1) 2 (0.1) 7 (0.1)

History of heart failure, n (%) 952 (100) 921 (100) 0 (0) 0 (0) 1873 (26.8)

Ischemic heart disease, n (%) 745 (78.3) 760 (82.5) 1284 (50.5) 1292 (50.4) 4081 (58.5)

History of hypertension, n (%) 884 (92.9) 855 (92.8) 2287 (90.0) 2323 (90.6) 6349 (91.0)

Atrial fibrillation, n (%) 171 (18.0) 171 (18.6) 148 (5.8) 183 (7.1) 673 (9.6)

eGFR (MDRD), mL/min/1.73 m2 55.8 (24.3) 55.1 (24.7) 54.2 (25.4) 54.3 (25.0) 54.6 (25.0)

eGFR (MDRD), n (%)

 ��������������� ≥60 mL/min/1.73 m2 367 (38.6) 367 (39.8) 927 (36.5) 970 (37.8) 2631 (37.7)

 ��������������� ≥45 to <60 mL/min/1.73 m2 208 (21.8) 166 (18.0) 482 (19.0) 492 (19.2) 1348 (19.3)

 ��������������� ≥30 to <45 mL/min/1.73 m2 263 (27.6) 249 (27.0) 731 (28.8) 695 (27.1) 1938 (27.8)

 ��������������� <30 mL/min/1.73 m2 114 (12.0) 139 (15.1) 402 (15.8) 407 (15.9) 1062 (15.2)

UACR, mg/g, median (25th−75th percentile) 139 (36–589) 158 (46–727) 173 (47–753) 163 (43–758) 162 (44−728)

UACR, n (%)†

 ��������������� <30 mg/g 215 (22.6) 184 (20.0) 481 (18.9) 512 (20.0) 1392 (19.9)

 ��������������� 30−300 mg/g 397 (41.7) 389 (42.2) 1066 (41.9) 1042 (40.6) 2894 (41.5)

 ��������������� >300 mg/g 340 (35.7) 348 (37.8) 993 (39.1) 1009 (39.4) 2690 (38.5)

BMI, kg/m2 31.9 (5.3) 31.9 (5.3) 31.0 (5.3) 31.1 (5.4) 31.3 (5.3)

HbA1c, % 7.93 (1.00) 8.03 (1.02) 7.94 (1.00) 7.94 (1.00) 7.95 (1.01)

Fasting plasma glucose, mg/dL 151.9 (43.0) 154.8 (46.3) 150.9 (47.0) 149.9 (45.8) 151.2 (46.0)

Diabetes mellitus duration, y 14.2 (9.5) 13.8 (9.2) 15.3 (9.7) 14.8 (9.2) 14.8 (9.5)

Systolic blood pressure, mm Hg 138.8 (17.1) 138.9 (18.0) 141.0 (17.9) 141.2 (18.0) 140.5 (17.9)

Diastolic blood pressure, mm Hg 77.3 (10.2) 78.4 (10.7) 77.9 (10.6) 77.7 (10.3) 77.8 (10.5)

Heart rate, bpm, mean (SD) 70.2 (11.9) 70.6 (12.6) 69.7 (12.3) 69.4 (12.2) 69.8 (12.2)

Glucose-lowering therapy, n (%)

 ��������������� Metformin 521 (54.7) 492 (53.4) 1360 (53.5) 1435 (56.0) 3808 (54.6)

 ��������������� Sulfonylurea 320 (33.6) 321 (34.9) 782 (30.8) 819 (31.9) 2224 (32.1)

 ��������������� Insulin 535 (56.2) 511 (55.5) 1521 (59.8) 1484 (57.9) 4051 (58.0)

(Continued )

D
ow

nloaded from
 http://ahajournals.org by on M

arch 2, 2023



McGuire et al� Linagliptin and Heart Failure in CARMELINA

Circulation. 2019;139:351–361. DOI: 10.1161/CIRCULATIONAHA.118.038352� January 15, 2019 355

ORIGINAL RESEARCH 
ARTICLE

well-controlled blood pressure, lipids, and glycemic 
control (Table  1). Participants with previous HF more 
frequently had cardiac comorbidities (atrial fibrillation, 
ischemic heart disease) and more prevalent use of car-
diovascular medications (β-blockers, diuretics, aspirin). 
Median (first quartile – third quartile) treatment dura-
tion and observation time were 1.9 (1.2–2.5) and 2.2 
(1.6–3.0) years, respectively, with no differences be-
tween the groups.

Those randomized to linagliptin had lower hemo-
globin A1c throughout the trial observation period 
(overall mean [95% CI] difference linagliptin versus 
placebo, −0.36% [95% CI, −0.42 to −0.29] based on 
least square means), with no statistically significant dif-
ferences between groups in change from baseline in 
blood pressure (systolic/diastolic blood pressure, −0.67 
[−1.55 to 0.20]/−0.38 [−0.87 to 0.12] mm Hg), low-
density lipoprotein cholesterol (−0.03 [−2.27 to 2.21] 

mg/dL), high-density lipoprotein cholesterol (0.25 
[−0.84 to 0.33] mg/dL), or weight (−0.15 [−0.43 to 
0.12] kg). Also, the introduction of additional cardio-
vascular therapies was comparable across arms, and 
the overall safety profile of linagliptin was consistent 
with previous clinical data.

HF-Related Outcomes
Results of analyses of HF-related outcomes by random-
ized treatment groups are presented in Table 2 and Fig-
ure 1. In total, 435 participants (6.2%) had at least 1 
hHF event, and the rate of first hHF events did not differ 
between the groups, with 209 (6.0%) events occurring 
in the linagliptin group (2.8 per 100 patient-years), and 
226 (6.5%) in the placebo group (3.0 per 100 patient-
years), yielding a HR of 0.90 (95% CI, 0.74–1.08). 
There was also no difference for linagliptin versus pla-

Antihypertensives, n (%)

 ��������������� ACE inhibitors or ARBs 782 (82.1) 761 (82.6) 2078 (81.7) 2037 (79.4) 5658 (81.1)

 ��������������� β-Blockers 718 (75.4) 684 (74.3) 1362 (53.6) 1389 (54.2) 4153 (59.5)

 ��������������� Diuretics 621 (65.2) 636 (69.1) 1271 (50.0) 1300 (50.7) 3828 (54.9)

 ��������������� Calcium antagonists 343 (36.0) 334 (36.3) 1090 (42.9) 1112 (43.4) 2879 (41.3)

 ��������������� ASA, n (%) 646 (67.9) 644 (69.9) 1520 (59.8) 1534 (59.8) 4344 (62.2)

 ��������������� Statins, n (%) 685 (72.0) 686 (74.5) 1810 (71.2) 1837 (71.6) 5018 (71.9)

Data are mean (SD) unless otherwise specified. ACE indicates angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; ASA, acetylsalisylic acid; 
BMI, body mass index; bpm, beats per minute; CARMELINA, The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin trial; eGFR, estimated 
glomerular filtration rate; HbA1c, glycohemoglobin A1c; HF, heart failure; MDRD, Modification of Diet in Renal Disease study equation; and UACR, urinary albumin-
to-creatinine ratio.

*American Indian/Alaska Native or Native Hawaiian/other Pacific Islander.
†UACR: Data missing for 3 (0.0%) participants: 2 (0.1%) linagliptin and 1 (0.0%) placebo.

Table 1.  Continued

Characteristic

Participants With HF at Baseline Participants Without HF at Baseline
Total CARMELINA 

PopulationLinagliptin Placebo Linagliptin Placebo

Table 2.  Heart Failure–Related Outcomes for Linagliptin Versus Placebo in CARMELINA

Outcome

Linagliptin (N=3494) Placebo (N=3485)

HR (95% CI) P Valuen (%)
Rate per 100 
Patient-Years n (%)

Rate per 100 
Patient-Years

Hospitalization for HF (hHF); ITT analysis (n=6979) 209 (6.0) 2.77 226 (6.5) 3.04 0.90 (0.74, 1.08) 0.26

Effects on additional HF outcomes

 ��������������� hHF or CV death 406 (11.6) 5.37 422 (12.1) 5.66 0.94 (0.82, 1.08) 0.39

 ��������������� hHF or all-cause death 499 (14.3) 6.59 518 (14.9) 6.94 0.95 (0.84, 1.07) 0.40

 ��������������� Investigator-reported HF adverse event 243 (7.0) 3.68 271 (7.8) 4.24 0.87 (0.73, 1.03) 0.10

 ��������������� hHF or reported HF adverse event 305 (8.7) 4.09 326 (9.4) 4.44 0.92 (0.79, 1.08) 0.31

 ��������������� First + recurrent events of hHF 326* N/A 359* N/A 0.94 (0.75, 1.20)† 0.63

 ��� Initiation of loop diuretics (n=4991)‡ 318/2530 (12.6) 6.09 324/2461 (13.2) 6.48 0.94 (0.81, 1.10) 0.47

 ��� Initiation of loop diuretic or hHF (n=4991)‡ 330/2530 (13.0) 6.33 333/2461 (13.5) 6.68 0.95 (0.82, 1.11) 0.53

Analyses were prespecified with the exception of the following, which were post hoc: hHF or reported HF adverse event, first and recurrent events of hHF, initiation 
of loop diuretics, and initiation of loop diuretic or hHF. CARMELINA indicates The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin trial; CV, 
cardiovascular; ITT, intention-to-treat; HF, heart failure; hHF, hospitalization for heart failure; HR, heart rate; and N/A, not applicable.

*n refers to total number of hospitalization for heart failure episodes relative to the treated set and not individual participants.
†Effect estimate (rate ratio) derived by a negative binomial model.
‡Number of patients not treated with diuretics at baseline.
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cebo for the composite outcomes of hHF or death (406 
versus 422 events; HR, 0.94; 95% CI, 0.82–1.08), hHF 
or all-cause mortality (499 versus 518 events; HR, 0.95; 
95% CI, 0.84–1.07), investigator-reported HF events 
(276 versus 305 events; HR, 0.89; 95% CI, 0.76–1.05), 
or the combination of time to first event of investiga-
tor-reported events or adjudicated hHF (305 versus 
326 events; HR, 0.92; 95% CI, 0.79–1.08; Figure I in 
the online-only Data Supplement). In recurrent event 
analysis, the cumulative number of hHF events (first 
+ recurrent) was not different between the linagliptin 
and placebo groups (326 versus 359 events; rate ratio, 
0.94; 95% CI, 0.75–1.20), and in total 60 (1.7%) par-
ticipants in the linagliptin group and 78 (2.2%) in the 
placebo group had ≥2 hHF events. New introduction 
of loop diuretics was not different between linagliptin 
and placebo (318/2530 versus 324/2461 participants; 
HR, 0.94; 95% CI, 0.81–1.10), with no difference in 
the composite outcome of new initiation of loop diuret-
ics or hHF (330/2530 versus 333/2461 participants; HR, 
0.95; 95% CI, 0.82–1.11). Prespecified and post hoc–

defined sensitivity analyses of hHF yielded consistent 
results with the primary analysis (Figure 2).

The incidence of hHF varied substantially across 
subgroups defined by baseline characteristics (Table II 
in the online-only Data Supplement). However, among 
the subset of participants with or without a history of 
HF at baseline, there were no significant differences 
observed between the treatment groups in hHF (Fig-
ure 3A and 3B; Pinteraction=0.81). Also, no heterogeneity 
was observed for the effects of the randomized treat-
ment assignment by baseline HF history for cardiovas-
cular death (Figure  3C and 3D; Pinteraction=0.97) or the 
primary outcome 3-point major adverse cardiovascular 
event (Pinteraction=0.96).

Nominally significant statistical heterogeneity of lina-
gliptin effects on hHF was observed in some subgroups 
(Table II in the online-only Data Supplement): by region 
(Figure II in the online-only Data Supplement), by insulin 
use at baseline (Figure III in the online-only Data Supple-
ment), and by baseline blood pressure. Event rates for 
hHF were 2.7-fold higher in participants in the placebo 

Figure 2. Sensitivity analyses for hospital-
ization for heart failure by prespecified and 
post hoc–defined analysis sets.  
All analyses were prespecified except the per-
protocol analysis set, which was post hoc. HF 
indicates heart failure; and HR, hazard ratio.

Figure 1. Kaplan–Meier plots according to 
treatment with linagliptin vs placebo. 
First occurrence of (A) adjudication-confirmed 
hospitalization for heart failure and (B) 
adjudication-confirmed hospitalization for heart 
failure or cardiovascular death.*Two-sided P 
value. HR indicates hazard ratio.
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Figure 3. Kaplan-Meier plots for hospitalization for heart failure (hHF) and cardiovascular death by treatment groups in participants with and with-
out a history of heart failure (HF) at baseline.  
A, hHF in participants with no history of HF at baseline. B, hHF in participants with a history of HF at baseline. C, Cardiovascular death in participants with no his-
tory of HF at baseline. D, Cardiovascular death in participants with a history of HF at baseline. *Two-sided P value. HR indicates hazard ratio.
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groups with prevalent kidney disease (defined as base-
line eGFR <60 mL/min/1.73m2 and macroalbuminuria: 
3.7 per 100 patient-years versus 1.4 in those without) 
at baseline, and 4.2-fold higher in participants with low 
eGFR (eGFR <30 mL/min/1.73m2: 6.2 per 100 patient-
years versus 1.5 with eGFR ≥60 mL/min/1.73m2; Fig-
ure  4). However, no heterogeneity of effect by treat-
ment arm was noted (Pinteraction=0.39 and 0.88).

At baseline, LVEF was captured for 945 (13.5%) par-
ticipants within a year before randomization (458 in the 
linagliptin and 487 in the placebo group). The mode of 
ejection fraction (EF) assessment varied (Table III in the on-
line-only Data Supplement), but echocardiography was 
by far the most commonly used method (90.2%). The av-
erage prerandomization EF was 53.6% in the linagliptin 
group and 54.5% in the placebo group, with 31.9% 

and 29.2%, respectively, having EF ≤50% (mean±SD 
LVEF, respectively, 39.1±8.4% and 39.2±7.6%), and only 
11.6% and 11.7% having EF ≤40% (mean±SD LVEF, re-
spectively, 29.7±6.4% and 31.7±6.1%). In total, 118 
hHF events occurred in participants with EF assessment 
before randomization. Among these with ≥1 hHF event, 
the average prerandomization EF was 46.1±13.8% ver-
sus 47.7±12.8% in the linagliptin versus placebo group, 
respectively, whereas the corresponding average pre-
randomization LVEF in those without a hHF event were 
54.7±11.8% and 55.2±12.0%, respectively. There was 
no heterogeneity of linagliptin effect on risk by preran-
domization LVEF categorized by EF <50% or ≥50% for 
hHF (Pinteraction=0.14), for the composite outcome of hHF or 
cardiovascular death (Pinteraction=0.16), or for 3-point major 
adverse cardiovascular event (Pinteraction=0.31; Figure 5).

Figure 4. Histogram with incidence rates 
for hospitalization for heart failure by 
treatment groups by categories of estimat-
ed glomerular filtration rate at baseline. 
eGFR indicates estimated glomerular filtration 
rate; and HF, heart failure.

Figure 5. Hospitalization for heart failure (HF), 3-point major adverse cardiovascular event (3MACE), and cardiovascular (CV) death by treatment 
group stratified by prerandomization left ventricular ejection fraction (EF) <50% and ≥50%.  
HR indicates hazard ratio.
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DISCUSSION
In individuals with T2DM and prevalent ASCVD or kid-
ney disease participating in CARMELINA, linagliptin 
compared with placebo did not affect the risk for hHF 
or for the composite outcomes of hHF or cardiovascu-
lar death or hHF or all-cause death outcomes. There 
was also no difference between the randomized groups 
in the risk of hHF in subgroups of participants with or 
without a history of HF at baseline.

The assessment of hHF in CARMELINA was under-
pinned by prospectively defined analyses for HF-related 
outcomes and ascertainment of a large number of pro-
spectively collected and centrally adjudicated hHF epi-
sodes with a total of 435 first hHF and 685 total (first 
or recurrent) events of hHF. Overall, linagliptin had no 
effect on the risk for hHF in CARMELINA, in line with 
observations from the CVOT of sitagliptin,3,12 but con-
trasting importantly with the significantly increased hHF 
risks with saxagliptin.10,14

The present results amplify the probability of hetero-
geneity across the DPP-4 inhibitor class with regard to 
effects on the risk for HF outcomes, with linagliptin and 
sitagliptin having no effects, saxagliptin increasing risk, 
and ongoing uncertainty with regard to the effects of 
alogliptin on HF risk. Mechanistic explanations for the 
apparent heterogeneity seen with respect to HF of DPP-4 
inhibitors are unknown, but these agents have clear dif-
ferences in their molecular structures that may account 
for diverse off-target effects. Several hypotheses and 
observations in this regard from preclinical studies have 
been published.19–22 Differences in the trial populations 
and underlying degree of hHF risk are unlikely to explain 
these discordant effects. In this context, the hHF risk in 
CARMELINA was, by virtue of the planned recruitment 
of a higher risk population, far greater than the 3 previ-
ous reported DPP-4 inhibitor CVOTs. In the control group 
of CARMELINA, the annualized hHF incidence was 3%, 
with observations of 2.7 to 4.2 higher event rates in those 
with prevalent kidney disease, or reduced eGFR, which 
contrasted with 1% to 2% in the previous trials.3,13,14 The 
finding that the incidence of hHF did not differ between 
the linagliptin and control groups despite participants in 
CARMELINA being at very high risk underscores the HF 
safety of linagliptin in a population with ASCVD or kidney 
disease and provides reassurance regarding the safety of 
linagliptin for this outcome. Similarly, trial duration is also 
not likely to account for different observations between 
trials, as the median follow-up in CARMELINA is quite 
similar to that in the CVOTs of saxagliptin and alogliptin, 
yet shorter than that for sitagliptin.10–12 It is important to 
note that although HF outcomes were not part of the 
primary cardiovascular analysis plan of any of the CV-
OTs of DPP-4 inhibitors, all of the DPP-4 inhibitor CVOTs 
completed to date prospectively collected and centrally 
adjudicated hHF events, using nearly identical criteria for 

hHF event definitions across the trials, in accord with the 
guidance of the 2014 American College of Cardiology/
American Heart Association Key Data Elements and Defi-
nitions for Cardiovascular Endpoint Events in Clinical Tri-
als publication.18 Finally, given that no adverse effects on 
hHF have been observed with sitagliptin and linagliptin, 
and that the numeric imbalance observed with alogliptin 
did not achieve statistical difference, it remains possible 
that the observed increased risk with saxagliptin is a spu-
rious finding. However, given the temporal association 
of hHF soon after starting saxagliptin in the SAVOR TIMI 
53 trial (Saxagliptin Assessment of Vascular Outcomes 
Recorded in Patients with Diabetes Mellitus [SAVOR] - 
Thrombolysis in Myocardial Infarction [TIMI] 53) and the 
robustness of analyses underpinned by blinded central 
adjudication and ascertainment of 517 hHF events for 
analysis, this is not a likely explanation.14

Acknowledging the statistical limitations of interpret-
ing a large number of secondary/subgroup analyses, we 
did observe statistical heterogeneity of the effect of lina-
gliptin on hHF by region, by baseline insulin use, and, not 
consistently, by baseline blood pressure. Each of these ob-
servations of interaction is hypothesis-generating in light 
of the neutral overall effect of linagliptin on this outcome, 
the most interesting of which is the interaction with insu-
lin use given the known associations of insulin with HF re-
lated to sodium and fluid retention.23,24 However, because 
of the large number of subgroup analyses conducted, we 
cannot exclude that these interactions may be spurious.

Limitations
We studied individuals with established ASCVD or kid-
ney disease, and the present observations may not apply 
to those without such criteria. However, demonstration 
of safety in the highest-risk cohorts typically translates to 
lower-risk groups; of note, no increased HF risk was ob-
served with linagliptin across all ranges of kidney function 
with or without prevalent ASCVD. Nominally significant 
statistical heterogeneity of linagliptin effects on hHF was 
observed in some subgroups, but in the context of ana-
lyzing 33 prespecified subgroups and in the absence of 
correction for multiplicity, it is not possible to conclude 
whether these represent true heterogeneity or spurious 
findings. Pretrial LVEF data were only available in a minor-
ity of participants. For those with HF events, cardiac imag-
ing was not systematically captured, and no biobank of 
blood was collected to assess natriuretic peptides.

CONCLUSIONS
In conclusion, the results of CARMELINA demonstrate 
that linagliptin did not affect the risk for hHF or related 
HF outcomes, overall or across selected subgroups of in-
terest. In the context of the primary findings on 3-point 
major adverse cardiovascular events demonstrating 
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noninferiority of the effects of linagliptin versus placebo 
on top of standard of care, these data provide further 
support that linagliptin may be safely used, without con-
cerns for increasing HF risk, in a high-risk population of 
individuals with T2DM with concomitant atherosclerotic 
cardiovascular disease and/or kidney disease.
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