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Abstract

Aims: In CARMELINA®, linagliptin demonstrated cardiovascular and renal safety in

patients with type 2 diabetes (T2D) with high renal and cardiovascular disease (CVD)

risk. We investigated safety and efficacy of this dipeptidyl peptidase-4 inhibitor in

older participants.

Materials and methods: Subjects aged ≥18 years with T2D and established CVD with

urinary albumin-to-creatinine ratio (UACR) >30 mg/g, and/or prevalent kidney dis-

ease, were randomized to linagliptin or placebo added to usual care. The primary end-

point (time to first occurrence of 3P-MACE: cardiovascular death, non-fatal

myocardial infarction or non-fatal stroke) and other outcomes were evaluated across

age groups <65 (n = 2968), 65 to <75 (n = 2800) and ≥75 years (n = 1211).

CARDIORENAL SAFETY OF LINAGLIPTIN IN OLDER PEOPLE WITH T2D

Received: 5 November 2019 Revised: 25 January 2020 Accepted: 6 February 2020

DOI: 10.1111/dom.13995

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2020 The Authors. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.

1062 Diabetes Obes Metab. 2020;22:1062–1073.wileyonlinelibrary.com/journal/dom

https://orcid.org/0000-0001-8324-3275
https://orcid.org/0000-0002-1099-7989
https://orcid.org/0000-0003-2470-0530
mailto:mark.cooper@monash.edu
https://publons.com/publon/10.1111/dom.13995
https://publons.com/publon/10.1111/dom.13995
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/dom


Results: Mean age was 65.9 years (17.4% and 5.9% aged ≥75 and 80, respectively)

and median follow-up was 2.2 years. The hazard ratio (HR) for 3P-MACE with

linagliptin versus placebo was 1.02 [95% confidence interval (CI) 0.89, 1.17] with no

significant interaction between age and treatment effect (P = 0.0937). HRs for partici-

pants aged <65, 65 to <75 and ≥75 years were 1.11 (95% CI 0.89, 1.40), 1.09 (0.89,

1.33) and 0.76 (0.57, 1.02), respectively. Linagliptin did not increase the risk of

adverse kidney outcomes or hospitalization for heart failure across age groups. The

incidence of adverse events, including hypoglycaemia, increased with age but was

similar with linagliptin and placebo despite glycated haemoglobin A1c reduction with

linagliptin.

Conclusions: Linagliptin did not increase risk for cardiovascular events or

hypoglycaemia and kidney function remained stable in older people with T2D and

established CVD with albuminuria and/or kidney disease.

1 | INTRODUCTION

Population ageing over recent decades has dramatically shifted the

epidemiology of diabetes towards older age. Currently, approximately

123 million of the estimated 425 million people with diabetes globally

are ≥65 years,1 and >25% of people aged >65 years have diabetes in

the United States.2 However, despite the high prevalence in the

elderly, older patients have historically been under-represented in

clinical trials of glucose-lowering drugs, in particular, individuals aged

>75 years. An analysis in 2013 found that only 0.6% of interventional

trials in diabetes had specifically targeted patients >65 years, while

31% had actively excluded them. Furthermore, most trials had

excluded individuals >75 years.3

This paucity of data poses a challenge for evidence-based treat-

ment of type 2 diabetes (T2D) in the older patient population, in

which there is a high prevalence of comorbidities, frailty and poly-

pharmacy. The choice of glucose-lowering drugs, in particular, is com-

plicated by the common comorbidities of cardiovascular disease

(CVD), heart failure and, especially, chronic kidney disease with the

added need to avoid hypoglycaemia. Impaired kidney function

increases the risk of hypoglycaemia and necessitates dosage adjust-

ment or avoidance of most glucose-lowering drugs.4,5 Despite the lim-

ited evidence base, various individuals and organizations have

developed consensus- or opinion-based guidelines for diabetes care

of older patients.6-19 Their recommendations generally emphasize

safety as a prime consideration for glucose-lowering treatment of

older patients. In particular, one needs to avoid hypoglycaemia, and

thus glycaemic targets often are less stringent in this population.

Dipeptidyl peptidase-4 (DPP-4) inhibitors are a modern class of

glucose-lowering drugs that are considered well tolerated. Linagliptin

is the only globally available DPP-4 inhibitor that is not primarily

excreted by the kidneys and hence does not require dosage adjust-

ment for patients with kidney disease.20,21 Linagliptin demonstrated

glycaemic efficacy and tolerability in people aged ≥70 years in a dedi-

cated phase III randomized clinical trial,22 as well as in a pooled

analysis of participants aged ≥65 years from this study and six other

phase III trials in individuals aged 18–80 years.23 However, the long-

term cardiovascular and renal safety of linagliptin in older patients has

not been investigated previously.

In the recent CARMELINA® cardiovascular safety study in people

with T2D who had established CVD and albuminuria, and/or kidney

disease, linagliptin did not increase the risk of cardiorenal events.24,25

CARMELINA® enrolled people aged at least 18 years with no maxi-

mum age restriction. We report here a prespecified subgroup analysis

evaluating clinical outcomes and adverse events according to partici-

pant age at baseline, including those aged over 65, 75 or 80 years.

2 | MATERIALS AND METHODS

2.1 | Study design

The study design and main results of CARMELINA® have been

described previously.24-26 In brief, CARMELINA® was a cardiovascular

event-driven, placebo-controlled, double-blind, randomized clinical

trial conducted between August 2013 and January 2018 in 27 coun-

tries across Asia, Europe, Latin America and North America

(ClinicalTrials.gov, number NCT01897532). The trial was approved by

local authorities at each study site, and was conducted under the aus-

pices of the Declaration of Helsinki and the Harmonized Tripartite

Guideline for Good Clinical Practice from the International Confer-

ence on Harmonisation.27,28 All patients provided written informed

consent at initial screening.

Individuals with T2D were eligible to participate if they

were ≥18 years at screening, had a glycated haemoglobin A1c

(HbA1c) level between 6.5% and 10.0% inclusive, and body mass

index (BMI) ≤45 kg/m2. Participants also had to have established CVD

(previous myocardial infarction or stroke, and/or current coronary,

carotid or peripheral artery disease) together with a urinary albumin-

to-creatinine ratio (UACR) >30 mg/g, and/or impaired kidney function
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[estimated glomerular filtration rate (eGFR) 15 to <45 mL/min/1.73 m2

or eGFR ≥45 to 75 mL/min/1.73 m2 with UACR >200 mg/g]. Both

drug-naïve patients and those on glucose-lowering pharmacotherapies

were eligible, unless the latter were taking DPP-4 inhibitors,

glucagon-like peptide-1 (GLP-1) receptor agonists and/or sodium-

glucose co-transporter-2 (SGLT2) inhibitors.

Participants were randomized to receive once-daily oral treat-

ment with linagliptin 5 mg (the licensed dose) or placebo until at least

611 subjects had had a primary endpoint event. Study investigators,

blinded to study drug allocation, were instructed to treat their patients

according to local standards of care, including optimizing glycaemic

control using additional glucose-lowering medications, if needed.

The primary endpoint was the first occurrence of cardiovascular

death, non-fatal myocardial infarction, or non-fatal stroke: the three-

point major adverse cardiovascular events (3P-MACE) composite out-

come. The key secondary endpoint was a composite kidney outcome

comprising death because of kidney disease, progression to end-stage

kidney disease, or sustained decrease in eGFR from baseline of ≥40%.

Progression of albuminuria was also assessed: change from

normoalbuminuria (UACR <30 mg/g) to microalbuminuria (UACR

30–300 mg/g) or macroalbuminuria (UACR >300 mg/g), or from

microalbuminuria to macroalbuminuria. Other prespecified clinical

endpoints included hospitalization for heart failure. Centralized inde-

pendent clinical events committees blinded to treatment assignment

adjudicated all reported cardiovascular and kidney events. Metabolic

outcomes included change in HbA1c from baseline. Adverse events

reported by investigators were categorized using the Medical Dictio-

nary for Regulatory Activities29 version 20.1.

2.2 | Subgroup analysis by baseline age
of participants

This was a prespecified subgroup analysis of outcomes in CAR-

MELINA® participants based on their age at screening. Predefined age

group categories were <65, 65 to <75, and ≥75 years, with the latter

group split post hoc into those aged 75 to <80 and ≥80 years for

some assessments. Clinical outcomes and adverse events were evalu-

ated for all participants randomized and treated with at least one dose

of study drug. Differences between treatment groups in clinical out-

comes were assessed using Cox proportional hazards models with

terms for treatment group, geographic region, age category, and inter-

action between treatment group and age category; the model for hos-

pitalization for heart failure also included an additional term for

history of heart failure. Sensitivity analyses of clinical outcomes were

conducted for events occurring only during the time patients were

receiving study drug. Changes from baseline in HbA1c, body weight,

blood pressure and lipids were evaluated post hoc using mixed models

for repeated measures that included terms for treatment, geographical

region, baseline value, week, subgroup, treatment-by-week interac-

tion, treatment-by-subgroup interaction, week-by-subgroup interac-

tion, treatment-by-week-by-subgroup interaction and baseline value-

by-week interaction. The proportion of participants initiating new

glucose-lowering medications was analysed post hoc using a Cox

regression model with terms for treatment group, region, age cate-

gory, and interaction between treatment group and age category.

Adverse events were summarized with descriptive statistics.

3 | RESULTS

3.1 | Study participants, drug exposure and
duration

At the start of CARMELINA®, the 6979 randomized participants who

subsequently received treatment with the study drug were aged

27–92 years (mean: 65.9 years). In total, 2968 participants (42.5%)

were aged <65 years, while 2800 (40.1%) were 65 to <75 years, 1211

(17.4%) were ≥75 years and 412 (5.9%) were ≥80 years. The demo-

graphic and clinical characteristics of participants in these age groups

are shown in Table 1. Overall, most participants were white (~80%),

obese (mean BMI 30–32 kg/m2) and moderately hyperglycaemic

(mean HbA1c 7.7%–8.1%). With increasing age, there was an increase

in the duration of diabetes as well as the prevalence of females, non-

smokers, North Americans, reduced kidney function and atrial fibrilla-

tion. The number of participants taking metformin decreased with

increasing age: 63.1%, 52.9% and 42.0% of those aged <65, 65 to <75

and ≥75 years, respectively; however, the use of insulin by the major-

ity of participants was relatively constant across age groups: 57.5%,

59.1% and 56.9%, respectively. Other characteristics were generally

similar across age groups. Within each age group, baseline characteris-

tics were mostly comparable between the linagliptin and placebo

groups.

As previously reported,24 the median duration of treatment was

1.9 years in both the linagliptin and placebo groups overall, while the

median observation time (including treatment) was 2.2 years in both

groups. Within each age group (<65, 65 to <75, ≥75 years), the

median treatment and observation times were very similar to these

overall values (Table S1; see Supporting Information).

3.2 | Cardiovascular and kidney outcomes

In the overall population, the primary endpoint (3P-MACE) occurred

in 434 participants (12.4%) in the linagliptin group and 420 (12.1%) in

the placebo group; the hazard ratio (HR) for a first event with

linagliptin compared with placebo was 1.02 [95% confidence interval

(CI) 0.89, 1.17].24 There was no significant interaction between age

and treatment effect (P = 0.0937 for interaction between treatment

group and age category). In the age groups evaluated here, the HR for

3P-MACE for linagliptin compared with placebo was 1.11 (95% CI

0.89, 1.40) for participants aged <65 years, 1.09 (95% CI 0.89, 1.33)

for those aged 65 to <75 years, and 0.76 (95% CI 0.57, 1.02) for those

aged ≥75 years (Figure 1).

Overall, hospitalization for heart failure occurred in 209 of 3494

linagliptin-treated participants (6.0%) and 226 of 3485 (6.5%)
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TABLE 1 Baseline demographic and clinical characteristics of patients by age

Age <65 years Age 65 to <75 years Age ≥75 years

Linagliptin
(n = 1467)

Placebo
(n = 1501)

Linagliptin
(n = 1405)

Placebo
(n = 1395)

Linagliptin
(n = 622)

Placebo
(n = 589)

Age, years 57.6 ± 5.67 57.3 ± 5.73 69.2 ± 2.8 69.1 ± 2.9 78.9 ± 3.4 78.8 ± 3.5

Sex, n (%)

Male 973 (66.3) 1005 (67.0) 838 (59.6) 901 (64.6) 337 (54.2) 336 (57.0)

Female 494 (33.7) 496 (33.0) 567 (40.4) 494 (35.4) 285 (45.8) 253 (43.0)

Race, n (%)

White 1145 (78.1) 1157 (77.1) 1159 (82.5) 1147 (82.2) 523 (84.1) 465 (78.9)

Asian 146 (10.0) 149 (9.9) 112 (8.0) 118 (8.5) 49 (7.9) 66 (11.2)

Black or African-American 98 (6.7) 104 (6.9) 73 (5.2) 82 (5.9) 23 (3.7) 31 (5.3)

American Indian or Alaska Native 77 (5.2) 87 (5.8) 57 (4.1) 44 (3.2) 25 (4.0) 25 (4.2)

Native Hawaiian or Other Pacific

Islander

1 (0.1) 4 (0.3) 4 (0.3) 4 (0.3) 2 (0.3) 2 (0.3)

Region, n (%)

Europe 592 (40.4) 585 (39.0) 625 (44.5) 637 (45.7) 256 (41.2) 239 (40.6)

Latin America 557 (38.0) 597 (39.8) 431 (30.7) 404 (29.0) 168 (27.0) 153 (26.0)

North America 187 (12.7) 185 (12.3) 251 (17.9) 260 (18.6) 155 (24.9) 142 (24.1)

Asia 131 (8.9) 134 (8.9) 98 (7.0) 94 (6.7) 43 (6.9) 55 (9.3)

Smoking status, n (%)

Never smoker 753 (51.3) 775 (51.6) 781 (55.6) 742 (53.2) 363 (58.4) 339 (57.6)

Ex-smoker 483 (32.9) 509 (33.9) 517 (36.8) 539 (38.6) 231 (37.1) 228 (38.7)

Current smoker 230 (15.7) 215 (14.3) 104 (7.4) 113 (8.1) 28 (4.5) 22 (3.7)

Missing 1 (0.1) 2 (0.1) 3 (0.2) 1 (0.1) 0 0

History of heart failure, n (%) 387 (26.4) 392 (26.1) 390 (27.8) 378 (27.1) 175 (28.1) 151 (25.6)

Ischaemic heart disease, n (%) 823 (56.1) 884 (58.9) 852 (60.6) 847 (60.7) 354 (56.9) 321 (54.5)

History of hypertension, n (%) 1317 (89.8) 1348 (89.8) 1276 (90.8) 1288 (92.3) 578 (92.9) 542 (92.0)

Atrial fibrillation, n (%) 73 (5.0) 81 (5.4) 153 (10.9) 164 (11.8) 93 (15.0) 109 (18.5)

eGFR (MDRD), mL/min/1.73 m2 61.8 ± 28.5 61.8 ± 28.0 51.4 ± 21.7 51.1 ± 21.7 45.3 ± 18.1 44.2 ± 17.2

eGFR (MDRD), mL/min/1.73 m2, n (%)

≥90 271 (18.5) 276 (18.4) 75 (5.3) 80 (5.7) 17 (2.7) 9 (1.5)

≥60 720 (49.1) 772 (51.4) 455 (32.4) 462 (33.1) 119 (19.1) 103 (17.5)

≥45 to <60 253 (17.2) 237 (15.8) 299 (21.3) 297 (21.3) 138 (22.2) 124 (21.1)

≥30 to <45 298 (20.3) 273 (18.2) 439 (31.2) 419 (30.0) 257 (41.3) 252 (42.8)

<30 196 (13.4) 219 (14.6) 212 (15.1) 217 (15.6) 108 (17.4) 110 (18.7)

UACR, mg/g, median (IQR) 227 (58–1058) 231 (62–950) 139 (39–617) 155 (42–719) 104 (27–405) 96.4 (23–349)

<30, n (%) 233 (15.9) 231 (15.4) 299 (21.3) 290 (20.8) 164 (26.4) 175 (29.7)

30–300, n (%) 581 (39.6) 596 (39.7) 604 (43.0) 587 (42.1) 278 (44.7) 248 (42.1)

>300, n (%) 652 (44.4) 673 (44.8) 502 (35.7) 518 (37.1) 179 (28.8) 166 (28.2)

Missing, n (%) 1 (0.1) 1 (0.1) 0 0 1 (0.2) 0

BMI,a kg/m2 31.6 ± 5.4 31.7 ± 5.5 31.2 ± 5.4 31.4 ± 5.3 30.4 ± 4.7 30.2 ± 5.0

HbA1c, % 8.0 ± 1.0 8.1 ± 1.0 7.9 ± 1.0 7.9 ± 1.0 7.8 ± 0.9 7.7 ± 1.0

Fasting plasma glucose,b mg/dL 154.1 ± 47.1 154.8 ± 47.5 150.5 ± 45.6 150.1 ± 45.2 145.7 ± 43.2 144.6 ± 43.0

Diabetes duration, years 12.8 ± 8.4 12.5 ± 8.2 15.8 ± 9.3 15.7 ± 9.3 18.3 ± 11.6 17.0 ± 10.5

Systolic blood pressure, mmHg 139.5 ± 17.4 139.7 ± 17.9 141.2 ± 18.4 141.0 ± 18.0 140.7 ± 16.9 142.0 ± 18.4

Diastolic blood pressure, mmHg 80.3 ± 10.0 80.4 ± 9.9 76.9 ± 10.3 76.8 ± 10.1 73.8 ± 10.6 74.1 ± 10.9

Heart rate,c beats per min 71.9 ± 12.4 71.5 ± 11.9 68.8 ± 11.9 68.8 ± 12.6 67.2 ± 11.4 67.7 ± 12.2

(Continues)
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placebo-treated participants (HR 0.90; 95% CI 0.74, 1.08).24 There

was no significant interaction between age and treatment effect

(P = 0.9788), with HRs for linagliptin versus placebo 0.87 (95% CI

0.63, 1.21), 0.89 (95% CI 0.67, 1.18) and 0.92 (95% CI 0.63, 1.35)

in participants aged <65, 65 to <75 and ≥75 years, respectively

(Figure 2).

The time to first occurrence of 3P-MACE, its component end-

points and hospitalization for heart failure across these age groups are

summarized in Figure S1 (see Supporting Information).

The key secondary endpoint (death because of kidney disease,

progression to end-stage kidney disease, or a sustained decrease in

eGFR from baseline of ≥40%) occurred in 9.4% and 8.8% of

linagliptin- and placebo-treated participants, respectively (HR 1.04;

95% CI 0.89, 1.22).24 As for 3P-MACE and hospitalization for heart

failure, the treatment effect was consistent across different age

groups for the composite kidney outcome (P = 0.9968 for interaction

between treatment group and age category). HRs for this kidney end-

point for linagliptin versus placebo were 1.05 (95% CI 0.85, 1.29),

1.06 (95% CI 0.81, 1.38) and 1.06 (95% CI 0.64, 1.75) in participants

aged <65, 65 to <75, and ≥75 years, respectively (Figure 3).

The sensitivity analyses of cardiovascular and kidney events

occurring only until permanent treatment discontinuation had very

similar findings to the main analyses, with no significant interaction

between age and the treatment effect of linagliptin, which was consis-

tently neutral (Figure S2; see Supporting Information).

Evaluation of outcomes by use, or not, of metformin at baseline

found no significant interaction, in general, between patient age and

the treatment effect of linagliptin on 3P-MACE or the composite

TABLE 1 (Continued)

Age <65 years Age 65 to <75 years Age ≥75 years

Linagliptin
(n = 1467)

Placebo
(n = 1501)

Linagliptin
(n = 1405)

Placebo
(n = 1395)

Linagliptin
(n = 622)

Placebo
(n = 589)

Total cholesterol,d mg/dL 179.4 ± 52.9 176.6 ± 51.0 169.2 ± 46.7 168.1 ± 44.8 164.3 ± 43.2 164.0 ± 42.1

LDL cholesterol,e mg/dL 96.5 ± 43.3 94.3 ± 42.2 89.7 ± 38.9 88.6 ± 36.5 84.8 ± 35.1 85.5 ± 33.4

HDL cholesterol,f mg/dL 43.7 ± 13.5 43.5 ± 12.6 44.8 ± 12.4 44.7 ± 12.7 46.4 ± 13.0 46.3 ± 13.7

Triglycerides,g mg/dL 209.3 ± 160.7 205.2 ± 162.1 178.8 ± 122.0 177.8 ± 100.3 167.4 ± 88.0 161.8 ± 88.8

Glucose-lowering medication, n (%)

Metformin 893 (60.9) 925 (61.6) 732 (52.1) 749 (53.7) 256 (41.2) 253 (43.0)

Sulphonylurea 470 (32.0) 496 (33.0) 430 (30.6) 460 (33.0) 202 (32.5) 184 (31.2)

Insulin 869 (59.2) 838 (55.8) 832 (59.2) 823 (59.0) 355 (57.1) 334 (56.7)

GLP-1 receptor agonisth 0 0 0 0 0 0

SGLT2 inhibitorh 0 0 0 0 0 0

Antihypertensive medication, n (%) 1392 (94.9) 1430 (95.3) 1345 (95.7) 1360 (97.5) 600 (96.5) 564 (95.8)

ACE inhibitor or ARB 1208 (82.3) 1200 (79.9) 1147 (81.6) 1146 (82.2) 505 (81.2) 452 (76.7)

β-blocker 867 (59.1) 856 (57.0) 839 (59.7) 862 (61.8) 374 (60.1) 355 (60.3)

Diuretic 712 (48.5) 768 (51.2) 780 (55.5) 806 (57.8) 400 (64.3) 362 (61.5)

Calcium antagonist 553 (37.7) 583 (38.8) 613 (43.6) 609 (43.7) 267 (42.9) 254 (43.1)

Aspirin, n (%) 917 (62.5) 946 (63.0) 878 (62.5) 891 (63.9) 371 (59.6) 341 (57.9)

Statins, n (%) 1030 (70.2) 1066 (71.0) 1001 (71.2) 1035 (74.2) 464 (74.6) 422 (71.6)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate;

GLP-1, glucagon-like peptide 1; HbA1c, glycated haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MDRD, Modification of

Diet in Renal Disease study equation; SGLT2, sodium-glucose co-transporter-2; UACR, urinary albumin-to-creatinine ratio.

Note: Data are mean ± SD unless otherwise stated.
aBMI data missing for one patient aged <65 years (placebo), one aged 65 to <75 (placebo) and one aged ≥75 (placebo).
bFasting plasma glucose data missing for 34 patients aged <65 years (21 linagliptin, 13 placebo), 34 aged 65 to <75 (18 linagliptin, 16 placebo) and 11 aged

≥75 (five linagliptin, six placebo).
cHeart rate data missing for 208 patients aged <65 years (91 linagliptin, 117 placebo), 221 aged 65 to <75 (109 linagliptin, 112 placebo) and 87 aged ≥75

(46 linagliptin, 41 placebo).
dTotal cholesterol data missing for 105 patients aged <65 years (43 linagliptin, 62 placebo), 100 aged 65 to <75 (54 linagliptin, 46 placebo) and 83 aged

≥75 (47 linagliptin, 36 placebo).
eLDL cholesterol data missing for 109 patients aged <65 years (47 linagliptin, 62 placebo), 101 aged 65 to <75 (55 linagliptin, 46 placebo) and 34 aged ≥75

(18 linagliptin, 16 placebo).
fHDL cholesterol data missing for 106 patients aged <65 years (44 linagliptin, 62 placebo), 100 aged 65 to <75 (54 linagliptin, 46 placebo) and 34 aged ≥75

(18 linagliptin, 16 placebo).
gTriglyceride data missing for 105 patients aged <65 years (43 linagliptin, 62 placebo), 100 aged 65 to <75 (54 linagliptin, 46 placebo) and 34 aged ≥75

(18 linagliptin, 16 placebo).
hPatients already taking a GLP-1 receptor agonist or SGLT2 inhibitor were excluded from the study by design.
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kidney outcome. However, there was a nominally significant interac-

tion with age for 3P-MACE in patients not taking metformin

(Figure S3; see Supporting Information).

Progression of albuminuria occurred in significantly fewer patients

in the linagliptin group (35.3%) than in the placebo group (38.5%)

(HR 0.86; 95% CI 0.78, 0.95).24 Once again, the treatment effect was

consistent across different age groups for this outcome (P = 0.4318 for

interaction between treatment group and age category). HRs for albu-

minuria progression for linagliptin versus placebo were 0.93 (95% CI

0.79, 1.09), 0.84 (95% CI 0.72, 0.98) and 0.78 (95% CI 0.63, 0.97) in

participants aged <65, 65 to <75 and ≥75 years, respectively.

The HRs for the key secondary endpoint, death because of kidney

disease or end-stage kidney disease, and progression of albuminuria

across age groups are summarized in Figure S4 (see Supporting

Information).

Furthermore, in participants aged ≥75 years, there was also no

increased risk for 3P-MACE, hospitalization for heart failure, or the com-

posite kidney outcome with linagliptin compared with placebo in individ-

uals aged 75 to <80 or ≥80 years (Figure S5; see Supporting Information).

3.3 | Glycaemia and cardiovascular risk factors

There was a significant mean reduction in HbA1c with linagliptin com-

pared with placebo after 12 weeks of treatment: adjusted differences

of −0.50% (95% CI –0.57, −0.44), −0.53% (95% CI –0.60, −0.46)

F IGURE 1 Time to first
occurrence of 3P-MACE by age. CI,
confidence interval; HR, hazard ratio;
3P-MACE, three-point major adverse
cardiovascular event (cardiovascular
death, non-fatal myocardial infarction
or non-fatal stroke)
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and − 0.46% (95% CI –0.57, −0.36) in participants aged <65, 65 to

<75 and ≥75 years, respectively (P < 0.0001 for all). This was at a time

when the protocol indicated that diabetes management was to remain

unchanged and only the study drugs were to be added. The weighted

average difference over the full study duration showed a significant

treatment effect in all age groups (−0.30% to −0.40%; P < 0.0001 for

all) (Figure S6; see Supporting Information).

In each age category, fewer participants in the linagliptin group

than in the placebo group required additional glucose-lowering medi-

cations, including insulin; HRs were 0.71 (95% CI 0.62, 0.83), 0.78

(95% CI 0.67, 0.90) and 0.86 (95% CI 0.68, 1.07) for ages <65,

65 to <75 and ≥75 years, respectively (Figure S7; see Supporting

Information).

There were no meaningful changes from baseline in body weight,

blood pressure or lipids in any treatment group or age category during

the study (data not shown), and the weighted average mean differ-

ence across the study between the linagliptin and placebo groups was

not significant for any of these parameters in any age group (Table S2;

see Supporting Information).

3.4 | Adverse events

More older participants reported adverse events than those aged

<65 years; however, within each age category, the percentage of the

linagliptin group reporting adverse events was generally comparable

F IGURE 2 Time to first
occurrence of hospitalization for heart
failure by age. CI, confidence interval;
HR, hazard ratio
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with the placebo group (Table 2). Slightly fewer participants in the

linagliptin group reported adverse events leading to discontinuation

of study drug or serious adverse events, compared with the placebo

group (Table 2).

Hypoglycaemia occurred in less than one-third of participants in

all age groups at a similar incidence in the linagliptin and placebo arms,

despite better glucose control in the former (Table 2). Severe

hypoglycaemia occurred in <4% of participants aged <80 years at a

similar incidence with linagliptin or placebo. In those aged ≥80 years,

severe hypoglycaemia was more common than in the younger age

groups, occurring in 5.5% of the linagliptin group and 6.3% of the pla-

cebo group (Table 2).

Hypersensitivity reactions and cancer occurred in only a low num-

ber of participants, and their incidence was generally balanced between

linagliptin and placebo across all age groups (Table 2). A small number

of pemphigoid cases occurred (n = 7), all of which were in linagliptin-

treated participants aged ≥65 years (zero, two, three and two cases in

those aged <65, 65 to <75, 75 to <80 and ≥80 years, respectively).

4 | DISCUSSION

The older participants in CARMELINA® comprise one of the highest-

risk cohorts studied in cardiovascular outcomes trials of glucose-

F IGURE 3 Time to first
occurrence of the key secondary
kidney composite endpoint† by age.
CI, confidence interval; HR, hazard
ratio. †Death because of kidney
disease, progression to end-stage
kidney disease, or a sustained
decrease in estimated glomerular
filtration rate from baseline of ≥40%
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lowering drugs conducted following the US Food and Drug Adminis-

tration (FDA) requirement for such drugs to demonstrate cardiovas-

cular safety.30 The overall rate of 3P-MACE in the placebo group

(5.6 participants per 100 patient-years24) was higher than in most

other cardiovascular outcomes trials, while the rate in participants

aged 65 to <75 or ≥75 years was even higher: 6.0 and 8.0, respec-

tively, compared with 4.4 in those aged <65 years. Thus, age exacer-

bated the already high cardiovascular risk conferred by the

comorbidities of established CVD with albuminuria and/or kidney

disease required for inclusion in this trial. Our analysis found that

even in such high-risk older patients, including those aged >75 years,

linagliptin did not increase the risk of atherosclerotic cardiovascular

events, heart failure or adverse kidney outcomes. Furthermore,

linagliptin improved glycaemic control compared with placebo in all

age groups without increasing the risk of hypoglycaemia or most

other adverse events.

Chronic kidney disease is highly prevalent among older people

with T2D. CARMELINA® studied an enriched study population for

kidney disease and was thus able to evaluate kidney outcomes

robustly. With no increase in adverse kidney events, linagliptin

exhibited renal safety in all age groups, including older participants

who had reduced kidney function (mean eGFR of approximately

45–50 mL/min/1.73 m2), hence advancing the evidence base in this

older population.

TABLE 2 Adverse events by age

Age <65 years Age 65 to <75 years Age 75 to <80 years Age ≥80 years

n (%) of patients
Linagliptin
(n = 1467)

Placebo
(n = 1501)

Linagliptin
(n = 1405)

Placebo
(n = 1395)

Linagliptin
(n = 402)

Placebo
(n = 397)

Linagliptin
(n = 220)

Placebo
(n = 192)

Overall summary

Any AE 1087 (74.1) 1142 (76.1) 1093 (77.8) 1084 (77.7) 340 (84.6) 333 (83.9) 177 (80.5) 164 (85.4)

Serious AE 466 (31.8) 518 (34.5) 545 (38.8) 548 (39.3) 176 (43.8) 178 (44.8) 106 (48.2) 99 (51.6)

AE leading to discontinuation 108 (7.4) 146 (9.7) 164 (11.7) 168 (12.0) 52 (12.9) 57 (14.4) 35 (15.9) 31 (16.1)

Selected AEs

Hypoglycaemiaa 403 (27.5) 425 (28.3) 429 (30.5) 423 (30.3) 141 (35.1) 117 (29.5) 63 (28.6) 59 (30.7)

Plasma glucose <54 mg/dL or

severeb
210 (14.3) 242 (16.1) 233 (16.6) 218 (15.6) 76 (18.9) 73 (18.4) 38 (17.3) 39 (20.3)

Severeb 39 (2.7) 37 (2.5) 40 (2.8) 45 (3.2) 15 (3.7) 14 (3.5) 12 (5.5) 12 (6.3)

Hypersensitivity reactionsc 38 (2.6) 39 (2.6) 44 (3.1) 42 (3.0) 22 (5.5) 20 (5.0) 10 (4.5) 8 (4.2)

With concomitant ACE inhibitor/

ARB use at baseline

28 (2.3d) 32 (2.7d) 33 (2.9d) 35 (3.1d) 17 (5.4d) 13 (4.2d) 9 (4.8d) 5 (3.5d)

Cancere,f 21 (1.4) 37 (2.5) 65 (4.6) 59 (4.2) 16 (4.0) 23 (5.8) 14 (6.4) 15 (7.8)

Colon cancerg 3 (0.2) 2 (0.1) 2 (0.1) 3 (0.2) 0 2 (0.5) 1 (0.5) 1 (0.5)

Pancreatic cancer

(adjudication-confirmed)h
2 (0.1) 2 (0.1) 7 (0.5) 0 2 (0.5) 1 (0.3) 0 1 (0.5)

Gastric cancerg 0 2 (0.1) 0 1 (0.1) 0 0 0 0

Pemphigoidg 0 0 2 (0.1) 0 3 (0.7) 0 2 (0.9) 0

Skin lesionsi 1 (0.1) 1 (0.1) 0 0 2 (0.5) 0 2 (0.9) 0

Acute pancreatitis

(adjudication-confirmed)f,h
3 (0.2) 3 (0.2) 3 (0.2) 2 (0.1) 2 (0.5) 0 1 (0.5) 0

Chronic pancreatitis

(adjudication-confirmed)f,h
0 1 (0.1) 0 1 (0.1) 2 (0.5) 1 (0.3) 0 0

Note: MedDRA Version 20.1 was used to classify AEs.

Abbreviations: ACE, angiotensin-converting enzyme; AE, adverse event; ARB, angiotensin-receptor blocker; MedDRA, Medical Dictionary for Regulatory

Activities; SMQ, Standardized MedDRA Query.
aAny investigator-reported hypoglycaemia AE.
bAny hypoglycaemia AE requiring the assistance of another person to administer actively carbohydrate, glucagon or other resuscitative actions.
cNarrow SMQ: “hypersensitivity”.
dPercentage of the number of patients on ACE inhibitor/ARB at baseline in the respective treatment and age group, not the total number.
eSMQ “Malignant Tumours” and SMQ “Tumours of unspecified malignancy”.
fAll events from first intake of study drug onwards were included for cancer and pancreatitis (unlike other AEs for which events up to 7 days after

permanent treatment discontinuation were included).
gMedDRA preferred term.
hAdjudicated by an independent clinical events committee blinded to treatment assignment.
iNarrow SMQ: “severe cutaneous adverse reactions”.
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Safety is of paramount concern for the management of elderly

people with T2D, who are a fast-growing proportion of the patient

population with T2D yet have been largely understudied to date.

Because of the paucity of studies evaluating glucose-lowering drugs in

older people, there was little specific guidance in this area before the

European Diabetes Working Party for Older People published guide-

lines in 2011.6 This was followed by other national and international

guidelines and position statements either dedicated specifically to older

age groups or including a consideration of patient age, such as those

from the American Diabetes Association (ADA)/European Association

for the Study of Diabetes (EASD),9,19 International Diabetes

Federation,11 Japan Diabetes Society/Japan Geriatrics Society,13 Amer-

ican Geriatrics Society,10 Endocrine Society17 and others.8,12,14-16,18 In

general, these guidelines emphasize that the safety of glucose-lowering

treatment should be the primary consideration in older people, particu-

larly the frail elderly with comorbidities who have a high risk of adverse

events and may have a limited life expectancy. Indeed, the incidence of

adverse events in CARMELINA® was higher in older than younger age

groups, but was generally similar within each age group in the linagliptin

and placebo arms. Importantly, there was no increase in hypoglycaemia

with linagliptin in older participants, either overall episodes or severe

hypoglycaemia in particular despite this DPP-4 inhibitor reducing over-

all HbA1c by at least 0.3% over the study period.

It is noteworthy that the improved glycaemic control with

linagliptin occurred despite the CARMELINA® trial being designed to

achieve similar glucose lowering in both treatment arms (glycaemic

equipoise) by encouraging study investigators to optimize glycaemic

control for all participants. Most other cardiovascular outcomes trials

in T2D have also found glycaemic differences between the active

treatment and placebo arms, despite being similarly designed to

achieve glycaemic equipoise. This phenomenon may reflect the clinical

inertia often seen among physicians treating people with T2D in clini-

cal practice.31,32

The guidelines on older people with T2D also generally suggest

that their glycaemic goals may be relaxed compared with younger

patients. Their HbA1c target is usually recommended to be 7.5%–

8.0%, in contrast to the target of <7.0% normally set for younger dia-

betic individuals. However, this recommendation is partly suggested

for safety reasons, mainly to avoid hypoglycaemia. Indeed, several

guidelines recommend a lower HbA1c target for non-frail older dia-

betic individuals using modern medications that do not cause

hypoglycaemia, such as DPP-4 inhibitors.13,15-17 In fact, the guidelines

also emphasize that glycaemic control should not be abandoned in

older people, as chronic hyperglycaemia is associated with complica-

tions such as dehydration, urinary infections, dizziness, falls and acute

hyperglycaemic crises (diabetic ketoacidosis, hyperglycaemic hyper-

osmolar syndrome and hyperosmolar ketoacidosis). With this in mind,

it is notable that the glycaemic reductions with linagliptin in older par-

ticipants in the CARMELINA® trial achieved mean HbA1c levels in the

7.0%–8.0% range, as recommended by most guidelines.

Apart from being informative for management of the older individ-

ual with T2D, our subgroup analysis is also relevant in the context of

the current consensus report from the ADA and EASD.33,34 This report

recommends that people with T2D and indicators of high cardiovascu-

lar risk, established CVD, heart failure or chronic kidney disease, includ-

ing older individuals, who have insufficient glycaemic control from

metformin alone should receive second-line treatment with a glucose-

lowering drug with proven cardiovascular, heart failure or chronic kid-

ney disease benefit, such as an SGLT2 inhibitor or GLP-1 receptor ago-

nist.33,34 For people unable to tolerate these drugs, or needing third-

line therapy, the report recommends other glucose-lowering drugs with

proven cardiovascular safety.33,34 Our analysis of CARMELINA® data

by participant age suggests that linagliptin has cardiovascular safety in

older people at very high cardiovascular risk, even those aged

>75 years, as well as in younger individuals. The data on heart failure

are particularly reassuring given the concern about this arising from the

cardiovascular safety studies of saxagliptin35 and alogliptin.36

Our analysis has some specific strengths and limitations. The par-

ent study was a rigorously designed and well-conducted randomized

clinical trial that fulfilled the criteria for demonstrating cardiovascular

safety mandated by the FDA30 and the European Medicines

Agency.37 With no upper age limit, its inclusion of a large number of

older individuals, notably >1200 participants aged >75 years

and >400 aged >80 years, facilitated our prespecified analysis of out-

comes by participant age. Furthermore, unlike most other cardiovas-

cular outcomes trials of glucose-lowering drugs, CARMELINA® was

designed to include people with chronic kidney disease as well as to

evaluate adverse renal outcomes, both of which are prevalent among

the elderly population in clinical practice. Among the limitations, the

nature of an event-driven trial in a high-risk population means that

although its duration (median 2.2 years) was sufficient to establish

cardiovascular and kidney safety, it might have been too short to

uncover potential cardiorenal benefits of linagliptin manifesting over

the longer term. Finally, as CARMELINA® was not a dedicated study

in the elderly, frailty and functional status were not assessed. How-

ever, CARMELINA® did include a unique preplanned cognition sub-

study, with cognitive function tests being conducted at baseline and

the end of treatment. This substudy found a neutral effect on cogni-

tive function over time with linagliptin, including in the subgroups

aged <70 and ≥70 years.38

In conclusion, our prespecified analysis has demonstrated that

linagliptin treatment in older people with T2D, established CVD with

albuminuria and/or chronic kidney disease did not increase their car-

diorenal risk compared with placebo, but did improve their glycaemic

control without increasing the risk of hypoglycaemia. These findings

should be informative for clinicians managing older individuals

with T2D.
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