










Figure 2—A: Time to first occurrence of albuminuria progression (change from normo- to micro- or macroalbuminuria or from micro- to
macroalbuminuria) for linagliptin vs. placebo by eGFR subgroups. B: Overall effects on eGFR (MDRD) slope from baseline to last value on
treatment and by eGFR category G# 2 to$G4 for linagliptin (Lina) vs. placebo (pbo). C: Overall change from baseline in eGFR (MDRD) over time
for linagliptin vs. placebo and comparison of acute vs. chronic slope differences. *P for interaction.MMRM,mixedmodel for repeatedmeasures;
OC, observed case.
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Figure3—A: HbA1cover timebyeGFR45mL/min/1.73m2subgroups for linagliptinvs.placebo.B:New introductionofanyglucose-loweringmedications
by eGFR45mL/min/1.73m2 subgroups for linagliptin vs. placebo.C: Time to initiationof long-termuseof insulin or long-termdose increase in insulin by
eGFR 45 mL/min/1.73m2 subgroups for linagliptin vs. placebo. D: Occurrence of hypoglycemia by eGFR 45 subgroups for linagliptin vs. placebo.
MedDRA, Medical Dictionary for Regulatory Activities.
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2.5-fold more frequently, respectively,
relative to those with eGFR $45 mL/
min/1.73 m2 (Fig. 3D).

AEs

In line with the overall safety results, the
frequency of occurrence of investigator-
reported AEs, serious AEs, and AEs lead-
ing to study drug discontinuation for
patients treated with linagliptin versus
placebo in CARMELINA did not differ
among treatment groups by renal func-
tion, but those with the lowest renal
function generally had a higher fre-
quency of AEs (Supplementary Table I1).

CONCLUSIONS

The CARMELINA trial was deliberately
enriched for participants with reduced
kidney function. As a result of this en-
richedpopulation, this trial capturedmore
renal outcomes than most CV outcome
trials of glucose-lowering therapies and
found no overall effect on the main com-
posite renal outcome comprised of the
composite of renal death, ESKD, or sus-
tained $40% reduction in eGFR from
baseline. It also demonstrated that li-
nagliptin did not increase CV risk among
people with reduced kidney function,
including participantswith an eGFR,45
mL/min/1.73 m2 for whom few data
have previously been collected. Finally,
linagliptin treatment was associated with
improvements in glycemic control, with-
out increasing hypoglycemia risk, as well
as albuminuria, across all levels of kidney
function. The former led to a reduction in
the need for other glucose-lowering ther-
apies, including insulin addition and upti-
tration, both overall and in people with
reduced kidney function.
These results from CARMELINA are

important, as peoplewith reduced kidney
function have limited glucose-lowering
therapy options, as a number of agents
are contraindicated or require dose
reduction (12,24,25). This is particularly
true for those with eGFR ,45 mL/min/
1.73 m2. Furthermore, people with re-
duced kidney function are at increased
riskofdrug-relatedadverseeffects (25), so
it is particularly important to obtain spe-
cific safety data in this population (12,13).
Most glucose-lowering trials of DPP-4i
(26–29) have included modest numbers
ofparticipantswithCKD,andvery fewwith
advanced CKD, in contrast to CARME-
LINA, in which recruitment of people with
CKD was a prespecified goal (22). In this

context, the present results expand the
evidence base among DPP-4i specifically
for linagliptin and demonstrate its CV
safety in CKD, including those with an
eGFR ,45 mL/min/1.73 m2. Of note,
despite a previous trial indicating an in-
creased risk of hospitalization for HF with
another DPP-4i, saxagliptin, and suggest-
ing that this might be particularly true for
peoplewithCKD (27,30), CARMELINAalso
demonstrates that linagliptin does not
increase the risk of HF overall (8,22) or in
the subset of participants with reduced
kidney function.

In addition, the present results dem-
onstrate that the glucose-lowering efficacy
of linagliptin was preserved in partic-
ipants with reduced kidney function. The
glycemic benefits also translated into a
reduced need for other glucose-lowering
therapies, including insulin, without
increasing risk for hypoglycemia. Although
SGLT2 inhibitors are now advocated to be
used relatively early in type 2 diabetes,
because they have been shown to prevent
or slowdown theprogressionof CVandHF
events and CKD (2–4,31), their glucose-
lowering efficacy diminishes with reduced
eGFR; in this context, linagliptin may have
an important role, as it improves glycemic
control and reduces the need for insulin
without increasing the risk of hypoglyce-
mia (2–4,31)and, incomparisonwithother
DPP-4i, does not require any dose adjust-
ment with declining renal function.

A neutral effect on the main renal com-
posite outcome was observed, despite a
significant though modest reduction in
albuminuria burden. Of note, in an ex-
ploratory analysis, this reduction in albu-
minuria was not driven by changes in
glycemic control, which is interesting
and aligns with some mechanistic data
suggesting that linagliptin has nongly-
cemic kidney effects (e.g., via attenua-
tion of podocyte injury or inhibition of
myofibroblast transformation [32] or in-
hibition of endothelial-to-mesenchymal
transition and restoration of miRNA-29s
[33]); however, this trial cannot address
mechanisms potentially underlying this
observation. These results, therefore, both
expand and are broadly consistent with
previous large trials of DPP-4i, in which
modest effects on albuminuria were ob-
served, without any clear benefits on
excretorykidney function (34,35), althougha
modest acute reduction in GFR during
the first 4 weeks in those with the least
reduced renal function at baseline occurred

(i.e., intheG#2group),whichdidnot leadto
anoverallGFRdifference.Similarresultswere
observed in the Trial Evaluating Cardiovas-
cular Outcomes With Sitagliptin (TECOS)
(34) and Examination of Cardiovascular
OutcomeswithAlogliptin versus Standard
of Care (EXAMINE) (28). Potential reasons
for a mild acute GFR reduction in those
with normal or better preserved renal
function could be remission of hyperfil-
tration, possibly related to an early na-
triuretic effect mediated by stromal cell–
derived factor-1a (36), or indirectly via
the two- to threefold increase in GLP-1,
which induces natriuresis by reducing the
Na/H exchange transporter isoform 3–
dependent sodium reabsorption in the
proximal tubule or via modulation of$1
of the .40 other substrates metabo-
lized by DPP-4, including high-mobility
group protein box 1 (37), which this trial
cannot provide a definitive answer for.
While the data on GLP-1 receptor ago-
nists are more mixed, with some sugges-
tion of possible renal benefit reported
(38,39), theLiraglutideEffectandAction in
Diabetes: Evaluation of Cardiovascular Out-
come Results (LEADER) trial observed the
largest number of major renal outcomes in
trials of theGLP-1 receptor agonist class and
did not demonstrate clear benefit for
either persistent doubling of creatinine
(184 events; HR 0.89 [95%CI 0.67, 1.19])
or ESKD (120 events; HR 0.87 [95% CI
0.61, 1.24]) (38). Notably, the com-
pleted outcome trials with GLP-1 re-
ceptor agonists were not powered for
kidney outcomes anddid not specifically
enroll patients with CKD, as CARMELINA
did. Although reduction in albuminuria
has been proposed as an independent
surrogateforhardkidneyoutcomes(40),a
potential reason for the lackof clear effect
onmajor renal outcomes inCARMELINA is
that thealbuminuria reductionwassmaller
than those observed with other renopro-
tective therapies, specifically angiotensin
receptor blockade (41) or SGLT2 inhibitors
(42,43). Alternatively, it can be argued
that the observation time may also have
been too short to demonstrate benefit
in CARMELINA, particularly in light of the
modest albuminuria reduction observed.

The strengths of this analysis include
the large number of participants with
reduced kidney function. The trial was
conducted toahigh standardandachieved
the planned number of CV and renal
outcomes, and these renal outcomes
were prospectively captured, centrally
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adjudicated, and prespecified along with
subgroupanalysesbybaselinekidney func-
tion. The trial also had some limitations.
The median follow-up was only 2.2 years,
with 1.9 years for the key kidney outcome,
and beyond the key kidney outcome, we
only report secondary analysis. In addition,
the trial excluded people with a baseline
eGFR ,15 mL/min/1.73 m2 and those
receiving dialysis, so the generalizability
of the present results to a broader pop-
ulation is uncertain, although smaller
studies specific to thesepopulations have
been previously conducted (44). Further
prospective trials designed to assess kid-
ney effects of linagliptin should ensure
sufficient follow-upandrepresentationof
people with eGFR,15 mL/min/1.73 m2.
In conclusion, results from CARME-

LINA provide evidence of the potential
for linagliptin having an important role
in type2diabeteswithCKDby improving
glucose control, reducing albuminuria
regardless of baseline eGFR, and reduc-
ing the need for other glycemic thera-
pies including insulin, without increasing
CV risk and with no significant overall
effect on kidney outcomes.
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