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Summary
Objectives:	Although	many	newer	diabetes	medications	have	become	available	in	
the	 last	 decade,	most	 have	not	been	widely	 studied	 in	populations	with	 chronic	
kidney	 disease	 under	 routine	 care.	 Linagliptin,	 a	 recently	 marketed	 dipeptidyl	
peptidase	4	 (DPP-4)	 inhibitor,	 is	 the	only	agent	 in	the	U.S.	 that	does	not	require	
dose	adjustment	in	patients	with	diabetes	mellitus	type	2	(T2DM)	and	renal	impair-
ment.	We	sought	to	describe	baseline	kidney	function	and	other	key	characteristics	
among	patients	with	diabetes	mellitus	type	2	(T2DM)	initiating	linagliptin	and	other	
diabetes	medications,	and	to	explore	prescribing	patterns	among	T2DM	patients	
with moderate to severe renal impairment before and after the launch of 
linagliptin.
Design:	Using	a	population-based	cohort	study	design	nested	in	a	large	U.S.	com-
mercial	healthcare	dataset	linked	to	laboratory	values,	we	described	characteris-
tics of T2DM patients initiating linagliptin and other diabetes medications between 
May	2011	(launch	of	linagliptin)	and	September	2015.	We	also	explored	prescrib-
ing trends among T2DM patients with moderate to severe renal impairment 
(ICD-9	 diagnosis	 code	 585.3x-6x)	 who	 initiated	 linagliptin	 and	 other	 diabetes	
medications	 between	 January	 2006	 to	 September	 2015	 (before	 and	 after	 the	
launch	of	linagliptin).
Patients:	 We	 identified	 1,174,476	 T2DM	 patients	 initiating	 a	 diabetes	 medication	
(28,900	linagliptin	 initiators)	between	05/2011-09/2015.	We	also	 identified	100,847	
T2DM patients with moderate to severe renal impairment initiating a diabetes agent 
between	01/2006-09/2015.
Results and Conclusion:	 Among	 patients	 initiating	 newer	 diabetes	medications	 be-
tween	 05/2011-09/2015,	 those	 initiating	 linagliptin	 had	 the	 highest	 prevalence	 of	
moderate	 to	severe	 renal	 impairment,	 suggesting	preferential	prescribing	 in	 routine	
care.	DPP-4	inhibitors	overall	were	among	the	most	frequently	chosen	agents	among	
T2DM	 patients	 with	 moderate	 to	 severe	 renal	 impairment	 between	 01/2006-
09/2015.	Further	investigation	of	the	safety	and	effectiveness	of	DPP-4	inhibitors	in	

www.wileyonlinelibrary.com/journal/edm2
http://orcid.org/0000-0003-2424-2453
http://creativecommons.org/licenses/by-nc/4.0/
mailto:cgopalakrishnan@bwh.harvard.edu


2 of 5  |     PATORNO eT Al.

routine care of T2DM patients with renal impairment is needed to either corroborate 
or discourage current prescribing patterns.
K E Y W O R D S

channelling,	linagliptin,	other	antidiabetic	medications,	renal	impairment,	type	2	diabetes

1  | INTRODUCTION

Type	2	diabetes	mellitus	(T2DM)	is	a	leading	cause	of	chronic	kid-
ney	 disease	 (CKD)	 in	 the	United	 States,	with	 approximately	 40%	
of diabetes patients having CKD.1 Reduced renal function can 
complicate	diabetes	management	resulting	in	an	increased	risk	of	
adverse	events,	 for	 example	 severe	hypoglycaemia,	 or	decreased	
efficacy.	Although	many	newer	diabetes	medications	have	become	
available	in	the	last	decade,	most	have	not	been	widely	studied	in	
CKD	populations	under	 routine	 care,	 leaving	 clinicians	 caring	 for	
these	patients	with	little	evidence	regarding	best	practices,	partic-
ularly	 in	patients	with	more	 severe	 renal	 impairment.	Among	 the	
recently	marketed	medications,	 linagliptin,	 a	dipeptidyl	peptidase	
4	(DPP-	4)	inhibitor,	is	the	only	agent	in	the	United	States	that	does	
not	require	dose	adjustment	 in	T2DM	patients	with	renal	 impair-
ment,	suggesting	it	may	be	preferentially	prescribed	among	these	
patients.

We	 sought	 to	 describe	 baseline	 kidney	 function	 and	 other	 key	
characteristics among T2DM patients initiating linagliptin and other 
diabetes	 medications	 and	 to	 explore	 prescribing	 patterns	 among	
T2DM patients with moderate to severe renal impairment before and 
after the launch of linagliptin.

2  | METHODS

Within	a	 large	U.S.	 commercial	 insurance	data	 set	 (Clinformatics™ 
DataMart;	 OptumInsight,	 Eden,	 Prairie,	 MN,	 USA),	 we	 identified	
T2DM	patients	(ICD-	9	diagnosis250.x0	or250.x2)	initiating	linaglip-
tin	or	other	diabetes	agents	between	05/2011	 (linagliptin	 launch)	
and	 09/2015	 (Table	1),	 with	 no	 use	 of	 that	 agent	 in	 the	 previ-
ous	 6	months.	 Patient	 characteristics	 were	 measured	 during	 the	
6	months	prior	to	treatment	 initiation,	and	for	approximately	30%	
of	the	population,	included	baseline	estimated	glomerular	filtration	
rate	(eGFR)2	and	haemoglobin	A1c	(HbA1c).	In	a	separate	cohort	of	
T2DM	patients	with	moderate	 to	 severe	 renal	 impairment	 (ICD-	9	
diagnosis	code	of	CKD	stage	3	or	higher	 [585.3x-	6x]),	patterns	of	
diabetes therapy initiation before and after the launch of linagliptin 
(01/2006-	09/2015)	were	plotted	by	year	for	DPP-	4	 inhibitors	 (by	
class	and	individual	agents),	metformin,	2nd	generation	sulphonylu-
reas,	GLP-	1	receptor	agonists,	glitazones,	SGLT-	2	inhibitors,	megli-
tinides and insulin.

3  | RESULTS

Of	1	174	476	T2DM	patients	initiating	a	diabetes	medication	between	
05/2011	and	09/2015,	28	900	(2.5%)	were	linagliptin	initiators.	The	
proportion	of	baseline	kidney	disease	(overall	kidney	dysfunction,	any	
stage	of	CKD,3	respectively)	was	higher	among	patients	initiating	lina-
gliptin	(22.4%,	12.9%),	meglitinides	(28.7%,	16.7%)	or	insulin	(27.0%,	
13.5%),	 resulting	 in	 a	 higher	 burden	of	 comorbidities4 compared to 
patients	 initiating	other	diabetes	medications.	 In	particular,	 patients	
initiating	 linagliptin,	 meglitinides	 or	 insulin	 had	 higher	 proportions	
of	baseline	CKD	stage	3	or	higher	or	eGFR	<60	mL/min	per	1.73	m2 
(Table	1).

When assessing the prescribing patterns among T2DM patients 
with	 moderate	 to	 severe	 renal	 impairment	 between	 01/2006	 and	
09/2015	 (N	=	100	847),	 initiation	 of	 DPP-	4	 inhibitors,	 metformin	
and	SGLT-	2	 inhibitors	 increased	over	 time,	whereas	 initiation	of	 sul-
phonylureas,	glitazones,	meglitinides	and	insulin	decreased	(Figure	1).	
After	its	launch,	linagliptin	use	among	T2DM	patients	with	moderate	
to	 severe	 renal	 impairment	 increased	over	 time,	whereas	 the	use	of	
other	DPP-	4	inhibitors	either	decreased	(sitagliptin	and	saxagliptin)	or	
remained	stable	(alogliptin)	(Figure	1).	Secondary	analyses	restricted	to	
patients	with	baseline	eGFR	<60	mL/min	per	1.73	m2 confirmed ob-
served	utilization	trends.

4  | DISCUSSION

Among	patients	 initiating	newer	diabetes	medications,	 those	 initi-
ating linagliptin had the highest prevalence of moderate to severe 
renal	 impairment,	 suggesting	 preferential	 prescribing	 in	 routine	
care. These patterns should be accounted for in the design of non-
interventional studies related to linagliptin. Despite the increase in 
linagliptin	use,	insulin,	sulphonylureas,	metformin	and	other	DPP-	4	
inhibitors,	 that	 is	 sitagliptin,	 remain	 the	 most	 frequently	 chosen	
agents among T2DM patients with moderate to severe renal im-
pairment. While the choice of traditional antidiabetic agents that 
is	insulin,	short-	acting	sulphonylureas	and	meglitinides	is	acknowl-
edged,5 and the increasing role of metformin has been previously 
observed,6,7	 the	prominent	role	of	DPP-	4	 inhibitors	among	T2DM	
patients	with	kidney	disease	in	recent	years	has	been	largely	undoc-
umented.	 Such	extensive	use	 in	 clinical	 practice	 is	 unforeseen,	 as	
the	data	on	the	effects	of	DPP-	4	inhibitors	in	patients	with	diabetes	
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and	 kidney	 dysfunction	 in	 routine	 care	 are	 limited,	 and	 current	
guidelines do not specifically recommend the preferential use of 
these agents over alternative treatments in this population.5,8 In the 
light	of	this,	further	investigation	of	the	safety	and	effectiveness	of	
DPP-	4	 inhibitors	 in	 the	 routine	 care	of	T2DM	patients	with	 renal	
impairment is sorely needed to either corroborate or discourage 
current prescribing patterns.
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