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Summary
Aims: To	assess	the	effect	of	duration	of	hyperglycaemia	before	basal	insulin	(BI)	ini‐
tiation	on	clinical	outcomes	in	type	2	diabetes	(T2D).
Materials and methods: Patients	with	T2D	who	initiated	BI	during	2009‐2013,	had	
continuous	 enrolment	 for	 ≥2	years	 preceding	 and	 ≥1	year	 following	 BI	 initiation	
(“index	 date”),	 and	 had	 ≥1	 glycated	 haemoglobin	 (A1C)	measure	 not	 at	 target	 (ie,	
≥7.0%)	 within	 6	months	 preindex	 date	 were	 included	 in	 the	 study.	 Patients	 were	
stratified	by	preindex‐date	duration	of	A1C	≥7.0%.	Longitudinal	A1C,	weight,	BMI,	
and	 diabetes	 medication	 were	 compared	 between	 cohorts	 for	 up	 to	 15‐month	
follow‐up.
Results: Of	37	053	patients	who	 initiated	BI,	40.7%,	15.3%,	16.0%,	 and	28.0%,	
respectively,	 had	 uncontrolled	 A1C	 for	 <6,	 6‐<12,	 12‐<18	 and	 18‐24	months	
	preindex	 date.	 Baseline	 characteristics	 were	 similar	 between	 cohorts.	 Baseline	
A1C	values	were	similar	across	cohorts	(9.2%‐9.6%).	Mean	follow‐up	A1C	values	
were	higher	with	longer	preindex‐date	duration	of	uncontrolled	A1C	(8.0	±	1.7%,	
8.2	±	1.6%,	8.5	±	1.7%,	and	8.6	±	1.7%	for	<6,	6‐<12,	12‐<18,	and	18‐24	months);	
attainment	 of	 A1C	 <7.0%	 worsened	 with	 increasing	 preindex‐date	 duration	 of	
A1C	≥7.0%	 (29.6%,	 20.0%,	 14.6%,	 and	 11.5%	 for	 <6,	 6‐<12,	 12‐<18,	 and	
18‐24	months).
Conclusions: These	data	suggest	that	longer	duration	of	uncontrolled	A1C	before	BI	
initiation	increases	the	risk	of	not	reaching	glycaemic	targets.	However,	target	attain‐
ment	was	poor	in	all	cohorts,	highlighting	inadequate	glycaemic	control	as	an	impor‐
tant unmet need in US patients with T2D.
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1  | INTRODUCTION

Type	2	diabetes	(T2D)	is	a	chronic	condition	frequently	character‐
ized	by	progressive	worsening	of	glycaemic	control.	The	long‐term	
positive effects of early interventions to correct hyperglycaemia 
have	been	recognized	since	the	publication	of	the	10‐year	follow‐
up	of	the	United	Kingdom	Prospective	Diabetes	Study	(UKPDS).1 
Among	patients	with	newly	diagnosed	T2D	who	were	randomized	
to	intensive	therapy	(insulin,	sulphonylurea,	or	metformin)	or	di‐
etary	restriction,	long‐term	benefits	of	intensive	therapy	in	terms	
of	microvascular	 risk	 (vitreous	 haemorrhage,	 retinal	 photocoag‐
ulation,	 or	 renal	 failure),	 myocardial	 infarction,	 and	 death	were	
evident even though differences in glycaemic control between 
groups	quickly	disappeared	after	trial	end.	More	recently,	 in	the	
ORIGIN	trial,	patients	with	T2D	who	were	assigned	to	early	inter‐
vention	with	insulin	glargine	were	more	likely	to	maintain	glycae‐
mic	control	for	5	years	than	those	randomized	to	standard	care.2

Many	 patients	with	 T2D	 ultimately	 require	 insulin	 therapy	 for	
adequate	control	of	hyperglycaemia.	However,	despite	 the	proven	
clinical	benefits	of	 insulin	for	patients	with	T2D,	patients	and	phy‐
sicians are often reluctant to initiate insulin—principally due to an 
interplay	of	attitudes	related	to	injectable	therapy,	treatment	com‐
plexity,	 and	 negative	 perceptions	 toward	 the	meaning	 and	 conse‐
quences	of	insulin	initiation.3‐8

Real‐world	data	to	illustrate	the	effect	of	duration	of	hypergly‐
caemia	and	the	extent	of	clinical	inertia,	including	the	effects	of	gly‐
caemic	 control,	 in	 patients	with	T2D	would	 be	 useful.	 The	 aim	of	
the current study was to examine the effects of different durations 
of hyperglycaemia on glycaemic control clinical treatment outcomes 
following	initiation	of	basal	insulin	(BI).

2  | MATERIALS AND METHODS

2.1 | Study data source

This retrospective analysis used data derived from electronic medi‐
cal	records	(EMRs)	within	the	GE	Centricity	platform.	GE	Centricity	is	
a	large	platform	used	by	35	000	clinicians	to	manage	data	from	over	
17	million	patients	across	the	USA.9 The database comprises a broad 
range	of	clinical	and	demographic	information.	Further,	the	data	are	
captured	longitudinally,	so	long‐term	outcomes	can	be	studied.

2.2 | Study population

Data	 were	 selected	 from	 patients	 with	 ≥1	 diagnosis	 of	 T2D	
(ICD‐9‐CM	codes	250.x0	or	250.x2)	between	January	1,	2007,	and	
December	31,	2014	(Figure	1A).	Patients	who	initiated	BI	and	who	
did	 not	 concomitantly	 receive	 a	 glucagon‐like	 peptide‐1	 receptor	
agonist	(GLP‐1	RA)	or	a	rapid‐acting	insulin	on	the	index	date	were	
eligible.	The	date	of	first	prescription	of	BI	was	defined	as	the	“index	
date.”	Patients	had	 to	have	≥24	months	of	 continuous	health‐plan	
enrolment	 preindex	 date	 and	 ≥12	months	 postindex	 date.	 All	 pa‐
tients	 were	 required	 to	 have	 ≥1	 glycated	 haemoglobin	 (A1C)	 test	

value	of	≥7.0%	within	the	6	months	preindex	date	and	including	the	
index	date.	Follow‐up	A1C	values	were	 reported	only	 for	patients	
who	had	≥1	follow‐up	value	and	were	persistent	to	BI	 therapy	for	
≥12	months.	The	closest	A1C	value	before	(or	on)	the	index	date	was	
used as the index date value.

Patients	 were	 stratified	 by	 duration	 of	 uncontrolled	 A1C	 (de‐
fined	as	≥7.0%	for	<6,	6‐<12,	12‐<18,	and	18‐24	months)	during	the	
2‐year	baseline	period.	Specifically,	 repeated	A1C	values	 recorded	
during the 24 months preindex date were evaluated based on in‐
creasing time from the index date. Patients were considered to have 
uncontrolled	A1C	until	they	had	an	A1C	value	<7.0%.	Patients	with	
no	controlled	A1C	values	 (eg,	no	 recorded	value	<7.0%	during	 the	
24	months	 preindex	 date)	 were	 considered	 to	 have	 uncontrolled	
A1C	 for	 18‐24	months.	 Patients	 with	 a	 single	 uncontrolled	 A1C	
value	within	6	months	preindex	date,	with	no	data	available	for	the	
remaining	baseline	period,	were	conservatively	classified	in	the	<6‐
month	cohort.	When	patients	had	a	controlled	A1C	value(s)	within	
the	baseline	period,	the	time	of	the	closest	uncontrolled	A1C	value	
before	 the	 index	date	was	used	 for	 classification.	All	 patients	had	
uncontrolled	A1C	values	exclusively	(ie,	A1C	≥7.0%)	from	the	cate‐
gorization	date	up	to	the	index	date.

Persistence was calculated as the duration of days from initiation 
to	discontinuation	of	therapy	postindex	date.	BI	initiation	was	iden‐
tified	based	on	a	physician	order	for	BI.	Each	physician	order	and	a	
corresponding number of refills prescribed were assumed to cover a 
30‐day	supply.	Patients	were	assumed	to	be	persistent	to	BI	until	the	
assumed days’ supply of the order plus the number of days’ supply 
covered	by	any	refills	or	subsequent	orders	ran	out.	Patients	were	
considered	to	have	discontinued	treatment	with	BI	if	the	physician	
entered	a	medication	stop	date	for	BI	(regardless	of	any	remaining	
days’	supply	or	refills)	or	if	the	days’	supply	for	the	initial	order,	plus	
any	 refills	 or	 new	 orders,	 ran	 out	without	 the	 presence	 of	 a	 new	
order or refill.

The	 following	 key	 baseline	 data	 were	 collected:	 age	 (at	 the	
index	date);	 sex;	 race;	weight;	BMI;	blood	pressure	 (values	closest	
to	 the	 index	date,	maximum	180	days	before	the	 index	date);	A1C	
(all	values	during	the	2	years	prior	to	the	index	date);	comorbidities	
and	 Charlson	 comorbidity	 index	 (CCI)	 score	 (during	 the	 6	months	
	preindex	date);	and	diabetes	medications	(during	the	2	years	prior	to	
but	excluding	the	index	date	and	on	the	index	date).

2.3 | Outcome measures

The following outcomes were studied for eligible patients in each 
of	 the	 four	cohorts:	A1C,	weight,	BMI,	blood	pressure,	and	diabe‐
tes	medications.	A1C	data	 reported	were:	average	A1C	during	 the	
730‐366	days	 preceding	 the	 index	 date;	 average	 A1C	 during	 the	
365	days	up	to	and	including	the	index	date;	the	last	A1C	value	be‐
fore	the	 index	date;	the	most	recent	A1C	values	during	days	1‐93,	
94‐184,	185‐276,	and	277‐365,	respectively,	for	patients	who	were	
persistent	 to	BI	 for	≥90,	≥180,	≥270,	and	≥360	days;	and	the	final	
A1C	value	during	≥12	up	to	15‐month	follow‐up	(only	for	patients	
who	were	persistent	to	BI	for	≥360	days).
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Weight,	BMI,	and	blood	pressure	data	were	reported	at	baseline	
(last	value	before	the	index	date)	and	12‐month	follow‐up	(last	value	
up to 15 months postindex date for patients who were persistent to 
BI	for	≥360	days.

2.4 | Data analyses

Descriptive	 analyses	 of	 patient	 demographics,	 clinical	 character‐
istics,	 and	 treatment	 characteristics	 included	means	 and	 standard	
deviations	(SDs)	of	continuous	variables	and	frequency	distributions	
for categorical variables.

3  | RESULTS

3.1 | Patient selection and baseline characteristics

Of	over	22	million	patients	with	≥1	diagnosis	of	T2D,	37	053	were	
eligible	for	inclusion,	of	whom	15	081	(40.7%),	5662	(15.3%),	5939	

(16.0%),	and	10	371	(28.0%),	respectively,	had	uncontrolled	A1C	for	
<6,	6‐<12,	12‐<18,	and	18‐24	months	(Figure	1B).

The	mean	±	SD	(range)	age	of	the	overall	population	was	60	±	12	
(6‐80)	years;	 50.2%	 were	 female,	 with	 little	 variation	 by	 cohort	
(Table	 1).	 Among	 those	 with	 known	 race,	 83.0%	 were	 white	 and	
14.9%	were	black,	with	little	variation	by	cohort.

Mean	A1C	(last	value	before	the	index	date)	was	slightly	 lower	 in	
the	6‐	to	<12‐month	cohort	than	in	the	other	three	cohorts	 (9.2%	vs	
9.5%‐9.6%;	 Table	 1).	Mean	weight	 decreased	 slightly	with	 increasing	
uncontrolled	A1C	duration,	 but	mean	BMI	was	 similar	 in	 all	 cohorts.	
Most	patients	were	obese	(67.8%	had	a	BMI	≥30	kg/m2)	or	overweight	
(24.0%	had	a	BMI	25‐<30	kg/m2).	Other	than	diabetes,	the	most	com‐
mon	Charlson	comorbidity	was	chronic	pulmonary	disease	(19.4%).	This,	
along	with	the	various	other	comorbidities,	was	slightly	more	common	
in	the	6‐	to	<12‐month	cohort,	resulting	in	a	slightly	higher	mean	CCI	
score	in	this	cohort	than	in	the	other	three	cohorts	(1.1	vs	1.0;	Table	1).

During	the	2	years	preindex	date,	the	most	common	antidiabe‐
tes	drugs	used	were	biguanides	(47.4%)	and	sulphonylureas	(43.0%),	

F I G U R E  1   (A)	Trial	design	and	(B)	patient	disposition.	Abbreviations:	A1C,	glycated	haemoglobin;	d,	days;	GLP‐1	RA,	glucagon‐like	
peptide‐1	receptor	agonist;	mo,	months;	T2D,	type	2	diabetes;	y,	years.	†Index date = date of basal insulin prescription
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followed	by	dipeptidyl	peptidase‐4	inhibitors	(21.9%)	and	thiazoli‐
dinediones	(20.4%;	Figure	2A).	Fewer	patients	in	the	<6‐month	co‐
hort received antidiabetes drugs during the 2 years preindex date 
compared	with	patients	in	the	other	three	cohorts	(Figure	2A).	Any	
oral	 treatment	was	 reported	 for	58.2%	of	 those	 in	 the	<6‐month	
cohort	vs	70.7%,	73.2%,	and	69.3%,	 respectively,	of	 those	 in	 the	
6‐	to	<12‐,	12‐	to	<18‐,	and	18‐	to	24‐month	cohorts.	At	index	date,	
diabetes	drug	use	in	the	<6‐month	cohort	had	increased	to	levels	
approaching	those	in	the	other	three	cohorts	(Figure	2B).

3.2 | Basal insulin persistence

In	the	overall	cohort,	94.0%	of	patients	were	persistent	to	BI	for	
≥90	days	 in	 the	 first	3	months,	90.0%	 for	≥180	days	 in	 the	 first	
6	months,	86.9%	for	≥270	days	in	the	first	9	months,	and	85.8%	
for	 ≥360‐day	 follow‐up.	 Within	 the	 four	 cohorts	 at	 each	 time	
point,	 persistence	 remained	 high	 (>80%)	 and	was	 similar	 across	
the	cohorts,	with	a	trend	towards	a	longer	uncontrolled	A1C	pe‐
riod	being	associated	with	increased	persistence	(83.8%,	86.3%,	

TA B L E  1  Baseline	demographics	and	clinical	characteristics,	stratified	by	duration	of	uncontrolled	A1C	target

Characteristic

Duration of uncontrolled A1C

Overall 
(n = 37 053)

<6 mo 
(n = 15 081)

6‐<12 mo 
(n = 5662)

12‐<18 mo 
(n = 5939)

18‐24 mo 
(n = 10 371)

Age	at	index	date,	years 59.7	±	12.7 61.1	±	11.9 60.5	±	11.7 61.1	±	11.2 60.4	±	12.0

Female 7735	(51.3) 2815	(49.7) 2918	(49.1) 5123	(49.4) 18	591	(50.2)

Race

White 9436	(62.6) 3662	(64.7) 3807	(64.1) 6660	(64.2) 23	565	(63.6)

Black 1897	(12.6) 621	(11.0) 605	(10.2) 1115	(10.8) 4238	(11.4)

Other 206	(1.4) 89	(1.6) 101	(1.7) 188	(1.8) 584	(1.6)

Unknown 3542	(23.5) 1290	(22.8) 1426	(24.0) 2408	(23.2) 8666	(23.4)

Geographic location

North‐east 3874	(25.7) 1670	(29.5) 1757	(29.6) 3215	(31.0) 10	516	(28.4)

South 7692	(51.0) 2621	(46.3) 2707	(45.6) 4612	(44.5) 17	632	(47.6)

Midwest 1601	(10.6) 592	(10.5) 655	(11.0) 1211	(11.7) 4059	(11.0)

West 1914	(12.7) 779	(13.8) 820	(13.8) 1333	(12.9) 4846	(13.1)

A1Ca,	% 9.5	±	1.7 9.2	±	1.7 9.6	±	1.8 9.6	±	1.7 9.5	±	1.9

Weighta,	kg 80.8	±	32.2	
(n	=	10	937)

81.0	±	32.8	
(n	=	4224)

79.0	±	32.1	 
(n	=	4533)

77.3	±	32.1	 
(n	=	7852)

79.6	±	32.3	
(n	=	27	546)

Body	mass	indexa,	kg/m2 34.1	±	7.9	
(n	=	12	263)

34.5	±	7.9	 
(n	=	4734)

34.2	±	7.6	 
(n	=	4995)

33.8	±	7.4	 
(n	=	8777)

34.1	±	7.7	
(n	=	30	769)

Systolic blood pressurea,	mm	Hg 131	±	102	
(n	=	14	469)

129	±	16	 
(n	=	5493)

130	±	17	 
(n	=	5799)

130	±	17	 
(n	=	10	139)

130	±	66	
(n	=	35	900)

Diastolic blood pressurea,	mm	Hg 76	±	17	 
(n	=	14	483)

76	±	14	 
(n	=	5492)

76	±	17	 
(n	=	5803)

76	±	10	 
(n	=	10	135)

76	±	15	
(n	=	35	913)

Charlson	comorbidities	affecting	>3%	of	the	overall	populationb

Diabetes w/o chronic complications 14	656	(97.2) 5515	(97.4) 5792	(97.5) 10	130	(97.7) 36	093	(97.4)

Diabetes with chronic complications 3298	(21.9) 1433	(25.3) 1438	(24.2) 2823	(27.2) 8992	(24.3)

Chronic pulmonary disease 2896	(19.2) 1156	(20.4) 1167	(19.6) 1961	(18.9) 7180	(19.4)

Moderate to severe liver disease 1225	(8.1) 496	(8.8) 485	(8.2) 857	(8.3) 3063	(8.3)

Cerebrovascular disease 1193	(7.9) 505	(8.9) 486	(8.2) 811	(7.8) 2995	(8.1)

Cancer 1054	(7.0) 442	(7.8) 440	(7.4) 721	(7.0) 2657	(7.2)

Congestive heart failure 987	(6.5) 421	(7.4) 342	(5.8) 612	(5.9) 2362	(6.4)

Peripheral vascular disease 831	(5.5) 341	(6.0) 320	(5.4) 592	(5.7) 2084	(5.6)

Renal disease 802	(5.3) 321	(5.7) 296	(5.0) 506	(4.9) 1925	(5.2)

Myocardial infarction 461	(3.1) 219	(3.9) 210	(3.5) 368	(3.5) 1258	(3.4)

Charlson comorbidity index scoreb 1.0	±	1.6 1.1	±	1.6 1.0	±	1.5 1.0	±	1.5 1.0	±	1.5

A1C,	glycated	haemoglobin;	mo,	months;	w/o,	with	or	without.
Data	are	mean	±	standard	deviation	or	n	(%).
aLast	value	before	the	index	date	(inclusive),	maximum	180	days	before	the	index	date.	
bDuring the 6 mo preceding the index date. 
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F I G U R E  2  Proportions	of	patients	receiving	different	antidiabetes	drugs	(A)	during	the	24	mo	before	the	index	date,	(B)	on	the	index	
date,	and	(C)	the	proportions	of	patients	initiating	different	oral	antidiabetes	drugs	during	follow‐up.	A1C,	glycated	haemoglobin;	DPP‐4,	
dipeptidyl	peptidase‐4;	FDC,	fixed‐dose	combination;	mo,	months
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87.2%,	and	87.6%,	respectively,	were	persistent	for	≥360‐day	fol‐
low‐up	 in	 the	<6‐,	6‐	 to	<12‐,	12‐	 to	<18‐,	and	18‐	 to	24‐month	
cohorts).

3.3 | A1C control

During	 the	 1‐2	years	 preindex	 date,	 mean	 A1C	 was	 higher	 in	 the	
12‐	to	<18‐	and	18‐	to	24‐month	cohorts	(Figure	3A).	By	the	index	
date,	mean	A1C	was	similar	across	the	<6‐,	12‐	to	<18‐,	and	18‐	to	
24‐month	cohorts,	but	slightly	lower	in	the	6‐	to	<12‐month	cohort	
(Figure	3A).

Patients	 in	 the	 <6‐month	 cohort	 demonstrated	 the	 best	 gly‐
caemic	 control	 at	 all	 time	 points	 during	 follow‐up,	 followed	 by	
those	in	the	6‐	to	<12‐,	12‐	to	<18‐,	and	18‐	to	24‐month	cohorts	
(A1C	8.0%,	8.2%,	8.5%	and	8.6%,	respectively;	Figure	3A).	Thus,	a	

trend	of	 rising	A1C	was	observed	with	 longer	duration	of	hyper‐
glycaemia.	Similarly,	 achievement	of	A1C	<7.0%	during	 follow‐up	
increased in line with decreased duration of time with uncontrolled 
A1C		preindex	date	(29.6%,	20.0%,	14.6%,	and	11.5%,	respectively,	
in	the	<6‐,	6‐	to	<12‐,	12‐	to	<18‐,	and	18‐	to	24‐month	cohorts;	
Figure	3B).

3.4 | Weight, BMI, and blood pressure

Mean	weight	 increased	slightly	between	baseline	and	follow‐up	 in	
all	 cohorts	 (Figure	 4A).	Mean	±	SD	weight	 gain	 among	 those	with	
both	 baseline	 and	 follow‐up	 weight	 measurements	 (n	=	22	507)	
was	 similar	 across	 cohorts	 (1.4	±	23.7,	 1.1	±	23.8,	 1.5	±	25.0,	 and	
0.8	±	24.0	kg,	respectively,	for	the	<6‐,	6‐	to	<12‐,	12‐	to	<18‐,	and	
18‐	to	24‐month	cohorts).

F I G U R E  3  Longitudinal	(A)	mean	
A1C	values	and	(B)	percentages	of	
patients	with	A1C	<7.0%	before	and	after	
initiation	of	basal	insulin	.	A1C,	glycated	
haemoglobin;	mo,	months.	–24	to	–12:	
mean	of	each	patient’s	average	A1C	
during	730	to	366	days	before	the	index	
date.	–12	to	0:	mean	of	each	patient’s	
average	A1C	during	the	365	days	before	
the	index	date	(inclusive	of	index	date).	
Index:	last	A1C	value	before	the	index	
date (maximum 180 days before the index 
date).0–3,	3–6,	6–9,	and	9–12:	latest	A1C	
value	during	days	1	to	93,	94	to	184,	185	
to	276,	and	277	to	365,	respectively.	
Latest:	last	A1C	value	≥365	days	and	up	to	
15‐month	follow‐up
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BMI	 (mean	±	SD)	 was	 similar	 at	 baseline	 and	 follow‐up	 across	
cohorts	(Figure	4B).	Among	patients	with	both	baseline	and	follow‐
up	 BMI	measurements	 (n	=	26	177),	 mean	±	SD	 BMI	 increase	was	
0.1	±	3.2	kg/m2.	At	follow‐up,	64.7%	of	patients	were	obese,	21.2%	
overweight,	and	14.1%	in	healthy	range.

The apparent discrepancy between small weight gain and similar 
BMI	may	be	due	to	missing	data.	Although	92%	patients	had	a	fol‐
low‐up	BMI	(and	83%	had	a	baseline	BMI),	only	74.34	had	a	baseline	
weight	(and	70%	a	follow‐up	weight).

Among	patients	with	 systolic	blood	pressure	 readings	at	base‐
line	 and	 follow‐up	 (n	=	30	095),	 the	 mean	±	SD	 increase	 was	
0.1	±	92.6	mm	Hg;	 for	 diastolic	 blood	 pressure	 (n	=	30	125),	 the	
mean	decrease	was	0.8	±	16.3	mm	Hg.	There	was	little	clinically	rel‐
evant difference between cohorts.

3.5 | Oral antidiabetes treatment during follow‐up

The mean numbers of oral antidiabetes medications received in the 
baseline	period	were	2.10,	2.32,	2.40,	 and	2.46,	 respectively,	 in	 the	
<6‐,	6‐	 to	<12‐,	12‐	 to	<18‐,	 and	18‐	 to	24‐month	cohorts.	Few	pa‐
tients	 initiated	 additional	 antidiabetes	 drugs	 during	 follow‐up,	 but	
treatment	initiation	was	slightly	more	common	in	the	<6‐month	cohort	
(Figure	2C).

4  | DISCUSSION

In	 this	 retrospective	 cohort	 analysis,	 in	 patients	with	A1C	 >7%	 at	
baseline,	shorter	time	spent	with	uncontrolled	A1C	before	the	initia‐
tion	of	BI	was	associated	with	better	glycaemic	control	and	improved	
achievement	of	target	A1C	during	follow‐up.	Despite	similar	baseline	
A1C	levels	in	the	four	cohorts,	by	the	end	of	up	to	the	12‐month	(up	
to	15‐month)	 follow‐up,	mean	A1C	 levels	were	higher	with	 longer	
duration	of	uncontrolled	A1C	before	initiation	of	BI.	Similarly,	A1C	
target	 attainment	 (<7.0%)	 at	 the	 end	 of	 follow‐up	 worsened	 with	
longer	durations	of	uncontrolled	A1C.

Our results are in line with various studies of patients with T2D 
who	failed	to	reach	target	A1C	with	metformin,	which	reported	that	
earlier intensification results in better glycaemic control. Using US EMR 
data,	Rajpathak	et	al10	 reported	that	additional	oral	therapy	within	3	
vs	10‐15	months	significantly	improved	attainment	of	glycaemic	goals	
(47%	vs	42%).	Pantalone	et	al11 used US EMR data to show that ear‐
lier intensification (mainly additional antidiabetes medication or titra‐
tion	of	metformin	dosage)	vs	after	6	months	 resulted	 in	 significantly	
faster	time	to	A1C	goal	attainment.	Lastly,	Fu	and	Sheehan12 reported 
a	greater	A1C	reduction	among	patients	whose	treatment	was	inten‐
sified	 (oral	 or	 injectable	 drugs)	within	 6	months	 of	 baseline	 (vs	 after	
6	months	or	with	no	intensification)	using	US	insurance	claims	data.

F I G U R E  4  Baseline	and	follow‐up	(A)	
body	weight	and	(B)	BMI	by	time	with	A1C	
≥7.0%	preceding	index	date	and	overall.	
A1C,	glycated	haemoglobin;	BMI,	body	
mass	index;	mo,	months.	Baseline:	last	
value before the index date (maximum 
180	days	before).	Follow‐up:	last	value	
≥365	days	and	up	to	15‐month	follow‐up.	
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Overall,	 it	seems	that	starting	insulin	before	A1C	becomes	too	
high	(≥8.0%)	and	in	a	timely	manner	after	A1C	control	is	lost	is	likely	
to result in better glycaemic control. This may be because patients 
with	a	longer	duration	of	uncontrolled	A1C	before	BI	initiation	may	
have	suffered	more	glucotoxicity,	leading	to	increased	loss	of	β‐cell	
mass.13	This	could	potentially	affect	target	A1C	attainment	or	main‐
tenance of glycaemic control—particularly in those patients receiv‐
ing	insulin	secretagogues	as	next	intensification.	Numerous	studies	
have	 established	 that	 after	 treatment	 intensification,	 delays	 have	
been shown to be associated with poorer response to the added 
therapy.	Thus,	delaying	 treatment	 intensification	exposes	patients	
to avoidable hyperglycaemia both during and after the delays.14‐17 
These results highlight the benefit of early initiation of intensifica‐
tion	 therapy	 in	 patients	 not	 at	 target,	 and	 demonstrate	 that	 pro‐
longed hyperglycaemia may be associated with decreased ability to 
reach target.

It	should	be	noted	that	glycaemic	goal	attainment	was	quite	poor	
(12%‐30%)	 in	 all	 cohorts	 in	 the	 current	 study—this	 is	 in	 line	with	 a	
previous	US	claims	database	analysis	by	Dalal	et	al,18	 in	which	27%	
of	patients	who	initiated	BI	reached	A1C	<7.0%.	It	is	also	in	line	with	
National	Health	and	Nutrition	Examination	Surveys	(NHANES)	data,	
in	which	30%	of	diabetes	patients	on	 insulin	attained	A1C	<7.0%.19 
It	is	also	notable	that	A1C	reductions	observed	in	the	current	study	
occurred	 in	 the	 first	3‐6	months	 following	BI	 initiation,	 after	which	
time	mean	A1C	levels	plateaued.	Similar	results	have	recently	been	re‐
ported	among	a	cohort	of	real‐world	patients	with	T2D	initiating	BI.20

Both	poor	A1C	target	attainment	and	A1C	plateau	may	be	due	to	
insufficient insulin intensification. This reluctance to intensify insu‐
lin	regimens	may	be	due	to	factors	including	fear	of	hypoglycaemia,	
weight	 gain,	 burdensome	 regimens,	 or	 cost.21 In	 this	 regard,	 cur‐
rently	available	second‐generation	BIs	have	sought	to	reduce	hypo‐
glycaemia	risk	without	compromising	A1C	reduction;22,23	however,	
it	remains	to	be	determined	whether	these	novel	insulins	(eg,	insulin	
glargine	300	units/mL	and	insulin	degludec)	will	overcome	such	re‐
luctance to intensify insulin therapy.

The	 duration	 of	 uncontrolled	 A1C	 before	 BI	 initiation	 did	 not	
appear	 to	 differ	 by	 various	 baseline	 factors	 including	 age,	 sex,	
race,	blood	pressure,	and	CCI.	Patients	with	 the	shortest	duration	
of	uncontrolled	A1C	 (<6	months),	however,	used	 fewer	oral	antidi‐
abetes	drugs	 vs	 the	other	 cohorts	 (58.1%	vs	71.0%,	 respectively).	
Additionally,	patients	with	the	longest	duration	of	uncontrolled	A1C	
(18‐24	months)	 were	 more	 likely	 to	 have	 a	 diagnosis	 of	 “diabetes	
with chronic complications” than those with the shorter period of 
uncontrolled	A1C	 (27.2%	vs	21.9%).	More	detailed	 information	on	
the	 types	 of	 complications	 was	 unfortunately	 not	 available,	 but	
these	 results	 are	 in	 line	with	prior	 findings	 that	elevated	A1C	can	
cause	various	microvascular	complications	(eg,	retinopathy,	neurop‐
athy,	and	nephropathy)	and	macrovascular	complications	(eg,	coro‐
nary	artery	disease,	peripheral	arterial	disease,	and	stroke).24

Although	mean	baseline	BMI	was	relatively	consistent	across	co‐
horts,	 patients	 in	 the	 two	 shorter‐duration	 cohorts	 tended	 to	have	
a	 slightly	higher	mean	baseline	weight	 vs	 those	 in	 the	 longer‐dura‐
tion	cohorts.	Among	patients	with	both	baseline	and	follow‐up	BMI	

data,	mean	changes	in	BMI	were	very	small	in	all	four	cohorts.	Among	
patients	 with	 both	 baseline	 and	 follow‐up	 weight	 measurements,	
mean	±	SD	weight	gain	was	1.2	±	24.0	kg.	Clearly,	weight	change	var‐
ied	widely	among	patients,	but	weight	gain	after	initiating	insulin	is	as	
would be expected.25	BMI	data	show	that	67.8%	of	our	study	popula‐
tion	was	obese	at	BI	initiation.	Newer	fixed‐ratio	coformulation	ther‐
apies	using	BI	and	glucagon‐like	peptide‐1	receptor	agonists	can	offer	
an alternative therapy for targeting glycaemic control while mitigating 
or	reducing	weight	gain,	which	may	be	of	use	in	this	population.

Patients	in	the	shortest‐duration	cohort	received	fewer		noninsulin	
diabetes	drugs	during	the	2	years	before	BI	initiation,	presumably	be‐
cause diabetes was diagnosed during this time for some patients. This 
is	supported	by	the	fact	that	only	39.5%	of	patients	in	the	<6‐month	
cohort	had	an	available	A1C	measurement	during	 the	1‐2	years	be‐
fore	their	index	date,	compared	with	56.2%,	100%,	and	100%,	respec‐
tively,	in	the	6‐	to	<12‐,	12‐	to	<18‐,	and	18‐	to	24‐month	cohorts.

4.1 | Limitations

As	with	 all	 retrospective	 observational	 studies,	where	 randomiza‐
tion	 is	not	undertaken,	 there	 is	a	risk	of	selection	bias.	Further,	as	
our aim was to examine the effects of increasing periods of hyper‐
glycaemia	 in	 as	 large	 a	population	 as	possible,	 techniques	 such	 as	
propensity score matching—which may have somewhat ameliorated 
bias—were	not	undertaken.	Also,	as	the	EMR	data	were	office‐based,	
detailed	information	on	other	services	(eg,	inpatient	and	emergency	
department	visits	as	well	as	visits	to	other	health‐care	providers)	is	
limited.	As	data	were	 captured	 in	 real‐world	medical	practice,	not	
all patients had all data available. These missing data could have af‐
fected the results—especially as patients with more severe diabetes 
were	more	 likely	 to	 have	 undergone	more	 regular	 testing,	 or	 less	
testing because of failure to adhere to clinical visit recommenda‐
tions.	Additionally,	persistence	to	treatment	was	based	on	physician	
orders	 for	medication	and	an	assumed	refill	 supply	of	30	days	per	
refill,	and	no	information	was	available	regarding	whether	patients	
took	medication	as	prescribed.	Further,	there	was	a	likely	a	“survivor	
phenomenon” whereby patients who remained on treatment and in 
the	database	could	have	differed	from	those	who	did	not.	However,	
these	 factors	would	 likely	 have	 affected	 all	 four	 cohorts	 similarly.	
Finally,	 the	collection	of	data	relating	to	 insulin	dose	at	 index	date	
and	again	at	follow‐up	would	have	been	useful	in	exploring	the	as‐
sociation	between	diabetes	management,	duration	of	uncontrolled	
A1C,	and	attainment	of	glycaemic	targets.

5  | CONCLUSION

Our	 retrospective,	 real‐world	 data	 analyses	 suggest	 that	 delaying	
treatment	 intensification	 (BI	 initiation	 in	 this	 study)	 increases	 the	
risk	of	not	meeting	glycaemic	targets;	in	addition,	there	is	a	trend	of	
rising	A1C	after	BI	initiation	in	patients	with	longer‐duration	uncon‐
trolled	A1C.	This	does	not	change	significantly,	even	with	continued	
treatment	with	BI	beyond	6	months	up	to	1	year.	Thus,	uncontrolled	
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A1C	 duration	 may	 be	 an	 important	 indicator	 to	 the	 clinician	 and	
could serve as a call to action to review the clinical care and need for 
intensification of therapy. These results point towards the need for 
earlier	therapy	intensification	in	this	population.	Moreover,	our	ob‐
servation	that	attainment	of	A1C	<7.0%	during	follow‐up	increased	
in	line	with	decreased	duration	of	time	with	uncontrolled	A1C	before	
starting	BI	highlights	that	glycaemic	control	does	not	change	much	
after	6	months;	thus,	other	intensification	therapies	are	needed.

While	patients	have	uncontrolled	A1C,	they	are	at	increased	risk	
of	micro‐	and	macrovascular	complications	as	well	 as	disease	pro‐
gression. Such patients would benefit from initiating treatments that 
can	improve	glycaemic	control	without	a	high	risk	of	hypoglycaemia	
or weight gain.

ACKNOWLEDGEMENTS

This study was funded by Sanofi. The authors received writing/
editorial support in the preparation of this manuscript provided by 
Joseph	Worrall,	PhD,	of	Excerpta	Medica,	funded	by	Sanofi.

CONFLICT OF INTEREST

EL	and	AS	are	employees	and	shareholders	of	Sanofi.	LB	has	received	
grant/research	support	from	AstraZeneca,	Janssen	Pharmaceuticals,	
Inc,	 Lexicon	 Pharmaceuticals,	 Inc,	 Merck	 &	 Co.,	 Novo	 Nordisk,	
and	 Sanofi;	 speaker	 honoraria	 from	 AstraZeneca,	 Janssen	
Pharmaceuticals,	Inc,	Merck	&	Co.,	Novo	Nordisk,	Sanofi;	consultant	
honoraria	from	AstraZeneca,	GSK,	Intarcia	Therapeutics,	Inc,	Janssen	
Pharmaceuticals,	Inc,	Merck	&	Co.,	Inc,	Novo	Nordisk,	Sanofi.	BG	is	
an	advisory	panel/board	member	for	Sanofi,	Eli	Lilly,	Novo	Nordisk,	
Novartis,	 GSK,	MSD,	 Boehringer	 Ingelheim,	 AstraZeneca,	 Abbott,	
Medtronic,	Roche	Diagnostics;	a	clinical	 investigator	for	Sanofi,	Eli	
Lilly,	 Novo	 Nordisk,	 GSK,	 BMS,	 AstraZeneca,	 Medtronic,	 Abbott,	
Roche	Diagnostics,	MSD,	Novartis,	Janssen,	Boehringer	 Ingelheim;	
has	received	research	support	from	Medtronic,	Vitalaire,	Sanofi,	Eli	
Lilly,	 Novo	 Nordisk;	 the	 GetGoal‐Duo2	 trial	 (NCT01768559)	 was	
sponsored	by	Sanofi.	JM,	KD,	and	MA	are	employees	of	RTI	Health	
Solutions,	which	received	funding	from	Sanofi.	DR	 is	a	member	of	
advisory	boards/speaker	during	symposia	for	AstraZeneca,	Janssen,	
Lilly,	Novartis,	Novo	Nordisk,	Sanofi.

AUTHOR CONTRIBUTION

EL	 and	 AS	 contributed	 to	 designing	 the	 study.	 AM	 and	 JM	 con‐
tributed	to	designing	the	study	and	acquiring	the	data.	All	authors	
contributed to the data analysis and interpretation and critically re‐
viewed the manuscript.

ETHICAL APPROVAL

This study was conducted in compliance with the ethics guidelines 
for	 research	 in	humans	 as	 recorded	 in	 the	Helsinki	Declaration	of	
1964.	 Given	 the	 observational	 retrospective	 nature	 of	 this	 study,	

individual	consent	was	not	 required	after	ensuring	 for	anonymiza‐
tion of data.

DATA ACCESSIBILITY

All	data	are	included	within	the	manuscript.

ORCID

Denis Raccah  https://orcid.org/0000‐0002‐3769‐8970 

Bruno Guerci  https://orcid.org/0000‐0002‐6211‐464X 

Elisheva Lew  https://orcid.org/0000‐0001‐5097‐0169 

REFERENCES

	 1.	 Holman	RR,	Paul	SK,	Bethel	MA,	Matthews	DR,	Neil	HA.	10‐year	
follow‐up	of	 intensive	glucose	control	 in	type	2	diabetes.	N Engl J 
Med.	2008;359:1577‐1589.

	 2.	 ORIGIN	Trial	 Investigators.	 Characteristics	 associated	with	main‐
tenance	 of	 mean	 A1C	 <6.5%	 in	 people	 with	 dysglycemia	 in	 the	
ORIGIN	trial.	Diabetes Care.	2013;36:2915‐2922.

	 3.	 Korytkowski	M.	When	oral	agents	fail:	practical	barriers	to	starting	
insulin. Int J Obes Relat Metab Disord.	2002;26(Suppl	3):S18‐S24.

	 4.	 Khunti	 K,	 Millar‐Jones	 D.	 Clinical	 inertia	 to	 insulin	 initiation	 and	
intensification in the UK: a focused literature review. Prim Care 
Diabetes.	2017;11:3‐12.

	 5.	 Peyrot	 M,	 Rubin	 RR,	 Khunti	 K.	 Addressing	 barriers	 to	 initiation	
of insulin in patients with type 2 diabetes. Prim Care Diabetes. 
2010;4(Suppl	1):S11‐S18.

	 6.	 Polonsky	WH,	Jackson	RA.	What’s	so	tough	about	taking	insulin?	
Addressing	the	problem	of	psychological	insulin	resistance	in	type	
2 diabetes. Clin Diabetes.	2004;22:147‐150.

	 7.	 Hirsch	 IB,	 Bergenstal	 RM,	 Parkin	CG,	Wright	 E,	 Buse	 JB.	 A	 real‐
world approach to insulin therapy in primary care practice. Clin 
Diabetes.	2005;23:78‐86.

	 8.	 Berard	L,	Bonnemaire	M,	Mical	M,	Edelman	S.	Insights	into	optimal	
basal	 insulin	 titration	 in	 type	2	diabetes:	 results	of	a	quantitative	
survey. Diabetes Obes Metab.	2018;20:301‐308.

	 9.	 GE	Healthcare.	Centricity	electronic	medical	record.	http://www3.
gehealthcare.com/~/media/Downloads/us/Product/Product‐
Categories/Healthcare%20IT/Electronic%20Medical%20Records/
ITP01981010ENUScentricityemrbrochure.pdf?Parent={3F‐
B3AC2B‐38EE‐4838‐B06E‐4472AFC090F0}.	 Accessed	 July	 30,	
2018.

	10.	 Rajpathak	 SN,	 Rajgopalan	 S,	 Engel	 SS.	 Impact	 of	 time	 to	 treat‐
ment intensification on glycemic goal attainment among patients 
with type 2 diabetes failing metformin monotherapy. J Diabetes 
Complications.	2014;28:831‐835.

	11.	 Pantalone	KM,	Wells	BJ,	Chagin	KM,	et	 al.	 Intensification	of	dia‐
betes	therapy	and	time	until	A1c	goal	attainment	among	patients	
with newly diagnosed type 2 diabetes who fail metformin mono‐
therapy within a large integrated health system. Diabetes Care. 
2016;39:1527‐1534.

	12.	 Fu	AZ,	Sheehan	JJ.	Change	in	HbA1c	associated	with	treatment	in‐
tensification among patients with type 2 diabetes and poor glyce‐
mic control. Curr Med Res Opin.	2017;33:853‐858.

	13.	 Tomita	T.	Apoptosis	 in	 pancreatic	β‐islet	 cells	 in	 type	2	diabetes.	
Bosn J Basic Med Sci.	2016;16:162‐179.

	14.	 Nichols	GA,	Conner	C,	Brown	JB.	Initial	nonadherence,	primary	fail‐
ure and therapeutic success of metformin monotherapy in clinical 
practice. Curr Med Res Opin.	2010;26:2127‐2135.

https://orcid.org/0000-0002-3769-8970
https://orcid.org/0000-0002-3769-8970
https://orcid.org/0000-0002-6211-464X
https://orcid.org/0000-0002-6211-464X
https://orcid.org/0000-0001-5097-0169
https://orcid.org/0000-0001-5097-0169
http://www3.gehealthcare.com/~/media/Downloads/us/Product/Product-Categories/Healthcare IT/Electronic Medical Records/ITP01981010ENUScentricityemrbrochure.pdf?Parent={3FB3AC2B-38EE-4838-B06E-4472AFC090F0}
http://www3.gehealthcare.com/~/media/Downloads/us/Product/Product-Categories/Healthcare IT/Electronic Medical Records/ITP01981010ENUScentricityemrbrochure.pdf?Parent={3FB3AC2B-38EE-4838-B06E-4472AFC090F0}
http://www3.gehealthcare.com/~/media/Downloads/us/Product/Product-Categories/Healthcare IT/Electronic Medical Records/ITP01981010ENUScentricityemrbrochure.pdf?Parent={3FB3AC2B-38EE-4838-B06E-4472AFC090F0}
http://www3.gehealthcare.com/~/media/Downloads/us/Product/Product-Categories/Healthcare IT/Electronic Medical Records/ITP01981010ENUScentricityemrbrochure.pdf?Parent={3FB3AC2B-38EE-4838-B06E-4472AFC090F0}
http://www3.gehealthcare.com/~/media/Downloads/us/Product/Product-Categories/Healthcare IT/Electronic Medical Records/ITP01981010ENUScentricityemrbrochure.pdf?Parent={3FB3AC2B-38EE-4838-B06E-4472AFC090F0}


10 of 10  |     RACCAH et Al.

	15.	 Nichols	GA,	Alexander	CM,	Girman	CJ,	Kamal‐Bahl	 S,	Brown	 JB.	
Contemporary	analysis	of	secondary	failure	of	successful	sulfonyl‐
urea therapy. Endocr Pract.	2007;13:37‐44.

	16.	 Nichols	GA,	Kimes	TM,	Harp	JB,	Kou	TD,	Brodovicz	KG.	Glycemic	
response	and	attainment	of	A1C	goals	following	newly	initiated	in‐
sulin therapy for type 2 diabetes. Diabetes Care.	2012;35:495‐497.

	17.	 Desai	U,	Kirson	NY,	Kim	J,	et	al.	Time	to	treatment	intensification	
after	monotherapy	failure	and	its	association	with	subsequent	gly‐
cemic	control	among	93,515	patients	with	type	2	diabetes.	Diabetes 
Care. 2018;41:9.

	18.	 Dalal	 MR,	 Grabner	 M,	 Bonine	 N,	 Stephenson	 JJ,	 DiGenio	 A,	
Bieszk	N.	Are	patients	on	basal	insulin	attaining	glycemic	targets?	
Characteristics and goal achievement of patients with type 2 di‐
abetes	mellitus	treated	with	basal	 insulin	and	physician‐perceived	
barriers to achieving glycemic targets. Diabetes Res Clin Pract. 
2016;121:17‐26.

	19.	 Stark	 Casagrande	 S,	 Fradkin	 JE,	 Saydah	 SH,	 Rust	 KF,	 Cowie	
CC.	 The	 prevalence	 of	 meeting	 A1C,	 blood	 pressure,	 and	 LDL	
goals	 among	 people	 with	 diabetes,	 1988–2010.	 Diabetes Care. 
2013;36:2271‐2279.

	20.	 Blonde	L,	Meneghini	L,	Peng	XV,	et	al.	Probability	of	achieving	gly‐
cemic control with basal insulin in patients with type 2 diabetes in 
real‐world	practice	in	the	USA.	Diabetes Ther.	2018;9:1347‐1358.

	21.	 Russell‐Jones	D,	Pouwer	F,	Khunti	K.	 Identification	of	barriers	 to	
insulin therapy and approaches to overcoming them. Diabetes Obes 
Metab.	2018;20:488‐496.

	22.	 White	Jr	 JR.	Advances	 in	 insulin	 therapy:	a	 review	of	new	 insulin	
glargine	300	units/mL	in	the	management	of	diabetes.	Clin Diabetes. 
2016;34:86‐91.

	23.	 Russell‐Jones	D,	Gall	MA,	Niemeyer	M,	Diamant	M,	Del	Prato	S.	
Insulin degludec results in lower rates of nocturnal hypoglycaemia 
and	fasting	plasma	glucose	vs.	 insulin	glargine:	a	meta‐analysis	of	
seven clinical trials. Nutr Metab Cardiovasc Dis.	2015;25:898‐905.

 24. Stolar M. Glycemic control and complications in type 2 diabetes 
mellitus. Am J Med.	2010;123(3	Suppl):S3‐11.

	25.	 Garber	 AJ,	 Abrahamson	 MJ,	 Barzilay	 JI,	 et	 al.	 Consensus	 state‐
ment	by	the	American	Association	of	Clinical	Endocrinologists	and	
American	College	of	Endocrinology	on	the	comprehensive	type	2	
diabetes	management	algorithm	‐	2018	executive	summary.	Endocr 
Pract.	2018;24:91‐120.

How to cite this article:	Raccah	D,	Guerci	B,	Ajmera	M,	et	al.	
Clinical implications of prolonged hyperglycaemia before 
basal	insulin	initiation	in	type	2	diabetes	patients:	An	
electronic medical record database analysis. Endocrinol Diab 
Metab. 2019;e00061. https://doi.org/10.1002/edm2.61

https://doi.org/10.1002/edm2.61

