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Abstract
Introduction: Longitudinal data on management and progression of type 2 diabetes 
mellitus	(T2DM)	in	India	are	scarce.	LANDMARC	(CTRI/2017/05/008452),	first-	of-	its-	
kind,	pan-	India,	prospective,	observational	 study	aimed	 to	evaluate	 real-	world	pat-
terns	and	management	of	T2DM	over	3	years.
Methods: Adults	(≥25	to	≤60	years	old	at	T2DM	diagnosis;	diabetes	duration	≥2	years	
at	enrolment;	controlled/uncontrolled	on	≥2	anti-	diabetic	agents)	were	enrolled.	The	
first-	year	trends	for	glycaemic	control,	therapy	and	diabetic	complications,	including	
those from metropolitan and non- metropolitan cities are reported here.
Results: Of	6236	enrolled	participants,	5654	completed	1	year	in	the	study.	Although	
the	overall	mean	glycated	haemoglobin	 (HbA1c)	 improved	by	0.5%	 (baseline:	8.1%)	
at	1	year,	only	20%	of	the	participants	achieved	HbA1c	<7%.	Participants	from	met-
ropolitan and non-  metropolitan cities showed similar decrease in glycaemic levels 
(mean	 change	 in	 HbA1c:	 −0.5%	 vs.	 −0.5%;	 p =	 .8613).	 Among	 diabetic	 complica-
tions,	neuropathy	was	the	predominant	complication	(815/6236,	13.1%	participants).	
Microvascular	complications	(neuropathy,	nephropathy	and	retinopathy)	were	signifi-
cantly	(p <	.0001)	higher	in	non-	metropolitan	than	metropolitan	cities.	Hypertension	
(2623/6236,	78.2%)	and	dyslipidaemia	(1696/6236,	50.6%)	continued	to	be	the	most	
commonly	reported	cardiovascular	risks	at	1	year.	After	1	year,	majority	of	the	partici-
pants	were	taking	only	oral	anti-	diabetic	drugs	(OADs)	(baseline:	4642/6236	[74.4%];	
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1  |  INTRODUC TION

Diabetes	mellitus	is	rising	at	an	alarming	rate	worldwide.	As	per	2019	
International	Diabetes	Federation	 (IDF)	 estimates,	 77	million	peo-
ple	were	living	with	diabetes	in	India	in	2019.1 With an age- adjusted 
comparative	prevalence	of	10.4%	in	the	age	group	of	20–	79	years,	
India	has	become	a	major	diabetes	centre	 in	Southeastern	Asia.1–	3 
The	 Indian	 Council	 of	 Medical	 Research-	INdia	 DIABetes	 (ICMR–	
INDIAB)	study	reports	an	overall	diabetes	prevalence	of	7.3%	across	
15	states	of	India.	The	prevalence	in	urban	areas	is	two	times	higher	
than	that	in	rural	areas	(11.2%	vs.	5.2%,	respectively).4	Nearly,	90%	
of the overall diabetes burden is due to type 2 diabetes mellitus 
(T2DM)	cases	owing	to	rapid	global	urbanization,	ageing	and	obesity,	
thus promoting the proliferation of the disease either via genetic in-
heritance or external factors.1

India	 carries	 a	 huge	 burden	 of	 T2DM	 largely	 due	 to	 the	 ‘thin	
outside- fat inside’ phenotype.5–	7	This	 feature	augments	 insulin	 re-
sistance	and	onset	of	T2DM	at	an	early	age,	which	accelerates	the	
risk	 of	 microvascular	 and	 macrovascular	 complications	 and	 ulti-
mately increases the morbidity and mortality rates associated with 
these complications.8–	11	Diabetes	is	often	diagnosed	late	in	India	and	
worsened by vascular complications in the form of metabolic abnor-
malities and angiopathies.8,12,13	 Indians	have	an	 inherent	tendency	
of	 acquiring	 cardiovascular	 (CV)	 risk	 (hypertension,	 dyslipidaemia	
and	albuminuria).14	The	presence	of	both	hypertension	and	dyslip-
idaemia in people with diabetes has additive adverse impact on the 
vascular	 endothelium,	 which	 substantially	 accelerates	 the	 risk	 of	
microvascular	and	macrovascular	complications	such	as	neuropathy,	
nephropathy,	retinopathy,	coronary	heart	disease	and	stroke.15–	17

Although	glycaemic	indices	are	the	primary	focus	of	diabetes	man-
agement,	several	factors	such	as	age,	body	mass	index	(BMI),	high	blood	
pressure,	presence	of	chronic	kidney	disease,	cholesterol	and	triglycer-
ide	levels,	duration	of	diabetes	and	family	history	of	CV	disease	influence	
treatment	 outcomes.	 Considering	 all	 these	 factors,	 a	 patient-	centric	
approach is of utmost importance to achieve glycaemic targets.18–	20	In	
addition,	early	initiation	of	favourable	pharmacotherapy	and	sustained	

glycaemic	control	along	with	lifestyle	change	is	a	well-	known	treatment	
strategy in preventing/delaying vascular complications of diabetes.19–	21 
Overcoming	clinical	inertia	by	early	initiation	of	a	combination	therapy	
or insulin therapy could help in achieving glycaemic targets faster in 
people who are poorly controlled on monotherapy and thus alleviate 
the burden of diabetes- related vascular complications.21,22

Comprehensive,	 robust,	 longitudinal	 and	 long	 duration	 data	 on	
glycaemic,	therapy	and	diabetic	complication	trends	in	people	with	di-
abetes	living	in	different	regions	of	India	(including	metropolitan	and	
non-	metropolitan	cities)	are	unavailable.	Such	data	could	uncover	the	
challenges	hampering	diabetes	care	and	control	 in	India.	Real-	world	
evidence	can	provide	better	insights	into	therapy	patterns	over	time,	
drug	adherence	and	the	course	of	diabetic	complications.	These	data	
will also help to assess the benefits of optimal treatment in preventing 
complications,	 and	 effects	 of	 changing	 or	 customizing	medications	
for	 the	 existing	 diabetes	 condition.	 The	 LongitudinAl	 Nationwide	
stuDy	on	Management	And	Real-	world	outComes	of	diabetes	in	India	
(LANDMARC)	 is	 first-	of-	its-	kind	 national,	 prospective,	 multicentre,	
observational	study	conducted	in	participants	with	T2DM	from	India	
to	understand	the	treatment	patterns,	glycaemic	control	and	diabetes	
complications	 in	a	 real-	world	 setting,	over	a	period	of	3	years.	The	
study protocol23 and baseline data24 have been published earlier. 
The	aim	of	this	1-	year	data	analysis	is	to	understand	the	longitudinal	
trends	in	glycaemic	control,	treatment	pattern,	CV	risk	and	diabetic	
complications	in	adult	Indian	participants	with	T2DM.	In	addition,	this	
1- year data analysis compares the glycaemic status of people with 
T2DM	in	metropolitan	and	non-	metropolitan	cities	of	India.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The	 evaluation	 period	 of	 this	 multicentre,	 prospective,	 observa-
tional	study	was	36	months	(March	2017–	March	2021),	which	was	
divided	into	seven	visits	with	an	interval	of	6	months.	The	results	in	

Funding information
Sanofi 1	year:	4045/6013	[67.3%]),	while	the	proportion	of	those	taking	insulin	along	with	

OADs	 increased	 (baseline:	 1498/6236	 [24.0%]	 vs.	 1	 year:	 1844/6013	 [30.7%]).	
Biguanides	and	sulfonylureas	were	the	most	used	OADs.	The	highest	increase	in	use	
was	seen	for	dipeptidyl	peptidase-	IV	inhibitors	(baseline:	3047/6236	[48.9%];	1	year:	
3529/6013	 [58.7%]).	 Improvement	 in	 all	 glycaemic	 parameters	 was	 significantly	
(p <	 .0001)	higher	in	the	insulin	vs.	the	insulin-	naïve	subgroups;	in	the	insulin-	naïve	
subgroup,	no	statistical	difference	was	noted	in	those	who	received	>3	vs.	≤3	OADs.
Conclusions: First-	year	trends	of	the	LANDMARC	study	offer	insights	into	real-	world	
disease	progression,	suggesting	the	need	for	controlling	risk	factors	and	timely	treat-
ment	intensification	in	people	with	T2DM.
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this	manuscript	represent	the	first	year	(within	a	window	period	of	
−90	days	or	+45	days)	of	the	3-	year	evaluation	period.23

At	 visit	 3,	 the	 endpoints	 assessed	were	 the	 proportion	 of	 par-
ticipants	 with	 macrovascular	 complications	 (CV	 disease	 [CVD]	 and	
peripheral	 vascular	 disease	 [PVD]),	 microvascular	 complications	
(retinopathy,	 nephropathy	 and	 neuropathy),	 CV	 risk	 factors	 (hyper-
tension,	 dyslipidaemia	 and	 albuminuria)	 and	 frequency/severity	 of	
hypoglycaemia	episodes.	The	proportion	of	participants	 taking	oral	
anti-	diabetic	 drugs	 (OADs)	 and	 injectable	 glucose-	lowering	 drugs	
were	also	assessed.	Data	related	to	anthropometry	(weight)	and	gly-
caemic	control	status	(fasting	plasma	glucose	[FPG],	post-	prandial	glu-
cose	[PPG]	and	glycated	haemoglobin	[HbA1c])	were	collected.	The	
glycaemic parameters and the complications amongst participants 
from metropolitan and non- metropolitan sites were also assessed.

2.2  |  Study participants

People	who	were	≥25	and	≤60	years	of	age	at	the	time	of	T2DM	di-
agnosis	were	recruited.	Eligible	participants	were	those	with	T2DM	
for at least 2 years at the time of enrolment and were controlled/un-
controlled	on	≥2	anti-	diabetic	agents.	Participants	who	had	known	
type	 1	 diabetes	mellitus	 (T1DM)	 and	 secondary	 diabetes	 (eg	 ges-
tational	 diabetes	 and	 fibrocalculus	 pancreatic	 diabetes)	 and	 those	
who had limited life expectancy due to terminal diseases were not 
included	in	the	study.	The	details	of	the	study	design,	methodology,	
inclusion/exclusion criteria and statistical analysis have been pub-
lished previously.23,24

The	protocol	 complies	with	 the	Declaration	of	Helsinki	 and	 this	
study	is	conducted	in	accordance	with	the	principles	laid	by	the	18th	
World	Medical	Assembly	(Helsinki,	1964)	and	all	subsequent	amend-
ments.	The	study	is	also	in	accordance	with	the	guidelines	for	Good	
Epidemiology	Practice	 [US	&	European]25,26 and is aligned with the 
local	regulations,	ethics	committee(s)	(institutional	review	board/inde-
pendent	ethics	committee)	and	competent	authorities.	The	study	was	
approved	by	the	ethics	committees	of	all	participating	sites	(or	a	cen-
tral	ethics	committee	where	applicable).	All	the	participants	provided	
written informed consent before data collection/documentation.

2.3  |  Selection of investigators

Investigators	 (general	 practitioners,	 endocrinologists	 and	 diabe-
tologists)	who	were	willing	to	participate	were	selected	based	on	
the	requisite	qualification,	facilities	and	resources	to	conduct	this	
study.	The	selected	450	sites	represent	the	4	geographical	regions	
(East,	West,	North	and	South),	urban/rural	practice,	clinic/hospital	
bases and government/corporate hospital/nursing homes across 
India.

2.4  |  Data collection

Information	related	to	study	endpoints	was	collected	prospectively	
every	six	months	up	to	the	end	of	the	study	at	36	months.	The	study	
design was planned to mirror real- life management of participants 
with	 T2DM;	 therefore,	 no	 assessments	 were	 mandated,	 and	 the	
available	 data	were	 recorded	 in	 electronic-	Case	 Report	 Forms	 (e-	
CRFs).	Data	quality	control	was	performed	by	qualified	designated	
personnel.	Any	adverse	drug	reaction	related	to	any	Sanofi	product	
(clinical	 signs,	 laboratory	 values	 or	 other)	 were	 reported	 and	 fol-
lowed up until the clinical recovery was complete and laboratory 
results	(if	clinically	significant)	had	returned	to	normal,	or	until	pro-
gression	had	been	stabilized.	This	was	a	planned	interim	analysis	to	
assess changes in the disease characteristics from baseline and may 
need modification in the assessment parameters for subsequent in-
terim analyses and the final analysis.

3  |  RESULTS

3.1  |  Demographics and baseline characteristics

Of	the	6236	eligible	participants	enrolled	in	this	study,	5654	com-
pleted	one	year	in	the	study	(Figure	1).	Details	of	demographics	and	
baseline characteristics have been published earlier.24	At	baseline,	
the	mean	(standard	deviation	[SD])	age	of	the	participants	was	52.1	
(9.2)	years	with	57.0%	(3553/6236)	of	the	study	population	in	the	age	

F I G U R E  1 Participants	disposition.	
n = number of participants

Participants recruited
n=6279

Participants enrolled
n=6236

Participants completed
1-year follow-up visit of the study

n=5654

Participants missed
1-year follow-up but 
continued the study

n=357

Participants discontinued 
from the study: n=225
Site withdrawal (n=81)

Lost to follow-up (n=72)
Voluntary withdrawal (n=26)

Other reasons (n=25)
CV death (n=15)

Death (other) (n=6)

Participants not eligible
n=42
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range	of	50–	65	years;	more	than	half	of	the	participants	(3528/6236,	
56.6%)	were	men.	The	mean	 (SD)	baseline	BMI	was	27.2	 (4.6)	kg/
m2,	 and	 majority	 of	 participants	 were	 obese	 (4150/6217,	 66.8%).	
At	baseline,	the	mean	(SD)	duration	of	diabetes	was	8.6	(5.6)	years;	
duration of diabetes was longer in the insulin- treated participants 
compared	with	insulin-	naïve	participants	(mean	[SD]:	11.3	[6.6]	and	
7.7	[5.0]	years,	respectively).	Most	participants	(74.4%,	4642/6236)	
were	 taking	 only	 OADs;	 while,	 24.0%	 (1498/6236)	 were	 taking	
OADs	+	insulin;	0.7%	(45/6236)	were	receiving	OADs	+ non- insulin 
injectable	glucose-	lowering	drugs;	0.4%	(26/6236)	were	using	insulin	
alone;	and	0.4%	(25/6236)	of	the	participants	were	on	OADs	+ insu-
lin +	non-	insulin	injectable	glucose-	lowering	drugs	(Table	S1).

3.2  |  Microvascular and macrovascular 
complications at the end of the first year

At	1	year,	 the	most	 frequently	 reported	microvascular	 complica-
tion	 was	 neuropathy.	 It	 was	 reported	 in	 815/6236	 participants	
(13.1%),	while	nephropathy	was	reported	in	180/6236	participants	
(2.9%)	and	retinopathy	in	152/6236	participants	(2.4%)	(Table	1A).	
Overall,	 42	 new	 cases	 of	 microvascular	 complications	 were	 re-
ported	 in	41	participants	 in	1	year.	Notably,	neuropathy	was	 the	
most	common	 (29	cases),	 followed	by	nephropathy	 (7	cases)	and	
retinopathy	 (6	 cases)	 (Table	 1A).	 At	 1	 year,	 retinopathy	was	 sig-
nificantly	 higher	 in	 the	 HbA1c	 ≥7%	 subgroup	 (p =	 .0115),	 BMI	
≥23	kg/m2	subgroup	(p =	.0035),	and	in	those	with	CV	risk	factors	
(p <	.0001)	(Table	S2).

At	1	year,	 among	 the	newly	 reported	cases	of	macrovascular	
complication,	 cases	 of	 PVD	 were	 reported	 by	 11	 participants,	
myocardial	infarction	by	4	participants,	acute	coronary	syndrome	
(ACS)	by	3	participants	and	stroke	by	2	participants	(Table	1B).	At	
the	end	of	1	 year,	 a	 total	 of	21	deaths	were	 reported,	 of	which,	

15	 deaths	 were	 attributed	 to	 CV	 causes	 (myocardial	 infarction	
[n =	7],	sudden	death	[n =	6],	stroke	and	coronary	artery	procedure	
[n =	1,	each]).	Occurrence	of	each	of	the	macrovascular	complica-
tions	 (PVD,	myocardial	 infarction,	ACS	and	 stroke)	did	not	differ	
greatly	between	the	HbA1c	≥7%	and	<7%	subgroups,	BMI	≥23	and	
<23	kg/m2	subgroups,	and	participants	with	and	without	CV	risk	
(Table	S2).

Although	the	mean	(SD)	HbA1c	improved	by	0.5%	(1.5)	(baseline:	
8.1%	[1.6])	at	the	end	of	1	year,	there	was	an	overall	increase	in	the	
number of participants with microvascular and macrovascular com-
plications	(Table	1A,B	and	Figure	2).

3.3  |  Cardiovascular risk factors

Nearly	half	of	the	participants	had	CV	risk	at	baseline	(3281/6236,	
52.6%),	with	a	marginal	increase	noted	at	1	year	(3355/6236;	53.8%).	
Of	the	55	new	cases	of	CV	risk	factors,	dyslipidaemia	(28	cases)	and	
hypertension	 (25	 cases)	 were	 the	 most	 commonly	 reported	 risk	
factors	 followed	 by	 albuminuria	 (2	 cases)	 (Table	 2).	 Hypertension	
and dyslipidaemia were more common among participants with 
BMI	≥23	kg/m2	than	in	those	with	BMI	<23	kg/m2	(p < .0001 and 
p =	 .0023,	 respectively).	Hypertension	was	 reported	 in	more	men	
than	women	at	1	year	(p =	.0032)	(Table	2).

3.4  |  Glycaemic status

At	1	year,	all	glycaemic	parameters	improved	significantly	from	base-
line	 (mean	 change:	HbA1c:	−0.5	 [1.5]	%;	 FPG:	−12.2	 [53.3]	mg/dl;	
and	PPG:	−17.6	[76.5]	mg/dl;	p <	.0001)	(Figure	2).	On	HbA1c	sub-
group	stratification,	significant	reduction	 in	the	number	of	partici-
pants	was	seen	in	the	subgroups	with	HbA1c	8%–	8.9%	(p =	.0028)	

TA B L E  1 Proportion	of	participants	with	(A)	microvascular	and	(B)	macrovascular	complications	at	baseline	and	at	1	year	(N	=	6236)

Baseline
n (%)

1 year
n (%)

Participants with new complications 1 year
n

(A)	Microvascular	complications

Neuropathy 737	(11.8) 815	(13.1) 29

Nephropathy 154	(2.5) 180	(2.9) 7

Retinopathy 141	(2.3) 152	(2.4) 6

(B)	Macrovascular	complications

Acute	coronary	syndromea 92	(1.5) 95	(1.5) 3

Myocardial	infarctionb 74	(1.2) 78	(1.3) 4

Peripheral vascular diseaseb 45	(0.7) 55	(0.9) 11

Strokeb 30	(0.5) 32	(0.5) 2

Note: Values	are	presented	as	n	(%)	unless	specified	otherwise.	Newly	documented	and	pre-	existing	complications	were	reported	as	incidence	and	
prevalence,	respectively.	This	is	an	interim	analysis	and	possible	modifications	on	variables	and	data	could	be	performed	for	the	subsequent	interim	
analyses and final analysis.
Abbreviations:	N,	number	of	participants	analysed;	n,	number	of	participants	with	non-	missing	results	at	the	visit.
aComplications	are	part	of	the	definition	for	the	secondary	endpoint.
bComplications	are	part	of	the	definition	for	the	primary	endpoint.
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and	 HbA1c	 ≥9%	 (p <	 .0001)	 with	 more	 participants	 entering	 the	
HbA1c	7%–	7.9%	 (p <	 .0001)	 subgroup.	However,	only	20%	of	 the	
participants	achieved	the	optimum	glycaemic	control	(HbA1c	<7%)	
at	1	year	(Figure	S1).	There	was	significant	improvement	(decrease)	

in	the	levels	of	glycaemic	parameters	at	1	year	in	insulin-	naïve	as	well	
as	 in	 subgroups	 receiving	 insulin	 (insulin,	 premix	 insulin	 and	 basal	
long- acting insulin; p < .0001 for all except p =	.0002	for	PPG	lev-
els	in	the	premix	insulin	subgroup)	(Table	3).	At	1	year,	the	number	

F I G U R E  2 Change	in	glycaemic	parameters	at	the	end	of	1	year.	Values	are	presented	as	mean	±	standard	deviation.	FPG,	fasting	plasma	
glucose;	HbA1c,	glycated	haemoglobin;	n,	number	of	participants	analysed;	PPG,	postprandial	glucose

HbA1c (%) FPG (mg/dL) PPG (mg/dL)
H

bA
1c

(%
)

FP
G

 (m
g/

dL
)

PP
G

 (m
g/

dL
)

7.3

7.4

7.5

7.6

7.7
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TA B L E  2 Summary	of	CV	risk	factors	at	1	year	by	HbA1c,	BMI	and	gender	(N	=	6236)

CV risk factors

Total
N = 6236

Baseline 1 year
Participants with new CV 
risk factors at 1 year

Total	number	of	CV	risk	factors,	Ne 4419 4547 55

Participants	with	CV	risk	factors 3281	(52.6) 3355	(53.8) 54

Hypertensionb 2566	(78.2) 2623	(78.2) 25

Dyslipidaemiab 1635	(49.8) 1696	(50.6) 28

Albuminuriab 153	(4.7) 160	(4.8) 2

Family	History	of	PCDb 65	(2.0) 65	(1.9) –	

No	complications 2564 –	 –	

Unknownc 391 –	 –	

Risk factors

HbA1c 
<7%
n (%)

HbA1c 
≥7%
n (%)

p- 
Valuea

BMI <23 kg/
m2

n (%)

BMI ≥23 kg/
m2

n (%)
p- 
Valuea

Men
n (%)

Women
n (%) p- Valuea

Hypertension 511	(8.2) 1259 
(20.2)

.3775 297	(4.8) 2017	(32.3) <.0001 1427	(22.9) 1196 
(19.2)

.0032

Dyslipidaemia 353	(5.7) 839	(13.5) .9898 203	(3.3) 1322	(21.2) .0023 955	(15.3) 741	(11.9) .7958

Albuminuria 1	(0.0) 9	(0.1) .2985 0	(0.0) 10	(0.2) .3793 4	(0.1) 6	(0.1) .3469

F/H	of	PCD 9	(0.1) 38	(0.6) .1145 6	(0.1) 49	(0.8) .3240 40	(0.6) 25	(0.4) .4170

Note: Values	are	presented	as	n	(%)	unless	specified	otherwise.
Abbreviations:	BMI,	body	mass	index;	CV,	cardiovascular;	F/H,	family	history;	HbA1c,	glycated	haemoglobin;	N,	number	of	participants	analysed;	n,	
number	of	participants	with	non-	missing	results	at	the	visit;	Ne,	number	of	events;	PCD,	premature	coronary	disease
ap-	Values	are	reported	from	Fisher's	test	if	the	cell	frequency	is	lesser	than	5.	p- values are reported using the χ2	test	otherwise.	The	null	hypothesis	is	
that	there	is	no	difference	between	the	two	population	proportions.	The	p-	values	reported	are	not	adjusted	for	inflation	in	Type	I	error.
bPercentages are calculated at baseline based on N =	3281	and	at	1	year	based	on	N = 3355.
cParticipants	who	had	chosen	‘No’	and	‘Unknown’	for	multiple	complications	are	counted	under	‘Unknown’.
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of participants with microvascular and macrovascular complications 
were	more	in	those	with	HbA1c	≥7%	than	those	with	HbA1c	<7%	
(Table	S2).

3.5  |  Vascular complications and glycaemic trends 
in metropolitan versus non- metropolitan cities

The	baseline	age,	duration	and	HbA1c	parameters	were	compara-
ble across participants of non- metropolitan and metropolitan cities 
(Table	S3A).	The	number	of	diabetes	complications	in	metropolitan	
and	non-	metropolitan	cities	increased	over	a	period	of	1	year.	The	
microvascular	complications,	neuropathy,	nephropathy	and	retinop-
athy were significantly higher in non- metropolitan vs. metropolitan 
cities	(p <	.0001)	(Table	S3B).	Among	macrovascular	complications,	

the	number	of	participants	with	ACS	was	significantly	higher	in	non-	
metropolitan	than	in	metropolitan	cities	(p <	.05)	(Table	S3B).

At	1	year,	a	decrease	was	noted	in	all	glycaemic	parameters	in	both	
subgroups,	in	non-	metropolitan	and	metropolitan	cities.	However,	the	
difference	in	fall	of	HbA1c	from	baseline	between	non-	metropolitan	
and	 metropolitan	 cities	 was	 not	 significant	 (mean	 [95%	 CI]:	 −0.5%	
[−0.5,	−0.4]	vs.	−0.5%	[−0.5,	−0.4],	p =	.8613).	Similarly,	the	difference	in	
change	from	baseline	for	FPG	and	PPG	between	the	non-	metropolitan	
and	metropolitan	cities	was	also	not	significant	(p >	.05)	(Table	S3A).

3.6  |  Anti- diabetic treatment therapies

At	 1	 year,	 the	 proportion	 of	 participants	 taking	 OAD	+	 insulin,	 in-
creased	(baseline:	1498/6236	[24.0%]	vs.	1	year:	1844/6013	[30.7%]),	

TA B L E  3 Comparison	of	glycaemic	assessments	between	baseline	and	at	1	year	by	therapy	group	(N	=	6236)

Therapy group
Glycaemic 
status

Baseline 1 year
Unadjusted 
p- Valuean Mean (95% CI) n Mean (95% CI)

Insulin-	naïve	at	V1	to	V3 HbA1c	(%) 3027 7.7	(7.7,	7.8) 2875 7.4	(7.3,	7.4) <.0001

FPG	(mg/dl) 3392 135.4	(134.0,	
136.9)

3114 125.4	(124.3,	
126.5)

<.0001

PPG	(mg/dl) 3322 194.3	(192.1,	
196.5)

3053 179.9	(178.1,	
181.6)

<.0001

Insulin	at	V1	to	V3 HbA1c	(%) 1036 8.7	(8.6,	8.8) 997 8.1	(8.0,	8.2) <.0001

FPG	(mg/dl) 1164 155.4	(152.0,	
158.8)

1169 137.6	(135.1,	
140.1)

<.0001

PPG	(mg/dl) 1150 226.0	(221.3,	
230.7)

1150 200.7	(197.2,	
204.2)

<.0001

≤3	OADs	at	V1,	V2	and	V3	among	
insulin-	naïve

HbA1c	(%) 1941 7.6	(7.6,	7.7) 1898 7.3	(7.3,	7.3) <.0001

FPG	(mg/dl) 2161 133.6	(131.8,	
135.5)

2075 123.2	(122.0,	
124.4)

<.0001

PPG	(mg/dl) 2101 190.2	(187.5,	
192.9)

2005 176.5	(174.5,	
178.5)

<.0001

>3	OADs	at	V1,	V2	and	V3	among	
insulin-	naïve

HbA1c	(%) 503 7.9	(7.7,	8.0) 496 7.5	(7.4,	7.6) <.0001

FPG	(mg/dl) 577 137.4	(134.0,	
140.8)

535 129.9	(126.8,	
133.1)

.0027

PPG	(mg/dl) 564 199.3	(194.3,	
204.3)

538 184.3	(179.8,	
188.7)

<.0001

Basal	long-	acting	insulin	at	V1	to	V3 HbA1c	(%) 369 8.7	(8.5,	8.8) 372 8.0	(7.8,	8.1) <.0001

FPG	(mg/dl) 405 153.5	(147.8,	
159.3)

394 133.6	(129.6,	
137.6)

<.0001

PPG	(mg/dl) 400 227.3	(218.9,	
235.7)

375 192.0	(186.7,	
197.3)

<.0001

Premix	insulin	at	V1	to	V3 HbA1c	(%) 387 8.7	(8.5,	8.9) 353 8.1	(8.0,	8.3) <.0001

FPG	(mg/dl) 440 155.7	(150.0,	
161.5)

441 137.8	(133.8,	
141.7)

<.0001

PPG	(mg/dl) 432 224.8	(217.3,	
232.4)

437 204.7	(198.9,	
210.5)

.0002

Abbreviations:	CI,	confidence	interval;	FPG,	fasting	plasma	glucose;	HbA1c,	glycated	haemoglobin;	n,	number	of	participants	analysed;	OAD,	oral	
anti-	diabetic;	PPG,	postprandial	glucose;	V1,	visit	1;	V2,	visit	2;	V3,	visit	3.
ap-	Values	are	reported	using	a	paired	t-	test	with	the	null	hypothesis	that	the	mean	difference	between	the	glycaemic	status	at	baseline	(V1)	and	at	
1	year	(V3)	is	equal.	The	p-	values	reported	are	not	adjusted	for	inflation	in	Type	I	error.
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while	the	proportion	of	those	taking	only	OADs,	decreased	(baseline:	
4642/6236	 [74.4%]	 vs.	 1	 year:	 4045/6013	 [67.3%])	 (Table	 S1).	 The	
number	of	participants	receiving	insulin	or	insulin	along	with	OAD	in-
creased at 1 year with highest increase in the number of participants 
taking	insulin	with	OAD	was	observed	in	the	subgroup	with	diabetes	
for >10	years	 (OAD	+	 insulin:	baseline	690/1728	 [39.9%]	vs.	1	year	
809/1667	[48.5%])	(Table	S1).	Biguanides	and	sulfonylureas	were	the	
most	commonly	prescribed	OADs	at	baseline	and	at	1	year	(biguanides,	
baseline:	5796/6236	[92.9%]	and	1	year:	5620/6013	[93.5%];	sulfony-
lureas,	baseline:	4758/6236	[76.3%]	and	1	year:	4721/6013	[78.5%]).	
The	highest	increase	in	use	was	seen	for	dipeptidyl	peptidase	(DPP)-	IV	
inhibitors	(baseline:	3047/6236	[48.9%]	and	1	year:	3529/6013	[58.7%])	
(Table	S4).	At	1	year,	the	commonly	prescribed	injectables	were	basal	
and	 premix	 insulins	 (basal	 insulin,	 baseline:	 838/6236	 [13.4%]	 and	
1	year:	1130/6013	[18.8%];	premix	insulin,	baseline:	684/6236	[11.0%]	
and	1	year:	818/6013	[13.6%])	(Table	S4).

Improvement	 in	 all	 glycaemic	parameters	 at	 the	 end	of	1	 year	
was significantly higher in the insulin receiving subgroup than in the 
insulin-	naïve	subgroup	(p <	.0001)	(Table	S5).	Numerical	decrease	in	
levels	of	all	glycaemic	parameters	(FPG,	PPG	and	HbA1c)	at	1	year	
was	seen	 in	both,	basal	 long-	acting	 insulin	and	premix	 insulin	sub-
groups.	 Among	 the	 insulin-	naïve	 participants,	 no	 statistical	 differ-
ence	 (p =	 .6872)	was	 noted	 in	 the	mean	HbA1c	 values	 for	 those	
receiving >3	OADs	vs.	≤3	OADs	(Table	S5).

3.7  |  Adverse drug reactions

A	 total	 of	 13	 events	 (12	 participants)	 and	 24	 events	 (15	 partici-
pants)	of	hypoglycaemia	were	 recorded,	during	 the	 first	6	months	
and	 the	 following	 6	 months	 of	 the	 1-	year	 study	 period,	 respec-
tively	(Table	S6).	Four	participants	were	hospitalized	during	the	first	
6 months of the initial year of the study due to myocardial infarction 
(two	participants),	ACS	(one	participant)	and	stroke	(one	participant).	
During	the	latter	6	months,	one	participant	was	hospitalized	due	to	
unstable	angina	(Table	S6).	No	adverse	drug	reactions	related	to	any	
Sanofi product were reported during the first year.

4  |  DISCUSSION

This	 article	 presents	 the	 real-	world	 trends	 observed	 in	 diabe-
tes	 control	 and	 therapies	 in	 the	 LANDMARC	 study	 after	 the	 end	
of	 the	 first	 year,	 involving	 6236	 Indian	 adults	with	 T2DM.	The	1-	
year data also provide a glimpse into the nature of the progression 
of	 vascular	 complications	 and	 accumulation	 of	CV	 risk.	 At	 1	 year,	
only	 20%	participants	 achieved	optimal	 glycaemic	 control	 (HbA1c	
<7%)	 and	 an	 increase	 was	 noted	 in	 the	 number	 of	 participants	
with	diabetes	complications.	Hypertension	and	dyslipidaemia	were	
the	 most	 common	 CV	 risk	 factors,	 observed	 more	 frequently	 in	
participants	 with	 BMI	 ≥23	 kg/m2.	 Additionally,	 participants	 from	
metropolitan and non- metropolitan cities showed similar decrease 
in	 glycaemic	 level;	 but	 microvascular	 complications	 (neuropathy,	

nephropathy	and	retinopathy)	were	significantly	(p <	.0001)	higher	
in non- metropolitan than metropolitan cities.

Hyperglycaemia	leads	to	microvasculopathy	and	macrovasculop-
athy,27 but it is unclear whether the two vasculopathies progress con-
currently	or	one	precedes	the	other.	Consistent	optimal	glycaemic	
control	is	vital	in	preventing	or	delaying	diabetes	complications.	The	
United	Kingdom	Prospective	Diabetes	Study	(UKPDS)	observed	that	
intense	therapy	for	glycaemic	control	reduced	the	risk	of	myocardial	
infarction	(15%;	p =	.01)	and	death	from	any	cause	(13%,	p =	.007)	in	
the	post-	trial	period,	while	the	reduction	in	the	risk	of	microvascular	
disease	persisted	with	enduring	effects	(24%;	p =	.001).28	Similarly,	
a	 meta-	analysis	 of	 four	 randomized	 controlled	 trials	 (ACCORD,	
ADVANCE,	UKPDS	and	VADT)	revealed	that	intensive	glucose	con-
trol compared with less intensive glucose control could reduce the 
relative	risk	for	microvascular	kidney	events	by	20%	(p <	.0001)	and	
eye	events	by	13%	(p =	.04)	but	not	for	microvascular	nerve	events	
(hazard	 ratio:	0.98;	p =	 .68).29 Diabetic neuropathy is prevalent in 
10%	of	people	at	the	time	of	T2DM	diagnosis	and	in	40%–	50%	after	
10 years of diagnosis30;	it	is	even	higher	in	those	with	poorer	HbA1c	
control.	Our	study	is	in	line	with	the	existing	literature.	We	observed	
a greater percentage of neuropathy cases among those with micro-
vascular	 complications	 at	 1	 year.	 American	 Diabetes	 Association	
2020	guidelines	recommend	optimizing	glucose	control	to	slow	the	
progression	of	neuropathy	in	people	with	T2DM.31	The	results	ob-
tained in our study indicate that occurrence of neuropathy is lower 
in	participants	with	HbA1c	<7%	than	in	those	with	HbA1c	≥7%.

In	 this	 study,	 the	 burden	 of	 diabetes	 complications	 persisted	
and	 accumulated,	 and	 it	was	higher	 among	 those	who	were	over-
weight,	had	suboptimal	glycaemic	control	or	displayed	CV	risk	fac-
tors.	 Asians	 have	 a	 lower	 BMI	 but	 higher	 visceral	 fat	 than	 other	
ethnic	groups,	which	makes	them	more	susceptible	to	diabetes,	high	
blood pressure and heart disease.14	Therefore,	 lower	BMI	cut-	offs	
are	applied	to	classify	overweight	(BMI	≥23	kg/m2)	and	obese	(BMI	
≥25	kg/m2)	categories	for	Indians.32	In	the	current	study,	85%	of	the	
participants	with	T2DM	had	BMI	≥23	 kg/m2 and were thus over-
weight	or	obese.	A	higher	number	of	participants	with	BMI	≥23	kg/
m2 reported hypertension or dyslipidaemia after a year than those 
with	BMI	<23	kg/m2.	This	underlines	an	urgent	need	to	modulate	
treatment	in	people	with	T2DM	targeting	glycaemia	and	CV	risk.

This	longitudinal	study	revealed	that	the	burden	of	uncontrolled	
diabetes	 is	 high	 in	 India	 with	 only	 20%	 of	 participants	 achieving	
glycaemic	control	at	1	year	(HbA1c	<7%;	53	mmol/mol).	This	result	
indicates	 a	 lower	percentage	of	 glycaemic	 control	 (HbA1c	≤7%	or	
<7%)	than	that	observed	 in	the	Kerala	study	(HbA1c	≤7%;	28.3%),	
in	 the	 multicentric	 cross-	sectional	 ICMR-	INDIAB	 phase	 I	 study	
(HbA1c	<7%;	31%)	and	that	inferred	from	the	6	months	data	of	the	
national	 diabetes	 registry	 covering	 26	 states	 across	 India	 (HbA1c	
<7%;	23.4%).33–	35	The	difference	in	the	results	could	be	attributed	
to the difference in the settings and designs among these studies. 
High	levels	of	glycated	haemoglobin	persisting	for	more	than	2	years	
can	damage	internal	organs;	a	2%	decrease	in	HbA1c	is	required	to	
prevent organ damage.36	Although	the	levels	of	the	glycaemic	indi-
ces	in	the	present	study	improved	marginally	after	1	year,	the	mean	
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values	remained	suboptimal	(mean	HbA1c	7.6%).	The	study	results	
echo	the	progressive	nature	of	diabetes	that	makes	glycaemic	con-
trol difficult over time as more than half of the participants in this 
study had diabetes for >5	years.	An	earlier	Indian	study	revealed	a	
significant	increase	in	HbA1c	levels	corresponding	to	an	increase	in	
the	duration	of	diabetes	(0–	1	year:	5.9	[2.2]%;	2–	5	years:	7.9	[3.0]%;	
>5	years:	12.8	[2.4]%;	p <	.001).37

A	large	proportion	of	participants	in	our	study	were	taking	OADs	
alone	 at	 baseline	 (74.4%)	 as	well	 as	 at	 1	 year	 (67.3%).	 Biguanides	
(93.5%)	 and	 sulfonylureas	 (78.5%)	 continued	 to	be	 the	most	 com-
monly	 reported	OADs	 at	 the	 end	 of	 1	 year	with	 highest	 increase	
observed	 in	 the	 use	 of	DPP-	IV	 inhibitors	 (baseline:	 3047	 [48.9%];	
1	year:	3529	[58.7%]).	Incretin-	based	therapies,	such	as	DPP-	IV	in-
hibitors,	are	emerging	as	the	preferred	add-	on	option	to	biguanides	
and/or	 SU,	 as	 observed	 from	 the	 1-	year	 longitudinal	 trends,	 for	
T2DM	because	of	their	acceptable	safety	profile.38,39

The	TIGHT	study,	a	retrospective	analysis	of	55,639	of	Indian	
people	with	T2DM,	reported	that	86%	participants	were	consum-
ing	dual	or	multiple	anti-	diabetic	drugs,	which	increased	with	the	
disease duration.21	Most	of	the	participants	who	had	diabetes	for	
2–	10	 years	were	 predominantly	 only	 on	OADs.	 There	were	 par-
ticipants in the study who were on >3	OADs	even	though	guide-
lines	 recommend	 otherwise.	 There	 was	 overall	 no	 difference	 in	
the glucose- lowering effects with a >3	OADs	 vs.	 those	with	 ≤3	
OADs	 in	 insulin-	naïve	 subgroup,	 thereby,	 indicating	 that	 there	
may be no additional glycaemic benefit in adding more than 3 
OADs.	Improvement	in	all	glycaemic	parameters	was	significantly	
higher	in	participants	on	insulin	than	in	the	insulin-	naïve	subgroup	
(p <	 .0001).	 Early	 insulin	 initiation	 and/or	 timely	 intensification	
among	 people	 with	 uncontrolled	 T2DM	 would	 help	 to	 achieve	
rapid	glycaemic	control	and,	 thereby,	prevent	 the	effects	of	pro-
longed glycaemic burden and slow down the disease progres-
sion.40	 The	 findings	 of	 these	 studies	may	 also	 indicate	 a	 clinical	
inertia	prevalent	in	India	related	to	diabetes	management.

A	previous	study	demonstrated	that	people	living	in	metropol-
itan	cities	of	India	are	at	a	high	risk	of	developing	diabetes	which	
increases	with	an	increase	in	BMI.41	Currently,	there	are	no	studies	
that provide information on the comparison between prevalence 
and	 disease	management	 of	 people	with	 T2DM	 in	metropolitan	
vs.	non-	metropolitan	cities	of	 India.	As	a	step	forward,	the	pres-
ent	 data	 demonstrate	 that	 non-	metropolitan	 cities	 in	 India	 have	
a	 higher	 burden	 of	 diabetes	 complications,	 particularly	 micro-
vascular.	At	1	year,	participants	from	both	non-	metropolitan	and	
metropolitan cities showed comparable improvement in glycaemic 
status	 with	 nearly	 identical	 trends	 in	 glycaemic	 targets.	 These	
findings complement the results of the previous study where good 
glycaemic	 control	 (HbA1c	<7%)	was	 observed	 in	 30.8%	 of	 rural	
and	 31.1%	 of	 urban	 participants.34	 This	 is	 the	 first	 longitudinal	
trend	 data	 in	 India	 for	 non-	metropolitan	 vs.	metropolitan	 cities,	
and thus may help to compare the longitudinal glycaemic patterns 
in	India.

The	strength	of	the	study	is	its	large	sample	size,	representa-
tive	of	the	T2DM	population	spread	across	India.	The	study	design	

enabled us to capture a multitude of participant and disease char-
acteristics,	analyse	trends	influenced	by	known	factors	(BMI,	sex,	
therapies),	and	identify	new	patterns	(the	number	of	OADs	being	
used).	 Limitations	 of	 the	 study	 include	missing	 values	 at	 1	 year,	
lack	of	data	on	 factors	such	as	socioeconomic	status	of	 the	par-
ticipants,	 smoking	 status	 and	 alcohol	 consumption.	 Another	
challenge	in	India	is	the	economic	burden	of	healthcare	cost	and	
accessibility	to	healthcare	resources,	which	makes	 it	difficult	 for	
some people who are diagnosed with diabetes to afford repetition 
of	HbA1c	test.

5  |  CONCLUSION

The	1-	year	trend	from	the	LANDMARC	study	highlights	some	impor-
tant	observations	in	terms	of	disease	complications,	treatment	initia-
tion	 and	 glycaemic	 control	 in	 the	pan-	India	 cohort	 of	 participants	
with	 T2DM	 followed	 up	 in	 the	 real-	world	 setting.	 It	 indicates	 the	
need for early treatment initiation and its timely intensification to 
achieve	and	maintain	the	recommended	glycaemic	control,	with	an	
aim to reduce the persistent burden of microvascular and macrovas-
cular	complications.	Apart	from	adopting	effective	treatment	strate-
gies,	we	believe	that	T2DM	management	can	be	achieved	through	
increased	disease	awareness	and	 focused	education.	Through	 this	
representative	cohort,	 future	 long-	term	follow-	up	data	would	give	
us	further	insights	about	the	development	of	complications,	change	
in the treatment pattern and overall glycaemic status among partici-
pants'	withT2DM	in	India.

ACKNOWLEDG EMENTS
This	 study	 is	 funded	 by	 Sanofi,	 India.	 The	 authors	would	 like	 to	
thank	 the	 study	 investigators	 and	 study	 participants	 as	 well	 as	
their	families/caregivers	who	were	involved	in	this	study.	Medical	
writing	 support	was	provided	by	Vaibhavi	 Jakhetia,	 and	editorial	
assistance in preparation of this publication was provided by Sonal 
More	(both	from	Tata	Consultancy	Services	India	Ltd.)	and	paid	for	
by	Sanofi.	Editorial	support	was	also	provided	by	Anahita	Gouri	and	
Rohan	Mitra	of	Sanofi,	India.	The	authors	are	responsible	individu-
ally and collectively for all content and editorial decisions and did 
not	receive	any	payment	from	Sanofi	directly	or	indirectly	(through	
a	 third	party)	 related	 to	 the	development	or	presentation	of	 this	
publication.	The	authors	acknowledge	the	role	of	DignoSearch	for	
site	management	and	monitoring	activities,	JSS	Medical	Research	
India	Pvt.	Ltd	and	Tech	Observer	Pvt.	Ltd	for	site	management	and	
coordination	 support,	 and	 Zifo	 R&D	 Solutions	 for	 data	manage-
ment services.

CONFLIC T OF INTERE S T
AKD,	AM,	AGU	and	NR	received	honoraria	 from	Sanofi	and	other	
pharmaceutical	companies.	PKKM	is	on	the	advisory	board	of	Sanofi	
and	received	honorarium	for	his	talks.	SJAQ6	received	speaker/advi-
sory/research	grants	from	Abbott,	Astrazeneca,	Biocon,	Boeringher	
Ingelheim,	 Eli	 Lilly,	 Franco	 Indian,	 Glenmark,	 Lupin,	Marico,	MSD,	



    |  9 of 11DAS et Al.

Novartis,	 Novo	 Nordisk,	 Roche,	 Sanofi,	 Serdia,	 Twinhealth	 and	
Zydus.	 SK	 received	 honoraria/speaker	 fees	 from	 Eli	 Lilly,	 Novo	
Nordisk	 and	 Sanofi.	 HT	 received	 honoraria	 from	 MSD,	 Novartis,	
Sanofi,	 and	 from	other	 companies	 for	 advice	 and	 lectures.	 BS	 re-
ceived	honorarium	from	Aventis,	Novo	Nordisk,	Eli	Lilly,	Boeringher-	
Ingelham	(BI)	and	MSD.	RG and SK were Sanofi employees; and AN, 
SM, SKM, DC, VS, ST and CT are employees of Sanofi and may hold 
stock	options.	SC	received	honoraria/grants	from	Biocon,	BI,	Intas,	
Novartis,	Sanofi,	and	Serdia.	SKW	has	nothing	to	declare.	AHZ	re-
ceived	honoraria	 from	Novo	Nordisk,	Eli	Lilly,	 Johnson	&	Johnson,	
AstraZeneca,	BI	and	Sanofi.

AUTHOR CONTRIBUTIONS
Ashok K. Das:	Conceptualization	(equal);	Data	curation	(support-
ing);	 Formal	 analysis	 (supporting);	 Funding	 acquisition	 (support-
ing);	 Investigation	 (lead);	 Methodology	 (equal);	 Project	
administration	 (supporting);	 Resources	 (supporting);	 Software	
(supporting);	 Supervision	 (lead);	 Validation	 (lead);	 Visualization	
(lead);	 Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	
(equal).	Sanjay Kalra:	Conceptualization	 (supporting);	Data	 cura-
tion	 (supporting);	 Formal	 analysis	 (supporting);	 Funding	 acquisi-
tion	(supporting);	Investigation	(equal);	Methodology	(supporting);	
Project	 administration	 (supporting);	 Resources	 (supporting);	
Software	 (supporting);	 Supervision	 (equal);	 Validation	 (equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).	Shashank Joshi:	Conceptualization	(supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).	Ambrish Mithal:	Conceptualization	(supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).	K. M. Prasanna Kumar:	Conceptualization	(sup-
porting);	Data	curation	(supporting);	Formal	analysis	(supporting);	
Funding	 acquisition	 (supporting);	 Investigation	 (equal);	
Methodology	 (supporting);	 Project	 administration	 (supporting);	
Resources	 (supporting);	 Software	 (supporting);	 Supervision	
(equal);	 Validation	 (equal);	 Visualization	 (equal);	 Writing-	original	
draft	(equal);	Writing-	review	&	editing	(equal).	A. G. Unnikrishnan: 
Conceptualization	 (supporting);	 Data	 curation	 (supporting);	
Formal	 analysis	 (supporting);	 Funding	 acquisition	 (supporting);	
Investigation	(equal);	Methodology	(supporting);	Project	adminis-
tration	 (supporting);	 Resources	 (supporting);	 Software	 (support-
ing);	 Supervision	 (equal);	Validation	 (equal);	Visualization	 (equal);	
Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	 (equal).	
Hemant Thacker:	 Conceptualization	 (supporting);	 Data	 curation	
(supporting);	 Formal	 analysis	 (supporting);	 Funding	 acquisition	
(supporting);	 Investigation	 (equal);	 Methodology	 (supporting);	

Project	 administration	 (supporting);	 Resources	 (supporting);	
Software	 (supporting);	 Supervision	 (equal);	 Validation	 (equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	 editing	 (equal).	 Bipin Sethi:	 Conceptualization	 (supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).	Subhankar Chowdhury:	Conceptualization	(sup-
porting);	Data	curation	(supporting);	Formal	analysis	(supporting);	
Funding	 acquisition	 (supporting);	 Investigation	 (equal);	
Methodology	 (supporting);	 Project	 administration	 (supporting);	
Resources	 (supporting);	 Software	 (supporting);	 Supervision	
(equal);	 Validation	 (equal);	 Visualization	 (equal);	 Writing-	original	
draft	 (equal);	 Writing-	review	 &	 editing	 (equal).	 Romik Ghosh: 
Conceptualization	 (lead);	 Data	 curation	 (equal);	 Formal	 analysis	
(equal);	 Funding	 acquisition	 (lead);	 Investigation	 (equal);	
Methodology	 (lead);	 Project	 administration	 (lead);	 Resources	
(equal);	 Software	 (supporting);	 Supervision	 (equal);	 Validation	
(equal);	Visualization	(equal);	Writing-	original	draft	(lead);	Writing-	
review	 &	 editing	 (lead).	 Sukanya Krishnan:	 Conceptualization	
(supporting);	Data	curation	(lead);	Formal	analysis	(equal);	Funding	
acquisition	 (supporting);	 Investigation	 (equal);	 Methodology	
(equal);	Project	administration	(equal);	Resources	(lead);	Software	
(supporting);	Supervision	(equal);	Validation	(equal);	Visualization	
(equal);	 Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	
(equal).	Arjun Nair:	Conceptualization	(supporting);	Data	curation	
(equal);	 Formal	 analysis	 (supporting);	 Funding	 acquisition	 (sup-
porting);	 Investigation	 (equal);	Methodology	 (equal);	 Project	 ad-
ministration	 (supporting);	 Resources	 (supporting);	 Software	
(supporting);	Supervision	(equal);	Validation	(equal);	Visualization	
(equal);	 Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	
(equal).	 Senthilnathan Mohanasundaram:	 Conceptualization	
(equal);	 Data	 curation	 (equal);	 Formal	 analysis	 (supporting);	
Funding	 acquisition	 (equal);	 Investigation	 (equal);	 Methodology	
(equal);	 Project	 administration	 (equal);	 Resources	 (supporting);	
Software	 (supporting);	 Supervision	 (equal);	 Validation	 (equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	 editing	 (equal).	 Shalini K. Menon:	 Conceptualization	 (equal);	
Data	curation	(equal);	Formal	analysis	(supporting);	Funding	acqui-
sition	 (equal);	 Investigation	 (equal);	Methodology	 (equal);	Project	
administration	(equal);	Resources	(supporting);	Software	(support-
ing);	 Supervision	 (equal);	Validation	 (equal);	Visualization	 (equal);	
Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	 (equal).	
Vaibhav Salvi:	 Conceptualization	 (supporting);	 Data	 curation	
(equal);	Formal	analysis	 (equal);	Funding	acquisition	 (supporting);	
Investigation	(equal);	Methodology	(equal);	Project	administration	
(equal);	 Resources	 (supporting);	 Software	 (equal);	 Supervision	
(equal);	 Validation	 (equal);	 Visualization	 (equal);	 Writing-	original	
draft	(equal);	Writing-	review	&	editing	(equal).	Deepa Chodankar: 
Conceptualization	 (equal);	Data	 curation	 (equal);	 Formal	 analysis	
(lead);	 Funding	 acquisition	 (supporting);	 Investigation	 (equal);	



10 of 11  |     DAS et Al.

Methodology	 (lead);	 Project	 administration	 (equal);	 Resources	
(lead);	 Software	 (lead);	 Supervision	 (equal);	 Validation	 (equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	 editing	 (equal).	 Saket Thaker:	 Conceptualization	 (supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	 (equal).	Chirag Trivedi:	Conceptualization	 (equal);	Data	
curation	 (equal);	 Formal	 analysis	 (equal);	 Funding	 acquisition	
(equal);	Investigation	(equal);	Methodology	(equal);	Project	admin-
istration	 (equal);	 Resources	 (equal);	 Software	 (supporting);	
Supervision	 (equal);	 Validation	 (equal);	 Visualization	 (equal);	
Writing-	original	 draft	 (equal);	 Writing-	review	 &	 editing	 (equal).	
Subhash K. Wangnoo:	Conceptualization	(supporting);	Data	cura-
tion	 (supporting);	 Formal	 analysis	 (supporting);	 Funding	 acquisi-
tion	(supporting);	Investigation	(equal);	Methodology	(supporting);	
Project	 administration	 (supporting);	 Resources	 (supporting);	
Software	 (supporting);	 Supervision	 (equal);	 Validation	 (equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).	Abdul H. Zargar:	Conceptualization	(supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	 editing	 (equal).	Nadeem Rais:	 Conceptualization	 (supporting);	
Data	curation	(supporting);	Formal	analysis	(supporting);	Funding	
acquisition	(supporting);	Investigation	(equal);	Methodology	(sup-
porting);	Project	administration	(supporting);	Resources	(support-
ing);	Software	(supporting);	Supervision	(equal);	Validation	(equal);	
Visualization	(equal);	Writing-	original	draft	(equal);	Writing-	review	
&	editing	(equal).

DATA AVAIL ABILIT Y S TATEMENT
Qualified	researchers	may	request	access	to	person-	level	data	and	
related	study	documents	 including	 the	clinical	 study	 report,	 study	
protocol	with	any	amendments,	blank	case	 report	 form,	 statistical	
analysis plan and data set specifications. Person- level data will be 
anonymized,	and	study	documents	will	be	redacted	to	protect	the	
privacy	of	trial	participants.	Further	details	on	Sanofi's	data	sharing	
criteria,	eligible	studies	and	the	process	for	requesting	access	can	be	
found at https://www.clini calst udyda tareq uest.com.

ORCID
Ashok K. Das  https://orcid.org/0000-0003-2508-7563 
Sanjay Kalra  https://orcid.org/0000-0003-1308-121X 
Romik Ghosh  https://orcid.org/0000-0003-4364-2671 

R E FE R E N C E S
	 1.	 Saeedi	P,	Petersohn	I,	Salpea	P,	et	al.	Global	and	regional	diabetes	

prevalence	estimates	for	2019	and	projections	for	2030	and	2045:	

results	from	the	International	Diabetes	Federation	Diabetes	Atlas,	
9th edition. Diabetes Res Clin Pract.	2019;157:107843.

	 2.	 Vijayakumar	G,	Manghat	S,	Vijayakumar	R,	et	al.	Incidence	of	type	
2	diabetes	mellitus	and	prediabetes	in	Kerala,	India:	results	from	a	
10- year prospective cohort. BMC Public Health.	2019;19:140.

	 3.	 International	 Diabetes	 Federation.	 IDF Diabetes Atlas. 9th ed. 
International	Diabetes	Federation;	2019.	Accessed	May	27,	2021.	
https://www.diabe	tesat	las.org,	 https://www.diabe	tesat	las.org/
uploa	d/resou	rces/mater	ial/20200	302_133351_IDFAT	LAS9e	-	final	
- web.pdf

	 4.	 Anjana	RM,	Deepa	M,	Pradeepa	R,	et	al.	Prevalence	of	diabetes	and	
prediabetes	 in	15	 states	of	 India:	 results	 from	 the	 ICMR-	INDIAB	
population- based cross- sectional study. Lancet Diabetes Endocrinol. 
2017;5:585-	596.

	 5.	 Kurpad	 AV,	 Varadharajan	 KS,	 Aeberli	 I.	 The	 thin-	fat	 phenotype	
and	global	metabolic	disease	risk.	Curr Opin Clin Nutr Metab Care. 
2011;14:542-	547.

	 6.	 Wells	JCK,	Pomeroy	E,	Walimbe	SR,	et	al.	The	elevated	suscepti-
bility	to	diabetes	in	India:	an	evolutionary	perspective.	Front Public 
Health.	2016;4:145.

	 7.	 Joshi	SR.	Diabetes	care	in	India.	Ann Glob Health.	2015;81(6):830-	838.
	 8.	 Unnikrishnan	 R,	 Gupta	 PK,	 Mohan	 V.	 Diabetes	 in	 South	 Asians:	

phenotype,	clinical	presentation,	and	natural	history.	Curr Diab Rep. 
2018;18(6):30.

	 9.	 Amutha	A,	Anjana	RM,	Venkatesan	U,	et	al.	Incidence	of	complica-
tions	 in	young-	onset	diabetes:	comparing	type	2	with	type	1	(the	
young	diab	study).	Diabetes Res Clin Pract.	2017;123:1-	8.

	10.	 Unnikrishnan	 R,	 Anjana	 RM,	Mohan	 V.	 Diabetes	mellitus	 and	 its	
complications	in	India.	Nat Rev Endocrinol.	2016;12(6):357-	370.

	11.	 Cade	 WT.	 Diabetes-	related	 microvascular	 and	 macrovas-
cular diseases in the physical therapy setting. Phys Ther. 
2008;88(11):1322-	1335.

	12.	 Wani	FA,	Kaul	R,	Raina	AA,	et	al.	Prevalence	of	microvascular	com-
plications in newly diagnosed type- 2 diabetes mellitus. Int J Sci Stud. 
2016;3(10):102-	105.

	13.	 Jain	SK,	Johri	MS.	Study	to	know	the	prevalence	of	microvascular	
complications in type 2 diabetes mellitus patients. Int J Contemp 
Med Res.	2016;3(7):1992-	1994.

	14.	 Rhee	 EJ.	 Diabetes	 in	 Asians.	 Endocrinol Metab (Seoul). 
2015;30(3):263-	269.

	15.	 Dalal	JJ,	Padmanabhan	TNC,	Jain	P,	et	al.	LIPITENSION:	 interplay	
between dyslipidemia and hypertension. Indian J Endocrinol Metab. 
2012;16(2):240-	245.

	16.	 Viswanathan	V,	Smina	TP.	Blood	pressure	control	in	diabetes—	the	
Indian	perspective.	J Hum Hypertens.	2019;33(8):588-	593.

	17.	 Petrie	JR,	Guzik	TJ,	Touyz	RM.	Diabetes,	hypertension,	and	cardio-
vascular disease: clinical insights and vascular mechanisms. Can J 
Cardiol.	2018;34(5):575-	584.

	18.	 Boussageon	R,	Pouchain	D,	Renard	V.	Prevention	of	complications	
in type 2 diabetes: is drug glucose control evidence based? Br J Gen 
Pract.	2017;67(655):85-	87.

	19.	 Bajaj	S.	RSSDI	clinical	practice	recommendations	for	the	manage-
ment of type 2 diabetes mellitus 2017. Int J Diabetes Dev Ctries. 
2018;38(Suppl	1):S1-	S115.

	20.	 Chawla	R,	Madhu	SV,	Makkar	BM,	et	al.	RSSDI-	ESI	clinical	practice	
recommendations for the management of type 2 diabetes mellitus 
2020. Indian J Endocrinol Metab.	2020;24(1):1-	122.

	21.	 Borgharkar	 SS,	 Das	 SS.	 Real-	world	 evidence	 of	 glycemic	 control	
among	patients	with	type	2	diabetes	mellitus	 in	 India:	 the	TIGHT	
study. BMJ Open Diabetes Res Care.	2019;7(1):e000654.

	22.	 Al	Mansari	A,	Obeid	Y,	Islam	N,	et	al.	GOAL	study:	clinical	and	non-	
clinical predictive factors for achieving glycemic control in people 
with type 2 diabetes in real clinical practice. BMJ Open Diab Res 
Care.	2018;6:e000519.

	23.	 Das	 AK,	 Mithal	 A,	 Kumar	 KMP,	 et	 al.	 Rationale,	 study	 design	
and	 methodology	 of	 the	 LANDMARC	 trial:	 a	 3-	year,	 pan-	India,	

https://www.clinicalstudydatarequest.com
https://orcid.org/0000-0003-2508-7563
https://orcid.org/0000-0003-2508-7563
https://orcid.org/0000-0003-1308-121X
https://orcid.org/0000-0003-1308-121X
https://orcid.org/0000-0003-4364-2671
https://orcid.org/0000-0003-4364-2671
https://www.diabetesatlas.org
https://www.diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLAS9e-final-web.pdf
https://www.diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLAS9e-final-web.pdf
https://www.diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLAS9e-final-web.pdf


    |  11 of 11DAS et Al.

prospective,	 longitudinal	 study	 to	 assess	 management	 and	 real-	
world outcomes of diabetes mellitus. Diabet Med.	2020;37:885-	892.

	24.	 Das	AK,	Mithal	A,	Joshi	S,	et	al.	Baseline	characteristics	of	partici-
pants	in	the	LANDMARC	trial:	a	3-	year,	pan-	India,	prospective,	lon-
gitudinal study to assess management and real- world outcomes of 
diabetes mellitus. Endocrinol Diab Metab.	2021;4:e00231.

	25.	 International	 Society	 for	 Pharmacoepidemiology.	 Guidelines for 
Good Pharmacoepidemiology Practices (GPP).	 International	 Society	
for	Pharmacoepidemiology;	2007.	Accessed	Jun	25,	2021.	https://
www.pharm	acoepi.org/resou	rces/polic	ies/guide	lines	-	08027/

	26.	 International	 Epidemiological	 Association	 (IEA)	 European	
Federation.	 Good Epidemiological Practice (GEP) –  IEA Guidelines 
for Proper Conduct of Epidemiological Research.	 International	
Epidemiological	Association	European	Federation;	2007.

	27.	 Chawla	 A,	 Chawla	 R,	 Jaggi	 S.	 Microvasular	 and	 macrovascular	
complications in diabetes mellitus: distinct or continuum? Indian J 
Endocrinol Metab.	2016;20(4):546-	551.

	28.	 Holman	 RR,	 Paul	 SK,	 Bethel	 MA,	 et	 al.	 10-	year	 follow-	up	 of	
intensive glucose control in type 2 diabetes. N Engl J Med. 
2008;359:1577-	1589.

	29.	 Zoungas	S,	Arima	H,	Gerstein	HC,	et	al.	Effects	of	intensive	glucose	
control on microvascular outcomes in patients with type 2 diabe-
tes: a meta- analysis of individual participant data from randomised 
controlled trials. Lancet Diabetes Endocrinol.	2017;5(6):431-	437.

	30.	 Callaghan	BC,	Little	AA,	Feldman	EL,	et	al.	Enhanced	glucose	con-
trol for preventing and treating diabetic neuropathy. Cochrane 
Database Syst Rev.	2012;6(6):CD007543.

	31.	 American	Diabetes	 Association.	 Standards	 of	medical	 care	 in	 di-
abetes- 2020 abridged for primary care providers. Clin Diabetes. 
2020;38(1):10-	38.

	32.	 Misra	A,	Chowbey	P,	Makkar	BM,	et	al.	Consensus	statement	for	di-
agnosis	of	obesity,	abdominal	obesity	and	the	metabolic	syndrome	
for	Asian	Indians	and	recommendations	for	physical	activity,	medical	
and surgical management. J Assoc Physicians India. 2009;57:163- 170.

	33.	 Kumar	SP,	Sandhya	AM.	A	study	on	the	glycemic,	 lipid	and	blood	
pressure control among the type 2 diabetes patients of north 
Kerala,	India.	Indian Heart J.	2018;70(4):482-	485.

	34.	 Unnikrishnan	 R,	 Anjana	 RM,	 Deepa	 M,	 et	 al.	 Glycemic	 control	
among	 individuals	with	self-	reported	diabetes	 in	 India–	the	 ICMR-	
INDIAB	study.	Diabetes Technol Ther.	2014;16(9):596-	603.

	35.	 Raj	P,	Malpani	BK,	Anand	Moses	CR,	et	al.	The	National	Diabetes	
Registry	in	India.	Br J Med Health Res.	2016;3(5).

	36.	 Banerjee	S.	HbA1c	result,	does	 it	depend	upon	the	testing	meth-
ods? J Assoc Physicians India.	2014;62(1):9-	12.

	37.	 Verma	M,	Paneri	S,	Badi	P,	 et	 al.	Effect	of	 increasing	duration	of	
diabetes mellitus type 2 on glycated hemoglobin and insulin sensi-
tivity. Indian J Clin Biochem.	2006;21(1):142-	146.

	38.	 Stonehouse	AH,	Darsow	T,	Maggs	DG.	Incretin-	based	therapies.	J 
Diabetes.	2012;4(1):55-	67.

	39.	 Gallwitz	 B.	 Clinical	 use	 of	 DPP-	4	 inhibitors.	 Front Endocrinol 
(Lausanne).	2019;19(10):389.

	40.	 Owens	DR.	Clinical	evidence	for	the	earlier	initiation	of	insulin	ther-
apy in type 2 diabetes. Diabetes Technol Ther.	2013;15(9):776-	785.

	41.	 Luhar	S,	Kondal	D,	Jones	R,	et	al.	Lifetime	risk	of	diabetes	in	metro-
politan	cities	in	India.	Diabetologia.	2021;64(3):521-	529.

SUPPORTING INFORMATION
Additional	supporting	 information	may	be	found	 in	the	online	ver-
sion of the article at the publisher’s website.

How to cite this article:	Das	AK,	Kalra	S,	Joshi	S,	et	al.	
One-	year	trends	from	the	LANDMARC	trial:	A	3-	year,	
pan-	India,	prospective,	longitudinal	study	on	the	management	
and real- world outcomes of type 2 diabetes mellitus. 
Endocrinol Diab Metab. 2022;5:e00316. https://doi.
org/10.1002/edm2.316

https://www.pharmacoepi.org/resources/policies/guidelines-08027/
https://www.pharmacoepi.org/resources/policies/guidelines-08027/
https://doi.org/10.1002/edm2.316
https://doi.org/10.1002/edm2.316

