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Abstract
Introduction: The role of insulin resistance in diabetic chronic complications among 
individuals with type 1 diabetes (T1D) has not been clearly defined. The aim of this 
study	was	to	examine	the	performance	of	insulin	resistance,	evaluated	using	the	esti-
mated	glucose	disposal	rate	(eGDR)	for	the	identification	of	metabolic	syndrome	(MS)	
and diabetic chronic complications.
Methods: Cross-	sectional	 study	 in	 a	 tertiary	 care	 centre.	We	 included	 patients	 of	
18	years	and	older,	with	at	least	6	months	of	T1D	duration.	Anthropometric,	clinical	
and biochemical data were collected.
Results: Seventy	 patients,	 41	 (58.6%)	 women,	 with	 a	 median	 age	 of	 36.6	 years	
(range	 18–	65).	 Mean	 age	 of	 onset	 and	 duration	 of	 diabetes	 was	 13.5	 ±	 6.5	 and	
23.6	±	12.2	years,	respectively.	Twenty-	one	(30%)	patients	met	the	metabolic	syn-
drome	(MS)	criteria.	Patients	with	MS	had	lower	eGDR	compared	to	patients	with-
out	(5.17	[3.10–	8.65]	vs.	8.86	[6.82–	9.85]	mg/kg/min,	respectively,	p =	.003).	Median	
eGDR	 in	 patients	 with	 nephropathy,	 retinopathy	 and	 neuropathy	 compared	 with	
those	without	was	6.75	 (4.60–	8.20)	versus	9.53	 (8.57–	10.3);	p <	 .001,	6.45	 (4.60–	
7.09)	 versus	9.50	 (8.60–	10.14);	p <	 .001,	5.56	 (4.51–	6.81)	 versus	9.49	 [8.19–	10.26]	
mg/kg/min; p <	 .001,	 respectively.	 The	eGDR	 showed	an	 area	under	 the	 curve	of	
0.909,	0.879,	0.897	and	0.836	for	the	discrimination	of	MS,	retinopathy,	neuropathy	
and	nephropathy,	respectively.
Conclusions: Patients with T1D diabetic complications have higher insulin resistance. 
The	eGDR	discriminates	patients	with	chronic	diabetic	complications	and	MS.	While	
more	ethnic-	specific	studies	are	required,	this	study	suggests	the	possibility	to	incor-
porate eGDR into routine diabetes care.
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1  |  INTRODUC TION

Metabolic	syndrome	(MS)	can	be	seen	as	the	coexistence	of	multiple	
risk factors that predispose to type 2 diabetes and cardiovascular 
disease being insulin resistance an important causative factor.1,2 
The	 prevalence	 of	 metabolic	 syndrome	 (MS)	 in	 type	 1	 diabetes	
(T1D) patients has been widely studied in numerous large cohorts 
considering	different	definitions.	Depending	on	 the	age,	 the	stud-
ied	population	and	the	definition,	its	prevalence	ranges	from	8%	to	
45%.3-	5	Regardless	of	the	definition,	the	use	of	the	MS	concept	 in	
T1D	has	limitations,	since	the	hyperglycaemia	criterion	is	inevitably	
fulfilled	which	potentially	overestimates	 its	prevalence.	Moreover,	
raised blood pressure and elevated triglycerides or its treatment cri-
teria represent a problem since the indications for its therapy can 
be other than the aforementioned.6	Since	insulin	resistance	is	impli-
cated	in	the	pathophysiology	of	MS,7 a more suitable measurement 
for insulin resistance in T1D population is required.

The	 eugylcaemic-	hyperinsulinaemic	 clamp,	 which	 is	 the	 gold	
standard	for	insulin	resistance	measurement,	is	not	practical	in	clin-
ical settings.8 The difficult situation for assessing insulin resistance 
in	patients	with	T1D	is	not	new.	As	a	result,	several	insulin	sensitiv-
ity estimation formulas have been developed and validated against 
the euglycaemic- hyperinsulinaemic clamp.9-	11 The estimated glucose 
disposal rate (eGDR) is an equation that includes clinical parameters 
measured in clinical practice to determine the degree of insulin sen-
sitivity.9	In	addition,	it	has	been	associated	and	considered	as	a	good	
discriminator of diabetic complications in T1D.4,12-	14

As	 the	 frequency	 for	 macro-		 and	microvascular	 complications	
from	diabetes	 is	expected	to	rise,15 effective and practical cardio-
vascular risk assessment and treatment is needed for T1D popula-
tion. The aim of this study is to evaluate insulin resistance using the 
eGDR	among	adults	with	T1D	with	and	without	MS	and	to	exam-
ine the performance of the eGDR for the identification of diabetic 
chronic complications.

2  |  MATERIAL S AND METHODS

A	cross-	sectional	study	was	carried	out	 in	T1D	patients	treated	at	
the	Diabetic	Outpatient	Clinic	at	the	Instituto	Nacional	de	Ciencias	
Médicas	y	Nutrición	Salvador	Zubirán	over	a	period	of	1	year	(March	
2020	 through	December	 2020).	 Subjects	 of	 at	 least	 18	 years	 old	
and	with	T1D	of	at	 least	6	months	of	duration	were	 included.	The	
study	protocol	was	approved	by	the	Local	Ethics	Committees,	and	
informed consent was obtained from all participants.

T1D	 was	 defined	 as	 receiving	 insulin	 regimen	 (≥3	 injections	
per day) before 25 years of age and either absence of C- peptide 
(below the level of detection limit) and/or past or present positive 
autoantibodies.

Data	 regarding	 demographic	 characteristics	 (gender,	 date	 of	
birth),	anthropometric	measurements	(weight,	height,	waist	and	hip	
circumference),	 blood	 pressure,	 current	 medications	 and	 diabetic	
complications including cardiovascular diseases were collected. 

Body	mass	 index	 (BMI)	was	 calculated	 as	 the	weight	 in	 kilograms	
divided by the squared height in metres.

Biochemical	 variables	 included	 uric	 acid,	 creatinine	 and	 lipid	
panel	 (total	cholesterol,	high-	density	 lipoprotein	cholesterol	 [HDL-	
C]	and	triglycerides),	measured	by	colorimetric	assays	 (Unicel	DxC	
600	 Synchron	 Clinical	 System	 Beckman	 Coulter).	 Low-	density	 li-
poprotein	cholesterol	 (LDL-	C)	was	calculated	using	the	Friedewald	
formula.16	Glycosylated	haemoglobin	(HbA1c)	levels	were	assessed	
by	HPLC	(Variant	II	Turbo,	Bio-	Rad).	Estimated	glomerular	filtration	
rate	 (eGFR)	was	calculated	using	the	Modification	of	Diet	 in	Renal	
Disease	 (MDRD)	equation,17 and the urinary albumin- to- creatinine 
ratio	(UACR)	was	also	estimated.

Diabetes	 complications	 (nephropathy,	 retinopathy,	 periph-
eral and/or autonomic neuropathy) were defined considering the 
American	 Diabetes	 Association	 diagnostic	 criteria.18 Diabetic 
retinopathy was considered when diagnosed previously by an 
Ophthalmologist. Peripheral diabetic neuropathy was considered 
in	patients	unable	 to	detect	≥25	V	vibration	perception	 threshold	
(VPT)	 using	 a	 Vibrotest	 Neurothesiometer	 (Diabetic	 Foot	 Care,	
India) 19 and/or the use of any medications for diabetic neurop-
athy.	Nephropathy	was	defined	as	an	UACR	>	30	mg/g	and/or	an	
eGFR	≤	60	mL/min,	the	use	of	angiotensin	converting	enzyme	inhib-
itors	or	angiotensin	receptor	blockers	for	proteinuria,	renal	replace-
ment therapy with dialysis or with history of a kidney transplant. 
Cardiovascular disease was considered when the patient had history 
of	 any	 of	 the	 following:	 myocardial	 infarction,	 revascularization,	
stroke (ischaemic or haemorrhagic) and peripheral artery disease 
(history of amputation or revascularization).

The	 modified	 National	 Cholesterol	 Education	 Program	 Adult	
Treatment	Panel	III	(ATP	III)	definition	was	used	for	establishing	met-
abolic syndrome.20	Since	all	 the	participants	automatically	fulfilled	
the	criteria	for	hyperglycaemia,	two	additional	criteria	were	needed	
to	establish	the	presence	of	MS.

Insulin resistance (IR) was estimated using the estimated glucose 
disposal rate (eGDR) equation which is an index based on clinical 
parameters:	 24.31	 −	 (12.22	 x	 waist	 to	 hip	 ratio)	 −	 (3.29	 x	 hyper-
tension)	 −	 (0.57	 x	 HbA1c),	 where	 the	 units	 are	milligrams	 per	 ki-
logram per minute.9	Hypertension	was	 defined	 as	 blood	 pressure	
≥130/85	mmHg	and/or	use	of	antihypertensive	medications.	Blood	
pressure was measured with the patient in a sitting position after a 
10-	min	rest	two	times.	All	diabetic	complications	and	anthropomet-
ric	measurements	were	 assessed	 by	 a	 specialist	 in	 endocrinology,	
except retinopathy.

2.1  |  Statistical methods

Data are presented as mean ±	SD	or	median	and	interquartile	range.	
To	 evaluate	 intergroup	 differences,	 we	 used	 Student's	 t test and 
Mann-	Whitney	U	where	appropriate.	Frequency	distribution	of	cat-
egorical variables is reported as frequencies and percentages and 
was compared between groups using chi- square tests. To assess 
the ability of the eGDR to discriminate the presence of metabolic 
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syndrome	 and/or	 chronic	 diabetic	 complications,	 receiver	 operat-
ing	characteristic	(ROC)	curves	were	used.	Statistical	analyses	were	
conducted	using	Statistical	Package	for	the	Social	Sciences	(SPSS	for	
Windows,	version	24.0).

3  |  RESULTS

Seventy	patients	with	T1D	were	included,	41	(58.6%)	were	women	
with	a	mean	age	of	36.6	years	(range	18–	65).	The	mean	age	of	onset	
and	duration	of	diabetes	was	13.5	±	6.5	years	and	23.6	±	12.2	years,	
respectively.	 Diabetic	 nephropathy,	 neuropathy	 and	 retinopathy	
were	present	in	35.7%,	37.1%	and	35.7%,	respectively.	The	clinical	
and biochemical characteristics of the studied population are sum-
marized in Table 1.

Twenty-	one	 patients	 fulfilled	 the	 MS	 criteria,	 with	 a	 preva-
lence	of	30.0%.	In	patients,	with	and	without	MS,	the	prevalence	of	
chronic	complications	was	62.1%	and	37.9%	for	retinopathy,	81.0%	
and	16.3%	for	neuropathy,	and	81.0%	and	34.7%	for	nephropathy	
(p < .01 for all).

The	insulin	dose	in	patients	with	and	without	MS	was	not	differ-
ent	(0.68	±	0.29	vs.	0.55	±	0.16	IU/kg/day,	respectively,	p =	.223).

The	 median	 eGDR	 was	 8.60	 (6.59–	9.65)	 mg/kg/min.	 As	 ex-
pected,	patients	with	MS	had	lower	eGDR	compared	with	patients	
without	MS	 (5.17	 [3.10–	8.65]	 vs.	 8.86	 [6.82–	9.85]	mg/kg/min,	 re-
spectively,	p =	.003).

The ROC curve analysis showed a very good area under curve 
(AUC)	value	of	the	eGDR	to	discriminate	patients	with	and	without	
metabolic	 syndrome,	 diabetic	 nephropathy,	 neuropathy	 and	 reti-
nopathy	 (Figure	1).	A	value	below	6.99	mg/kg/min	showed	90.5%	
sensitivity	 and	 91.8%	 specificity	 to	 identify	 the	 presence	 of	 MS	
with	 positive	 and	 negative	 predictive	 values	 of	 82.6%	 and	95.7%,	
respectively.

The	median	eGDR	of	patients	with	nephropathy,	retinopathy	and	
neuropathy was significantly lower compared with patients without 
complications;	for	nephropathy	6.75	(4.60–	8.20)	versus	9.53	(8.57–	
10.3)	mg/kg/min;	p <	.001,	retinopathy	6.45	(4.60–	7.09)	versus	9.50	
(8.60–	10.14)	mg/kg/min;	p <	.001,	and	neuropathy	5.56	(4.51–	6.81)	
versus	9.49	 (8.19–	10.26)	mg/kg/min;	p < .001. In patients with al-
buminuria	 (≥30	 mg/g),	 a	 tendency	 for	 a	 higher	 eGDR	 was	 found	
compared	with	patients	without	albuminuria	 (7.40	[4.94–	9.57]	ver-
sus	8.94	[7.29–	9.91]	mg/kg/min;	p =	.062).	No	differences	of	insulin	
requirements were observed between patients with and without 
diabetic complications.

4  |  DISCUSSION

These	 results	 show	 that	 eGDR,	 a	 surrogate	 of	 insulin	 resistance,	
was	 lower	 in	patients	with	T1D	with	MS.	Moreover,	patients	with	
diabetic chronic complications had also a lower eGDR compared to 
those without. The current results are consistent with previous re-
search assessing insulin resistance in T1D patients.4,12,13,22

TA B L E  1 Demographic,	anthropometric	and	biochemical	
characteristics of studied patients (n = 70)

Variable

Female 41	(58.6)

Male 29	(41.4)

Age,	years 36.6	± 12.1

BMI,	kg/m2 24.1	(22.0–	27.3)

Men 24.5	(23.0–	28.3)

Women 24.0 ±	3.6

Waist	circumference,	cm

Men 86.6	± 11.7

Women 79.1	± 10.2

Waist-	to	hip-	ratio 0.87 ± 0.08

Diabetes	duration,	years 23.6	± 12.2

Age	at	diagnosis,	years 13.5	±	6.5

Blood	pressure,	mmHg

Systolic 116	(110–	129)

Diastolic 70 (70– 80)

eGDR,	mg/kg/min 8.60	(6.59–	9.65)

Total	insulin	dose,	U 41.0 ±	16.4

Total	insulin	dose,	U/kg 0.61	(0.45–	0.78)

Retinopathy 26	(37.1)

Neuropathy 25	(35.7)

Nephropathy 31	(44.3)

Coronary heart disease 1 (1.4)

Stroke 0

Peripheral vascular disease 1 (1.4)

Lipid-	lowering	drugs 37	(55.2)

Antihypertensive	drugs 33.3	(23)

Aspirin 9	(13.0)

Glucose,	mg/dl 179.1	±	84.6

HbA1c,	% 8.6	± 2.1

Uric	acid,	mg/dl 4.5 ±	1.6

Creatinine,	mg/dl 1.44 ±	1.95

Total	cholesterol,	mg/dl 183	±	38

Triglycerides,	mg/dl 102	(84–	137)

HDL-	C,	mg/dl

Men 53.0	± 12.0

Women 60.4	±	16.3

LDL-	C,	mg/dl 110 ±	33

eGFR,	ml/min/1.73	m2 107.5 
(67.8.0–	130.2)

UACR,	mg/g 12.1 (4.7– 51.1)

Note: Data	expressed	as	frequencies	(%),	mean	(SD)	or	median	(IQR),	as	
appropriate.
Abbreviations:	BMI,	body	mass	index,	eGDR,	estimated	glucose	
disposal	rate,	HDL-	C,	high-	density	lipoprotein	cholesterol,	LDL-	C,	low-	
density	lipoprotein	cholesterol,	eGFR,	estimated	glomerular	filtration	
rate,	UACR,	urinary	albumin-	creatine	ratio.
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The identification of an eGDR cut- off point associated with 
MS	has	been	explored	before.23,24	For	MS	identification,	Chillarón	
et al.4 reported that an eGDR level below 8.77 mg/kg/min had 
100%	 sensitivity	 and	 85.2%	 specificity,	 Ferreira-	Hermosillo	
et al.14	 showed	 that	 a	 cut-	off	 value	of	7.32	mg/kg/min	had	85%	
sensitivity	 and	84%	 specificity.	 In	our	 cohort,	 a	 lower	 cut-	off	 of	
eGDR	(6.99	mg/kg/min)	had	a	90.5%	sensitivity	and	91.8%	spec-
ificity	to	identify	the	presence	of	MS	using	the	same	criteria	and	
with	a	similar	prevalence	of	 the	MS	 (approximately	30%).	 Insulin	
requirement	 dose,	 a	 common	 clinical	 parameter	 considered	 to	
suggest	insulin	resistance	in	T1D	patients,21 was not significantly 
different	 in	 patients	 with	 and	without	MS.	While	MS	 criteria	 is	
undoubtedly a simple and practical tool to identify individuals with 
higher	risk	of	cardiovascular	disease	in	the	general	population,6 its 
usefulness in T1D is limited.25

Regarding	 the	 identification	 of	 diabetic	 complications,	 Pop	
et al.13	found	that	the	eGDR	was	a	good	discriminator.	In	our	study,	
the ROC curve analysis showed a very good discriminatory capacity 
for	each	diabetic	complication,	ranging	from	0.836	to	0.897.	More	
studies are required to assess the optimal ethnic- specific eGDR cut- 
off point to predict diabetes complications.

Limitations	 of	 this	 study	 include	 its	 observational	 and	 cross-	
sectional	 design.	 In	 addition,	 there	was	 a	 low	 prevalence	 of	mac-
rovascular	complications,	and	this	could	be	explained	by	 the	small	
sample	size,	intensive	treatment,	stable	metabolic	control	and	rela-
tively short evolution.

On	 the	 basis	 of	 previous	 studies,4,13,22 the incorporation of 
eGDR	in	routine	clinical	practice	for	T1D	patients	might	be	useful,	as	
this information would guide interventions and potentially prevent 
complications. One could debate that eGDR equation is already cap-
turing	well-	established	risk	factors	such	as	hypertension,	HbA1c	and	
waist-	to-	hip	ratio.	However,	it	has	been	shown	that	eGDR	predicted	
both early and late overt diabetic nephropathy when compared to 
hypertension,	glycaemic	control	or	waist-	to-	hip	ratio	individually.26

5  |  CONCLUSION

This	study	supports	that	eGDR	is	useful	for	the	identification	of	MS	
and	chronic	diabetic	complications	in	patients	with	T1D.	While	more	
ethnic-	specific	 studies	 are	 required,	 this	 report	 also	 suggests	 that	
integration of the eGDR into routine T1D care would be useful.
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