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Impact of Insulin 
Resistance on Neointimal 
Tissue Proliferation
after 2nd-Generation Drug-Eluting Stent Implantation

Percutaneous coronary intervention is established as an effective treatment for patients 
with ischemic heart disease; in particular, drug-eluting stent implantation is known to sup-
press in-stent restenosis. Diabetes mellitus is an independent risk factor for restenosis, so 
reducing insulin resistance is being studied as a new treatment approach. In this prospec-
tive study, we sought to clarify the factors associated with in-stent restenosis after percu-
taneous coronary intervention, and we evaluated the homeostasis model assessment of 
insulin resistance (HOMA-IR) index as a predictor of restenosis.

We enrolled 136 consecutive patients who underwent elective percutaneous coronary 
intervention at our hospital from February 2010 through April 2013. All were implanted 
with a 2nd-generation drug-eluting stent. We distributed the patients in accordance with 
their HOMA-IR index values into insulin-resistant Group P (HOMA-IR, ≥2.5; n=77) and  
noninsulin-resistant Group N (HOMA-IR, <2.5; n=59). Before and immediately after stent-
ing, we measured reference diameter, minimal lumen diameter, and percentage of steno-
sis, and after 8 months we measured the last 2 factors and late lumen loss, all by means of 
quantitative coronary angiography.

After 8 months, the mean minimal lumen diameter was smaller in Group P than that in 
Group N (1.85 ± 1.02 vs 2.37 ± 0.66 mm; P=0.037), and the mean late lumen loss was larg-
er (0.4 ± 0.48 vs 0.16 ± 0.21 mm; P=0.025). These results suggest that insulin resistance 
affects neointimal tissue proliferation after 2nd-generation drug-eluting stent implantation. 
(Tex Heart Inst J 2015;42(4):327-32)

P ercutaneous coronary intervention (PCI) has been established as an effective 
treatment approach in patients who have ischemic heart disease. The implan-
tation of 2nd-generation drug-eluting stents (DES) has reduced the rates of 

in-stent restenosis; however, restenosis is still observed, especially in patients who have 
diabetes mellitus (DM).
	 In diabetic patients, it is necessary to prevent the occurrence of cardiovascular events 
caused by ischemic heart disease: approximately 75% of diabetic patients die of a 
cardiovascular event, and DM treatment and prevention pose substantial challenges.1 
However, the prognosis in these patients is not improved solely by treating hypergly-
cemia2-4; insulin resistance should also be considered.5 (Insulin resistance refers to 
decreased tissue sensitivity to glucose metabolism in type 2 DM.) Diabetes mellitus 
is an independent factor of restenosis,6 and insulin resistance is reportedly a predictor 
of coronary artery restenosis in nondiabetic patients.7

	 In this study, we sought to clarify the factors associated with coronary restenosis after 
PCI, with use of the homeostasis model assessment of insulin resistance (HOMA-IR) 
index as a predictor of restenosis.

Patients and Methods

We enrolled 136 consecutive patients who underwent successful elective PCI at our 
hospital from February 2010 through April 2013. All gave their written informed 
consent to participate in this prospective study, which our institutional review board 
approved. Coronary angiography was performed with use of the Axiom Artis 
dBC (Siemens Healthcare GmbH; Erlangen, Germany) in all patients. The PCI was 
performed in all lesions that caused significant stenosis in accordance with the modi-
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fied American College of Cardiology/American Heart 
Association (ACC/AHA) grading system: types A, B1, 
B2, and C.
	 All patients were taking aspirin (100 mg) and ticlopi-
dine (200 mg) or clopidogrel (75 mg) daily. They were 
given a 5,000-IU heparin bolus intravenously before 
PCI, in the absence of contraindications. Medical ther-
apy for risk factors such as hypertension, dyslipidemia, 
and DM was provided in accordance with each patient’s 
condition. The study population excluded individuals 
who were taking a pioglitazone or insulin preparation, 
and those whose fasting glucose level exceeded 200 mg/
dL.
	 The HOMA-IR index is determined on the basis of 
levels of fasting glucose and plasma insulin, and we used 
it as an index of insulin resistance in accordance with 
the following equation8,9:
	 HOMA-IR = [fasting glucose (mg/dL) × plasma in-
sulin (µU/mL)] / 405.
	 In Japanese subjects, a HOMA-IR index value >2.5 
has been defined as insulin resistance.10 Therefore, we 
distributed the 136 patients in accordance with their 
HOMA-IR index value into positive Group P (HOMA-
IR, ≥2.5; n=77), and negative Group N (HOMA-IR, 
<2.5; n=59). There were no significant differences be-
tween the groups in demographic characteristics, risk 
factors, or medication for hypertension, dyslipidemia, 
or DM (Table I); nor were there significant differences 
in lesion-related variables, number of diseased vessels, 
ACC/AHA lesion grade, or DES characteristics (Table 
II).
	 All patients were successfully implanted with a 2nd-
generation DES—either everolimus-eluting, or bioli-
mus A9-eluting (Biosensors Japan, part of Biosensors 
International Group, Inc.; Tokyo, Japan). We measured 
luminal diameters of the coronary arteries and degrees 
of stenosis before PCI, immediately after PCI, and 8 
months later. Quantitative coronary analysis (QCA) 
was then performed with use of QCA-CMS® version 
6.0 (Medis Medical Imaging Systems B.V.; Leiden, The 
Netherlands), by several investigators. Restenosis was 
defined as stenosis of 50% or more of the luminal di-
ameter.

Statistical Analysis
Data are expressed as mean ± SD. The groups were 
compared by means of the Mann-Whitney U test for 
continuous variables and the c2 test for categorical vari-
ables. All analyses were performed with use of StatView 
5.0 (SAS Institute Inc.; Cary, NC). A P value <0.05 was 
considered statistically significant.

Results

No patient died, had a major cardiac event (acute myo-
cardial infarction, congestive heart failure coronary ar-

tery bypass grafting, severe arrhythmia, or stroke) or 
sustained a procedural sequela (stent thrombosis, frac-
ture, or nondeployment).
	 At 8 months, the comparative restenosis rates of 7.8% 
in Group P (6 patients) and 3.4% in Group N (2 pa-
tients) were not statistically significant (Table III).
	 Before and immediately after PCI, the reference di-
ameter, minimal lumen diameter (MLD), and percent-
age of stenosis were not significantly different between 
the groups. After 8 months, the mean MLD was sig-
nificantly smaller in Group P than in Group N (1.85 ± 
1.02 vs 2.37 ± 0.66 mm; P=0.037), and the mean late 
lumen loss was significantly larger (0.4 ± 0.48 vs 0.16 ± 
0.21 mm; P=0.025) (Table III; Figs. 1 and 2).

Discussion

We observed significant differences after 8 months be-
tween the groups in MLD, percentage of stenosis, and 
late lumen loss, but the restenosis rates were similar. 
These outcomes suggest that insulin resistance affects 
neointimal tissue proliferation after DES implantation.

Stent Restenosis and Diabetes Mellitus
The most important challenge after PCI is restenosis. 
The procedure causes laceration and dissection of the 
coronary vessel wall. The vessel wall recovers from this 
injury through rebuilding of the neointimal tissue, and 
restenosis is caused by the proliferation of smooth-mus-
cle cells.11,12 This proliferative process is especially serious 
in diabetic patients, and DM has been determined to be 
a predictor of restenosis.
	 After DES were developed and used instead of bare-
metal stents, overall restenosis rates after PCI declined. 
The DES have yielded excellent outcomes even in dia-
betic patients.13-15 Nevertheless, DES do not eliminate 
restenosis. As a remedy, we propose improving insulin 
resistance in addition to using DES.
	 A high-insulin state is considered to be one cause of 
neointimal proliferation. In the presence of a high-insu-
lin state, mitogen-activated protein kinase is activated, 
which causes overproliferation.16 Smooth-muscle cells 
proliferate in the vessels because of the high-insulin state 
under insulin resistance.17 Therefore, it is necessary to 
treat DM by both lowering glycemic levels and improv-
ing insulin resistance.
	 Insulin resistance occurs in diabetic patients and in 
patients with hypertension, hypercholesterolemia, and 
metabolic syndrome. According to Hedblad and associ-
ates,5 insulin-resistant diabetic patients had higher mor-
tality rates and more ischemic adverse coronary events 
than did patients without insulin resistance.5 However, 
the authors did not evaluate patients by means of coro-
nary angiography and therefore could not examine re-
stenosis. Sekiguchi and colleagues7 reported that insulin 
resistance was a predictor of restenosis in nondiabetic 
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TABLE I. Baseline Characteristics of the Groups

	 Group P, HOMA-IR ≥2.5	 Group N, HOMA-IR <2.5	  
          Variable	 (n=77)	 (n=59)	 P Value

Age (yr)	 67.7 ± 8.9	 69.3 ± 7.1	 0.278

Male/Female	 67/10	 46/13	 0.163

Body mass index	 24.4 ± 3.1	 23.7 ± 2.8	 0.853

Risk factors

   Hypertension	 56	(72.7)	 39	(66.1)	 0.404

   Diabetes mellitus	 32	(41.6)	 20	(33.9)	 0.362

      Hemoglobin A1c (%)	 7 ± 0.7	 5.7 ± 0.7	 0.287

   Dyslipidemia	 63	(81.8)	 46	(78)	 0.577

      LDL cholesterol (mg/dL)	 98.3 ± 26.2	 103.8 ± 26.6	 0.223

      HDL cholesterol (mg/dL)	 45.9 ± 11.2	 49.1 ± 11.5	 0.107

      Triglycerides (mg/dL)	 154.9 ± 91	 131.2 ± 69	 0.098

   Smoking	 40	(51.9)	 30	(50.8)	 0.899

   Family history	 12	(15.6)	 7	 (11.9)	 0.535

Drug treatment

   ACE inhibitor	 4	 (5.2)	 2	 (3.4)	 0.612

   Angiotensin receptor blocker	 47	(61)	 33	(55.9)	 0.549

   β-blocker	 28	(36.4)	 25	 (42.4)	 0.476

   Calcium-channel blocker	 38	(49.4)	 20	(33.9)	 0.071

   Statin	 59	(76.6)	 46	(78)	 0.853

   Sulfonylurea	 10	(13)	 4	 (6.8)	 0.238

   α glucosidase	 10	(13)	 5	 (8.5)	 0.458

   Biguanide	 8	(10.4)	 4	 (6.8)	 0.462
 
ACE = angiotensin-converting enzyme; HDL = high-density-lipoprotein; HOMA-IR = homeostasis model assessment of insulin  
resistance; LDL = low-density-lipoprotein 
 

Data are presented as mean ± SD or as number and percentage. P <0.05 was considered statistically significant.

TABLE II. Angiographic Characteristics of the Groups

	 Group P, HOMA-IR ≥2.5	 Group N, HOMA-IR <2.5	  
          Variable	 (n=77)	 (n=59)	 P Value

Stented coronary vessels
   LAD	 38	 26	 —
   LCx	 18	 6	 —
   Right coronary artery	 17	 26	 —
   Left main trunk	 4	 1	 —

Diseased vessels (n)
   1	 25	 26	 —
   2	 22	 20	 —
   3	 30	 13	 —

ACC/AHA type B2/C lesion	 53 (68.8)	 40 (67.8)	 0.897

Stent characteristics
   Diameter (mm)	 2.85 ± 0.3	 2.92 ± 0.4	 0.24
   Total length (mm)	 28.1 ± 17.7	 25.7 ± 14.6	 0.401
   EES/BES	 39/38	 39/20	 0.071
 
ACC/AHA = American College of Cardiology/American Heart Association; BES = biolimus A9-eluting stent; EES = everolimus-
eluting stent; HOMA-IR = homeostasis model assessment of insulin resistance; LAD = left anterior descending coronary 
artery; LCx = left circumflex coronary artery 
 

Data are presented as mean ± SD, as number, or as number and percentage. P <0.05 was considered statistically significant.
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patients. In our study, MLD and late lumen loss showed 
significant changes upon QCA. Therefore, insulin re-
sistance might hamper neointimal tissue proliferation 
after DES implantation. We evaluated insulin resis-
tance by using the HOMA-IR index, which is easy to 
calculate and which serves to predict neointimal tissue 
proliferation after DES implantation.
	 Insulin has growth-promoting and protective vascu-
lar effects in vivo. Breen and colleagues18 showed that 
insulin increases neointimal growth after arterial in-
jury. Hoffmann and associates19 found no signif icant 

differences in the occurrence of major adverse cardiac 
events from the use of bare-metal stents versus DES in 
patients with metabolic syndrome. Although metabolic 
syndrome is characterized by high insulin resistance, 
Hoffmann and associates did not evaluate that factor. 
Our Group P had a smaller MLD, a higher percentage 
of stenosis, and a larger late lumen loss. An imbalance of 
insulin effects would promote endothelial disadvantage 
in the human body.
	 Pioglitazone has been used in diabetic patients to 
improve insulin resistance and thereby prevent the oc-
currence of cardiovascular events.20 However, insulin re-
sistance occurs not just in patients with DM. Therefore, 
we suggest that treatment for insulin resistance in the 
early phase will reduce the future rate of restenosis in a 
broad group of patients who are given a DES.

Limitations of the Study
This was a single-center, nonrandomized study. A core 
laboratory was not used for QCA. The relatively small 
number of patients in this study limits the power of 
estimation. Furthermore, the patients were evaluated 
only in the early postoperative period. We think that 
long-term follow-up in a larger number of patients is 
necessary to confirm our f indings. In addition, this 
study evaluated only in-stent restenosis. In the future, 
we wish to evaluate coronary flow reserve.
	 Finally, the HOMA-IR index cannot be calculated in 
patients who are taking a pioglitazone or insulin prepa-
ration and who have a fasting glucose level exceeding 
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Fig. 1  Graph shows restenosis rates of 7.8% in the insulin-resis-
tant group P (6 patients) and 3.4% (2 patients) in the nonresistant 
group N. P <0.05 was considered statistically significant.

TABLE III. Restenosis and Quantitative Coronary Angiographic Analysis

	 Group P, HOMA-IR ≥2.5	 Group N, HOMA-IR <2.5	  
          Variable	 (n=77)	 (n=59)	 P Value

Restenosis rate	 6 (7.8)	 2 (3.4)	 0.28

QCA analysis

Before PCI

   Reference diameter (mm)	 2.6 ± 0.8	 2.82 ± 0.52	 0.26

   Minimal lumen diameter (mm)	 0.61 ± 0.41	 0.57 ± 0.32	 0.715

   Stenosis (%)	 78.35 ± 11.97	 79.47 ± 10.8	 0.73

   Lesion diameter (mm)	 24.74 ± 19.85	 20.82 ± 13.05	 0.413

After PCI

   Reference diameter (mm)	 2.85 ± 0.55	 3.03 ± 0.5	 0.224

   Minimal lumen diameter (mm)	 2.57 ± 0.56	 2.7 ± 0.45	 0.383

   Stenosis (%)	 10.53 ± 4.43	 10.89 ± 5.07	 0.787

At 8-month evaluation

   Minimal lumen diameter (mm)	 1.85 ± 1.02	 2.37 ± 0.66	 0.037

   Stenosis (%)	 33.98 ± 32.33	 19.61 ± 19.21	 0.062

   Late lumen loss (mm)	 0.4 ± 0.48	 0.16 ± 0.21	 0.025
 
HOMA-IR = homeostasis model assessment of insulin resistance; PCI = percutaneous coronary intervention;  
QCA = quantitative coronary angiographic 
 

Data are presented as mean ± SD or as number and percentage. P <0.05 was considered statistically significant.
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>200 mg/dL, so another index of insulin resistance is 
necessary in those cases.

Conclusion
We evaluated the HOMA-IR index as a predictor of 
restenosis and found a similar restenosis rate in the 
groups with positive and negative HOMA-IR values. 
However, neointimal tissue proliferation was a severe 
problem in our positive-value group, as shown by means 
of QCA analysis. Accordingly, we suggest that insulin 
resistance affects neointimal tissue proliferation after 
2nd-generation DES implantation.
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Fig. 2  Graphs show the results of quantitative coronary angio-
graphic analysis after 8 months in terms of A) minimal lumen 
diameter and B) late lumen loss. In insulin-resistant Group P, 
the minimal lumen diameter was less than that in nonresistant 
Group N (1.85 ± 1.02 vs 2.37 ± 0.66 mm; P=0.037), and late 
lumen loss was significantly larger (0.4 ± 0.48 vs 0.16 ± 0.21 
mm; P=0.025). P <0.05 was considered statistically significant.
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