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a b s t r a c t
Background: The long-term prognosis of coronary artery disease (CAD) patients with insulin resistance has not
been fully examined. In this study, we investigated the inﬂuence of postload hyperinsulinemia (PHI) after a
75-g oral glucose tolerance test (OGTT), on the long-term prognosis of CAD patients.
Methods: All study patients were diagnosed as having CAD by coronary angiography. The OGTT was performed
for all patients to establish their blood glucose. Measurement of serum insulin was also performed simultaneously. Patients with 2-h insulin level of ≥64 mU/l after the OGTT were included in the postload hyperinsulinemia
(PHI) group, and the others were included in the non-PHI group. The prognosis of 208 patients (96 from the
PHI group and 112 from the non-PHI group) was retrospectively investigated. Study end points were the
composite of death from any cause, unexpected hospitalization for heart failure, new-onset ACS, angina pectoris
requiring PCI or CABG, cerebrovascular disease (CVD), and peripheral artery disease (PAD). Variables were
compared using Kaplan–Meier analysis and the log-rank tests.
Results: The mean follow-up period was 78.7 months. Cardiovascular events including death were 40.6% in the
PHI group and 23.2% in the non-PHI group (log-rank p = 0.0144). CVD, PCI, and CABG occurred continuously
from early to late stage of follow-up in the PHI group compared with the non-PHI group.
Conclusions: The present study showed that the prognosis of CHD patients with PHI was poor. Thus, it is
important to pay attention to these conditions for improving the prognosis of CAD patients.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction
The incidence of coronary artery disease (CAD) is approximately
three times more likely in diabetes mellitus (DM) patients than in
non-DM patients [1]. Because previous studies have found that glucose
intolerance occurs in approximately two third of patients with acute
myocardial infarction [2], impaired glucose tolerance (IGT) can be
considered as a major coronary risk factor. Hyperinsulinemia, one of
the conditions of abnormal glucose metabolism, signiﬁcantly affects
atherosclerosis development [3–6]. Cardiovascular complications
could develop in DM patients even during the pre- or early stage
of diabetes. Many of patients of this status have insulin resistance.
However, the prognosis of CAD patients with insulin resistance has
not been fully investigated.
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In this study, we examined the prognosis of CAD patients with
insulin resistance using postload hyperinsulinemia (PHI), which was
deﬁned as 2-h serum insulin level of ≥64 mU/l after the oral glucose
tolerance test (OGTT).
2. Methods
We investigated the prognosis of 208 CAD patients who were
diagnosed with CAD by their ﬁrst coronary angiography at our hospital
between April 2000 and December 2010. CAD included acute coronary
syndrome (ACS), stable angina pectoris (SAP), and coronary spastic
angina (CSA). ACS was diagnosed by chest pain together with ST
segment changes on ECG and angiographically signiﬁcant coronary
artery stenosis or occlusion with thrombus. CSA was angiographically
total or subtotal occlusion after an intracoronary infusion of acetylcholine. SAP was angiographically ≥75% coronary artery stenosis according
to the American Heart Association (AHA) category. Patients' diabetic
conditions were not available on admission, but all had no history of
treatment of diabetes. Fasting blood glucose was b126 mg/dl, and
blood glucose at any time was b200 mg/dl. All patients underwent a
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Table 1
Characteristics of study patients.

Age (yr)
Male/female
BMI
Hypertension (%)
Smoking (%)
LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
Triglyceride (mg/dl)
Lp (a) (mg/dl)
RLP-cholesterol (mg/dl)
Statin (%)

Non-PHI group
(n = 112)

PHI group
(n = 96)

p value

65.3 ± 1.1
76/36
23.1 ± 3.0
49.1
56.3
126.4 ± 54.3
46.8 ± 14.2
108.4 ± 52.2
30.6 ± 32.1
4.26 ± 3.26
69.6

64.8 ± 1.2
78/18
24.9 ± 3.0
50.0
45.8
124.1 ± 32.4
44.4 ± 14.7
131.6 ± 64.5
25.6 ± 24.9
5.19 ± 4.12
64.6

ns
p = 0.0284
p b 0.0001
ns
ns
ns
ns
p = 0.0051
ns
p = 0.0389
ns

Data are expressed as n (%) or mean ± SD. BMI, body mass index; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; RLP, remnant-like particle.

75-g OGTT, and plasma glucose and immunoreactive insulin (IRI) levels
were measured before and 1 and 2 h after the OGTT.
All patients diagnosed as having glucose intolerance underwent diet
therapy, and oral antidiabetic drugs were prescribed for diabetic
patients if required. No patient required insulin and had a history of
renal or hepatic disease. All study protocols conformed to the requirements of the Declaration of Helsinki.
For ACS patients, height and weight were measured, and blood
samples were obtained after 12 h of fasting and when their clinical
status was stable, i.e., approximately 2 weeks after admission. For all
other patients, height and weight were measured on admission, and
blood samples were obtained after 12 h of fasting on their second day
of admission. Homeostatic model assessment indices (HOMA-R) were
calculated as follows: HOMA-R = [fasting insulin (mU/l) × fasting
serum glucose (mg/dl)] / 405 [7]. Those with results ≥1.73 were considered to have insulin resistance [8].
Patients were divided into two groups based on their 2-h insulin
level after the OGTT. Those with 2-h insulin levels after the OGTT of
≥64 mU/l were included in the PHI group, and the others were included
in the non-PHI group [8].
Study end points were the composite of death from any cause and
cardiovascular events including unexpected hospitalization for heart
failure, new-onset ACS, coronary artery restenosis after percutaneous
coronary intervention (PCI), and new-onset angina requiring PCI or
coronary artery bypass graft surgery (CABG), cerebrovascular disease
(CVD; transient ischemic attack, cerebral infarction, cerebral hemorrhage, and subarachnoid hemorrhage), and peripheral artery disease
(PAD; aortic aneurysm, arteriosclerosis obliterans, and carotid artery
stenosis). We retrospectively investigated the last consultation day,
event-free period, and details of cardiovascular events. For patients
who consulted with other hospitals, we requested information from

Table 2
Glucose conditions of the two groups.

FBS (mg/dl)
1 h BS (mg/dl)
2 h BS (mg/dl)
Fasting insulin (μIU/ml)
1 h insulin (μIU/ml)
2 h insulin (μIU/ml)
HbA1c (%)
HOMA-R
Insulin resistance (%)
Pioglitazone (%)
Hypoglycemic agents (%)

Non-PHI group
(n = 112)

PHI group
(n = 96)

p value

90.4 ± 18.0
175.0 ± 57.2
155.3 ± 71.6
5.4 ± 2.5
42.4 ± 28.7
41.3 ± 14.2
5.7 ± 12
1.44 ± 1.63
22.3
0
8.0

93.3 ± 11.0
196.9 ± 41.5
179.3 ± 51.2
9.1 ± 9.3
89.3 ± 67.1
119.0 ± 65.5
5.7 ± 0.4
1.91 ± 1.27
42.7
1
4.2

ns
p b 0.0001
p b 0.0001
p b 0.0001
p b 0.0001
p b 0.0001
ns
p = 0.023
p = 0.0014
ns
ns

Data are expressed as n (%) or mean ± SD. FBS, fasting blood sugar; BS, blood sugar;
HOMA-R, homeostasis model assessment-insulin resistance.

Fig. 1. Comparison of the OGTT results between the two groups. The IGT and diabetes rate
were higher in the PHI group than in the non-PHI group.

these hospitals. Patients with follow-up periods of ≤ 5 years were
excluded.
3. Statistical methods
Statistical results are expressed as a mean ± standard deviation.
Data were analyzed using the Student's t-test for comparison between
the two groups. The Chi-square test was used for all rate comparisons.
Cumulative end point-free ratios were analyzed using the Kaplan–
Meier method and compared using the log-rank test. Resulting p value
of b0.05 was considered statistically signiﬁcant. Statistical analyses
were performed using JMP10 software for Macintosh (SAS Institute
Inc., Cary, NC, USA).
4. Results
Clinical characteristic data are shown in Table 1. No signiﬁcant
differences were identiﬁed between the groups in terms of age, rate of
hypertension, and smoking. Signiﬁcant lipid result data included
remarkably high triglyceride and remnant-like particle cholesterol
(RLP-C) values in the PHI group. Low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, Lp (a), and the rate of
statin use at admission were not signiﬁcant. Table 2 shows the result of
the OGTT. FBS was not different, but 1- and 2-h BS and three insulin
level points were all signiﬁcantly high in the PHI group compared
with the non-PHI group. HOMA-R, rate of insulin resistance, and
normal/IGT/DM ratio (Fig. 1) were also signiﬁcantly high in the PHI
group but HbA1c was not. The frequency of use of pioglitazone or

Table 3
Details of cardiovascular events.
Non-PHI group
(n = 112)
Death
Cardiovascular event
Heart failure
ACS
PCI & CABG
CVD
PAD

PHI group
(n = 96)

2

5

3
7
6
5
3

2
4
17
7
4

Data are expressed as n. ACS, acute coronary syndrome; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass grafting; CVD, cerebrovascular disease; PAD,
peripheral artery disease.
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5. Discussion

Fig. 2. PHI and 120 month outcome. Kaplan–Meier event-free survival curve.

other hypoglycemic agents after the OGTT did not differ between the
groups. Details of cardiovascular events are shown in Table 3. Cardiovascular events occurred in 39 patients, including ﬁve deaths, in the PHI
group and 26 patients, including two deaths, in the non-PHI group. In
particular, the number of patients requiring PCI and CABG was 17 in
the PHI group.
Kaplan–Meier survival curves showed that the prognosis was significantly poorer for the PHI group than for the non-PHI group. Incidence
event rates were 40.6% and 23.2% in the PHI and non-PHI groups,
respectively (log-rank p = 0.0144) (Fig.2). In the PHI group, cardiovascular events occurred immediately after initiation of follow-up. In contrast, in the non-PHI group, most events occurred 24 months after the
follow-up. This difference was more marked after approximately
90 months. The occurrence of events over time is depicted in Fig. 3. In
the non-PHI group, almost all events occurred between 30 and
80 months. However, in the PHI group, events occurred from the early
to late stage of follow-up, particularly for those requiring PCI and CABG.

It has been reported that cardiovascular diseases occur even during
the pre- or early stage of diabetes [2], and most of them are complicated
by insulin resistance [6]. Therefore, the diagnosis and treatment of
insulin resistance are important to prevent cardiovascular disease and
improve its prognosis. Although the glucose clamp technique is necessary for an accurate diagnosis of insulin resistance, HOMA-R, which is
a simple and easy diagnostic procedure [7], is often generally used.
However, even if HOMA-R is within the normal range, many patients
with postprandial hyperinsulinemia have been detected. In addition,
these patients are believed to have insulin resistance. In this study,
almost all patients in the PHI group were in the pre- or early stage of
diabetes and had insulin resistance. Patients of vasospastic angina
with hyperinsulinemia reportedly have a poor long-term prognosis [9]
. Similarly, the results of this study, comprising ACS, SAP, and CSA
patients, show that the long-term prognosis of patients with PHI was
poor. Kaplan–Meier curves dissociated from the early stage of followup and after 80 months. Occurrence of death, heart failure, ACS, and
PAD did not differ between the two groups; however, that of CVD, PCI,
and CABG was constant from the early stage of follow-up to after
80 months in the PHI group compared with the non-PHI group. It has
been reported that insulin resistance is related to the onset of stroke
and coronary heart disease [10,11]. In this study, occurrence of CVD,
PCI, and CABG led to this difference.
All patients in this study had already developed CAD and were
provided treatment for coronary risk factors. It has been reported that
the development of cardiovascular events can be reduced with the use
of statins in type 2 diabetic patients, even if their diabetes is not well
controlled [12]. Although the usage rate of statin was ≥ 60% in both
groups in this study, the prognosis of the PHI group was poor. It is
conceivable that insulin resistance led to the development of atherosclerotic disease and adversely affected the prognosis of CAD patients.
PHI may be a “residual risk factor” for cardiovascular disease.
In this study, some problems exist in judging the inﬂuence of insulin
resistance on atherosclerosis. The control levels of coronary risk factors
were unknown when the cardiovascular events occurred. In addition,
most of the patients in the PHI group were in the pre- or early stage of
diabetes. For these patients, diet was the main treatment, and oral

Fig. 3. Time series display of cardiovascular events. ACS, acute coronary syndrome; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVD, cerebrovascular
disease; PAD, peripheral artery disease.
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antidiabetic drugs were seldom used. Therefore, it may be believed
that patients' diabetic conditions worsened when the events
occurred. The rate of obesity, triglyceride, and RLP-C levels was signiﬁcantly high in the PHI group. Therefore, it was believed that
many patients had metabolic syndrome in the PHI group. However,
we did not measure adiponectin, which is concerned with the progression of atherosclerosis [13,14].
Pioglitazone is an insulin sensitizer used for the treatment of type 2
diabetes. It has been reported that pioglitazone reduced cardiovascular
complications in type 2 diabetic patients [15]; however, it does not have
applications for prediabetic patients. In addition, some problems have
been reported with pioglitazone [16,17]. Therefore, it is difﬁcult to
positively recommend this drug to prediabetic patients. Angiotensinconverting enzyme inhibitors and angiotensin II receptor blockers
have an inhibitory effect on new-onset diabetes and an improving effect
on insulin resistance [18–22]. Therefore, we believe that these drugs
should be prescribed for patients in the pre- or early diabetes if their
condition is complicated by hypertension. Diet therapy and weight
control have an improving effect on insulin resistance, and as such,
they are the basics for treatment of glucose intolerance. UKPDS [23]
that provided intensive blood glucose control for patients with newonset type II diabetes improved the long-term prognosis [24]. However,
good results have not yet been reported, even for intensive glucose
control for type II diabetic patients who had already been treated
[25–27]. The results of this study show that the prognosis of patients
complicated with PHI was poor, even if they were in the pre- or early
stage of diabetes. It is important to pay attention to patients with PHI,
even if their blood glucose is normal, or they have IGT level. However,
it is unclear whether intensive control for these conditions improves
the prognosis.
Conﬂict of interest
The authors declare no conﬂict of interest.
References
[1] Kannel WB, McGee DL. Diabetes and glucose tolerance as risk factors for cardiovascular
disease: Framingham study. Diabetes Care 1979;2:2120–6.
[2] Norhammar A, Tenerz A, Nilsson G, et al. Glucose metabolism in patients with acute
myocardial infarction and no previous diagnosis of diabetes mellitus: a prospective
study. Lancet 2002;359:2140–4.
[3] Fontbonne A, Charles MA, Thibult N, et al. Hyperinsulinaemia as a predictor of
coronary heart disease mortality in a healthy population: the Paris Prospective
Study, 15-year follow-up. Diabetologia 1991 May;34(5):356–61.
[4] Pyorala M, Miettinen H, Laakso M, Pyorala K. Hyperinsulinemia predicts coronary
heart disease risk in health middle-aged men. The 22-year follow up results of the
Helsinki Policemen Study. Circulation 1998;98:398–404.
[5] Yamasa T, Ikeda S, Koga S, et al. Evaluation of glucose tolerance, post-prandial
hyperglycemia and hyperinsulinemia inﬂuencing the incidence of coronary heart
disease. Intern Med 2007;46:543–6.
[6] Fujiwara T, Saitoh S, Takagi S, et al. Development and progression of atherosclerotic
disease in relation to insulin resistance and hyperinsulinemia. Hypertens Res 2005;
28:665–70.

[7] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis
model assessment: insulin resistance and β-cell function from fasting plasma glucose
and insulin concentration in man. Diabetologia 1995;28:412–9.
[8] Oimatsu H, Saitoh S, Ura N, Shimamoto K. A practical index for evaluation of insulin
resistance (in Japanese). J Jpn Soc 2000;43:205–13.
[9] Nakagomi A, Saiki Y, Kosugi M, et al. Effect of insulin resistance associated with
compensatory hyperinsulinemia on the long-term prognosis in patients with
vasospastic angina. Int J Cardiol 2013;167(5):2222–7.
[10] Pyorala K. Relationship of glucose tolerance and plasma insulin to the incidence of
coronary heart disease: results from two population studies in Finland. Diabetes
Care 1979;2(2):131–41.
[11] Rundek T, Gardener H, Xu Q, et al. Insulin resistance and risk of ischemic stroke
among nondiabetic individuals from the northern Manhattan study. Arch Neurol
2010;67(10):1195–200.
[12] Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary prevention of cardiovascular disease with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin
Diabetes Study (CARDS): multicenter randomized placebo-controlled trial. Lancet
2004;364(9435):685–96.
[13] Matsuzawa Y. Adiponectin: identiﬁcation, physiology and clinical relevance in
metabolic and vascular disease. Atheroscler Suppl 2005;6(2):7–14.
[14] Kumada M, Kihara S, Sumitsuji S, et al. Association of hypoadiponectinemia with
coronary artery disease in med. Arterioscler Thromb Vasc Biol 2003;23(1):85–9.
[15] Charbonnel B, Dormandy J, Erdmann E, Massi-Benedetti M, Skene A, PROactive
Study Group. The prospective pioglitazone clinical trial in macrovascular events
(PROactive): can pioglitazone reduce cardiovascular events in diabetes? Study
design and baseline characteristics of 238 patients. Diabetes Care 2004;27(7):
1647–53.
[16] Durmuth CR, Carney G, Carleton B, Bassett K, Wright JM. Thiazolidinediones and
fractures in men and women. Arch Intern Med 2009;169(15):1395–402.
[17] Lewis JD, Ferrara A, Peng T, et al. Risk of bladder cancer among diabetic patients
treated with pioglitazone: interim report of a longitudinal cohort study. Diabetes
Care 2011;34:916–22.
[18] Hansson L, Lindholm LH, Niskanen L, et al. Effect of angiotensin-converting-enzyme
inhibition compared with conventional therapy on cardiovascular morbidity and
mortality in hypertension: the Captopril Prevention Project (CAPPP) randomised
trial. Lancet 1999;253(9153):611–6.
[19] Dahlof B, Devereus RB, Kjeldse SE, et al. Cardiovascular morbidity and mortality in
the Losartan Intervention For Endpoint reduction in hypertension study (LIFE): a
randomized trial against atenolol. Lancet 2002;359(9311):99–1003.
[20] Julius S, Kjeldsen SE, Weber M, et al. Outcomes in hypertensive patients at high
cardiovascular risk treated with regimens based on valsartan or amlodipine: the
VALUE randomized trial. Lancet 2004;363(9426):2022–31.
[21] Dahlof B, Sever PS, Poulter NR, et al. Prevention of cardiovascular events with an
antihypertensive regimen of amlodipine adding perindopril as required, in the
Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA): a multicenter randomized controlled trial. Lancet 2005;366(9489):
895–906.
[22] Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihypertensive drugs: a
network meta-analysis. Lancet 2007;369(9557):201–7.
[23] UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control
with sulphonylureas or insulin compared with conventional treatment and risk of
complications in patients with type 2 diabetes (UKPDS 33). Lancet 1998;352:
837–53.
[24] 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;359:1577–89.
[25] Action to Control Cardiovascular Risk in Diabetes Study Group. Effects of intensive
glucose lowering in type 2 diabetes. N Engl J Med 2008;358(24):2545–59.
[26] ADVANCE Collaborative Group. Intensive blood glucose control and vascular
outcomes in patients with type 2 diabetes. N Engl J Med 2008;358(24):2560–72.
[27] Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular complications
in veterans with type 2 diabetes. N Engl J Med 2009;360(2):129–39.

