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Introduction

It is well known that individuals with impaired fasting glu-
cose (IFG) and/or impaired glucose tolerance (IGT) are at 
increased risk for both type 2 diabetes and cardiovascular 
disease (CVD), with the oral glucose tolerance test (OGTT) 
being the standard method for diagnosis.1 However, longi-
tudinal epidemiological studies have shown that a signifi-
cant portion of individuals who develop type 2 diabetes 
have normal glucose tolerance (NGT) at baseline,2 and sev-
eral studies have demonstrated a significant risk for CVD 
even in individuals with NGT. Therefore, it is essential that 

individuals with NGT at increased cardiovascular risk are 
identified at an early stage to establish early intervention 
programmes for reducing the incidence of CVD.
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Abstract
Objective: To investigate the relationship of 1-h postload plasma glucose during the oral glucose tolerance test with 
the severity of coronary artery lesions and risk of 1-year re-admission in coronary heart disease patients with normal 
glucose tolerance.
Methods: A total of 266 consecutive coronary heart disease patients who underwent coronary angiography and had 
normal glucose tolerance confirmed by oral glucose tolerance test during hospitalization were prospectively enrolled 
and followed in two groups according to the 1-h postload plasma glucose cut-off point (1-h postload plasma glucose 
<155 mg/dL, n = 149 and 1-h postload plasma glucose ⩾155 mg/dL, n = 117). Angiographic severity was assessed by 
number of diseased vessels, lesion morphology and Gensini score. The risk of 1-year re-admission with adverse 
cardiovascular events after discharge was analysed.
Results: Subjects with a 1-h postload plasma glucose ⩾155 mg/dL had higher incidence of multivessel disease and complex 
lesions, Gensini score and risk of 1-year re-admission than subjects with a 1-h postload plasma glucose <155 mg/dL (all 
p < 0.05). In the stepwise multivariate regression analysis, 1-h postload plasma glucose was the major determinant of the 
Gensini score. Subgroup analyses by sex showed that men with a 1-h postload plasma glucose ⩾155 mg/dL had higher 
incidence of complex lesions and risk of 1-year re-admission than men with a 1-h postload plasma glucose <155 mg/dL 
(all p < 0.05).
Conclusion: Coronary heart disease patients with normal glucose tolerance and elevated 1-h postload plasma glucose 
levels had a greater severity of coronary artery lesions and an increased risk of re-admission with adverse cardiovascular 
events, particularly in men.
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Recently, a cut-off point of 155 mg/dL for 1-h postload 
plasma glucose (1-h PG) during the OGTT is able to 
identify subjects with NGT at high risk for future type 2 
diabetes.3–5 Moreover, in individuals with NGT, a 1-h PG 
⩾155 mg/dL is strongly associated with worse cardio-
metabolic risk profiles such as dyslipidaemia,6 hyperuri-
caemia7 and sub-clinical target organ damage, including 
early carotid atherosclerosis,8 left ventricular hypertro-
phy9 and non-alcoholic fatty liver disease,10 all of which 
are independent predictors of CVD. Furthermore, it has 
been demonstrated that an elevated 1-h PG level is asso-
ciated with increased risk of CVD and mortality and that 
1-h PG is a better predictor of cardiovascular morbidity 
and adverse outcomes than the 2-h PG level.11–14 With 
respect to coronary heart disease (CHD), Orencia et al.12 
reported that 1-h PG was an independent risk factor for 
fatal CHD in nondiabetic subjects. In the Reykjavik 
study, an elevated 1-h PG level was associated with 
higher CHD risk in people without diabetes.15 However, 
studies regarding 1-h PG are lacking in CHD patients 
with NGT.

Therefore, the aim of this study was to investigate the 
relationship of 1-h PG levels during the OGTT with the 
severity of coronary artery lesions and risk of 1-year re-
admission with adverse cardiovascular events in CHD 
patients with NGT.

Methods

Study subjects and design

Patients diagnosed with CHD by coronary angiography at 
the First Affiliated Hospital of Xi’an Jiaotong University 
from January 2015 to January 2017 were prospectively 
enrolled if they had NGT according to OGTT during hos-
pitalization. NGT was defined on the basis of OGTT using 
the following criteria of the American Diabetes Association 
(ADA):16 an fasting plasma glucose (FPG) concentration 
<100 mg/dL, a 2-h postload plasma glucose (2 h PG) con-
centration <140 mg/dL and an HbA1c level <5.7%. The 
exclusion criteria were as follows: diabetes mellitus, IFG, 
IGT, pregnancy, recent trauma, cancer, cardiomyopathy, 
rheumatic heart disease, severe heart failure, chronic lung 
disease, hepatic or renal disease, immune disease, chronic 
gastrointestinal disease, chronic pancreatitis, a history of 
any malignant disease or a history of treatments altering 
glucose metabolism.

According to the 1-h PG cutoff point of 155 mg/dL, all 
the included patients (n = 266) were divided into two 
groups for data analysis, and then followed up until 1 year 
after discharge for re-admission with adverse cardiovas-
cular events. The study was approved by the Ethical 
Committee of the First Affiliated Hospital of Xi’an 
Jiaotong University, and all participants gave informed 
consent.

Laboratory tests

Baseline laboratory data were obtained from venous blood 
samples taken on the second day of hospitalization after a 
12-h overnight fast. Levels of high- and low-density lipo-
protein (HDL and LDL, respectively) cholesterol, triglycer-
ides, total cholesterol, apolipoprotein A, apolipoprotein B, 
lipoprotein(a), high-sensitivity C-reactive protein (hs-CRP), 
HbA1c and serum creatinine, white blood cell (WBC) 
counts, neutrophil (NEUT) counts, lymphocyte (LYMPH) 
counts and monocyte (MONO) counts were measured. 
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation:17 eGFR = 141 × min 
(Scr/k,1)α × max (Scr/k,1)−1.209 × 0.993Age × 1.018 (if 
female), where Scr is serum creatinine, k is 0.7 for females 
and 0.9 for males, α is −0.329 for females and −0.411 for 
males, min indicates the minimum of Scr/k or 1 and max 
indicates the maximum of Scr/k or 1.

After 12-h of fasting, a 75-g OGTT was performed with 
0-, 60-, 120- and 180-min sampling for plasma glucose and 
insulin. The Matsuda index [insulin sensitivity index (ISI)] 
was calculated as follows:18 10,000/square root of [fasting 
glucose (mmol/L) × fasting insulin (mU/L)] × [mean glu-
cose × mean insulin during OGTT]. The homeostasis 
model assessment of insulin resistance (HOMA-IR) index 
was calculated as follows:19 plasma insulin (mU/L) × plasma 
glucose (mmol/L)/22.5.

Coronary angiography

Coronary angiography was performed in patients with 
symptoms of angina pectoris and positive results of vari-
ous examinations [e.g. exercise treadmill test, coronary 
computerized tomography (CT), myocardial perfusion 
imaging], who were strongly suspected of having CHD 
and were admitted to the hospital from the outpatient or 
emergency department.

Coronary angiograms were assessed by two experienced 
cardiologists blindly. CHD was defined as the presence of 
one or more coronary arteries with the luminal diameter 
stenosis reaching or more than 50%. In this study, angio-
graphic severity was assessed by the number of diseased 
vessels, lesion morphology and Gensini score. The number 
of diseased vessels was coded as 1, 2 or 3 according to the 
number of major coronary arteries with luminal diameter 
stenosis reaching or more than 50%. Multivessel disease 
was defined as at least two major coronary arteries involved. 
Lesion categorization into Type A, Type B or Type C was 
determined by a joint American College of Cardiology/
American Heart Association (ACC/AHA) task force. A 
Type A lesion was defined as simple, and Type B and C 
lesions were defined as complex.20 The Gensini score con-
sidered the degree of luminal narrowing and the importance 
of the site of coronary stenosis, as previously described.21
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Definition of 1-year re-admission with adverse 
cardiovascular events

The adverse cardiovascular events, including cardiac 
death, myocardial infarction, unstable angina pectoris, 
malignant arrhythmia, cardiac arrest, cardiogenic shock, 
cardiogenic syncope, coronary revascularization and 
stroke, were ascertained from a review of medical records 
and confirmed by direct dialogue with the patients, their 
families and physicians following discharge. When a 
patient was re-admitted to the hospital more than once 
within 1 year after discharge, only the first re-hospitaliza-
tion was included.

Statistical analysis

Continuous variables were expressed as the mean values 
and the standard deviation for normally distributed data, 
and as the median (interquartile range) for values non-nor-
mally distributed data. Categorical variables were 
expressed as frequencies and percentages. For statistical 
comparisons, a t test or Mann–Whitney U test was used for 
continuous variables, and the chi-square test was used for 
categorical variables. Relationships between variables 
were examined by stepwise multivariate linear regression 
analysis to assess their independent contribution to the 
Gensini score, which was log transformed to normally dis-
tribute the data. Kaplan–Meier analysis was performed to 
assess the risk of 1-year re-admission with adverse cardio-
vascular events. A p value of <0.05 was considered statis-
tically significant. All analyses were performed using the 
SPSS software program version 20.0 for Windows.

Results

Baseline characteristics

The study subjects consisted of 200 men (75.2%) and 66 
women (24.8%), between 30 and 78 years old (mean age 
59.6 ± 9.9 years). A 1-h PG cut-off point of 155 mg/dL 
during the OGTT was used to divide subjects into two 
groups: 1-h PG ⩾155 mg/dL (n = 117) and 1-h PG 
<155 mg/dL (n = 149). The baseline characteristics of the 
patients in the two groups are shown in Table 1. Subjects 
with a 1-h PG ⩾155 mg/dL had significantly higher 
HOMA-IR and lower ISI values compared with subjects 
with a 1-h PG <155 mg/dL [2.6 (1.9–3.6) vs 1.8 (1.2–
2.8), p < 0.001 and 3.2 (2.4–4.5) vs 5.7 (4.1–8.1), 
p < 0.001]. Compared to subjects with a 1-h PG <155 mg/
dL, subjects with a 1-h PG ⩾155 mg/dL exhibited higher 
inflammatory marker levels, including levels of hs-CRP, 
WBCs and NEUTs [1.5 (0.8–2.8) vs 0.8 (0.4–1.2), 
p < 0.001; (6.6 ± 1.7) × 109/L vs (6.0 ± 1.5) × 109/L, 
p = 0.01; and (4.3 ± 1.5) × 109/L vs (3.8 ± 1.2) × 109/L, 
p = 0.009, respectively]. There were no significant differ-
ences between the two groups with respect to age, sex, 

smoking status, body mass index, blood pressure, heart 
rate, eGFR, lipid profiles or medical history (all p > 0.05).

Angiographic characteristics

The angiographic characteristics of all study subjects are 
shown in Table 2. Subjects with a 1-h PG ⩾155 mg/dL had 
a significantly higher percentage of three-vessel and mul-
tivessel disease than subjects with a 1-h PG <155 mg/dL 
(49.5% vs 20.2%, p < 0.001 and 76.9% vs 47.7%, 
p < 0.001). Regarding lesion morphology, the incidence of 
complex lesions in subjects with a 1-h PG ⩾155 mg/dL 
was significantly higher than that in subjects with a 1-h PG 
<155 mg/dL (48.7% vs 32.2%, p = 0.002). Specifically, 
the incidence of total occlusion lesions in subjects with a 
1-h PG ⩾155 mg/dL was higher than that in subjects with 
a 1-h PG <155 mg/dL (21.4% vs 11.4%, p = 0.027), but the 
incidence of diffuse lesions or calcification lesions was not 
significantly different between the two groups. Moreover, 
subjects with a 1-h PG ⩾155 mg/dL had significantly 
higher Gensini scores than subjects with a 1-h PG 
<155 mg/dL [60 (33–88) vs 28 (16–44), p < 0.001].

Next, angiographic characteristics were stratified by 
sex (Table 3). Men with a 1-h PG ⩾155 mg/dL had higher 
involvement of major coronary arteries (all p < 0.05), 
while women with a 1-h PG ⩾155 mg/dL only had higher 
involvement of the right coronary artery (65.2% vs 30.2%, 
p = 0.006). In both men and women, increasing 1-h PG lev-
els were statistically associated with higher incidence of 
multivessel disease and Gensini score (all p < 0.01). 
However, regarding lesion morphology, male subjects 
with a 1-h PG ⩾155 mg/dL had a higher incidence of com-
plex lesions than subjects with a 1-h PG <155 mg/dL 
(46.8% vs 32.1%, p = 0.033), but this trend was not seen in 
women. Moreover, male subjects with a 1-h PG ⩾155 mg/
dL had a higher incidence of total occlusion lesions, while 
female subjects with a 1-h PG ⩾155 mg/dL had a higher 
incidence of calcification lesions (24.5% vs 11.3%, 
p = 0.015 and 21.7% vs 4.7%, p = 0.033, respectively).

Regression analysis of variables with Gensini 
score

The 1-h PG value positively correlated with the Gensini 
score in all subjects (r = 0.367, p < 0.001). To determine 
the independent predictors of Gensini score, variables 
reaching statistical significance and traditional or possible 
risk factors for CHD were examined in a stepwise multi-
variate linear regression model. This analysis was per-
formed for all subjects. As shown in Table 4, 1-h PG was 
the major determinant of the Gensini score, explaining 
13.1% of its variation (p < 0.001). Other independent pre-
dictors were hs-CRP and HOMA-IR, explaining another 
1.2% (p = 0.023) and 1.1% (p = 0.034) of the Gensini score 
variation.
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Analysis of 1-year re-admission with adverse 
cardiovascular events after discharge

Compared with subjects with a 1-h PG <155 mg/dL, sub-
jects with a 1-h PG ⩾155 mg/dL exhibited a higher rate 
of 1-year re-admission with adverse cardiovascular 
events (17.9% vs 8.7%, p < 0.05). The results of the 
Kaplan–Meier analysis are shown in Figure 1. The cumu-
lative incidences of 1-year re-admission with adverse 
cardiovascular events in subjects with a 1-h PG ⩾155 mg/
dL and a 1-h PG <155 mg/dL were 19.8% and 8.9%, 
respectively, which was statistically significant (Breslow 
test p = 0.016).

Subgroup analyses by sex showed that the re-admission 
rate of men with a 1-h PG ⩾155 mg/dL was higher than 
that of men with a 1-h PG <155 mg/dL (18.1% vs 8.5%, 
p < 0.05), whereas this rate was similar in both groups of 
women. As shown in Figure 1, men with a 1-h PG 
⩾155 mg/dL showed a higher cumulative incidence of 

1-year re-admission with adverse cardiovascular events 
than men with a 1-h PG <155 mg/dL (19.9% vs 8.9%, 
Breslow test p = 0.031), but no significant difference was 
observed in women (Breslow test p = 0.297).

Discussion

This study, conducted in a cohort of CHD patients with 
NGT, showed that elevated 1-h PG levels during the OGTT 
were associated with an increased degree of coronary 
artery lesions and a higher risk of 1-year re-admission with 
adverse cardiovascular events. Moreover, these findings 
were found to be particularly evident in men through fur-
ther subgroup analyses by sex.

Increasing evidence has shown that a significant propor-
tion of subjects with NGT are at high risk for not only type 2 
diabetes but also CVD because type 2 diabetes and CVD 
might have common metabolic origins.22,23 Abdul-Ghani 
et al.3–5 have demonstrated that a 1-h PG ⩾155 mg/dL during 

Table 1.  Baseline characteristics of the study subjects.

Variables OGTT 1-h PG 
<155 mg/dL (n = 149)

OGTT 1-h PG 
⩾155 mg/dL (n = 117)

p value

Age (years) 59.3 ± 10.1 60.0 ± 9.5 0.555
Sex (male), n (%) 106 (71.1) 94 (80.3) 0.085
Smoking, n (%) 69 (43.1) 59 (50.4) 0.229
Body mass index (kg/m2) 24.6 (23.4–26.1) 25.4 (23.9–26.3) 0.106
Systolic blood pressure (mmHg) 131.9 ± 18.3 134.0 ± 17.6 0.346
Diastolic blood pressure (mmHg) 76.0 ± 10.0 77.4 ± 10.2 0.255
eGFR (mL/min/1.73 m2) 100.0 ± 11.6 99.0 ± 11.0 0.454
ISI 5.7 (4.1–8.1) 3.2 (2.4–4.5) <0.001*
HOMA-IR 1.8 (1.2–2.8) 2.6 (1.9–3.6) <0.001*
hs-CRP (mg/L) 0.8 (0.4–1.2) 1.5 (0.8–2.8) <0.001*
WBC (×109/L) 6.0 ± 1.5 6.6 ± 1.7 0.010*
NEUT (×109/L) 3.8 ± 1.2 4.3 ± 1.5 0.009*
LYMPH (×109/L) 1.6 (1.3–2.0) 1.7 (1.3–2.0) 0.807
MONO (×109/L) 0.33 (0.24–0.41) 0.35 (0.26–0.45) 0.107
Lipid profiles (mmol/L)
  Triglycerides 1.3 (1.0–1.9) 1.4 (1.1–2.0) 0.160
  Total cholesterol 3.9 ± 0.9 3.9 ± 1.0 0.644
  HDL cholesterol 0.97 (0.83–1.11) 0.96 (0.80–1.17) 0.897
  LDL cholesterol 2.3 ± 0.7 2.3 ± 0.8 0.757
  Apolipoprotein A 1.11 ± 0.20 1.14 ± 0.23 0.229
  Apolipoprotein B 0.76 ± 0.20 0.78 ± 0.22 0.423
  Lipoprotein(a) 137 (79–223) 142 (87–252) 0.360
Medical history, n (%)
Hypertension 75 (52.5) 69 (59.6) 0.157
Ventricular arrhythmia 6 (4.0) 8 (6.8) 0.308
Atrial fibrillation 12 (8.1) 6 (5.1) 0.346
Stroke 7 (4.7) 6 (5.1) 0.872

OGTT: oral glucose tolerance test; 1-h PG: 1-h postload plasma glucose; eGFR: estimated glomerular filtration rate; ISI: insulin sensitivity index; 
HOMA-IR: homeostasis model assessment of insulin resistance; hs-CRP: high-sensitivity C-reactive protein; WBC: white blood cell; NEUT: 
neutrophil; LYMPH: lymphocyte; MONO: monocyte; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
Values for continuous variables are given as the mean ± standard deviation and tested by the t test; variables not normally distributed are given 
as the median (interquartile range) and tested by the Mann–Whitney U test; values for categorical variables are presented as the number (%), and 
analysis was performed using the chi-square test.
*p < 0.05 was considered statistically significant.
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Table 2.  Angiographic characteristics of all subjects.

Variables OGTT 1-h PG 
<155 mg/dL (n = 149)

OGTT 1-h PG 
⩾155 mg/dL (n = 117)

p value

Culprit coronary artery, n (%)
  Left anterior descending 119 (79.9) 110 (94.0) 0.001*
  Left circumflex 60 (40.3) 75 (64.1) <0.001*
  Right 68 (45.6) 80 (68.4) <0.001*
  Left main 9 (6.0) 13 (11.1) 0.136
Diseased vessels, n (%)
  One-vessel disease 78 (52.3) 27 (23.1) <0.001*
  Two-vessel disease 41 (27.5) 32 (27.4) 0.976
  Three-vessel disease 30 (20.2) 58 (49.5) <0.001*
  Multivessel disease 71 (47.7) 90 (76.9) <0.001*
Lesion morphology, n (%)
  Diffuse lesion 32 (21.5) 34 (29.3) 0.155
  Calcification lesion 6 (4.0) 8 (6.8) 0.308
  Total occlusion lesion 17 (11.4) 25 (21.4) 0.027*
  Complex lesion (Types B and C) 48 (32.2) 57 (48.7) 0.002*
Gensini score 28 (16–44) 60 (33–88) <0.001*

OGTT: oral glucose tolerance test; 1-h PG: 1-h postload plasma glucose.
Values for continuous variables are given as the median (interquartile range) and tested by the Mann–Whitney U test; values for categorical variables 
are presented as the number (%) and analysis was performed using the chi-square test.
*p < 0.05 was considered statistically significant.

Table 3.  Angiographic characteristics according to sex.

Variables Men (n = 200) p value Women (n = 66) p value

1-h PG 
<155 mg/dL

1-h PG 
⩾155 mg/dL

1-h PG 
<155 mg/dL

1-h PG 
⩾155 mg/dL

N 106 94 43 23  
Culprit coronary artery, n (%)
  Left anterior descending 82 (77.4) 88 (93.6) 0.001* 37 (86.0) 22 (95.7) 0.227
  Left circumflex 43 (40.6) 62 (66.0) <0.001* 17 (39.5) 13 (56.5) 0.187
  Right 55 (51.9) 65 (69.1) 0.013* 13 (30.2) 15 (65.2) 0.006*
  Left main 7 (6.6) 10 (10.6) 0.307 2 (4.7) 3 (13.0) 0.223
Diseased vessels, n (%)
  One-vessel disease 53 (50.0) 22 (23.4) <0.001* 25 (58.1) 5 (21.7) 0.005*
  Two-vessel disease 31 (29.2) 23 (24.5) 0.448 10 (23.3) 9 (39.1) 0.175
  Three-vessel disease 22 (20.8) 49 (52.1) <0.001* 8 (18.6) 9 (39.2) 0.069
  Multivessel disease 53 (50.0) 72 (76.6) <0.001* 18 (41.9) 18 (78.3) 0.005*
Lesion morphology, n (%)
  Diffuse lesion 22 (20.8) 27 (28.7) 0.191 10 (23.3) 7 (30.4) 0.525
  Calcification lesion 4 (3.8) 3 (3.2) 0.824 2 (4.7) 5 (21.7) 0.033*
  Total occlusion lesion 12 (11.3) 23 (24.5) 0.015* 5 (11.6) 2 (8.7) 0.714
  Complex lesion (Types B and C) 34 (32.1) 44 (46.8) 0.033* 14 (32.6) 13 (56.5) 0.059
Gensini score 29 (16–45) 61 (35–90) <0.001* 26 (13–42) 44 (23–83) 0.002*

1-h PG: 1-h postload plasma glucose.
Values for continuous variables are given as the median (interquartile range) and tested by the Mann–Whitney U test; values for categorical variables 
are presented as the number (%), and analysis was performed using the chi-square test.
*p < 0.05 was considered statistically significant.

the OGTT is a better predictor of future type 2 diabetes than 
either the FPG or 2-h PG in NGT subjects. Furthermore, sub-
jects with NGT and a 1-h PG ⩾155 mg/dL have been shown 
to exhibit adverse metabolic changes and sub-clinical target 

organ damage, similar to IGT individuals, who are consid-
ered at high risk for both type 2 diabetes and CVD. The cur-
rent study extends previous knowledge and shows that 1-h 
PG ⩾155 mg/dL subjects had a greater severity of coronary 
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artery lesions, and 1-h PG was the major determinant of 
Gensini score in CHD patients with NGT. Our results are 
consistent with previous observations showing that abNGT 

is strongly associated with severity of coronary artery dis-
ease.24–26 Moreover, it is noteworthy that large-scale popula-
tion studies have suggested that an elevated 1-h PG level is 
strongly associated with a high risk of cardiovascular mortal-
ity in individuals without diabetes at baseline during long-
term follow-up.11–14 In this study, we also focused on the 
clinical prognosis of CHD patients with NGT and showed 
that subjects with a 1-h PG ⩾155 mg/dL had an increased 
risk of 1-year re-admission with adverse cardiovascular 
events. Our findings, in addition to those stated above, sup-
port the concept that 1-h PG is a better screening tool for 
cardiovascular risk assessment and emphasize the measure-
ment of 1-h PG to identify individuals at high risk for adverse 
clinical outcomes.

The mechanism by which elevated 1-h PG levels are 
associated with more severe coronary artery disease is 
undefined. In this study, we observed that subjects with a 
1-h PG ⩾155 mg/dL exhibited higher HOMA-IR and 

Figure 1.  Kaplan–Meier curves showing the cumulative risk of 1-year re-admission with adverse cardiovascular events after 
discharge in all subjects and stratified by sex.

Table 4.  Stepwise multivariable linear regression analysis with 
Gensini score as the dependent variable in all subjects.

Variables β Partial R2 (%) p value

1-h PG (mg/dL) 0.287 13.1 <0.001
hs-CRP (mg/L) 0.133 1.2 0.023
HOMA-IR 0.131 1.1 0.034

1-h PG: 1-h postload plasma glucose; hs-CRP: high-sensitivity 
C-reactive protein; HOMA-IR: homeostasis model assessment of 
insulin resistance; WBC: white blood cell; NEUT: neutrophil; ISI: insulin 
sensitivity index.
1-h PG, hs-CRP, or HOMA-IR was subsequently included in the model. 
Age, sex, smoking status, history of hypertension, body mass index, 
triglycerides, total cholesterol, WBCs, NEUTs and ISI level did not 
reach significance in stepwise multivariate regression analysis.
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lower ISI levels, indicating a greater degree of insulin 
resistance. It is therefore possible that insulin resistance is 
responsible for the association of 1-h PG with coronary 
artery disease. The findings presented here are consistent 
with previous observations showing that NGT subjects 
with a 1-h PG ⩾155 mg/dL exhibited an intermediate state 
of glucose intolerance characterized by greater insulin 
resistance and worse β-cell dysfunction.27,28 Proposedly, 
the 1-h PG ⩾155 mg/dL may represent a form of predia-
betic state. In addition, we observed increased levels of 
hs-CRP, WBCs and NEUTs in subjects with a 1-h PG 
⩾155 mg/dL, which are widely available measures of sub-
clinical inflammation.29 Therefore, sub-clinical inflamma-
tion may be another unifying mechanistic factor.

It is noteworthy that sex may modify the relationship 
between 1-h PG levels and coronary artery disease. We 
found that men with a 1-h PG ⩾155 mg/dL had higher 
incidence of complex lesions and risk of 1-year re-admis-
sion than those with a 1-h PG <155 mg/dL, but not in 
women. Although previous studies have not directly 
exhibited similar results, this is in line with findings from 
a study in which elevated 1-h PG levels were associated 
with arterial stiffness only in normotensive men with 
NGT,30 and another study showed that a 1-h PG ⩾155 mg/
dL was associated with increased left ventricular mass 
only in men with NGT.9 Based on these studies, we specu-
lated that the impacts of elevated 1-h PG levels on CVD 
may be particularly evident in men. However, the potential 
mechanisms still need to be explored in more detail by 
future research.

Several limitations should be considered in this study. 
First, a single OGTT was used to measure 1-h PG levels. It 
has been reported that 1-h PG level during the OGTT has 
within-subject variability and sometimes falsely ele-
vated,31,32 and this may have introduced some imprecision 
in the classification of subjects that may affect the results. 
Previous studies have suggested that indices that use multi-
ple time points over the OGTT were more reproducible.32 
Comparisons of the reproducibility among 1-h PG, 2-h PG 
and other OGTT-derived indices should be conducted in 
the future. Second, the results are only based on Asians, and 
different findings might be obtained in other ethnic groups. 
Third, the design of the study does not eliminate potential 
causal relationships between 1-h PG levels and the severity 
of coronary artery lesions. Finally, this was a single-centre 
study with short follow-up time. Few reports about long-
term prognosis of CHD patients with NGT and a 1-h PG 
⩾155 mg/dL have been published; hence, future longitudi-
nal studies in a large-scale population are necessary.

In conclusion, this study has shown links between ele-
vated 1-h PG levels and not only a greater severity of coro-
nary artery lesions but also an increased risk of re-admission 
with adverse cardiovascular events in CHD patients with 
NGT. These results are relevant in light of previous obser-
vations that emphasize the role of 1-h PG in the early 

identification of individuals with NGT at high risk for 
adverse metabolic changes, sub-clinical target organ dam-
age and cardiovascular events, suggesting that paying 
attention to 1-h PG values would be important to assess 
cardiovascular risk, so that individuals could benefit from 
early intervention programmes including diet and exercise 
and possibly pharmacotherapy to prevent or delay clinical 
adverse events.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This study was supported by the Nature Science Foundation of 
China (Grant No. 81873513, 81600574, and 30871042), Key 
Projects of Shaanxi Science and Technology Research and 
Development Plan (Grant No.2018ZDXM-SF-049), Key Project 
of Clinical Research in the First Affiliated Hospital of Xi’an 
Jiaotong University (Grant No.XJTU1AF-CRF-2018-005) and 
Shaanxi Science and Technology Research and Development 
Plan of International Science and Technology (Grant No.2012 
kw-40-01 and 2014 JM2-8145).

ORCID iD

Gang Tian  https://orcid.org/0000-0001-5644-9016

References

	 1.	 Nathan DM, Davidson MB, DeFronzo RA, et al. Impaired 
fasting glucose and impaired glucose tolerance: implica-
tions for care. Diabetes Care 2007; 30: 753–759.

	 2.	 Unwin N, Shaw J, Zimmet P, et al. Impaired glucose toler-
ance and impaired fasting glycaemia: the current status on 
definition and intervention. Diabet Med 2002; 19: 708–723.

	 3.	 Abdul-Ghani MA, Abdul-Ghani T, Ali N, et al. One-hour 
plasma glucose concentration and the metabolic syndrome 
identify subjects at high risk for future type 2 diabetes. 
Diabetes Care 2008; 31: 1650–1655.

	 4.	 Abdul-Ghani MA, Lyssenko V, Tuomi T, et  al. Fasting 
versus postload plasma glucose concentration and the risk 
for future type 2 diabetes: results from the Botnia Study. 
Diabetes Care 2009; 32: 281–286.

	 5.	 Abdul-Ghani MA, Williams K, DeFronzo RA, et al. What 
is the best predictor of future type 2 diabetes. Diabetes Care 
2007; 30: 1544–1548.

	 6.	 Shimodaira M, Niwa T, Nakajima K, et  al. Correlation 
between serum lipids and 1-hour postload plasma glucose 
levels in normoglycemic individuals. J Clin Lipidol 2014; 
8: 217–222.

	 7.	 Perticone F, Sciacqua A, Perticone M, et al. Serum uric acid 
and 1-h postload glucose in essential hypertension. Diabetes 
Care 2012; 35: 153–157.

	 8.	 Succurro E, Marini MA, Arturi F, et al. Elevated one-hour 
post-load plasma glucose levels identifies subjects with 

https://orcid.org/0000-0001-5644-9016


8	 Diabetes & Vascular Disease Research 00(0)

normal glucose tolerance but early carotid atherosclerosis. 
Atherosclerosis 2009; 207: 245–249.

	 9.	 Sciacqua A, Miceli S, Carullo G, et al. One-hour postload 
plasma glucose levels and left ventricular mass in hyperten-
sive patients. Diabetes Care 2011; 34: 1406–1411.

	10.	 Sesti G, Hribal ML, Fiorentino TV, et al. Elevated 1 h post-
load plasma glucose levels identify adults with normal glu-
cose tolerance but increased risk of non-alcoholic fatty liver 
disease. BMJ Open Diabetes Res Care 2014; 2: e000016.

	11.	 Vaccaro O, Ruth KJ and Stamler J. Relationship of post-
load plasma glucose to mortality with 19-yr follow-up. 
Comparison of one versus two plasma glucose measure-
ments in the Chicago Peoples Gas Company Study. Diabetes 
Care 1992; 15: 1328–1334.

	12.	 Orencia AJ, Daviglus ML, Dyer AR, et al. One-hour post-
load plasma glucose and risks of fatal coronary heart disease 
and stroke among nondiabetic men and women: the Chicago 
Heart Association Detection Project in Industry (CHA) 
Study. J Clin Epidemiol 1997; 50: 1369–1376.

	13.	 Bergman M, Chetrit A, Roth J, et al. One-hour post-load 
plasma glucose level during the OGTT predicts mortal-
ity: observations from the Israel Study of glucose intol-
erance, obesity and hypertension. Diabet Med 2016; 33: 
1060–1066.

	14.	 Pareek M, Bhatt DL, Nielsen ML, et al. Enhanced predic-
tive capability of a 1-hour oral glucose tolerance test: a 
prospective population-based cohort study. Diabetes Care 
2018; 41: 171–177.

	15.	 Sarwar N, Aspelund T, Eiriksdottir G, et al. Markers of dys-
glycaemia and risk of coronary heart disease in people with-
out diabetes: Reykjavik prospective study and systematic 
review. PLoS Med 2010; 7: e1000278.

	16.	 American Diabetes Association. Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care 2013; 36: S67–
S74.

	17.	 Levey AS, Stevens LA, Schmid CH, et al. A new equation 
to estimate glomerular filtration rate. Ann Intern Med 2009; 
150: 604–612.

	18.	 Matsuda M and DeFronzo RA. Insulin sensitivity indices 
obtained from oral glucose tolerance testing: comparison 
with the euglycemic insulin clamp. Diabetes Care 1999; 22: 
1462–1470.

	19.	 Haffner SM, Miettinen H and Stern MP. The homeostasis 
model in the San Antonio Heart Study. Diabetes Care 1997; 
20: 1087–1092.

	20.	 Cannon CP, Battler A, Brindis RG, et al. American College 
of Cardiology key data elements and definitions for measur-
ing the clinical management and outcomes of patients with 
acute coronary syndromes. A report of the American College 
of Cardiology Task Force on Clinical Data Standards 

(Acute Coronary Syndromes Writing Committee). J Am 
Coll Cardiol 2001; 38: 2114–2130.

	21.	 Gensini GG. A more meaningful scoring system for deter-
mining the severity of coronary heart disease. Am J Cardiol 
1983; 51: 606.

	22.	 Coutinho M, Gerstein HC, Wang Y, et  al. The relation-
ship between glucose and incident cardiovascular events. A 
metaregression analysis of published data from 20 studies of 
95,783 individuals followed for 12.4 years. Diabetes Care 
1999; 22: 233–240.

	23.	 Barr EL, Boyko EJ, Zimmet PZ, et  al. Continuous rela-
tionships between non-diabetic hyperglycaemia and 
both cardiovascular disease and all-cause mortality: the 
Australian diabetes, obesity, and lifestyle (AusDiab) study. 
Diabetologia 2009; 52: 415–424.

	24.	 Saely CH, Drexel H, Sourij H, et al. Key role of postchal-
lenge hyperglycemia for the presence and extent of coro-
nary atherosclerosis: an angiographic study. Atherosclerosis 
2008; 199: 317–322.

	25.	 Yan Q, Gu WQ, Hong J, et al. Coronary angiographic studies 
of impaired glucose regulation and coronary artery disease in 
Chinese nondiabetic subjects. Endocrine 2009; 36: 457–463.

	26.	 Nurkalem Z, Hasdemir H, Ergelen M, et al. The relationship 
between glucose tolerance and severity of coronary artery dis-
ease using the Gensini score. Angiology 2010; 61: 751–755.

	27.	 Bardini G, Dicembrini I, Cresci B, et  al. Inflammation 
markers and metabolic characteristics of subjects with 1-h 
plasma glucose levels. Diabetes Care 2010; 33: 411–413.

	28.	 Manco M, Panunzi S, Macfarlane DP, et  al. One-hour 
plasma glucose identifies insulin resistance and beta-cell 
dysfunction in individuals with normal glucose tolerance: 
cross-sectional data from the Relationship between Insulin 
Sensitivity and Cardiovascular Risk (RISC) study. Diabetes 
Care 2010; 33: 2090–2097.

	29.	 Ikonomidis I, Stamatelopoulos K, Lekakis J, et  al. 
Inflammatory and non-invasive vascular markers: the mul-
timarker approach for risk stratification in coronary artery 
disease. Atherosclerosis 2008; 199: 3–11.

	30.	 Nakagomi A, Sunami Y, Okada S, et al. Association between 
1-h post-load plasma glucose levels and arterial stiffness in 
normotensive subjects with normal glucose tolerance. Diab 
Vasc Dis Res 2018; 15: 39–45.

	31.	 Rushforth NB, Bennett PH, Steinberg AG, et al. Comparison 
of the value of the two- and one-hour glucose levels of the 
oral GTT in the diagnosis of diabetes in Pima Indians. 
Diabetes 1975; 24: 538–546.

	32.	 Utzschneider KM, Prigeon RL, Tong J, et al. Within-subject 
variability of measures of beta cell function derived from a 
2 h OGTT: implications for research studies. Diabetologia 
2007; 50: 2516–2525.




