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Aim: Diabetes is accompanied by abdominal obesity, which produces various metabolic abnormali-
ties. While metabolic factors have been considered to promote the development of coronary athero-
sclerosis in the early-stage of diabetes, it remains unknown whether the presence of obesity in early-
stage diabetics affects the natural history of coronary atherosclerosis. We herein investigated the char-
acteristics of the disease substrate in obese early-stage diabetics.
Methods: The DIANA (DIAbetes and diffuse coronary NArrowing) study was a serial evaluation of 
angiographic disease progression in early-stage diabetics with coronary artery disease. A total of 252 
study subjects were stratified into non-obese (n=168) and obese groups (n=84). Obesity in Japanese 
subjects was defined as a body mass index ≥25 kg/m2 according to the statement about Japanese obe-
sity from the Japan Society for the Study of Obesity. Coronary atherosclerotic changes were evaluated 
by a quantitative computed analysis. The total lesion length (TLL= total length of all atherosclerotic 
lesions) was compared between the groups.
Results: The obese patients were younger (p=0.0002) and had higher levels of fasting (p=0.002) and 
postprandial insulin (p=0.01), and higher triglyceride levels (p=0.02). On serial angiographic evalu-
ations, obese patients had greater disease progression, reflected by a larger percent change in the TLL 
(24.7±13.7 vs. 7.4±10.0%, p=0.04). However, the improvement of abnormal glucose tolerance was 
associated with a slowing of disease progression in both non-obese (－0.9±10.7 vs. ＋15.0±11.2%, 
p=0.04) and obese (＋4.2±22.8 vs. ＋55.5±26.5%, p=0.005) patients.
Conclusions: Obese patients with early-stage diabetes exhibit profound disease progression. Glycemic 
control attenuated the progression of their coronary atherosclerosis. Our findings indicate progres-
sive but modifiable disease in obese early-stage diabetics under optimal glycemic management.
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Introduction

The increased prevalence of excessive visceral 
obesity is closely associated with the rising incidence 
of type 2 diabetes mellitus (DM), as well as cardiovas-
cular diseases1, 2). Obesity represents a cluster of meta-
bolic disturbances, including insulin resistance, and 
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least 7% of their initial body weight and to engage in 
moderate physical activity for at least 150 min per 
week13).

The glucose tolerance status was evaluated at 
baseline and one year later by a 75 g oral glucose toler-
ance test (OGTT). Coronary atherosclerotic changes 
were evaluated by coronary angiography with a quan-
titative coronary arteriography (QCA) analysis at base-
line and one year later, as previously published in 
detail11, 12, 14). In brief, major coronary segments nar-
rowed to a diameter of ≤1.5 mm were defined as dis-
eased lesions. The total lesion length (TLL) was deter-
mined by summing up all of the lengths of diseased 
lesions in three major coronary arteries. The percent 
change in the TLL was calculated using the following 
formula for the assessment of angiographic disease 
progression:

Percent change in TLL (%)= [(TLL at one year - 
TLL at baseline)/(TLL at baseline)]×100

The QCA data were assessed by two experienced 
cardiologists, who were blinded to the glucose toler-
ance status and assigned group. The inter- and intrao-
bserver correlation coefficient and the percent error 
for the TLL measurement were 0.93 and 7.4±5.9%, 
and 0.98 and 3.9±2.6%, respectively. The DIANA 
study was approved by each participating center’s 
institutional review board. All patients gave their writ-
ten informed consent for participation in the trial.

Definition of Obesity and the Improvement of the 
Glycemic Abnormalities

Of the 302 patients enrolled in the DIANA study, 
three patients were excluded due to protocol violation 
(n=2) or consent withdrawal (n=1). Thirty-four 
patients did not have QCA data at 1 year. Thirteen 
patients had one-year QCA data but did not have 75 
g OGTT data. The remaining 252 patients who had 
both paired QCA and 75 g OGTT data were included 
in the current post-hoc analysis. Patients were strati-
fied into obese (n=84) and non-obese (n=168) groups 
according to their body mass index (BMI) level. Based 
on the statement from Japan Society for the Study of 
Obesity, we defined obesity in Japanese subjects as a 
BMI greater than 25 kg/m2 15).

In the DIANA study, the improvement of abnor-
mal glucose tolerance from IGT to normal glucose 
tolerance or from newly-diagnosed DM to IGT or 
normal glucose tolerance was observed in 137 patients 
at one year (42, 55 and 40 patients in the lifestyle 
intervention, voglibose and nateglinide groups, respec-
tively). This favorable change in the glycemic status 
was defined as the improvement of the glycemic 
abnormality. The World Health Organization criteria 

promotes premature atherosclerosis3-5). Recent investi-
gations have demonstrated that adipose tissue dysreg-
ulation and dysfunction play a crucial role in the 
pathogenesis of divergent metabolic and vascular dis-
orders in the setting of obesity6-8). This mechanism 
linking obesity to cardiovascular disease and diabetes 
suggests a profound atherogenic form of disease in 
obese diabetics.

Patients with type 2 diabetes exhibit extensive 
and progressive disease within coronary arteries9, 10). 
This disease has already developed in the early-stage 
diabetic phase, including impaired glucose tolerance 
(IGT)11). Given that obesity has been reported to con-
tribute to the development of diabetes as well as ath-
erosclerosis3-5), these observations support the concept 
that obese patients with early-stage diabetes may har-
bor distinct types of disease progression. However, the 
natural history of coronary atherosclerosis in obese 
early-stage diabetics remains to be fully characterized.

Recently, we conducted the DIANA (Diabetes 
and Diffuse Coronary Narrowing) study which was a 
prospective randomized trial to evaluate the angio-
graphic progression of coronary atherosclerosis under 
glucose lowering therapy in early-stage diabetics with 
coronary artery disease (CAD)12). The DIANA study 
has shown the benefit of a glucose control strategy, 
with it contributing to less disease progression. This 
study also enables investigations of the disease sub-
strate in obese early-stage diabetics in response to 
favorable glycemic control. Therefore, we conducted a 
pre-specified sub-analysis of the DIANA study to elu-
cidate the effects of obesity on the atherosclerotic bur-
den and its modulation by glycemic control in early-
stage diabetes.

Methods

Design Overview
The details of the DIANA study protocol have 

been described previously12). This study was a prospec-
tive, randomized, open-label, blinded assessment of an 
endpoint trial conducted at 12 institutes in Japan 
(Trial Registration: UMIN-CTRID#0000107). A 
total of 302 angiographic CAD patients with IGT or 
newly diagnosed DM were randomized to lifestyle 
intervention (n=101), 0.9 mg voglibose (n=100) or 
180 mg nateglinide (n=101) for one year. Angio-
graphic CAD was defined as the presence of signifi-
cant stenosis with a percent diameter stenosis ≥75% 
within a major epicardial coronary artery associated 
with a positive stress test for myocardial ischemia. In 
the lifestyle intervention group, assigned patients were 
asked to achieve and maintain a weight reduction of at 
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continuous variables, and chi-square tests were run for 
categorical variables. The percent change in the TLL 
was compared in obese and non-obese patients after 
controlling for the baseline TLL. Multivariate analyses 
were conducted to investigate the clinical factors asso-
ciated with the percent change in the TLL. For the 
univariate analysis, the following clinical variables and 
serial changes in risk factors were regarded as covari-
ates: age, female gender, obesity, the % change in the 
glycemic status, lipids, adiponectin, the use of cardio-
vascular medications and the improvement of the gly-
cemic status.

According to the results of a univariate analysis, 
we performed a multivariate logistic regression analy-
sis. This model included all covariates with a value of 
p＜0.10 in the univariate analysis, as well as age and 
gender. The percent change in the TLL in the pres-
ence of absence of an improvement of the glycemic 
abnormality was compared in non-obese and obese 
patients. This comparison was performed after con-
trolling for the baseline TLL and clinical characteris-

were used for classifying the 75 g OGTT results at 
baseline and one year16). Metabolic syndrome was 
defined according to the criteria of the Japanese 
Examination Committee17). A waist circumference 
≥85 cm in males or ≥90 cm in females, and the pres-
ence of two or more of the following criteria were 
considered to indicate metabolic syndrome: (1) high-
density lipoprotein cholesterol ＜40 mg/dL and/or tri-
glycerides ≥150 mg/dL, (2) known hypertension or 
blood pressure ≥130/85 mmHg, (3) diabetes mellitus 
or fasting glucose level ≥110 mg/dL.

Statistical Analysis
The clinical characteristics and baseline medica-

tion use were expressed as the means±SD for contin-
uous variables and as the percentages for categorical 
variables. The clinical demographics and QCA mea-
surements were compared between the groups. Two-
sample t -tests were performed for normally distrib-
uted continuous variables, and Wilcoxon rank-sum 
tests were performed for non-normally distributed 

Table 1. The Baseline Clinical Characteristics of the Patients

Non-obese
(n=168)

Obese
(n=84)

p-value

Age (years)
Female, n (%)
BMI, kg/m2

Waist, cm
Hip, cm
IGT, n (%)
DM, n (%)
Hypertension, n (%)
Hypercholesterolemia, n (%)
Metabolic syndrome, n (%)

Risk Factor Profiles
Fasting plasma glucose (mg/dL)
Postprandial glucose (mg/dL)
Fasting plasma insulin (mIU/L)
Postprandial plasma insulin (mIU/L)
HbA1c (%)
Triglycerides (mg/dL)＊

HDL-C (mg/dL)
LDL-C (mg/dL)
Adiponectin (mg/L)

Baseline Disease Burden
TLL (mm)
Multi-vessel disease, n (%) 

66.1±8.5
23 (13.6)

22.6±1.5
84.1±6.5
91.7±4.4
96 (57.1)
69 (41.1)

151 (89.8)
109 (64.8)

65 (38.6)
98.7±12.1

194.0±41.0
7.0±7.9

101.1±72.1
5.5±0.4

131.0 (92.0, 172.0)
43.5±11.6

118.6±31.6
8.2±4.2

11.6±12.7
39 (23.2)

61.5±9.7
10 (9.5)

27.6±2.2
92.8±7.0
98.0±6.0
47 (56.0)
37 (44.0)
75 (89.2)
63 (75.0)

59 (70.2)
100.4±13.3
201.0±43.1

10.1±6.7
127.3±83.6

5.5±0.4
135.5 (101.0, 209.7)

41.6±9.8
121.3±30.8

6.9±2.6

9.3±10.6
20 (23.8)

0.0002
0.32

＜0.0001
＜0.0001
＜0.0001

0.73
0.73
0.56
0.15

＜0.0001
0.29
0.21
0.002
0.01
0.80
0.02
0.22
0.51
0.03

0.17
0.98

＊median (interquartile range)
DM=diabetes mellitus, HbA1c=glycated hemoglobin, HDL-C=high-density lipoprotein cholesterol, IGT= impaired glucose tolerance, LDL-
C= low-density lipoprotein cholesterol
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the non-obese subjects. Predictably, the BMI level 
(27.6±2.2 vs. 22.6±1.5 kg/m2, p＜0.0001) and the sizes 
of the waist (92.8±7.0 vs. 84.1±6.5 cm, p＜0.0001) 
and hip (98.0±6.0 vs. 91.7±4.4 cm, p＜0.0001) were 
significantly greater in obese patients. With regard to 
the risk factor profiles at baseline, obese patients had 
higher levels of fasting (10.1±6.7 vs. 7.0±7.9 mIU/L, 
p=0.002) and postprandial insulin (127.3±83.6 vs. 
101.1±72.1 mIU/L, p=0.01) and higher triglyceride 
levels (median: 135.5 vs. 131.0mg/dL, p=0.02). Obese 
patients also had a lower adiponectin level (6.9±2.6 
vs. 8.2±4.2 mg/L, p=0.03). There were no significant 
differences in the baseline TLL (9.3±10.6 vs. 11.6±
12.7 mm, p=0.17) or the prevalence of multi-vessel 
disease (23.8 vs. 23.6%, p=0.98) between obese and 
non-obese patients.

tics (age, gender, baseline glycemic status: DM or 
IGT, statin use, LDL-C level at one year). A two-sided 
probability value of ＜0.05 was considered to be sta-
tistically significant. All of the analyses were per-
formed using the JMP software program, version 8.0.2 
(SAS Institute, Cary, North Carolina).

Results

Baseline Clinical Characteristics in Obese Early-
stage Diabetics

In the current study, 33.3% (n=84) of the study 
population exhibited obesity at baseline. Over 50% of 
the obese patients had IGT. The clinical characteristics 
and baseline atheroma burden are summarized in 
Table 1. Obese patients were younger (61.5±9.7 vs. 
66.1±8.5 years, p=0.0002) and more likely to have 
metabolic syndrome (70.2 vs. 39.3%, p＜0.0001) than 

Table 2. The Concomitant Medication and Risk Factor Control

Non-obese
(n=168)

Obese
(n=84)

p-value

Assigned therapy in the DIANA study
Lifestyle intervention, n (%)
Voglibose, n (%)
Nateglinide, n (%)

Concomitant Medication
Aspirin, n (%)
Statin, n (%)
Beta-blocker, n (%)
ACE-I, n (%)
ARB, n (%)

Obesity Measures
BMI, kg/m2

Waist, cm
Hip, cm

Glycemic Profile
Fasting plasma glucose (mg/dL)
Postprandial glucose (mg/dL)
Fasting plasma insulin (mIU/L)
Postprandial plasma insulin (mIU/L)
HbA1c (%)

Lipid profile
Triglycerides (mg/dL)＊

HDL-C (mg/dL)
LDL-C (mg/dL)

Others
Adiponectin (mg/L)

60 (35.7)
44 (26.6)
64 (38.9)

165 (100)
130 (77.3)
110 (65.4)

47 (27.9)
66 (39.2)

22.5±2.0
83.4±7.0
91.6±5.0

100.1±13.3
165.4±54.5

6.3±4.5
75.2±57.5

5.4±0.4

113.0 (78.0, 172.2)
48.5±11.1
95.5±22.7

9.2±4.6

29 (34.5)
34 (40.4)
21 (25.1)

84 (100)
73 (86.9)
53 (63.0)
30 (35.7)
38 (45.2)

26.9±2.5
91.7±7.3
97.9±7.0

102.6±13.0
164.5±51.1

9.9±6.2
100.4±69.2

5.4±0.4

130.5 (93.2, 200.7)
45.7±9.9
95.9±24.3

8.0±3.4

0.98
0.02
0.03

0.99
0.11
0.57
0.24
0.43

＜0.0001
＜0.0001
＜0.0001

0.16
0.90

＜0.0001
0.002
0.32

0.03
0.05
0.89

0.07

＊median (interquartile range)
ACE-I=angiotensin Ⅱ co-enzyme, ARB=angiotensin Ⅱ receptor blocker, DIANA=DIAbetes and diffuse coronary NArrowing, HbA1c=glycated 
hemoglobin, HDL-C=high-density lipoprotein cholesterol, LDL-C= low-density lipoprotein cholesterol



701Obesity and Disease Progression in Diabetics

only factor associated with the change in the TLL in 
obese patients (β coefficient: －4.19, 95% CI: －6.25- 
－2.09, p=0.02).

Discussion

Diabetes and obesity both confer an elevated risk 
of developing a range of complications, including car-
diovascular disease. The current sub-analysis of the 
DIANA study showed that obese early-stage diabetic 
patients had progressive coronary atherosclerosis. 
Despite the distinct disease substrate in these patients, 
glycemic control was beneficial to the progression of 
coronary atherosclerosis. Our findings further support 
the clinical importance of obesity and glycemic con-
trol in early-stage diabetics with regard to coronary 
atherosclerotic changes.

In the current study analyzing relatively lean Jap-
anese subjects, 33.3% of the early-stage diabetics 
exhibited obesity. While the average BMI in the cur-
rent study subjects was 27.6 kg/m2, the BMI of obese 
Americans in five observational cohort studies patients 
ranged from 31.1 to 37.0 kg/m2 18). Despite the fact 

Risk Factor Control
The concomitant medication and the degree of 

risk factor control are summarized in Table 2. Obese 
patients were more likely to be assigned to voglibose 
therapy (40.4 vs. 26.6%, p=0.02). They were less likely 
to receive nateglinide (25.1 vs. 38.9%, p=0.03). Under 
the use of various anti-atherosclerotic and anti-glyce-
mic medical therapies, obese patients still exhibited 
higher levels of insulin (fasting: 9.9±6.2 vs. 6.3±4.5 
mIU/L, p＜0.0001; postprandial: 100.4±69.2 vs. 75.2± 
57.5 mIU/L, p=0.002) and triglycerides (median; 
130.5 vs. 113.0 mg/dL, p=0.03) with a higher BMI 
(26.9±2.5 vs. 22.5±2.0 kg/m2, p＜0.0001), waist cir-
cumference (91.7±7.3 vs. 83.4±7.0 cm, p＜0.0001) 
and hip circumference (97.9±7.0 vs. 91.6±5.0 cm, 
p＜0.0001) at one year. The levels of high-density 
lipoprotein cholesterol (45.7±9.9 vs. 48.5±11.1 mg/
dL) and adiponectin (8.0±3.4 vs. 9.2±4.6 mg/L) 
were lower in obese patients, although the results of 
these comparisons were not statistically significant 
(p=0.05 and 0.07, respectively).

Atheroma Progression in Obese Patients with Early-
stage Diabetes

The serial changes in the angiographic atheroma 
burden are shown in Fig.1. Obese patients demon-
strated greater atheroma progression, reflected by a 
larger percent change in the TLL (24.7±13.7 vs. 7.4± 
10.0%, p=0.04). The uni- and multivariate analyses 
for the predictors of disease progression are summa-
rized in Table 3. A multivariate analysis revealed that 
the independently associated risk factors for atheroma 
progression in early-stage diabetic patients included 
the presence of obesity (p=0.04) and the improve-
ment of the glycemic status (p=0.004) (Table 3).

Glycemic Control and Atheroma Progression in 
Obese Patients

The impact of the improvement of the glycemic 
status on the progression of coronary atherosclerosis is 
summarized in Fig.2. The improvement of the glyce-
mic status was associated with slower disease progres-
sion in non-obese (－0.9±10.7 vs. ＋15.0±11.2%, p= 
0.04) patients. In obese patients, a profound progres-
sion of the TLL was observed when the patients did 
not achieve the improvement of glycemic status (obese 
patients without the improvement of glycemic status 
vs. non-obese patients with and without the improve-
ment of glycemic status, p=0.001 and 0.01, respec-
tively). By contrast, achieving the improvement of gly-
cemic status contributed to less progression of TLL 
(＋4.2±22.8 vs. ＋55.5±26.5%, p=0.005). In addi-
tion, the improvement of the glycemic status was the 

Fig.1. The Progression of the TLL in Obese Early-stage Dia-
betics.

The results of a comparison of the percent change in the TLL 
between non-obese and obese patients. This comparison was 
adjusted for the baseline TLL. TLL= total lesion length
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aggravate vessel wall inflammation, glucose and lipid 
metabolism, thus leading to a cluster of atherogenic 
risk factors6-8). These atherogenic backgrounds would 
account for an accelerated progression of disease in 
obese early-stage diabetics.

The current findings also suggest that an abnor-
mal glucose status is a key contributor to disease pro-
gression in the setting of obesity. Accelerated progres-
sion of coronary atherosclerosis was observed in obese 
patients under suboptimal glycemic control. This pro-
gression rate was substantially higher compared to that 
in non-obese patients. In contrast, achieving the 
improvement of the glycemic status was associated 

that the Japanese subjects had lower BMI, they exhib-
ited the presence of multiple risk factors, as well as 
profound disease progression. These observations indi-
cate a high-risk profile for obese Japanese diabetic 
patients, despite their having a relatively smaller BMI.

Serial angiographic evaluations of the coronary 
atherosclerosis demonstrated an accelerated disease 
progression in the setting of obesity. The percent 
changes in the TLL of obese patients were almost 
three times greater than those in non-obese patients. 
Recent studies have elucidated the contribution of vis-
ceral fat accumulation to atherogenesis in obese 
patients. Excessive adipose tissue has been reported to 

Table 3. The Clinical Predictors of Atheroma Progression

(a) Univariate Analysis

β coefficient (95% CI) p-value

Age
Female
Obesity (BMI ＞25 kg/m2)
% change in fasting plasma glucose
% change in postprandial glucose
% change in fasting plasma insulin
% change in postprandial plasma insulin
Absolute change in HbA1c
% change in HOMA-IR
% change in triglycerides
% change in HDL cholesterol
% change in LDL cholesterol
% change in adiponectin
% change in body weight
Statin use at one year
Beta-blocker use at one year
ACE-I use at one year
ARB use at one year
Voglibose use at one year
Nateglinide use at one year
Improvement of the glycemic status

－0.295 (－1.351-0.760)
－18.925 (－47.533-9.682)

10.579 (0.836-20.322)
0.272 (－0.416-0.961)
0.134 (－0.037-0.306)

－0.107 (－1.861-1.647)
0.007 (－0.126-0.141)

－12.595 (－38.429-13.237)
－0.005 (－0.138-0.127)
－0.002 (－0.131-0.126)

0.165 (－0.185-0.516)
－0.184 (－0.550-0.180)

0.054 (－0.237-0.347)
0.209 (－1.310-1.729)

12.196 (－12.172-36.565)
－19.643 (－39.374-0.088)

0.276 (－20.241-20.793)
－2.972 (－21.846-15.907)
13.565 (－4.049-31.180)

－13.512 (－30.783-3.758)
－24.933 (－43.316-－6.550)

0.58
0.19
0.03
0.43
0.12
0.90
0.91
0.33
0.93
0.96
0.35
0.31
0.71
0.78
0.32
0.05
0.97
0.75
0.13
0.12
0.008

DBP=diastolic blood pressure, HbA1c=glycated hemoglobin, HDL=high-density lipoprotein, hs-CRP=high sen-
sitivity c-reactive protein, LDL= low-density lipoprotein, SBP= systolic blood pressure

(b) Multivariate Analysis

β coefficient (95% CI) p-value

Age
Female gender
Beta-blocker use at one year
Obesity
Improvement of the glycemic status

－0.323 (－1.394-0.748)
－15.394 (－43.192-12.403)
－18.971 (－38.138-0.105)

9.874 (0.123-19.626)
－5.105 (－6.722-－2.532)

0.55
0.27
0.05
0.04
0.004

＊This model includes covariates with p-values ＜0.10 in the univariate analysis, as well as age and gender.
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might also support that obese patients have a more 
vulnerable and progressive form of the disease.

A number of caveats should be noted when inter-
preting the results of this study. First, this was a post-
hoc analysis of observational data generated from the 
DIANA study. The study population was relatively 
small and not sufficiently powered to examine the 
association between disease progression and clinical 
outcomes. Fifty patients included in the DIANA study 
were not included in the current analysis due to a lack 
of 75 g OGTT and/or QCA data. As all patients had 
a diagnosis of CAD, it is unknown if the current find-
ings can be translated to the setting of primary pre-
vention. In addition, the current study focused on 
Japanese patients, who are relatively lean subjects. In 
addition, as the definition of Japanese obesity is differ-
ent from that in other countries, the current findings 
may not apply to obese patients of other ethnicities. 
Coronary angiography has limitations when evaluat-
ing the plaque composition and vessel remodeling. No 
significant relationship was observed between post-

with slowing the disease progression. Of interest, this 
therapeutic strategy improved the progression rate of 
obese patients to that observed in non-obese patients. 
This observation indicates that coronary atherosclero-
sis in early-stage diabetics with obesity harbors a favor-
able response to glycemic management strategies, 
despite its more rapidly progressive nature. As such, 
glycemic control would be an important therapeutic 
option to halt the disease progression in obese early-
stage diabetic patients, although recent clinical trials 
did not demonstrate its benefit with regard to macro-
vascular events in advanced diabetic patients19-21).

We did not observe any significant difference in 
the two groups with regard to the baseline TLL. How-
ever, because there were more atherogenic risk factors 
in obese patients, obese patients might have a more 
vulnerable form of disease. Recent imaging studies 
demonstrated the association of the adiponectin and 
HDL-C levels with the necrotic core volume22, 23). In 
addition, the necrotic core has been reported to be 
associated with plaque progression24). These findings 

Fig.2. The Impact of Glycemic Control on the Progression of the TLL.

The percent change of the TLL in non-obese and obese patients stratified according to the improvement of 
their glycemic abnormality. This comparison in each group was adjusted for the baseline TLL and clinical char-
acteristics (age, gender, glycemic status: DM or IGT, statin use, LDL-C level at one year). The improvement of 
the glycemic abnormality was defined as a reversion of the glycemic status from IGT to normal glucose toler-
ance or of DM to IGT/normal glucose tolerance. DM=diabetes mellitus, IGT= impaired glucose tolerance, 
TLL= total lesion length
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