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Purpose: To determine the relationship between coronary plaque 
detected with coronary computed tomographic (CT) an-
giography and clinical parameters and cardiovascular risk 
factors in asymptomatic patients with diabetes.

Materials and 
Methods:

All patients signed institutional review board–approved 
informed consent forms before enrollment. Two hundred 
twenty-four asymptomatic diabetic patients (121 men; 
mean patient age, 61.8 years; mean duration of diabetes, 
10.4 years) underwent coronary CT angiography. Total 
coronary artery wall volume in all three vessels was mea-
sured by using semiautomated software. The coronary 
plaque volume index (PVI) was determined by dividing 
the wall volume by the coronary length. The relationship 
between the PVI and cardiovascular risk factors was de-
termined with multivariable analysis.

Results: The mean PVI (6standard deviation) was 11.2 mm2 6 2.7. 
The mean coronary artery calcium (CAC) score (deter-
mined with the Agatston method) was 382; 67% of total 
plaque was noncalcified. The PVI was related to age (stan-
dardized b = 0.32, P , .001), male sex (standardized b = 
0.36, P , .001), body mass index (BMI) (standardized b = 
0.26, P , .001), and duration of diabetes (standardized b 
= 0.14, P = .03). A greater percentage of soft plaque was 
present in younger individuals with a shorter disease du-
ration (P = .02). The soft plaque percentage was directly 
related to BMI (P = .002). Patients with discrepancies be-
tween CAC score and PVI rank quartiles had a higher per-
centage of soft and fibrous plaque (18.7% 6 3.3 vs 17.4% 
6 3.5 [P = .008] and 52.2% 6 7.2 vs 47.2% 6 8.8 [P , 
.0001], respectively).

Conclusion: In asymptomatic diabetic patients, BMI was the primary 
modifiable risk factor that was associated with total 
and soft coronary plaque as assessed with coronary CT 
angiography.
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forms before enrollment. Inclusion 
criteria included (a) men aged at least 
50 years or women aged at least 55 
years with a history of diabetes mel-
litus documented for at least 3 years 
or (b) men aged at least 40 years or 
women aged at least 45 years with a 
history of diabetes mellitus document-
ed for at least 5 years. Exclusion cri-
teria included known coronary artery 
disease, symptomatic cerebral vascu-
lar disease, or symptomatic peripheral 
vascular disease (see Appendix E1 [on-
line] for a complete listing of inclusion 
and exclusion criteria). The authors 
had full control of the data and the 
information submitted for publication.

Clinical and laboratory character-
istics were obtained at enrollment. 
Any further laboratory studies were 
performed only as clinically indicated. 
Participant characteristics included 
age, sex, type of diabetes, duration of 
diabetes, CAC score, ethnicity, height, 
weight, blood pressure, smoking 

(16) but is unsuitable for screening 
purposes.

Coronary computed tomographic 
(CT) angiography is emerging as a vi-
able approach for the quantification of 
both calcified and noncalcified plaque 
(17–19). The method has been suc-
cessfully validated for plaque volume 
in relation to histologic examination 
and intravascular US (20,21). Plaque 
identified with coronary CT angiogra-
phy has been related to acute coronary 
syndromes in symptomatic patients 
(22). To our knowledge, the use of coro-
nary CT angiography to noninvasively 
evaluate total plaque volume in at-risk 
diabetic patients has not yet been dem-
onstrated. The purpose of this study 
was to determine the relationship be-
tween coronary plaque detected with 
coronary CT angiography and clinical 
parameters and cardiovascular risk fac-
tors in asymptomatic diabetic patients.

Materials and Methods

Patient Population
The study population consisted of all 
available subjects randomized to the 
coronary CT angiography screening 
arm of the Screening for Asymptom-
atic Obstructive Coronary Artery 
Disease among High-Risk Diabetic Pa-
tients Using CT Angiography, Following 
Core 64 Trial (Factor-64 trial, clinical 
trial no. NCT00488033), an ongoing, 
prospective study designed to eval-
uate the effect of randomization to 
screening coronary CT angiography in 
an asymptomatic diabetic population. 
All patients signed institutional review 
board–approved informed consent 

D iabetes affects approximately 
8% of the U.S. population, and 
the prevalence of diabetes has 

increased dramatically during the past 
20 years (1). Cardiovascular disease 
accounts for approximately 75% of 
mortality in patients with diabetes (2). 
Asymptomatic diabetic patients had a 
16% prevalence of silent myocardial in-
farction at diagnosis (3). Studies have 
shown that asymptomatic cardiovascular 
disease in a diabetic population is both 
detectable (4–6) and prevalent (7).

Given the high prevalence of 
cardiovascular disease in patients 
with diabetes, noninvasive imaging 
methods may be useful for identify-
ing high-risk patients. The coronary 
artery calcium (CAC) score is a strong 
prognostic indicator of cardiovascu-
lar disease in both nondiabetic indi-
viduals (8–12) and diabetic patients 
(13,14). However, the CAC score has 
low specificity (approximately 40%) 
for cardiovascular disease outcomes in 
diabetic patients (14). The CAC score 
also shows little change despite low-
density lipoprotein–lowering therapy 
that effectively reduces cardiovascular 
events (15). This apparent contradic-
tion between the use of the CAC score 
for risk prediction but the inability to 
modify the CAC score suggests that 
noncalcified plaque may also be rel-
evant. Intravascular ultrasonography 
(US) can help quantify noncalcified 
and calcified coronary artery plaque 

Implications for Patient Care

nn BMI was the primary modifiable 
risk factor associated with the 
plaque volume index.

nn Diabetic patients with greater 
BMI had proportionally greater 
soft plaque.

nn This study supports reduction of 
BMI as a therapeutic goal to 
reduce cardiovascular risk in dia-
betic patients.

Advances in Knowledge

nn Measurement of total coronary 
plaque volume throughout the 
entire coronary tree is reproduc-
ible, with an intraclass correla-
tion coefficient of 0.93–0.99.

nn Plaque volume index in the prox-
imal coronary arteries is more 
closely related to calcium score 
than to total coronary plaque 
index (r = 0.57 vs 0.47, respec-
tively; P , .001).

nn Major determinants of plaque in 
diabetic patients in addition to 
age and sex are body mass index 
(BMI) (P , .0001) and duration 
of diabetes (P = .03).
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next segment starting from the distal 
edge of the bifurcation. All vessels with 
a luminal diameter of at least 2.0 mm 
were included (Fig 2). All automated 
contouring of the external vessel wall 
and internal lumen was reviewed on the 
basis of 0.5-mm-thick sections. Manual 
contouring of the centerline, luminal 
boundary, and vessel wall boundary 
was performed when there were clear 
deviations of the automated software’s 
ability to appropriately determine the 
true location of the vessel boundaries. 
Plaque volume was calculated by sub-
tracting the lumen volume from the to-
tal vessel volume. Plaque volumes were 
normalized by coronary artery length 
to determine the plaque volume index 
(PVI, in square millimeters). Plaque 
subtypes have previously been defined 
(24) as “soft” plaque (2100 to 30 HU), 
“fibrous” plaque (.30 but ,150 HU), 
and “calcified” plaque (150–1300 HU) 
(Fig 3) and expressed as a percentage 
of overall plaque volume to generate the 
soft-tissue plaque fraction (in percent-
age), fibrous plaque fraction (in per-
centage), and calcified plaque fraction 
(in percentage). In preliminary analysis, 
mean lumen density in the right coro-
nary artery was found to be represen-
tative of lumen density in the left coro-
nary artery. Thus, right coronary artery 
lumen density was measured and used 

not optimal for image analysis, subse-
quent data sets were reconstructed on 
the basis of an operator-determined 
phase of the R-R interval. The mean 
effective dose for coronary CT angiog-
raphy (6standard deviation) was 12 
mSv 6 2.

Image Analysis
Analysis was performed with a Vit-
rea fX workstation (model V6.3; Vital 
Images, Minnetonka, Minn) by using 
SUREplaque software (Vital Images) 
for subtype quantification. Validation 
of SUREplaque software in comparison 
to intravascular US has been previously 
reported (18,23,24). Image analysis 
was performed by two readers blinded 
to all clinical parameters (A.C.K. and 
G.C., each with 1 year of experience) 
and was overseen by a cardiologist 
(C.T.S.) with 5 years of experience in 
cardiac CT angiography. Segmentation 
was performed by using the Coronary 
Evaluation Using Multidetector CT An-
giography Using 64 Detectors (CORE-
64) model (Fig 1) (25); plaque subtype 
quantification was adapted from the 
method used by Rinehart et al (24).

Plaque volume and subtype param-
eters were measured as follows: Seg-
ments were measured from the begin-
ning of the ostia and continued until the 
proximal edge of a side branch, with the 

history, hemoglobin A1c (HbA1c) level, 
fasting glucose level, high-sensitivity 
C-reactive protein (hsCRP) level, high-
density lipoprotein cholesterol (HDL-
C) level, low-density lipoprotein cho-
lesterol (LDL-C) level, triglycerides 
level, hypertension, hyperlipidemia, di-
abetic complications, and medications.

CT Angiography Protocol
Imaging was performed with a 64-sec-
tion coronary CT scanner (Aquilion 
64; Toshiba America Medical Systems, 
Tustin, Calif). The CAC score was ob-
tained from unenhanced scans by using 
3 mm of collimation at 3-mm section 
increments and calculated with use of 
the Agatston method. CT angiography 
was performed with retrospective gat-
ing at 120 kV and 350–600 mA, with 
a gantry rotation time of 400 msec. 
Heart rate was controlled to less than 
60 beats per minute with oral meto-
prolol. Vasodilation was achieved with 
0.4 mg sublingual nitroglycerine. Con-
trast material (iopamidol 370 [Isovue, 
Bracco Diagnostics, Melville, NY]) 
was injected into the right antecubital 
vein with automated bolus tracking at 
180 HU. Reconstruction with use of 
phaseXact software (Toshiba America 
Medical Systems) was performed by 
using the FC43 “regular” kernel at 75% 
of the R-R interval. If the phase was 

Figure 1

Figure 1:  Coronary artery segment anatomy used in current study and adapted from that used by Miller et al (25). A, Segmental nomenclature for coronary artery 
territories. Not pictured are C5 (third obtuse marginal), C7 (left posterior descending), and C8 (ramus intermedius) segments. B, Full segmentation of arteries more 
than 2 mm in diameter. C, Segmentation in same patient shows proximal segments C1, L1, L2, and R1.
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in subsequent statistical analysis (dis-
cussed further below).

We observed that plaque was 
more prominent in proximal vessels 
and was more reliably identified in 
proximal rather than distal vessels. 
Proximal PVI (L1, L2, C1, and R1 seg-
ments as defined with the CORE-64 
segmentation method [25], proximal 
PVI) was compared with full coro-
nary artery analysis (total PVI) in a 
random sampling of 50% of the study 
cohort. The time to analyze proximal 
plaque versus full plaque volume was 
measured with a stopwatch in 20 con-
secutive subjects. We also performed 
an identical analysis of proximal ver-
sus full coronary plaque extent in 25 
consecutive nondiabetic and asymp-
tomatic volunteer study subjects 
(age range, 58–86 years; mean age, 

66.8 years; median age, 65 years;  
11 men, 14 women).

Statistical Analysis
Analysis was performed with soft-
ware (SPSS v. 15; SPSS, Chicago, Ill). 
The x2 statistic and the Student t test 
were used to determine differences in 
the characteristic of men and women 
and the difference between proximal 
and total analysis time. The intraclass 
correlation coefficient was used to de-
termine inter- and intrareader repro-
ducibility. The Pearson coefficient was 
used to evaluate the correlation of prox-
imal and total analysis. Correlation of 
quantitative parameters to clinical risk 
factors was performed by using the 
Spearman coefficient. Linear regres-
sion with forced variable entry was per-
formed to assess clinical predictors of 

plaque burden and CAC score and was 
reported by using standardized b coef-
ficients. Determination of final regres-
sion models was made by examining 
correlations, tolerance, variance infla-
tion factor, and colinearity diagnostics 
(eigenvalues and condition index). Final 
models included significant and nonco-
linear clinical variables. Comparison of 
quartile risk stratifications according 
to CAC score and HbA1c level in rela-
tionship to PVI was performed with x2 
analysis. P , .05 was considered indic-
ative of a significant difference.

Results

Clinical Characteristics
There were 224 patients in the CT an-
giography arm of the Factor-64 study 

Figure 2

Figure 2:  Segmentation of left anterior descending artery with vascular model and coronary cross sections. Plaque subtypes are 
shown as follows: red = soft plaque, blue = fibrous plaque, yellow = calcified plaque. Green = luminal area. Note exclusion of ostia 
during segmentation. Plaque volume is the sum of all plaque component volumes.
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agreement for three independent 
readers (A.C.K., G.C., C.T.S.) was 
excellent for both total PVI and 
proximal PVI (intraclass correlation 
coefficient = 0.96 and 0.97, respec-
tively). Soft plaque quantification 
had strong reproducibility (intraclass 
correlation coefficient = 0.96 and 
0.97 for total and proximal plaque,  
respectively).

Proximal versus Full Coronary Artery 
Segmentation for Plaque Volume
The mean total PVI and proximal PVI 
was 8.1 mm2 6 1.6 and 10.3 mm26 2.0, 
respectively (P , .0001) (n = 104 pa-
tients). Plaque analysis times were ap-
proximately 3.5 times lower for proxi-
mal segment versus full coronary artery 
analysis (6.4 minutes 6 1.8 vs 22.8 mi-
nutes 6 4.2, respectively; P , .0001). 

The mean CAC score was 206 6 
460 in women and 533 6 89 in men. 
The mean proximal PVI was 11.2 
mm2 6 2.7, with 18% soft plaque, 
49% fibrous plaque, and 33% cal-
cified plaque (Table 1). The prox-
imal PVI was greater in men than 
in women (P , .0001), but the rel-
ative composition of the plaque 
was similar between men and  
women.

Reproducibility Analysis
Intrareader reproducibility was eval-
uated for two readers (A.C.K. and 
G.C.). There was approximately 2 
months between initial and subse-
quent reading sessions. Intrareader 
agreement was excellent, with all 
correlation coefficients greater than 
0.93 (Table E1 [online]). Interreader 

(121 men [54%]; 216 white patients 
[96.4%]; average age, 61.8 years 6 8) 
(Table 1). All patients had diabetes; 
194 of the 224 patients (86.6%) had 
type 2 diabetes. The mean disease 
duration was 13.0 years 6 9.8. The 
mean HbA1c level was 7.2% 6 1.2. 
Eighty-eight of the 224 patients 
(39.3%) used insulin, and a history 
of diabetic complications was present 
in 34 patients (15.2%). One hundred 
sixty-five of the 224 patients (73.7%) 
had hyperlipidemia, and 144 (64.3%) 
had hypertension. Statins were used 
by 154 of the 224 patients (68.8%). 
Only 29 of the 224 patients (12.9%) 
had a history of smoking. The mean 
hsCRP level was within normal limits 
at 2.1 mg/L (95% confidence interval: 
0.8, 4.2). The mean BMI was 31.7 kg/
m2 6 5.9.

Figure 3

Figure 3:  Automated plaque detection. Red = soft plaque, blue = fibrous plaque, yellow = calcified plaque, green = luminal area. A, Image in patient with min-
imal plaque. PVI = 6.4 mm2, soft PVI = 1.5 mm2, fibrous PVI = 3.3 mm2, calcified PVI = 1.6 mm2. B, Image in patient with large amounts of calcified plaque. PVI 
= 20.1 mm2, soft PVI = 2.5 mm2, fibrous PVI = 6.1 mm2, calcified PVI = 11.5 mm2. C, Image in patient with both calcified plaque (upper left) and mixed plaque 
(lower right). PVI = 16.9 mm2, soft PVI = 3.5 mm2, fibrous PVI = 7.1 mm2, calcified PVI = 6.2 mm2.
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were excluded owing to motion artifact. 
One L1 segment was not present as an 
anatomic variant.

Cardiovascular Risk Factors Associated 
with Plaque Quantification
PVI.—At univariate analysis, PVI was 
associated with age, male sex, type 2 
diabetes, disease duration, BMI, hyper-
tension, HDL-C level, and creatinine level 

creatinine level) and plaque volume was 
stronger for proximal plaque versus to-
tal plaque. In addition, the CAC score 
showed a higher correlation with prox-
imal plaque index versus total plaque 
index (r = 0.57 vs 0.47, respectively; 
P , .001). Because of these relation-
ships, the proximal coronary artery PVI 
was used in subsequent analyses. Of 
896 proximal coronary segments, seven 

The correlation coefficient between 
proximal and full coronary segmenta-
tion for PVI was r = 0.82 (P , .0001). 
The correlation between proximal and 
full coronary artery segmentation in the 
nondiabetic control group was similar 
to that in the diabetic group (r = 0.80, 
P , .001) (Table E2 [online]). The cor-
relation between traditional risk fac-
tors (age, cholesterol level, CAC score, 

Table 1

Summary of Patient Characteristics

Characteristic Overall (n = 224) Women (n = 103) Men (n = 121) P Value*

Demographics
  Mean age (y) 61.8 6 8.0 62.7 6 7.4 61.0 6 8.5 .12
  White 216 (96.4) 101 (98.1) 115 (95.0) .29
  Mean BMI (kg/m2)† 31.7 6 5.9 (209) 31.6 6 6.1 (94) 31.8 6 5.8 (115) .78
Diabetic characteristics
  Diabetes type 2 194 (86.6) 87 (84.5) 107 (88.4) .39
  Mean disease duration (y)† 13.0 6 9.8 (214) 14.2 6 11.5 (103) 11.9 6 7.9 (121) .38‡

  Mean HbA1c level (%)† 7.2 6 1.2 (177) 7.0 6 1.0 (82) 7.4 6 1.3 (95) .03
  Oral hypoglycemic use 166 (74.1) 72 (69.9) 94 (77.7) .19
  Insulin use 88 (39.3) 40 (38.8) 48 (39.7) .90
  Other hypoglycemic use 45 (20.1) 19 (18.4) 26 (21.5) .57
  Complications from diabetes 34 (15.2) 11 (10.7) 23 (19.0) .08
  Mean creatinine level (mg/dL)† 1.0 6 0.2 (220) 0.8 6 0.2 (101) 1.1 6 0.2 (119) ,.0001
Cardiac risk factors and treatments
  Mean blood pressure (mm Hg)
    Systolic 128.5 6 14.7 129.4 6 18.8 127.9 6 10.1 .45
    Diastolic 75.3 6 6.9 73.5 6 7.1 76.8 6 6.5 ,.0001
  Smoking history 29 (12.9) 13 (12.6) 16 (13.2) .89
  Hyperlipidemia 165 (73.7) 73 (70.9) 92 (76.0) .38
  Hypertension 144 (64.3) 63 (61.2) 81 (66.9) .37
  Aspirin use 108 (48.2) 49 (47.6) 59 (48.8) .86
  Statin use 154 (68.8) 69 (67.0) 85 (70.2) .60
  Antihypertensive use 165 (73.7) 73 (70.9) 92 (76.0) .38
  Cardiac medication use 0 (0) 0 (0) 0 (0) …
  Mean HDL-C level (mg/dL)† 44.4 6 11.5 (198) 49.7 6 12.0 (92) 39.9 6 9.0 (106) ,.0001
  Mean LDL-C level (mg/dL)† 91.7 6 22.0 (198) 94.9 6 23.5 (92) 88.9 6 20.3 (106) .05
  Mean triglycerides level (mg/dL)†§ 158.2 (198) [116.6, 206.4] 162.4 (92) [115.4, 204.6] 153.0 (106) [116.6, 208.0] .84
  Mean hsCRP level (mg/dL)† 2.1 (32) [0.8, 4.2] 3.7 (15) [1.3, 4.4] 1.6 (17) [0.7, 2.9] .33
  Mean CAC score 382 6 747 206 6 460 533 6 89 ,.001
Results of CT angiography
  Mean PVI (mm2) 11.2 6 2.7 10.3 6 2.0 12.0 6 3.0 ,.0001
  Mean soft PVI (mm2) 2.0 6 0.5 1.9 6 0.4 2.1 6 0.5 ,.0001
  Mean fibrous PVI (mm2) 5.5 6 1.2 5.0 6 1.0 6.0 6 1.3 ,.0001
  Mean calcified PVI (mm2) 3.7 6 2.0 3.4 6 1.6 4.0 6 2.2 .05
  Right coronary artery attenuation (HU) 399.8 6 79.7 417.2 6 82.3 384.9 6 74.7 .002

Note.—Except where indicated, data are numbers of patients, with percentages in parentheses. BMI = body mass index.

* P values refer to comparison between sexes.
† Numbers in parentheses are the number of patients in whom data were obtained.
‡ Log-transformed years.
§ Numbers in brackets are 95% confidence intervals.
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As PVI increased, the percentage of cal-
cified plaque also increased; however, the 
percentage of noncalcified plaque was 
relatively consistent across the full range 
of calcium scores. Thus, the soft plaque 
index was relatively higher for lower 
CAC scores compared with higher CAC 
scores.

To compare CAC and PVI, we de-
termined whether a patient in the low-
est quartile of CAC score was also in the 
lowest quartile of PVI. This comparison 
was also done for the second to fourth 
CAC and PVI quartiles. For CAC, quar-
tile ranges were CAC scores of 0 (n = 
59), 1–59 (n = 53), 59–397 (n = 53), and 
more than 397 (n = 56).

Overall, there was a discrepancy in the 
rank quartile classification between PVI 
and CAC score in 128 of the 224 patients 
(57%) (P , .0001). Patients with inter-
mediate amounts of plaque in the second 
quartile of CAC (score, 1–59) were most 
likely not to have a PVI in the second 
quartile (28% quartile rank agreement 
between CAC score and PVI) (Fig 5). The 
greatest agreement between CAC score 
and PVI was in the highest quartile of 
CAC (69% agreement). Compared with 
patients without discrepancies between 

also associated with age and BMI (P , 
.001 and P = .004, respectively) (Table 
E3 [online]).

Sensitivity analysis.—A sensitivity 
analysis was done to assess the possible 
effects of CT beam hardening and var-
iation in coronary artery lumen density 
on plaque volume. Right coronary artery 
lumen density was unrelated to PVI (P = 
.73). The addition of lumen density to the 
final regression models did not affect the 
relationship between BMI and PVI. With 
right coronary artery density as an addi-
tional covariate, the relationship of BMI 
and percentage soft plaque composition 
was attenuated but remained significant 
(b = 0.17, P = .01) (Table E4 [online]).

Comparison of CAC Score and PVI
In the fully adjusted model, significant 
predictors of CAC score were age (b = 
0.30, P , .0001), male sex (b = 0.25, P 
, .0001), log-years of disease duration (b 
= 0.14, P = .03), and hypertension (b = 
0.14, P = .03); BMI was not a significant 
predictor of CAC score (Table 3).

Figure 4 shows the relationship be-
tween PVI and CAC score. The overall 
correlation between these two indexes 
was moderate (r = 0.47–0.57, P , .05). 

(P  .03 for all) (Table 2). In the fully 
adjusted model, age, male sex, and BMI 
remained significant and were stronger 
predictors than in the univariate analysis 
(age: b = 0.32 [0.86 mm2 per 8 years], P 
, .0001; male sex: b = 0.36 [0.97 mm2 
greater in men], P , .0001; BMI: b = 0.26 
[0.70 mm2 per 5.9 kg/m2], P , .0001; 
disease duration: b = 0.14 [0.38 mm2 
per 0.7 log year], P = .03). PVI increased 
between categories of BMI from normal 
weight (10.1 mm2 6 2.1) to obese (10.9 
mm2 6 2.7) to overweight (11.5 mm2 6 
2.8) categories (P = .049).

Percentage soft plaque fraction.—
The percentage soft plaque fraction was 
inversely associated with age and disease 
duration but positively associated with 
BMI and statin use. In the fully adjusted 
model, age (b = 20.21, P = .002), BMI (b 
= 0.22, P = .002), and disease duration 
(b = 0.16, P = .02) were significant pre-
dictors of percentage soft plaque fraction 
(Table 2).

Percentage fibrous and calcified 
plaque fraction.—Percentage fibrous 
plaque fraction was inversely associated 
with age and positively associated with 
BMI (P , .001 and P = .05, respectively). 
Percentage calcified plaque fraction was 

Table 2

Univariate and Multivariate Predictors of PVI and Percentage Soft Plaque

Variable

PVI Percentage Soft Plaque Fraction

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

b* P Value b* P Value b* P  Value b* P Value

Age (y) 0.25 ,.0001 0.32 ,.0001 20.24 ,.0001 20.21 .002
Sex (male) 0.32 ,.0001 0.36 ,.0001 20.08 .24 … …
Diabetes type (type 2) 0.13 .05 … … 0.07 .31 … …
Disease duration (log years) 0.18 .007 0.14 .03 20.19 .006 20.16 .02
HbA1c level (%) 0.06 .47 … … 0.02 .79 … …
BMI (kg/m2) 0.17 .02 0.26 ,.0001 0.28 ,.0001 0.22 .002
Hypertension (positive) 0.24 ,.0001 … … 20.03 .71 … …
HDL-C level (mg/dL) 20.26 ,.0001 … … 20.04 .59 … …
LDL-C level (mg/dL) 20.05 .49 … … 20.04 .58 … …
Creatinine level (mg/dL) 0.23 .001 … … 20.08 .25 … …
Statin use (positive) 20.02 .74 … … 0.14 .03 … …
Insulin use (positive) 20.04 .6 … … 20.05 .42 … …
Smoking history (positive) 20.006 .93 … … 0.06 .41 … …

Note.—Standard deviations for the variables are as follows: PVI = 2.7 mm2, percentage soft plaque fraction = 4.4%, age = 8.0 years, HbA1c level = 1.2%, BMI = 5.9 kg/m2, HDL-C level = 11.5 mg/dL, 
LDL-C level = 22.0 mg/dL, creatinine level = 0.2 mg/dL, disease duration = 0.7 log year. The R 2 values for the multivariable models were 0.25 and 0.14 for PVI and percentage soft fraction, respectively.

* Data are standardized b coefficients.
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BMI was also associated with a greater 
percentage of soft plaque. The correla-
tion between total coronary plaque and 
CAC score was expected, although this 
was only moderate in degree. Only about 
one-third of coronary plaque showed cal-
cification, which further suggests a strong 
role for coronary CT angiography in the 
assessment of the biologic determinates 
of plaque in diabetic patients. Important 
distinctions between CAC and PVI were 
revealed: for example, patients with rel-
atively greater PVI but lower CAC score 
also had higher HbA1c and hsCRP levels.

To date, the primary use of coronary 
CT angiography has been to determine 
the degree of coronary artery stenosis 
before invasive angiography. However, 
quantitative coronary CT angiography 
plaque analysis is a relatively new but 
validated technology with respect to the 
reference standard of histologic exami-
nation and intravascular US (20,21). The 
primary challenges with coronary CT 
angiography plaque analysis have been 
time-consuming analysis, inadequate 
software tools, unclear reproducibility, 
and lack of biologic correlation. The cur-
rent study and others show that these 
limitations are being overcome. For ex-
ample, a recent study of 25 patients with 
acute coronary syndrome (22) found that 
measurement of total and noncalcified 
plaque volume with coronary CT angi-
ography had benefit over conventional 
coronary CT angiography measurements 
(CAC and coronary stenosis, plaque mor-
phology). In that study, patients who de-
veloped acute coronary syndrome over 
a mean of approximately 2 years had a 
significantly greater risk score when con-
sidering coronary CT angiography plaque 
features in addition to Framingham risk 
score alone (24,25).

We found that BMI was the only 
modifiable risk factor associated with 
overall plaque index for diabetic patients. 
Elevated BMI was also an independent 
predictor of increased soft plaque. Our 
results are supported by several intravas-
cular US studies in higher risk patients: 
Takeshita et al (26) reported that obesity 
(vs nonobesity) was associated with 10% 
greater degree of plaque volume in the 
left main coronary artery. In addition, 
baseline BMI was the only significant 

Discussion

Diabetic patients have a propensity for 
extensive and premature development 
of coronary artery plaque. Monitoring 
of coronary plaque has previously been 
possible only with invasive techniques. In 
this study, we demonstrate that measure-
ment of both calcified and noncalcified 
plaque with coronary CT angiography 
is reproducible. The extent of plaque in 
asymptomatic diabetic patients is re-
lated to BMI and duration of diabetes. 

CAC and PVI quartile rank, patients with 
discrepancies between CAC and PVI 
quartiles had greater HbA1c (7.0% 6 1.0 
vs 7.4% 6 1.3, respectively; P = .04) and 
hsCRP (1.2 mg/dL vs 3.9 mg/dL, respec-
tively; P = .01) levels. Patients with such 
discrepancies also had a higher percent-
age of soft and fibrous plaque compare 
with patients without such discrepancies 
(18.7% 6 3.3 vs 17.4% 6 3.5 [P = .008] 
and 52.2% 6 7.2 vs 47.2% 6 8.8 [P , 
.0001], respectively).

Figure 4

Figure 4:  Bar chart shows PVI and composition according to CAC score.

Table 3

Univariate and Multivariate Predictors of CAC Score

Variable

Univariate Analysis Multivariate Analysis

b* P Value b* P Value

Age (y) 0.33 ,.0001 0.30 ,.0001
Sex (male) 0.29 ,.0001 0.25 ,.0001
Diabetes type (type 2) 0.15 .02 … …
Disease duration (log years) 0.05 .46 0.14 .03
HbA1c level (%) 0.007 .90 … …
BMI (kg/m2) 0.05 .46 … …
Hypertension (positive) 0.25 ,.0001 0.14 .03
HDL-C level (mg/dL) 20.23 .001 … …
LDL-C level (mg/dL) 0.035 .66 … …
Creatinine level (mg/dL) 0.24 ,.0001 … …
Statin use (positive) 0.036 .59 … …
Insulin use (positive) 20.073 .28 … …
Smoking history (positive) 0.031 .65 … …

Note.—The CAC score was log+1 transformed. Standard deviations for the variables are as follows: age = 8.0 years, HbA1c 
level = 1.2%, BMI = 5.9 kg/m2, HDL-C level = 11.5 mg/dL, LDL-C level = 22.0 mg/dL, creatinine level = 0.2 mg/dL, disease 
duration = 0.7 log year. The R2 for the multivariable model was 0.18.

* Data are standardized b coefficients.
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CT angiography. Because patients were 
asymptomatic and otherwise considered 
to be at low risk, invasive testing was 
not appropriate. Measurement of plaque 
volume may be affected by technical fac-
tors such as tube voltage and contrast 
material injection rate. In addition, the 
test-retest reproducibility of the PVI has 
not been determined. In this study, we 
assessed cross-sectional associations be-
tween PVI and cardiovascular risk fac-
tors; a clinical trial would be necessary to 
determine if risk factor reduction would 
result in a reduction in PVI. Nevertheless, 
the coronary CT angiography techniques 
for the first time reveal the full extent of 
CAD in these diabetic patients with use 
of noninvasive methods.

At present, coronary CT angiography 
can routinely and noninvasively capture 
the full anatomic map of the coronary 
arteries in a single heartbeat with a low 
radiation dose. Information well beyond 
the presence or absence of coronary ste-
nosis can be readily derived with coro-
nary CT angiography. Coronary PVI at 
coronary CT angiography is clinically 
feasible and reproducible in patients 
with diabetes and may represent a novel 
method that could be routinely applied 
in at-risk patients. In diabetic patients, 
BMI—a modifiable risk factor—was sig-
nificantly associated with both overall 
coronary plaque quantity and soft plaque 
composition. Further follow-up of this di-
abetic cohort is warranted to determine 
if coronary plaque assessment contrib-
utes to predictive risk assessment in this 
challenging patient population.
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redundant information. In this study, ap-
proximately two-thirds of plaque volume 
was noncalcified, and the correlation be-
tween CAC and coronary CT angiogra-
phy plaque index was only moderate (r 
= 0.47–0.57). The differences between 
CAC and PVI were greater in diabetic 
patients with low levels of CAC where 
CAC-based risk stratification is known 
to be poor and noncalcified plaque is 
more common (29). In addition to age 
and sex, CAC score was associated with 
hypertension, whereas plaque index was 
associated with BMI. Patients who had 
discrepant CAC and plaque index risk 
had biochemically different profiles in 
terms of glucose control and inflamma-
tory markers. Further analysis of car-
diovascular outcomes in relationship to 
coronary CT angiography plaque index 
will be needed to define the role of PVI 
versus CAC score.

Limitations of this study include a rel-
atively homogeneous population from a 
single site, with limited racial variation. 
Family history of cardiovascular disease 
is an important risk factor but was unable 
to be comprehensively gathered in this 
cohort. Finally, patients with severe re-
nal failure were not eligible for coronary 

predictor of plaque volume progres-
sion assessed with intravascular US of 
an obstructing coronary lesion during 
pravastatin treatment (27). Labounty et 
al (28) recently reported registry results 
showing that symptomatic obese patients 
were more likely than nonobese patients 
to have any coronary artery disease at 
coronary CT angiography as well as to 
have obstructive coronary artery disease. 
Compared with intravascular US, coro-
nary CT angiography offers a noninva-
sive approach to comprehensively assess 
multiple coronary arteries in lower-risk 
patients than may be otherwise interro-
gated with use of invasive angiography.

Diabetic patients may have exten-
sive noncalcified plaque not otherwise 
revealed with the CAC score (29), and 
lipid-containing plaque is greater in di-
abetic patients than in nondiabetic pa-
tients (30,31). CAC score is not a useful 
marker for assessing the reduction of 
plaque as a result of therapy, likely be-
cause CAC does not accurately reflect a 
change in modifiable noncalcified plaque 
(32). Coronary CT angiography plaque 
measurement may address these weak-
nesses: PVI shows general consistency 
with CAC but does not appear to provide 

Figure 5

Figure 5:  Bar chart show percentage agreement between quartile rank of 
CAC score and PVI. Patients with intermediate CAC scores (second and third 
quartiles) show lowest agreement with PVI quartile (28% and 34%, respec-
tively). There was a discrepancy in rank quartile classification between PVI and 
CAC score in 128 of 224 patients (57%) (P , .001).
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