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We investigated the relation of carotid '8F-FDG uptake to high-sen-
sitivity C-reactive protein (hsCRP) and Framingham risk score (FRS)
in a large cohort of asymptomatic adults. Methods: Carotid artery
18F-FDG uptake was measured on the PET/CT scans of 1,181 asymp-
tomatic subjects, and maximum target-to-background ratio (M-TBR)
and intima-media thickness (IMT) were compared with clinical risk
factors and hsCRP. The estimated 10-y risk for general cardiovas-
cular disease was calculated by FRS. Results: FRS increased from
11.5% *+ 7.8% to 14.8% = 10.5% in subjects withan M-TBR = 1.7,
compared with < 1.7, and the odds ratio for an FRS = 10% was 1.9
(95% confidence interval [Cl], 1.4-2.5). Adjusting for age confirmed
a significant association of M-TBR and IMT with FRS. Independent
determinants of high M-TBR were abdominal fat (8 coefficient [B],
1.1040; P < 0.0001), low-density lipoprotein (LDL) (B, 0.0006; P <
0.05), and FRS (B, 0.0025; P < 0.05) for subjects < 50 y and ab-
dominal fat (B, 0.9740; P < 0.0001), age (B, 0.0040; P = 0.0001), LDL
(B, 0.0008; P = 0.0001), and IMT (B, 0.1097; P < 0.01) for subjects =
50 y. Although hsCRP also stratified subjects for FRS-based risk, no
correlation was found between hsCRP and M-TBR or IMT, suggesting
that they may have different inferences. Importantly, in the low-hsCRP
(14.2% = 9.7% vs. 11.3% = 7.4%) and high-hsCRP groups (18.8% =+
14.3% vs. 13.3% = 10.2%), FRS was significantly greater for subjects
with high M-TBR than for those with low M-TBR. The odds ratio for
FRS = 10% between subjects with high and low M-TBR was 1.20
(95% Cl, 0.90-1.60; P = 0.209) in the low-hsCRP group and 2.95 (95%
Cl, 1.48-5.86; P = 0.002) in the high-hsCRP group. Conclusion: High
carotid '8F-FDG uptake in asymptomatic adults is associated with in-
creased clinical risk factors and FRS. Furthermore, it appears to reflect
aspects of atherosclerotic inflammation distinct from hsCRP concentra-
tion and may offer incremental information regarding cardiovascular risk.
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Atherosclerotic disease remains the most common cause of
death and disability in the developed world (/). However, a fifth
of all cardiovascular events occurs in individuals who have no
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identifiable traditional risk factors (2). Risk-stratifying asymp-
tomatic patients for cardiovascular events therefore remains chal-
lenging, emphasizing the need for additional indicators (3).
Although cardiovascular risk is closely related to the severity
of atherosclerotic lesions (4), anatomic imaging does not pro-
vide information on plaque composition, which critically affects
patient outcome.

Because atherosclerosis is an inflammatory disease (5), biomarkers
of inflammation are gaining attention as potentially useful predic-
tors of cardiovascular events. PET using '8F-FDG and serum lev-
els of high-sensitivity C-reactive protein (hsCRP) have emerged
as particularly promising prognostic indicators. Macrophages av-
idly take up glucose in a manner that parallels inflammation se-
verity (6,7). The magnitude of arterial '8F-FDG uptake has been
shown to correlate to cardiac risk factors (8-9), and there is
accumulating evidence suggesting that it may be a useful in-
dicator of cardiovascular risk (/0-12). hsCRP concentration is
tightly linked to carotid atherosclerosis and plaque development
(13,14). Moreover, elevated hsCRP has been shown to predict
cardiovascular risk in apparently healthy men (/5) and women
(16) and in patients with unstable angina (/7) or increased tradi-
tional risk factors (/8).

Despite the significant roles of arterial '3F-FDG uptake and hsCRP
as inflammatory markers of atherosclerotic disease, however, the
precise relation between these indicators and their prognostic im-
pact on cardiovascular outcome remains to be explored. Indeed,
there have been only a few studies with relatively small numbers
of subjects that compared circulating hsCRP and '8F-FDG uptake,
and the findings have shown mixed results (/9-21). In this study,
we thus evaluated a large cohort of asymptomatic adults to in-
vestigate the relation of carotid artery '8F-FDG uptake, hsCRP
concentration, and estimated risk based on general cardiovascular
Framingham risk scores (FRSs).

MATERIALS AND METHODS

Study Subjects

Study candidates were 2,329 consecutive subjects who underwent '8F-
FDG PET/CT as part of a health checkup program to screen for
possible hidden malignancies at our institute between January 2009
and November 2009. From this population, 1,210 subjects who had
also undergone carotid Doppler-based measurement of intima-media
thickness (IMT) and had all clinical data necessary for FRS calcula-
tion were selected. Among these subjects, 29 cases were excluded for
PET/CT data loss (n = 14), inaccessible electronic medical record
(n = 1), or obscured carotid uptake by high activity adjacent tissue
(n = 14). Thus, 1,181 subjects were finally included for analysis.
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None of the patients had cancer disease or cardiovascular symptoms.
The institutional review board (IRB or equivalent) approved this ret-
rospective study, and the requirement to obtain informed consent was
waived.

All study subjects underwent anthropometric measurements for
height, weight, blood pressure, waist circumference, and abdominal fat.
Body mass index was calculated from the equation weight (kg)/height?
(m?). Information on age, sex, and medical history was obtained from
electronic medical records. Current smoking was defined as having
smoked in the last 30 d. Diabetes was defined as a fasting glucose
= 126 mg/dL or use of hypoglycemic medications. Hypertension was
defined as a systolic blood pressure = 140 mm Hg, diastolic blood
pressure = 90 mm Hg, or use of medication prescribed for hyperten-
sion. Use of medications was based on prescriptions entered by clinical
staff. Laboratory tests included triglycerol, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), total cholesterol, fasting blood
glucose, hemoglobin Alc (HbAlc), and serum hsCRP concentration.
Carotid IMT was measured with a standard protocol using an auto-
mated IMT package and a high-resolution B-mode ultrasound (GE
Healthcare). The average of bilateral measurements was used as the
IMT level. All anthropometric and IMT measurements and laboratory
tests were performed on the same day as the PET/CT study.

PET/CT Imaging

All subjects fasted for at least 6 h before the PET/CT study, and
blood glucose levels were < 200 mg/dL at the time of '8F-FDG in-
jection. Imaging was performed on an STE scanner (GE Healthcare;
n = 1,174) or a Discovery LS scanner (GE Healthcare; n = 7). CT images
were acquired first at 45 min after '8F-FDG (370 MBq) injection using
an 8-slice (140 keV, 40-120 mAs adjusted to body weight; section
width of 5 mm) or 16-slice helical CT scanner (140 keV, 30-170 mAs
with an AutoA mode; section width of 3.75 mm). No intravenous or
oral contrast materials were used. Emission PET images were then
acquired from thigh to head for 4 min per frame in 2-dimensional mode.
Attenuation-corrected PET images (voxel size, 4.3 X 4.3 X 3.9 mm)
were reconstructed using CT data by an ordered-subsets expectation
maximization algorithm (28 subsets, 2 iterations). Xeleris software
(GE Healthcare) was used to coregister the PET and CT data.

Image Analysis

Transaxial '8F-FDG PET and PET/CT tomographic slices of 3.3-mm
(Discovery LS) or 4.3-mm (STE scanner) thickness were analyzed on
a Xeleris workstation. PET images were analyzed by a nuclear medi-
cine physician masked to any clinical information including FRS and
hsCRP results. Circular or ellipsoidal regions of interest were manually
placed over the carotid arteries on every other tomographic slice begin-
ning from the merging point with the brachiocephalic trunk or aortic
arch up to 4-6 slices above the bifurcation site as previously described
(22). Care was taken to include all arterial outer walls while excluding
nonvascular tissue of significant activity. From each arterial region of
interest, mean and maximum standardized uptake values (SUVs) were
obtained. Blood-pool activity was measured by placing circular regions
of interest in the mid lumen of the inferior vena cava on 5 different
tomographic slices and averaging the values to obtain the background
SUV. The mean and maximum SUVs of each arterial segment was
averaged for both carotid arteries and divided by the background
SUV to yield mean and maximum target-to-background ratios
(M-TBRs) for each subject.

General Cardiovascular Risk Scoring

The FRS system was used to estimate the 10-y risk of general
cardiovascular disease in our study subjects. The scores were calculated on
an open accessible Web site (http://reference.medscape.com/calculator/
framingham-cardiovascular-disease-risk). Under this scoring system, the
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risk of general cardiovascular disease at 10 y is 10% or less for those
with low risk, 10%-20% for intermediate risk, 20%—30% for high
risk, and over 30% for highest risk.

Statistical Analysis

Continuous variables were expressed as mean = SD for tables and
mean * SE for figures. ¢ tests and Mann—Whitney tests were used to
compare difference between 2 groups, and ANOVA with post hoc
Scheffe tests was used for 3 or more groups. Correlation between
variables was assessed by linear regression analysis. Stepwise multiple
regression analysis was performed using SPSS (version 16.0; SPSS
Inc.) for Windows (Microsoft). P values of less than 0.05 were con-
sidered significant.

RESULTS

Clinical Characteristics of Study Subjects

The clinical characteristics of the study subjects are shown in
Table 1. Subjects had a mean age (=SD) of 52.0 = 6.5 y (range,
33-79 y) and a high male preponderance that reached 94.3%
(1,114/1,181). On average, the subjects had an M-TBR of 1.60 =
0.15, IMT of 0.65 = 0.15 mm, FRS of 12.3% * 8.7% (median, 9.9%;
interquartile range [IQR], 6.6-14.9), and hsCRP of 1.2 * 2.4 mg/dL.

When divided by an M-TBR threshold of 1.7, there were 886
subjects with low '8F-FDG uptake and 295 subjects with high up-
take. The high-M-TBR group displayed significantly greater age,
abdominal fat, IMT, and FRS, with P < 0.001, than did the low—
M-TBR group (Table 1). The odds ratio for FRS = 10% between
high— and low—M-TBR groups was 1.9 (95% confidence interval
[CI], 1.4-2.5). There was also greater body mass index, waist cir-
cumference, and systolic blood pressure and higher levels of total
cholesterol and LDL in the high-M-TBR group. Grouping subjects
with mean TBR (threshold, 1.4) also demonstrated greater age,
body mass index, waist circumference, abdominal fat, total choles-
terol, LDL, IMT, and FRS for those with higher mean TBR (data
not shown). However, there was no difference in hsCRP level be-
tween subjects with high TBR and low TBR. When M-TBRs of 1.5
and 1.7 were used to divide subjects into 3 groups, FRS signifi-
cantly increased from 9.7% * 6.2% (median, 7.9; IQR, 5.6-12.4)
for subjects with an M-TBR < 1.5 (n = 287) to 12.3% = 8.3%
(median, 9.9; IQR, 6.8-14.7) for those with an M-TBR of 1.5-1.7
(n = 598; P < 0.0001). FRS further increased to 14.8% * 10.6%
(median, 11.8; IQR, 7.9-18.0) when M-TBR was = 1.7 (n = 296;
P < 0.0001). Again, there was no difference in hsCRP level be-
tween the 3 groups (all 0.1 = 0.2 mg/dL; data not shown).

When subjects were divided by an IMT threshold of 0.75 mm
(third quartile), the high-IMT group (293 subjects) displayed sig-
nificantly greater age, body mass index, systolic blood pressure,
abdominal fat, waist circumference, HbA1C, M-TBR, mean TBR,
and FRS, with P values of < 0.001, than did the low-IMT group
(888 subjects; Table 1). The odds ratio for an FRS = 10% between
high- and low-IMT groups was 2.6 (95% CI, 1.9-3.4). There was
also greater fasting blood glucose and lower HDL in the high-IMT
group.

When subjects were grouped by FRS categories, M-TBR was
greatest for the highest-risk group (FRS = 30%; 1.71 = 0.17),
followed by the high- and intermediate-risk groups (FRS, 10%—
20% and 20%-30%, respectively; both 1.62 *= 0.15), and lowest
for the low-risk group (FRS < 10%; 1.57 = 0.15; Fig. 1A).
Similar results were observed for IMT level, which was 0.79 *+
0.12 mm for highest-risk, 0.71 £ 0.14 mm for high-risk, 0.67 *
0.15 mm for intermediate-risk, and 0.62 = 0.12 mm for low-risk
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TABLE 1

Clinical Characteristics of Study Subjects Stratified by M-TBR and IMT

M-TBR
Total <1.7 =1.7 <0.75 mm =0.75 mm
Variable (n=1,181) (n = 886) (n = 295) (n = 888) (n = 293)

Age (y) 52.0 = 6.5 51.4 = 5.8 53.9 = 7.9* 50.9 + 5.6 55.4 = 7.7*
Sex

Male 1,114 843 27171 836 278

Female 67 43 2471 52 15
Body mass index (kg/m?) 245 + 24 244 =25 24.8 + 2.1 243 = 2.42 25.0 = 2.24*
Systolic blood pressure (mm Hg) 118.9 + 15.7 118.3 = 154 120.8 = 16.67 118.0 = 15.3 121.6 = 16.8*
Diastolic blood pressure (mm Hg) 76.7 = 10.4 76.8 = 10.6 76.7 = 9.6 76.7 = 10.5 77.0 = 10.0
Waist circumference (cm) 85.8 + 6.9 85.5+ 7.0 87.0 + 6.2T 85.2 + 6.8 87.8 + 6.7
Abdominal fat (%) 0.9 = 0.0 0.9 = 0.0 0.9 = 0.0* 0.91 = 0.0 0.9 = 0.0*
Fasting blood glucose 97.5 = 184 97.7 = 19.7 96.7 = 13.9 96.5 = 18.1 100.3 = 19.0%
HbA1c (%) 5.7 £ 0.6 5.7 £ 0.7 5.7 = 0.5 5.66 *= 0.63 5.81 = 0.63*
Total cholesterol (mmol/dL) 196.2 + 33.1 194.8 + 33.2 200.6 = 32.28 195.7 = 31.9 197.8 = 36.2
HDL cholesterol (mmol/dL) 50.3 = 124 50.7 = 12.4 491 = 12.3 50.9 = 124 48.4 = 12.3%
LDL cholesterol (mmol/dL) 122.0 + 28.6 120.5 + 28.4 126.4 + 28.7+ 1211 £ 279 124.6 = 30.5
Triglyceride (mmol/dL) 141.9 = 73.7 140.0 += 76.1 147.6 *= 65.6 141.6 = 76.3 142.3 = 65.1
FRS (%) 12.3 + 8.7 115+ 7.8 14.8 + 10.5* 10.9 + 7.23 16.4 + 11.0*

Median (Q1-Q3) 9.9 (6.6-14.9) 9.1 (6.2-14.1) 11.8 (7.9-18.0) 9.0 (6.1-13.5) 13.2 (8.6-20.7)
FRS = 10%

QOdds ratio 1.0 1.9* 1.0 2.6"
95% ClI 1.4-2.5* 1.9-3.4*
IMT 0.65 = 0.15 0.64 = 0.13 0.70 = 0.20* 0.59 =+ 0.08 0.84 = 0.14*
M-TBR 1.60 = 0.15 1.53 = 0.11 1.80 = 0.09* 1.59 + 0.15 1.64 = 0.16*
Mean TBR 1.38 + 0.13 1.32 + 0.09 1.58 + 0.07* 1.37 = 0.12 1.40 = 0.13*
Maximum SUV 1.61 = 0.14 1.56 = 0.11 1.77 = 0.12* 1.60 = 0.14 1.65 + 0.15*
Mean SUV 1.39 = 0.11 1.35 = 0.09 1.50 = 0.09* 1.38 = 0.11 1.41 £ 0.12*
hsCRP (mg/dL) 0.12 = 0.24 0.11 = 0.24 0.13 = 0.23 0.11 = 0.21 0.13 = 0.31
*P < 0.001.
P < 0.05.
*P < 0.005.
Sp < 0.01.

Data are mean * SD. P values were calculated using t tests or Mann-Whitney tests.

FRS groups (Fig. 1A). hsCRP levels were significantly higher for
the highest-risk group (0.17 = 0.25 mg/dL) than for the high-risk
group (0.12 = 0.16 mg/dL) and low-risk group (0.10 = 0.23 mg/
dL; Fig. 1A).

Independent Clinical Determinants of High Carotid
18F-FDG Uptake

Because age can act as a confounder by increasing both cardio-
vascular risk and arterial '8F-FDG uptake, we analyzed the
relation of M-TBR and IMT with FRS, adjusting for age by strat-
ification. Stratification by age confirmed a significant increase of
FRS as subjects got older (P < 0.001), reaching 31.1% and 18.8%
for subjects = 70 y and 60-70 y, respectively. Among our study
subjects, 451 (38.2%) were under 50 y of age. For this age group,
FRS was significantly greater when M-TBR was = 1.7 (10.73% *
7.04%) than when M-TBR was < 1.7 (8.55% = 5.59%; Fig. 1B).
Subjects of older age groups also showed a tendency for greater
FRS when M-TBR was = 1.7, although this did not reach statis-
tical significance. FRS was also significantly greater when IMT
was = (0.75 mm than when IMT was < 0.75 mm for subjects < 50y
(11.8% = 8.0% vs. 8.5% * 5.4%) and those between 50 and 60 y
(152% = 9.1% vs. 11.9% = 7.0%; Fig. 1B).

Because the relations of M-TBR and IMT to FRS were influ-
enced by age, we performed linear regression analysis between
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M-TBR or IMT and clinical variables in subjects divided into those
under and over 50 y. The results showed that for subjects < 50y,
high M-TBR significantly correlated with age, abdominal fat, waist
circumference, body mass index, systolic and diastolic blood pres-
sure, total cholesterol, HDL, LDL, triglyceride, IMT, and FRS. For
subjects = 50 y, variables with significant correlation were age, ab-
dominal fat, waist circumference, body mass index, total-cholesterol,
HDL, LDL, bilateral IMT, and FRS (data not shown). Stepwise mul-
tiple regression analysis using variables with significant correlation
revealed abdominal fat, LDL, and FRS as independent determinants
of high M-TBR for subjects < 50 y. Independent determinants for
subjects = 50 y were age, abdominal fat, LDL, and IMT (Table 2).

Univariate analysis for IMT showed that in subjects << 50y, high
IMT significantly correlated with age, abdominal fat, waist circum-
ference, body mass index, systolic and diastolic blood pressure, fast-
ing blood glucose, total cholesterol, LDL, triglyceride, M-TBR, mean
TBR, and FRS. For subjects = 50y, significant univariate variables
were age, abdominal fat, waist circumference, body mass index,
systolic blood pressure, total cholesterol, HDL, HbA1C, M-TBR,
and FRS (data not shown). Among these, independent determinants
of high IMT were abdominal fat, HbAlc, total cholesterol, and M-
TBR for subjects < 50 y and age, abdominal fat, body mass index,
FRS, and mean TBR for subjects = 50 y (Table 2).
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FIGURE 1. Relation of FRS to M-TBR, IMT, and hsCRP. (A) M-TBR (left), IMT (middle), and hsCRP levels (right) according to FRS categories. (B)

FRS according to high and low M-TBR (left) and IMT groups (right), adjusting for age by stratification. P < 0.001 for age effects on M-TBR and IMT.

Bars are mean + SE. n.s. = not significant.

Carotid 8F-FDG Uptake Stratifies Estimated Risk
Incremental to hsCRP

To evaluate whether carotid '3F-FDG uptake provides risk-associated
information incremental to hsCRP, we first evaluated how FRS,
M-TBR, and IMT are influenced by hsCRP level. As a result, FRS
was found to significantly increase from 11.63% = 8.13% for the
low-hsCRP (<1 mg/L) group to 13.51% = 8.67% for the intermediate-
hsCRP (1-3 mg/L) group and further increased to 15.75% * 12.23%
for the high-hsCRP (=3 mg/L) group (Fig. 2A). In contrast, ac-
cording to hsCRP groups there was no significant difference in M-TBR
(1.59 = 0.15 for low-hsCRP, 1.62 = 0.16 for intermediate-hsCRP,
and 1.62 = 0.19 for high-hsCRP groups) or IMT (0.65 * 0.14 for
low-hsCRP, 0.66 = 0.13 for intermediate-hsCRP, and 0.67 = 0.20
mm for high-hsCRP groups) (Fig. 2A).

We next characterized traditional clinical risk factors and FRS
in subjects stratified by hsCRP (threshold, 2 mg/L) and substrat-
ified by M-TBR (threshold, 1.7) or IMT (threshold, 0.75 mm). Among
subjects with an hsCRP < 2 mg/dL, those with high M-TBR were
associated with greater waist circumference, body mass index, sys-
tolic blood pressure, abdominal fat, total cholesterol, LDL, and IMT
(Table 3). Among subjects with hsCRP = 2 mg/dL, those with high M-
TBR had significantly greater abdominal fat, LDL, IMT, and lower
HDL (Table 3). Using mean TBR (threshold, 1.4) for stratification led
to largely similar results (data not shown). Among subjects with an
hsCRP < 2 mg/dL, those with high IMT had significantly greater age,
body mass index, systolic blood pressure, waist circumference, abdom-
inal fat, fasting blood glucose, HbAlc, and TBR (Table 4). Among
subjects with hsCRP = 2 mg/dL, those with high IMT had significantly
greater age, waist circumference, abdominal fat, and TBR (Table 4).
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Importantly, in subjects with an hsCRP < 2 mg/dL, FRS was sig-
nificantly greater for those with high M-TBR than with low M-TBR
(142 = 9.7 vs. 11.3% = 7.4%) and greater in those with higher
hsCRP (18.8 = 14.3 vs 13.3% = 10.2%; Fig. 2B). The odds ratio
for an FRS = 10% between high and low M-TBR was 1.20 (95%
CI, 0.90-1.60; P = 0.209) for subjects with hsCRP < 2 mg/dL
and 2.95 (95% CI, 1.48-5.86; P = 0.002) with higher hsCRP (data
not shown). FRS was also significantly greater for high IMT than
for low IMT, both in subjects with hsCRP < 2 mg/dL (19.6 = 14.9
vs. 12.7% = 9.1%) and those with higher hsCRP (15.9 % 10.1 vs.
10.8% = 7.0%; Fig. 2B). The odds ratio for an FRS = 10%
between high and low IMT was 2.64 (95% CI, 1.96-3.56; P <
0.0001) for subjects with hsCRP < 2 mg/dL and 2.27 (95% CI,
1.06-4.85; P < 0.05) with higher hsCRP (data not shown).

DISCUSSION

This study compared carotid '®F-FDG uptake level to hsCRP con-
centration in a large number of asymptomatic adults and further invest-
igated the relation of these inflammation markers to FRS as an estimate
of cardiovascular risk. As a result, both carotid '8F FDG uptake and
hsCRP correlated significantly with FRS but not with each other.

The PET examinations in the current study were part of a health
checkup program to screen the whole body for possible hidden
malignancy. It is not uncommon in clinical practice to encounter
cases where whole-body '8F-FDG PET conducted for some other
purpose detects unexpected cancers or premalignant lesions. As such,
I8E_.FDG PET is sometimes used for cancer screening, particularly
in some Asian institutions. Previous reports from such institutions
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TABLE 2
Multiple Regression Analysis for Independent Determinants
for M-TBR and IMT According to Age Group

Variable B SE P

M-TBR, age < 50

Abdominal fat 1.1040 0.2204 <0.0001
FRS 0.0025 0.0012 0.0340
LDL cholesterol 0.0006 0.0002 0.0188
M-TBR, age = 50
Age 0.0040 0.0010 0.0001
Abdominal fat 0.9740 0.1916 <0.0001
LDL cholesterol 0.0008 0.0002 0.0001
IMT 0.1097 0.0396 0.0057
IMT, age < 50
Abdominal fat 0.7185 0.2048 0.0005
HbA1c 0.0297 0.0105 0.0050
Total cholesterol 0.0004 0.0002 0.0339
M-TBR 0.0914 0.0444 0.0401
IMT, age = 50
Age 0.0076 0.0012 0.0331
Abdominal fat —0.7686 0.3600 <0.0001
Body mass index 0.0161 0.0045 0.0004
FRS 0.0025 0.0006 0.0001
Mean TBR 0.1298 0.0411 0.0017

B = B coefficient.

show that whole-body PET has the potential to reveal hidden ma-
lignancies in 1%-2% of unsuspecting subjects. However, it should
be mentioned that there is controversy regarding the routine use of
I8F-FDG PET in the screening setting, and future randomized pro-
spective clinical trials are likely to be required to determine the
efficacy or cost-effectiveness of '®F-FDG PET for this purpose (23).

In our subjects, high carotid '8F-FDG uptake was significantly
associated with traditional cardiac risk factors including abdominal
fat, waist circumference, body mass index, systolic blood pressure,
and higher levels of total cholesterol and LDL. This finding is con-
sistent with results of several previous observations (7-12). Al-
though '8F-FDG uptake can be partly influenced by blood glucose
concentration, there was no correlation of blood glucose and HbAlc
levels measured on the morning of the PET study to maximum SUV
or M-TBR of '8F-FDG uptake (data not shown), indicating that this
was not a significant factor in the results of our study subjects. High
I8F-FDG uptake in our study was also associated with greater IMT
measurements and increased estimates of cardiovascular risk based
on FRS. FRSs are used to determine an individual’s chance of de-
veloping cardiovascular disease within the next 10 y. Because the
2002 FRS predicts only future coronary heart disease events, the
2008 general cardiovascular FRS was developed to include risk for
stroke, transient ischemic attack, and heart failure. Accordingly, the
predicted risk for an individual usually is higher with the general
cardiovascular FRS that we used than with the 2002 FRS.

Although the general cardiovascular FRS estimates an individ-
ual’s risk of having coronary heart disease events at 10 y, it is not
a direct measure of cardiac events. The lack of actual outcome data
is therefore a limitation of this cross-sectional study. Another lim-
itation of the current study is that no comparison was performed
between carotid '8F-FDG uptake and coronary calcium scores.

In contrast to several cardiac risk factors and FRS, no signi-
ficant relation was found in our results between carotid '3F-FDG
uptake and hsCRP concentration. Although '8F-FDG uptake and
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circulating hsCRP are both markers of inflammation, there is no
clear consensus regarding their relation in atherosclerosis patients
(19-21). Given the widely recognized role of hsCRP in predicting
cardiovascular events, lack of correlation with '8F-FDG uptake
suggests that the 2 markers may represent different aspects of ath-
erosclerotic inflammation. Our finding is at variance with a recent
study that observed a significant correlation between carotid 8F-
FDG uptake and hsCRP in 120 subjects undergoing health screen-
ing (/9). In addition to the relatively small number of subjects,
however, this study measured only 10 slices of the right carotid
artery, compared with the full length of both carotid arteries in-
cluding segments above the bifurcation site analyzed in our study.
Also, the study of Yoo et al. excluded patients with a history of
significant diseases or inflammatory conditions (/9), whereas our
study was based on an unselected cohort of asymptomatic individ-
uals undergoing health screening. Our study is therefore more
likely to have included subjects with nonspecific inflammation
elsewhere in the body that could have further weakened the re-
lation between serum hsCRP concentration and carotid TBR level.
It was noted in our analysis that subjects with high '8F-FDG
uptake were also of significantly greater age. A general connection
between '8F-FDG uptake and age has been observed in the carotid
(8,24) and larger arteries (25), and advanced age is an established
risk factor for cardiovascular disease (26). We therefore reana-
lyzed the relation between carotid '3F-FDG uptake and FRS, ad-
justing for age by stratification. As a result, a significant relation
between M-TBR and FRS was confirmed for subjects < 50 y.
Stepwise multiple regression in this age group revealed FRS, along
with abdominal fat and LDL, to be independent determinants of
M-TBR. Although statistical significance was not reached, older
age groups also displayed a tendency of increased FRS with higher
M-TBR. Advanced age is possibly the strongest predictor of car-
diovascular risk (26). In our study, mean FRS exceeded 30% for
subjects over 70 y and approached 20% for those over 60 y. It is
therefore likely that, in older age groups, the strong influence of
age on FRS somewhat weakened its apparent relation to TBR.
In our results, serum hsCRP was significantly associated with FRS.
This is consistent with the known role of CRP as an independent pre-
dictor of carotid atherosclerosis progression, poor cardiovascular
outcome, incident myocardial infarction, ischemic stroke, and sudden
cardiac death (11-18). Given the well-recognized predictive value of
hsCRP, we explored whether carotid '8F-FDG uptake may provide
incremental risk—related information. As a result, whereas both M-
TBR and hsCRP were significant predictors of estimated cardiovas-
cular risk based on FRS, the biomarkers displayed poor association
between themselves. Indeed, although M-TBR correlated signifi-
cantly with many other clinical risk factors, it showed no correlation
to hsCRP, suggesting that any prognostic information these biomark-
ers hold could be independent of each other. Furthermore, among
subjects with low hsCRP and those with high hsCRP, higher M-TBR
substratified subjects with increased clinical risk factors and greater
FRS. Taken together, these results suggest the possibility that carotid
I18F-FDG uptake may offer risk-associated information incremental to
hsCRP. Further prospective studies are thus warranted to determine
the precise incremental prognostic value of carotid '8F-FDG PET for
predicting the clinical outcome of patients with atherosclerosis.

CONCLUSION

High carotid '8F-FDG uptake in asymptomatic adults is associated
with increased clinical risk factors and greater FRS. Furthermore,
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FIGURE 2. Relation of hsCRP to FRS, M-TBR, and IMT. (A) FRS (left), M-TBR (middle), and IMT levels (right) according to hsCRP categories. (B) Estimated
risk based on FRS in subjects categorized by hsCRP and substratified by M-TBR (left) or IMT level (right). Bars are mean * SE. n.s. = not significant.

carotid '8F-FDG uptake appears to reflect aspects of atherosclerotic
inflammation distinct from hsCRP level and may offer incremental
risk-related information. These findings warrant the need for further
investigations to illuminate the ability of carotid '8F-FDG uptake to
predict cardiovascular risk independent of the effects of other risk factors.
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TABLE 3

Subject Characteristics Stratified by hsCRP and M-TBR

hsCRP < 2 mg/dL

hsCRP = 2 mg/dL

M-TBR < 1.7 M-TBR = 1.7 M-TBR < 1.7 M-TBR = 1.7
Characteristic (n =797) (n = 254) P (n = 89) (n=41) P
Age (y) 514 = 5.7 535 = 7.7 <0.0001 51.3 = 6.9 56.5 = 8.5 0.0003
Body mass index (kg/m?) 243 *+24 247 = 2.0 0.0143 249 *+ 3.2 251 =28 0.7310
Systolic blood pressure (mm Hg) 118.2 = 155 120.8 = 16.7 0.0218 119.5 = 15.0 120.7 = 15.9 0.6675
Diastolic blood pressure (mm Hg) 76.8 = 10.5 76.7 = 9.7 0.9118 76.5 =115 76.9 = 9.3 0.8750
Wiaist circumference (cm) 85.2 + 6.8 86.8 = 6.0 0.0006 87.8 = 8.1 87.8 £ 7.6 0.9716
Abdominal fat (%) 0.9 = 0.0 0.9 = 0.0 <0.0001 0.9 = 0.0 0.9 = 0.0 0.0184
Fasting blood glucose 97.4 = 19.3 96.9 = 14.2 0.6610 100.1 + 23.1 96.1 = 11.4 0.2974
HbA1c (%) 5.7 £ 0.6 5.7 £ 05 0.4337 5.8 0.8 59 + 0.6 0.4254
Total cholesterol (mmol/dL) 195.4 + 32.5 201.2 + 31.8 0.0128 189.4 + 39.0 196.7 = 34.2 0.3096
HDL cholesterol (mmol/dL) 51.1 =125 50.1 = 12.2 0.2721 46.8 = 10.4 42.6 = 11.3 0.0380
LDL cholesterol (mmol/dL) 120.8 + 28.0 126.4 = 28.4 <0.0001 1179 + 31.6 126.4 = 30.7 0.1545
Triglyceride (mmol/dL) 140.2 = 76.8 145.7 = 67.1 0.3054 138.4 = 70.0 159.2 = 53.9 0.0976
IMT (mm) 0.64 = 0.13 0.68 = 0.17 0.0001 0.65 = 0.12 0.79 = 0.23 <0.0001
M-TBR 1.54 = 0.11 1.79 = 0.09 <0.0001 1.51 = 0.11 1.84 = 0.10 <0.0001
Mean TBR 1.33 = 0.09 1.52 + 0.07 <0.0001 1.31 = 0.10 1.55 = 0.07 <0.0001
hsCRP (mg/dL) 0.6 =04 0.7 £ 04 0.0680 58 £59 48 + 4.6 0.3578
Data are mean = SD. P values were calculated using t tests or Mann-Whitney tests.
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TABLE 4
Subject Characteristics Stratified by hsCRP and IMT
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hsCRP = 2 mg/L

hsCRP < 2 mg/L
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