Downloaded from jnm.snmjournals.org by on March 13, 2017. For personal use only.

Vascular Inflammation Stratified by C-Reactive Protein and
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We examined the severity of vascular inflammation in healthy
individuals without hyperlipidemia but with elevated high-sensi-
tivity C-reactive protein (hsCRP) using '8F-FDG PET, which is a
promising imaging technique for the assessment of vascular
inflammation within atherosclerotic plaques. Methods: Vascular
inflammation inthe carotid arterial wall, represented as the target-
to-background ratio (TBR), was measured using '8F-FDG PET in
120 healthy subjects without a history of cardiovascular diseases.
Results: Subjects with high hsCRP (=2 mg/L) and low low-den-
sity lipoprotein cholesterol (LDL-C) (<130 mg/dL) levels had a
significantly higher maximum TBR than did those with low hsCRP
(<2 mg/L) and low LDL-C levels (<130 mg/dL) or low hsCRP (<2
mg/L) and high LDL-C levels (=130 mg/dL) (1.29 = 0.13, 1.12 =
0.10, and 1.16 = 0.05, respectively), even though there were no
significant differences in the carotid intima-media thickness. The
maximum TBR values had the strongest positive correlation with
hsCRP level among the various cardiovascular risk factors (r =
0.68, P < 0.01). However, other emerging inflammatory markers
such as lipoprotein-associated phospholipase A, or monocyte
chemoattractant protein-1 were not coherently associated with
TBR values. Multiple stepwise regression analyses showed that
hsCRP and diastolic blood pressure were independent decisive
factors for maximum TBR, whereas age, diastolic blood pressure,
and LDL-C were factors that determined the maximum intima-
media thickness. Conclusion: Vascular inflammation measured
using '8F-FDG PET was increased in healthy individuals without
hyperlipidemia but with elevated hsCRP.
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Atherosclerosis is now recognized as an inflammatory
disorder. The inflammatory state and composition of ath-
erosclerotic plaques, rather than the degree of stenosis, are
known as the core contributing factors responsible for acute
cardiovascular events (/). However, angiography, the cur-
rent gold standard imaging technique for atherosclerosis, is
invasive and cannot provide information about plaque in-
flammation and vulnerability (2). Therefore, new imaging
techniques that can demonstrate the dynamic biologic ac-
tivity within atherosclerotic plaques are critically needed
for further risk stratification and early prevention for acute
cardiovascular events.

Recently, PET with '8F-FDG has been suggested as a
promising novel imaging technique to identify vascular
inflammation (3). Several animal and human studies have
shown that '8F-FDG PET can visualize inflamed vessels,
and '"8F-FDG uptake is strongly correlated with macrophage
infiltration (4-7). In our previous study, the patients with
impaired glucose tolerance or type 2 diabetes, compared with
healthy subjects, had significantly increased maximum tar-
get-to-background ratio (TBR) values measured using '8F-
FDG PET (8). However, there have been no studies focusing
on vascular inflammation of apparently healthy men and
women stratified by low-density lipoprotein cholesterol
(LDL-C) and high-sensitivity C-reactive protein (hsCRP)
levels using '8F-FDG PET.

Although LDL-C is the basis of current guidelines for risk
stratification of cardiovascular disease (CVD), approxi-
mately 40% of deaths from CVD occur in patients with low
cholesterol levels (9). Therefore, there has been growing
interest in novel biomarkers that can provide information
about the unexplained portion of cardiovascular risk in the
conventional risk stratification system. hsCRP is a represen-
tative inflammatory biomarker that independently predicts
future cardiovascular events and can enhance risk stratifica-
tion, regardless of the LDL-C level (/0). Along with hsCRP,
lipoprotein-associated phospholipase A, (Lp-PLA,) and
monocyte chemoattractant protein-1 (MCP-1) have been
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regarded as emerging biomarkers for the fine risk stratifica-
tion of CVD (/1,12). However, there have been few studies
to compare the relationship of various inflammatory bio-
markers with vascular inflammation assessed by '8F-FDG
PET. Recently, Rudd et al. (/3) demonstrated that arterial
I8F-FDG uptake showed the trends of positive correlation
with levels of several circulating inflammatory biomarkers
including hsCRP. In addition, Wu et al. (/4) demonstrated
that patients with higher '8F-FDG uptake in the carotid artery
had higher serum matrix metalloproteinase-1 levels. How-
ever, these previous 2 studies enrolled patients with known
CVD not healthy subjects.

Therefore, in the current study we used '®F-FDG PET to
examine vascular inflammation of apparently healthy sub-
jects stratified by LDL-C and hsCRP levels. Furthermore,
we determined the correlation between circulating levels
of emerging inflammatory markers, such as Lp-PLA; and
MCP-1, and vascular inflammation measured using !8F-
FDG PET. Last, we compared the factors that determine
arterial wall inflammatory status, measured using '*F-FDG
PET, and carotid intima—media thickness (IMT) levels, mea-
sured by ultrasonography (which has been widely used to
evaluate atherosclerosis burden, not composition).

MATERIALS AND METHODS

Study Design and Subjects

The participants were prospectively recruited from individuals
who were self-referred for a routine health check-up at the Health
Promotion Center of Korea, University Guro Hospital, between
January and March 2009. Subjects were excluded from this study if
they met any of the following criteria: history of CVD (myocardial
infarction, unstable angina, stroke, or cardiovascular revasculariza-
tion); diabetes; stage 2 hypertension (resting blood pressure, =160/
100 mm Hg); any lipid-lowering therapies and postmenopausal
hormone replacement therapy for at least the 6-mo period before
enrollment; history of inflammatory conditions that affect the study
results, such as aortitis and vasculitis; taking medications that might
affect inflammatory status, including steroid and nonsteroidal anti-
inflammatory drug within 6 mo; or malignancy or severe renal or
hepatic disease. After ruling out subjects who met the exclusion
criteria or who refused the study, we classified the remaining vol-
unteers into the following 4 groups according to their baseline
hsCRP and LDL-C levels, matching them by age as much as possi-
ble: subjects with low hsCRP and low LDL-C levels (hsCRP,
<2mg/L; LDL-C, <130 mg/dL), subjects with low hsCRP and high
LDL-C levels (hsCRP, <2 mg/L; LDL-C, =130 mg/dL), subjects
with high hsCRP and low LDL-C levels (hsCRP, =2 mg/L; LDL-C,
<130 mg/dL), and subjects with high hsCRP and high LDL-C levels
(hsCRP, =2 mg/L; LDL-C, =130 mg/dL). As aresult, 30 subjects in
each of the 4 groups, for a total of 120 participants, were enrolled for
this study. All participants provided written informed consent, and
the Korea University Institutional Review Board, in accordance
with the Declaration of Helsinki of the World Medical Association,
approved this study protocol.

Anthropometric and Laboratory Measurements
The body mass index (BMI) was calculated as the weight/
height? (kg/m?), and the waist circumference was measured at the

midpoint between the lower border of the rib cage and the iliac
crest. All blood samples were obtained in the morning after a 12-h
overnight fast and were immediately stored at —80°C for subse-
quent assays. Serum triglycerides and high-density lipoprotein
cholesterol (HDL-C) were determined enzymatically using a
chemistry analyzer (Hitachi 747; Hitachi Inc.). The LDL-C con-
centration was estimated using the Friedewald formula (15). A
glucose oxidase method was used to measure plasma glucose.
hsCRP levels were measured by Latex-enhanced Turbidimetric
Immunoassay (HiSens hsCRP LTIA; HBI Co., Ltd.), with an inter-
assay coefficient of variation of 7.2%. Serum concentrations of
Lp-PLA, were determined by an enzyme-linked immunosorbent
assay kit (second-generation PLAC Test; diaDexus Inc.), with an
interassay coefficient of variation between 6% and 7%. The lower
detection limit of Lp-PLA, in this assay was 2 ng/mL. Serum
MCP-1 levels were measured by enzyme-linked immunosorbent
assay (R&D Systems), with an interassay coefficient of variation
between 4.6% and 6.7%.

Measurement of Carotid IMT

The IMT of the common carotid artery was determined using
high-resolution B-mode ultrasonography (EnVisor; Philips) with a
5- to 12-MHz transducer. Measurements of carotid IMT were
made using measurement software (Intimascope; Media Cross
Co.) at 3 levels of the lateral and medial walls, 1-3 cm proximal to
the carotid bifurcation. The mean IMT was the average value of 99
computer-based points in the region, and the maximal IMT was
the IMT value at a maximal point of the region. All measurements
were recorded by a single trained technician who was unaware of
the subject’s anthropometric and laboratory data.

18F-FDG PET/CT

PET/CT was performed using the Gemini TF 16-slice PET/CT
scanner (Philips). The TF scanner is a new high-performance, time-
of-flight—capable, fully 3-dimensional PET scanner using lutetium
yttrium oxyorthosilicate crystals (/6). After the patients had fasted
at least 12 h, '8F-FDG (5.19 MBq/kg) was injected intravenously,
and the patients rested in a quiet room for 60 min. Whole-body PET
images (below the cerebellum to the inguinal region) were acquired
for 10 min (1 min per bed position). PET images were analyzed on a
dedicated workstation (Extended Brilliance Workspace 3.5, with
PET/CT viewer for automated image registration; Philips). The
right carotid '8F-FDG uptake was measured along the length of
the right carotid vessel, starting at the bifurcation and extending
inferiorly and superiorly every 4 mm, for a total 10 consecutive
PET/CT images for each subject. Arterial '8F-FDG uptake was
quantified by a region of interest (ROI) around each artery on every
slice of the coregistered transaxial PET/CT images. The ROI was
fitted to the artery wall on each axial slice, and coronal and sagittal
views were used to ensure that the '3F-FDG uptake was from the
artery. The standardized uptake value (SUV) is the decay-corrected
tissue concentration of F-FDG (in kBg/mL) divided by the in-
jected dose per body weight (kBq/g). On each image slice, the mean
and maximum SUVs of the ROI were measured as the mean and
maximum pixel activity. The SUVs for all 10 slices within the right
carotid artery were averaged to calculate the mean and maximums
SUVs for each participant. Next, the arterial SUV was divided by the
blood-pool SUV measured from the jugular vein (standardized cir-
cular ROIs; right carotid artery, area = 77.9 * 3.42 mm?, 9 pixels;
and right jugular vein, area = 95.0 = 12.7 mm?, 9 pixels) for nor-
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malization; thereby, a mean and maximum value of TBR was
acquired for each subject (/7). To determine the variability of the
mean and maximum TBR measurements, images from 20 subjects
were analyzed twice several weeks apart by 2 readers who were
unaware of the subjects’ clinical history. The intra- and interob-
server correlation coefficient of the mean and maximum TBR mea-
surements were greater than 0.8.

Statistical Analysis

Each variable was examined for a normal distribution. Data are
expressed as the mean = SD or median (interquartile range, 25%—
75%) or as a number (percentage). Differences among the groups
were tested using ANOVA for normally distributed variables or
the Kruskal-Wallis H test for skewed variables, and the subse-
quent comparisons were performed by Tukey’s HSD post hoc
analysis. Categoric variables were analyzed with the Pearson x?
test. Differences of maximum TBR and maximum IMT values
among the 4 groups were tested using an analysis of covariance
after adjusting for age, sex, and BMI. Pearson correlation co-
efficients were calculated to evaluate the relationship between
cardiovascular risk factors and mean/maximum TBR and cardio-
vascular risk factors and mean/maximum IMT. Before correlation
analysis, a natural logarithmic transformation was performed for
nonnormally distributed variables. The association between the
TBR and each risk factor was assessed by dividing the patients
into quartiles based on the maximum TBR, and the P value for
linear trend was calculated to determine the linear association of
various cardiovascular risk factors with the increment of maxi-
mum TBR levels. Multiple linear stepwise regression analysis
with maximum IMT or maximum TBR as a dependent variable
was performed to identify the risk factors that determined the
maximum IMT and maximum TBR. All statistical results were
based on 2-sided tests. Data were analyzed using SPSS for Win-
dows (version 12.0; SPSS Inc.). We regarded a P value of less than
0.05 as statistically meaningful.

RESULTS

Characteristics of Study Subjects Stratified by hsCRP
and LDL-C Levels

The clinical and biochemical characteristics of the study
subjects are presented in Table 1. Although there were no
significant differences in age or sex, the BMI, waist circum-
ference, diastolic blood pressure, and triglyceride and fast-
ing blood glucose levels were significantly different between
the groups; specifically, these parameters increased with the
increments of LDL-C and hsCRP levels (Table 1). However,
systolic blood pressure, circulating MCP-1 levels, and HDL-C
showed no significant difference between the 4 groups. The
Lp-PLA, levels were significantly different between the low-
hsCRP and low-LDL-C group and the other groups (Table 2).
There was a sequential increment of maximum TBR levels
based on the 4 groups, even after adjustment for age, sex,
and BMI (Fig. 1). In particular, the maximum TBR levels of
the high-hsCRP and low-LDL-C group were significantly
higher than those in the low-hsCRP and low-LDL-C (1.28 *
0.03 vs. 1.14 = 0.03, P < 0.01) or low-hsCRP and high-
LDL-C groups (1.28 = 0.03 vs. 1.17 = 0.03, P = 0.02),
although there were no significant differences in the maximum
IMT levels between the groups (Fig. 1).

Correlation Between Cardiovascular Risk Factors
and Mean/Maximum TBR or Mean/Maximum
IMT Levels

Waist circumference, diastolic blood pressure, and LDL-C
had a significant positive correlation with both mean/maximum
TBR and mean/maximum IMT (Table 3). However, the BMI
and triglyceride, fasting blood glucose, and hsCRP levels had
a significant positive correlation only with the mean/maxi-
mum TBR, not with the mean/maximum IMT. In contrast,

TABLE 1
Baseline Characteristics of Study Subjects Stratified by hsCRP and LDL-C Levels
hsCRP
<2 mg/L =2 mg/L
LDL-C < 130 mg/dL LDL-C = 130 mg/dL LDL-C < 130 mg/dL LDL-C = 130 mg/dL
Characteristic (n = 30) (n = 30) (n = 30) (n = 30) P
Male (n) 16 (53.3) 18 (60.0) 14 (46.7) 22 (73.3) 0.19
Age () 52.5 + 8.3 49.7 = 8.3 472 = 12.3 51.2 = 10.2 0.19
BMI (kg/m?) 222 + 2.6" 24.3 + 2.4% 25.4 + 3.9t 26.0 = 3.1 <0.01
Waist circumference (cm) 78.7 = 7.6* 84.1 = 7.37 86.0 = 7.97 89.1 = 6.4 <0.01
Systolic blood pressure (mm Hg) 121.4 = 14.6 121.4 = 13.3 125.0 = 13.8 129.5 = 28.4 0.29
Diastolic blood pressure (mm Hg) 78.8 = 7.8* 81.0 £ 9.7* 82.9 + 11.5* 89.8 = 11.1T <0.01
LDL-C (mg/dL) 79.9 £ 19.5* 162.6 + 19.7F 107.2 = 16.3* 156.2 + 23.41 <0.01
HDL-C (mg/dL) 471 £ 15.9 52.1 £ 11.8 46.8 = 12.9 44.8 £ 9.4 0.15
Triglycerides (mg/dL) 57.0 (46.0-82.3)*  102.0 (72.8-148.8)" 109.5 (80.8-213.8)t,% 142.0 (112.3-190.8)* <0.01
Fasting blood glucose (mg/dL) 729 = 11.2* 92.0 = 10.2f 95.5 + 13.2T 98.9 = 10.2T <0.01
hsCRP (mg/L) 0.29 (0.20-0.56)* 0.52 (0.41, 0.73)t  3.13 (2.41,6.91)F  3.29 (2,50, 5.61)f <0.01
Current smoker () 6 (20.0) 11 (36.7) 7 (24.1) 9 (30.0) 0.50

“T*No statistical difference between 2 groups, based on Tukey’s HSD post hoc analysis.
Data are expressed as mean * SD; median, with interquartile range in parentheses; or number, with percentage in parentheses.
P value for overall difference among groups was calculated from ANOVA, Kruskal-Wallis H test, or Pearson x? test.

12 THE JourNAL OF NUCLEAR MEDICINE * Vol. 52 ¢ No. 1 ¢ January 2011


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 13, 2017. For personal use only.

TABLE 2
Cardiovascular Biomarkers, IMT, and TBR Values of Study Subjects Stratified by hsCRP and LDL-C Level
hsCRP
<2 mg/L =2 mg/L
LDL-C < 130 mg/dL LDL-C = 130 mg/dL LDL-C < 130 mg/dL LDL-C = 130 mg/dL

Biomarker (n = 30) (n = 30) (n = 30) (n = 30) P
Lp-PLA, (hg/mL) 226.4 = 97.7 138.2 = 43.4% 160.4 = 67.0F 161.9 = 52.0F <0.01
MCP-1 (pg/mL) 247.3 = 64.9 301.0 = 152.2 279.1 = 1446 314.9 = 1431 0.25
Mean IMT (mm) 0.62 + 0.09* 0.69 + 0.17%T 0.65 = 0.18* 0.75 = 0.15T 0.01
Maximum IMT (mm) 0.74 = 0.12¢ 0.83 + 0.20%T 0.78 = 0.24 0.92 + 0.20f <0.01
Mean SUV 1.57 = 0.22*F 1.54 = 0.21* 1.62 = 0.20%,F 1.72 = 0.26% 0.01
Maximum SUV 1.66 = 0.22* 1.67 = 0.24* 1.75 = 0.21*%F 1.88 = 0.30% <0.01
Mean TBR 1.18 = 0.10* 1.08 = 0.08F 1.20 = 0.11* 1.46 = 0.22% <0.01
Maximum TBR 1.12 = 0.10* 1.16 = 0.05* 1.29 = 0.13f 1.61 = 0.22% <0.01

“T¥No statistical difference between 2 groups, based on Tukey’s HSD post hoc analysis.
Data are expressed as mean = SD. P value for overall difference among groups was calculated from ANOVA.

age and systolic blood pressure had a significant positive
relationship only with the mean/maximum IMT, not with
the mean/maximum TBR. The mean/maximum TBR had
the strongest positive correlation with hsCRP (r = 0.52 and
r = 0.68, both P < 0.01), although the mean/maximum IMT
had no significant correlation with hsCRP levels (Fig. 2).
Moreover, There was no significant correlation between
maximum TBR and maximum IMT values (r = 0.11, P =
0.22). The serum MCP-1 levels had a significant positive
correlation with maximum TBR but not with the mean
TBR and mean/maximum IMT. The circulating Lp-PLA,
levels had no significant correlation with the mean/maximum
TBR and mean/maximum IMT.

Cardiovascular Risk Factors Stratified by Quartiles of
Maximum TBR Levels

On the basis of increments of maximum TBR levels, the
BMI; waist circumference; diastolic blood pressure; and

triglyceride, fasting blood glucose, and hsCRP levels were
increased (Supplemental Table 1; supplemental materials are
available online only at http://jnm.snmjournals.org). How-
ever, the age, systolic blood pressure, and HDL-C and
MCP-1 levels showed no significant trends with the incre-
ments of maximum TBR levels. Likewise, the mean/maxi-
mum IMT showed no significant increment after the rise in
maximum TBR levels.

Factors Determining Maximum IMT and
Maximum TBR

Multiple stepwise regression analyses showed that age
(P < 0.01), diastolic blood pressure (P < 0.01), and LDL-C
(P = 0.02) were significant risk factors determining max-
imum IMT (R? = 0.39), whereas hsCRP (P < 0.01) and
diastolic blood pressure (P = 0.04) were significant deci-
sive risk factors for maximum TBR (R? = 0.22; Table 4).

A P<0.01

Max IMT

0.95

090

085 |

0.80 -

075

070

065

0.60

0.55

0.50
hsCRP < 2mg/L hsCRP < 2mg/L hsCRP > 2mg/L hsCRP > 2mg/L
LDL<130 mg/dL LDL = 130mg/dL LDL < 130mg/dL LDL > 130 mg/dL

B

P<0.01

Max TBR

1.70 P<0.01 |
P<0.01

160

1.50

140 P=0.02

1.30

1.20

1.10

un B

hsCRP < 2mg/L hsCRP < 2mg/L hsCRP > 2mg/L hsCRP > 2mg/L
LDL<130 mg/dL LDL > 130mg/dL  LDL < 130mg/dL LDL > 130 mg/dL

1.00

FIGURE 1.

Maximum IMT (A) and maximum TBRs (B) by stratified groups according to hsCRP and LDL-C levels. P value represents

pairwise comparison based on Bonferroni’s multiple-comparison procedure under analysis of covariance adjusted for age, sex, and BMI.

Max = maximum; NS = nonsignificant.
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TABLE 3
Pearson Correlation Analysis Between Cardiovascular Risk Factors and Mean/Maximum TBR and IMT
TBR IMT
Mean Maximum Mean Maximum

Factor r P r P r P r P
Age —0.01 0.95 —0.05 0.60 0.52 <0.01 0.49 <0.01
BMI 0.32 <0.01 0.38 <0.01 0.13 0.16 0.15 0.11
Waist circumference 0.27 <0.01 0.35 <0.01 0.20 0.03 0.21 0.02
Systolic blood pressure 0.14 0.13 0.13 0.15 0.23 0.01 0.3 <0.01
Diastolic blood pressure 0.31 <0.01 0.32 <0.01 0.29 <0.01 0.33 <0.01
LDL-C 0.23 0.01 0.44 <0.01 0.25 0.01 0.24 0.01
HDL-C -0.13 0.17 —0.08 0.36 —0.05 0.57 —0.07 0.47
Triglycerides* 0.20 0.03 0.40 <0.01 0.08 0.37 0.07 0.47
Fasting blood glucose 0.22 0.01 0.42 <0.01 0.14 0.11 0.16 0.09
hsCRP* 0.52 <0.01 0.68 <0.01 0.14 0.12 0.15 0.11
Lp-PLA, 0.06 0.63 —0.14 0.16 —0.07 0.47 —0.07 0.45
MCP-1 0.13 0.20 0.24 0.01 0.00 0.98 —0.05 0.65

*Logarithmic transformed data were used.

DISCUSSION

The present study showed a steady increase in maximum
TBR levels according to groups stratified by LDL-C and
hsCRP levels. Compared with the low-hsCRP and low-LDL-C
group or the low-hsCRP and high-LDL-C group, the
high-hsCRP and low-LDL-C group had increased vascular
inflammation, measured using '®F-FDG PET. Furthermore,
hsCRP levels and diastolic blood pressure were independent
factors determining maximum TBR levels measured by '8F-
FDG PET, whereas age, diastolic blood pressure, and LDL-C

levels were important decisive factors for maximum IMT
values assessed using ultrasonography. However, circulating
Lp-PLA, and MCP-1 levels were not coherently associated
with TBR or IMT values in the study subjects.
Inflammation is a crucial element in the atherosclerotic
process and contributes to all of its stages, from plaque
initiation to growth and rupture (/8). However, current imag-
ing techniques for atherosclerotic burden, such as coronary
angiography or carotid IMT, assess the severity of luminal
stenosis but provide no information about plaque inflamma-
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TABLE 4
Multiple Stepwise Regression Analyses for Determinant
Factors Associated with Maximum IMT or Maximum TBR

Dependant variable B SE P R?
Maximum IMT
Age 9.0 x 10~° 0.001 <O0.01
Diastolic blood pressure 4.5 x 103 0.001 <0.01
LDL-C 8.9x 104 0.000 0.02 0.39
Maximum TBR
hsCRP 2.5x 1072 0.006 <0.01
Diastolic blood pressure 3.1 x 103 0.001 0.04 0.22

B = regression coefficient; R? = coefficient of determination.

Independent variables in multiple stepwise regression analysis
are sex, age, BMI, smoking history, systolic blood pressure,
diastolic blood pressure, fasting blood glucose, LDL-C, HDL-C,
triglycerides, hsCRP, Lp-PLA,, and MCP-1.

tion and vulnerability. Recent animal and clinical studies
have shown that only '8F-FDG PET would be a useful tool
for the measurement of vascular inflammation. Tawakol et al.
(19) reported a significant correlation between '|F-FDG
uptake from carotid plaques and macrophage staining from
the corresponding histologic sections obtained by endarter-
ectomy. The present study showed that vascular inflamma-
tion measured using '8F-FDG PET was associated with
various cardiovascular risk factors. Especially, the serum
hsCRP levels had the strongest positive correlation with
TBR values.

A large number of CVD events occur in asymptomatic
patients, with risk defined as intermediate using current
global risk assessment tools (20); however, conventional risk
factors predict only 60%—65% of cardiac risk (27). There-
fore, improving the predictability of cardiovascular events
by a new diagnostic tool is an important focus for effective
primary prevention. Consequently, several inflammatory
markers have received much attention as an emerging screen-
ing method to predict cardiovascular events. Recent meta-
analyses have indicated that adding hsCRP torisk assessment
among persons at intermediate risk improves CVD risk strat-
ification (22). According to the Atherosclerosis Risk In Com-
munities study, individuals with an LDL-Clevel less than 130
mg/dL and an hsCRP level more than 3.0 mg/L, compared
with those with an hsCRP level less than 1.0 mg/L in an
adjusted model, had an increased coronary heart disease risk
(hazard ratio, 1.76; 95% confidence interval, 1.02-3.03) (23).
Furthermore, Ridker et al. (24) reported that the relative risk
of a first cardiovascular event for women in the highest quin-
tile of hsCRP was 2.34 (1.6-3.4, P < 0.001), compared with
the lowest, whereas the corresponding relative risk in the
highest quintiles of LDL-C was 1.5 (1.1-2.0, P < 0.001).
These data suggest that hsCRP, as a predictor of cardiovas-
cular events, might be a comparable to or even stronger than
LDL-C level. In agreement with those studies, our results
showed that the maximum TBR levels of the high-hsCRP
and low-LDL-C group were significantly higher than those

of the low-hsCRP and high-LDL-C group (1.29 = 0.13 vs.
1.16 £ 0.05, P < 0.01). Moreover, the hsCRP levels had a
strong correlation with the maximum TBR, reflecting vascu-
lar inflammation, whereas the LDL-C level had an inde-
pendent relationship with the carotid IMT, implying an
atherosclerotic burden. Therefore, considering that hsCRP
and LDL-C may identify different aspects of cardiovascular
risk, screening for both circulating biomarkers might provide
better prognostic information than screening for either alone.

Recently, the JUPITER study (25) demonstrated that
rosuvastatin significantly reduces incident CVD by 44%
and all-cause mortality by approximately 20% in appar-
ently healthy people without hyperlipidemia but with ele-
vated hsCRP levels. This finding suggests that elevated
hsCRP levels might indicate future risk of CVD in healthy
individuals who are not currently candidates for statin treat-
ment. The current study showed increased vascular inflam-
mation measured using '®F-FDG PET in individuals with
the same criteria used in the JUPITER study (LDL-C < 130
mg/dL and hsCRP = 2 mg/L), compared with individuals
with decreased LDL-C and hsCRP levels, even though the
IMT values were not different. Several previous studies
have also reported that circulating hsCRP levels have been
shown to correlate poorly with results of tests that quantify
the extent of atherosclerosis, such as carotid IMT (26) and
CT for coronary calcium (27). These results suggest that
vascular inflammation detected by !'3F-FDG PET might
reflect dynamic changes of atherosclerosis at an earlier
stage than the atherosclerotic burden detected by ultraso-
nography or CT. Furthermore, '3F-FDG PET might be a
useful noninvasive imaging tool to predict response to med-
ical treatment. Tahara et al. (28) showed that '3F-FDG up-
take of atherosclerotic plaque was significantly decreased in
simvastatin-treated humans after only 3 mo of treatment. In
that study, the decrease in the '8F-FDG uptake was not
correlated with LDL-C reduction, suggesting the anti-
inflammatory effect of statin might be independent of a
LDL-C lowering effect. These results intimate the possibil-
ity that '8F-FDG PET might be useful to evaluate the drug
effects on acute cardiovascular events caused by inflamma-
tory atherosclerotic plaque before more expensive large-
scale clinical trials.

Along with hsCRP, Lp-PLA, and MCP-1 have been sug-
gested to be useful biomarkers for predicting atherosclerotic
CVD. Lp-PLA,; is an enzyme mainly produced by macro-
phages and generates bioactive proatherogenic lipids, contri-
buting to monocyte recruitment and increased expression of
endothelial adhesion molecules (29). Because of its vascular
specificity, Lp-PLA, is an especially appealing biomarker.
Koenig et al. (30) reported that the plasma concentration of
Lp-PLA, was strongly associated with cardiovascular events
after controlling for traditional risk factors. MCP-1, a mem-
ber of the CC chemokine family, is known to be involved in
the pathogenesis of atherosclerosis by promoting recruitment
of inflammatory cells to the vessel wall (37). Hoogeveen et al.
(32) showed a significant association of MCP-1 levels with
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peripheral artery disease, independent of other CVD risk
factors. However, we did not find that circulating Lp-PLA,
and MCP-1 levels had a clear relationship with vascular
inflammation measured using '8F-FDG PET. In agreement
with our results, many previous studies examining the prog-
nostic utility of circulating Lp-PLA, have yielded conflicting
results depending on sex (33), cholesterol levels (23), and
lipid-lowering therapy (34). In contrast, circulating hsCRP
levels as a biomarker are stable over a long time without
diurnal variation (35) and can be measured inexpensively
using standardized methods for clinical use.

There were some limitations to our study. Because of the
drawback of a cross-sectional design, we could not clarify the
causal relationship between LDL-C, inflammatory biomarkers,
and vascular inflammation measured using '3F-FDG PET.
Therefore, we are exploring the longitudinal effect of various
kinds of lipid-lowering medications on '8F-FDG uptake
along with changes in several inflammatory markers, includ-
ing hsCRP. However, the present study has several strengths,
such as study design, including recruitment plan using pre-
defined inclusion and exclusion criteria, compared with sev-
eral previous retrospective studies that enrolled patients who
underwent '8F-FDG PET studies for cancer follow-up care.

CONCLUSION

Compared with individuals with low hsCRP and high
LDL-C levels (hsCRP < 2 mg/L and LDL-C = 130 mg/dL)
or low hsCRP and low LDL-C levels (hsCRP < 2 mg/L
and LDL-C < 130 mg/dL), healthy subjects with high hsCRP
and low LDL-C levels (hsCRP = 2 mg/L and LDL-C
< 130 mg/dL) had increased vascular inflammation, meas-
ured using '8F-FDG PET. However, no significant differen-
ces in IMT were observed. TBR levels measured using
I8F-FDG PET are independently associated with hsCRP lev-
els and diastolic blood pressure, whereas IMT values are
related to age, diastolic blood pressure, and LDL-C levels.
Further studies are needed to determine the clinical roles of
I8F.FDG PET and hsCRP in prognostic and therapeutic
implications for cardiovascular events.
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