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18Association between age, uptake of F-fluorodeoxyglucose 
18

and of F-sodium fluoride, as cardiovascular risk factors in 

the abdominal aorta

Abstract
18Objective: We aimed to assess the feasibility of quantifying �uorine-18-�uorodexoglucose ( F-FDG) and 

18 18F-sodium �uoride ( F-NaF) uptake in abdominal aorta and examine their association with age and cardio-
vascular risk factors. Subjects and Methods: Our study comprised 123 subjects (48±14 years of age, 62 
men) including 78 healthy volunteers and 45 patients with chest pain syndrome, who originally enrolled in 

18the CAMONA study in Odense, Denmark (NCT01724749). All subjects underwent F-FDG positron emis-
18sion tomography/computed tomography (PET/CT) and F-NaF PET/CT on separate days, 180min and 90 

min after administration of tracers, respectively. The global tracer uptake value (GTUV) in the abdominal 
aorta was determined as sum of the product of each slice area and its corresponding average standardized 
uptake value (SUV mean), divided by the sum of those slice areas. In addition, for each subject, the 10 years 

18 18Framingham risk score (FRS) was calculated. The correlations between F-NaF and F-FDG GTUV with age 
and 10 years FRS were assessed in all, healthy and patient subjects. Results: There was a signi�cant, positive 

18 18correlation between subjects' age and F-NaF GTUV (r=0.35, P<0.001), but not F-FDG GTUV (r=0.06, P= 
180.53). Also, there was a signi�cant, positive correlation between 10 years FRS and F-NaF GTUV (r=0.30, P< 

18 18 180.001), but not F-FDG GTUV (r=0.01, P=0.95). Individual di�erences in F-FDG and F-NaF uptake were lar-
18ge in both healthy subjects and patients. Conclusion: In this study, the global uptake of F-NaF in abdomi-

nal aorta was positively associated with age and 10 years FRS in all subjects, healthy and patient groups, 
 18whereas the global uptake of F-FDG was not. 
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Introduction

Atherosclerosis, which is the main pathologic pathway of cardiovascular disease 
(CVD), is thought to be due to early age onset of progressive multifactorial pro-
cesses that occur throughout the entire life. The sequential process of damage 

and healing in the arterial wall eventually forms calci�cation as endothelial scar tissue [1, 
2], but this process is gradual with no clinical symptoms at early stages. Several noninva-
sive imaging techniques including ultrasonography, computed tomography (CT) scan 
and magnetic resonance imaging (MRI) are able to detect calci�ed plaques and deter-
mine potential luminal stenosis. They are, however, typically applied only when sym-
ptoms have developed. In addition, although CT can visualize arterial wall macrocalci�-
cation, it cannot di�erentiate between active and inactive parts or predict which plaques 
are more prone to rupture [3]. Therefore, it may be worth looking for early biological arte-
rial wall and plaque changes when potentially still amenable to treatment [4]. Using mo-
lecular PET imaging with probes that target biological processes may be a better way to 
characterize important phases of the atherosclerotic process at earlier stages. Fluorine-

18 18 1818-�uorodeoxyglucose ( F-FDG) and F-sodium �uoride ( F-NaF) are examples of pro-
bes which are predominantly used for molecular imaging of in�ammation and microcal-
ci�cation, respectively, in the arterial vessel wall [5, 6]. Fluorine-18-FDG is a glucose analo-
gue that accumulates in cells with high glycolytic activity, including macrophages impli-
cated in plaque in�ammation. Fluorine-18-FDG PET has high sensitivity, but low spatial 
resolution (4-8mm), and, therefore, is complemented by simultaneous CT acquisition to 

18localize the F-FDG sig-nal. Fluorine-18-NaF PET is a marker of active mineralization whi-
ch can be used for identifying arterial wall calci�cation in the heart, thoracic aorta and ca-
rotid arteries before being otherwise detectable by conventional imaging [7, 8].

Unlike active plaques in the coronary arteries, aortic arch or carotid arteries that can cause 
myocardial infarction and stroke, the plaques in the abdominal aorta do not usually cause
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major cardiovascular events except abdominal aortic ane-
urysms [9]. However, in�ammation and microcalci�cation in 
the wall of the abdominal part of the aorta are elements in an 
ongoing systemic atherosclerotic process which may cha-
racterize patients as being at high-risk. Therefore, in this stu-
dy, we wanted to examine the feasibility of quantifying glo-
bal in�ammation and microcalci�cation in the abdominal 

18 18aorta with F-FDG PET/CT and F-NaF PET/CT, respectively, 
and also assess their association with age and cardiovascu-
lar risks. Although there is a similar study about CVD risk fac-

18 18tors correlation with F-FDG and F- NaF uptake in the tho-
racic aorta (10), no other study has examined the uptake of 
both tracers  in the abdominal section of the aorta.

Subjects and Methods

Study population 
The participants were selected from the Cardiovascular Mo-

18lecular Calci�cation Assessed by F-NaF PET/CT� (CAMONA) 
study, approved by the Danish National Committee on He-
alth Research Ethics, registered at ClinicalTrials.gov (NCT 
1724749), and conducted in accordance with the principles 
of the Declaration of Helsinki. All study participants provi-
ded written informed consent. The participants of the CA-
MONA study comprised of 139 heterogeneous subjects in-
cluding 89 healthy volunteers and 50 patients referred to 
cardiac CT angiography for chest pain syndrome [10]. Since 

18we planned to assess and compare results of F-NaF PET/CT 
18and F-FDG PET/CT scans obtained in the two groups, we 

excluded subjects who had only one of those scans or in 
whom one of the two scans was defective. After exclusion, 
123 subjects including 78 healthy volunteers (mean age= 
43.5±13.2 years, 41 men) and 45 patients (mean age= 
56.0±11.4 years, 21 men) were included for further analysis. 
Healthy volunteers were recruited from the general popu-
lation by advertisement or from the local blood bank and 
were de�ned as individuals without any symptoms of cardi-
ovascular disease, deep vein thrombosis or acute pulmo-
nary embolism within the previous three months, and also 
without oncologic diseases, autoimmune diseases, immu-
node�ciency syndromes or any history of alcohol abuse, rec-
reational drug use or pregnancy or any prescribed medica-
tion. The patient group comprised cases referred for cardiac 
CT angiography due to chest pain syndrome. In this group, 
only patients with an estimated 10 years risk for fatal cardio-
vascular disease equal to or above 1% were included since 
they had higher prevalence of cardiovascular risk factors 
such as hypertension and hyperlipidemia or smoking [10]. 
All subjects had worked up for a comprehensive coronary 
artery disease risk assessment, which included history of 
CVD, smoking habit, blood pressure measurements, and 
biochemical lipid pro�le, blood sugar and HbA1c. The de-
mographic and medical information of each patient were 
extracted from their records (Table 1), and a 10 years Framin-
gham risk score (FRS) was calculated (mean=8.6±8.2, range 
0.3-30.0).

Table 1. Demographic and clinical information of the patient.

Total

(N=123)

Healthy

volunteers (n=78)

Patients

(n=45)

P value for mean difference 
between groups

Age, yrs 48.2±14.0 43.5±13.2 56.0±11.4 <0.001

Men 62 (50.4) 41 (52.6) 21 (46.0) 0.58

2Body mass index, kg/m 26.9±4.4 26.8±4.6 27.2±4.2 0.60

Systolic blood pressure, mm Hg 129.3±6.2 128.3±5.4 131.1±17.5 0.37

Diastolic blood pressure, mm Hg 78.2±9.2 77.5±9.8 79.5±7.8 0.20

Low density lipoprotein, mmol/L 3.2±0.8 3.1±0.8 3.4±0.9 0.04

High density lipoprotein, mmol/L 1.4±0.5 1.4±0.5 1.5±0.4 0.80

Triglycerides, mmol/L 1.1±0.7 1.1±0.7 1.2±0.5 0.47

Plasma glucose, mmol/L 5.6±0.6 5.5±0.5 5.8±0.7 0.02

HbA1c, mmol/mol 34.9±4.0 33.8±4.2 36.8±3.0 <0.001

Smokers 
Active
Former
Never

11 (8.9)

47 (38.2)

65 (52.8)

3 (3.8)

27 (34.6)

48 (61.5)

8 (17.7)

20 (44.4)

12 (37.7)

0.02

0.34

0.01

Values are mean±SD, n (%), HbA1c=Glycated hemoglobin.
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PET/CT imaging 
18 18All subjects underwent whole body F-FDG PET/CT and F-

NaF PET/CT acquisition on two separate days within two 
weeks, on average [11, 12]. In short, after an overnight fast of 
at least 8 hours and a blood glucose measurement ensuring 

18a concentration below 8mmol/L, F-FDG PET/CT imaging 
was performed 180min following the injection of 4MBq/kg 

18 18of F-FDG, whereas F-NaF scans were undertaken 90min 
18after injection of 2.2MBq/kg of F-NaF. Patients were ima-

ged on one of several PET/CT systems (GE discovery, STE, 
VCT, RX or 690/710 scanners). Positron emission tomogra-
phy images were corrected for attenuation, random coinci-
dences, scatter, and scanner dead time. Low-dose CT ima-
ging (140kv, 30-110mA, noise index 25, 0.8seconds per rota-
tion, slice thickness 3.75mm) was performed for attenuation 
correction and for anatomical orientation.

Image processing 
A trained physician blinded to the demographics and clini-
cal background of the subjects quanti�ed tracer uptake by 
manually delineating regions of interest (ROI) in each axial 
slice around the periphery of the abdominal aorta on the fu-
sed PET/CT image using a DICOM viewer (OsiriX MD Soft-
ware; Pixmeo SARL, Bernex, Switzerland) (Figure 1). The ab-
dominal aorta was de�ned from the origin of celiac artery 
down to the level of bifurcation. The global tracer uptake va-
lue (GTUV) of each subject was calculated as the sum of the 
product of each slice area and its corresponding SUV mean, 
divided by the sum of all slice areas: GTUV= �(Area of the sli-
cexSUVmean)/�Area. 

Data analysis 
Continuous variables were described by means and stan-
dard deviations. The paired t-test or Fisher's exact test were 
used to test for di�erences between healthy controls and 
patients and between genders. Correlation coe�cients we-
re calculated to test for associations between GTUV values 
on one side and age or FRS on the other side. Scatterplots 
and exploratory univariable linear regressions were used for 
visualization purposes. Level of signi�cance was 5%. Statis-
tical analysis was conducted by means of IBM SPSS software 
(SPSS Inc., Chicago, IL, USA; Version 22).

Results

Fluorine-18-NaF GTUV was signi�cantly higher among 
chest pain patients than healthy volunteers (mean=1.43 vs 
mean=1.26, P=0.01). Fluorine-18-FDG GTUV was also hig-
her in chest pain patients than healthy volunteers; however, 
this di�erence was not statistically signi�cant (mean=1.58 
vs mean=1.45, P=0.10), (Table 2, Figure 2).  

Fluorine-18-NaF GTUV correlated positively with age in 
both healthy volunteers and chest pain patients (r=0.24, P= 

180.03 and r=0.39, P<0.001, respectively), whereas F-FDG GT-
UV did not correlate with age in either group (r=0.02, P=0.87 
and r=0.03, P=0.84, respectively), (Table 3, Figure 3).

18Figure 1. Region of interest (ROI) placement. One transverse slice of fused F-
18NaF PET/CT (A) and F-FDG PET/CT (B) images at the level of the abdominal aorta. 

The ROI is drawn around the abdominal aorta (dotted blue circumference in both A 
2and B), and the software calculates the area of the ROI in mm  and the SUVmean 

within that ROI, which actually represents a volume equal to the product of the ROI 
area and the slice thickness

Similarly, there was a statistically signi�cant correlation 
18between GTUV for F-NaF in all subjects and 10 years FRS (r= 

0.30, P<0.001). However, no correlation was found between 
18F-FDG GTUV and 10 years FRS (r=0.01, P<0.95), (Table 4, Fi-

18 18gure 4). In our study, F-NaF and F-FDG uptake were not 
18a�ected by gender. (Average F-NaF SUV mean uptake in 

18male =1.26±0.15, female=1.38, P=0.70; Average F-FDG SUV 
mean uptake in both male and female = 1.55±0.12, P=1).
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18 18Table 2. Global tracer uptake values for F-NaF and F-FDG in the 
abdominal aorta.

Total

(N=123)

Healthy

volun-
teers

(n=78)

Pati-
ents

(n=45)

P value 
for mean

difference 
between 
groups

18F-NaF 1.33± 
0.37

1.26±

0.32

1.43±

0.41

0.01

18F-FDG 1.50±

0.41

1.45±

0.27

1.58±

0.58

0.10

Values are mean±SD



18 18Figure 2. Box plot comparison of global tracer uptake values for F-NaF and F-
18FDG in the abdominal aorta in tow groups. GTUV for F-NaF was signi�cantly hig-

her among chest pain patients than healthy volunteers (mean=1.43 vs mean= 
181.26, P=0.01, in left side). GTUV for F-FDG was also higher in chest pain patients 

than healthy volunteers, however, this di�erence was not statistically signi�cant 
(mean=1.58 vs mean=1.45, P=0.10 in right side.)

 18 18Figure 3. Correlations between global tracer uptake values (GTUV) of F-NaF, F-
18FDG and age. Signi�cant correlations were present for F-NaF uptake in both he-

18althy volunteers and patients (upper panels) but not for F-FDG in these subject 
groups (lower panels).

Discussion

In this study, in both healthy volunteers and patients with 
18chest pain syndrome, abdominal aortic uptake of F-NaF 

was signi�cantly associated with age and risk factors of CVD, 
assessed as the 10 years FRS. This could imply that the ex-
tent of molecular calci�cation in the abdominal aortic wall 

18as detected by F-NaF PET may play a role for assessing pre-
symptomatic and symptomatic patients suspected of or 
su�ering from atherosclerosis. On the other hand, we did 
not observe a signi�cant correlation between the uptake of 
18F-FDG, which is a marker of in�ammation, and age or car-
diovascular risk factors in this part of the aorta. 

 18Figure 4. Correlations between global tracer uptake values (GTUV) of F-NaF and 
18F-FDG and 10 years Framingham risk score (FRS). Signi�cant correlations were 

18 18present for F-NaF uptake in total population (r=0.30, P<0.001) but not for F-
FDG (r=0.01, P=0.95) in these subject group.

Atherosclerotic plaque formation is a complicated process 
with multiple sequential stages. In�ammation in the vascu-

18Table 3. Correlations between global tracer uptake values for F-
18NaF and F-FDG in the abdominal aorta and age.

Total

(N=123)

Healthy

volun-
teers

Pati-
ents

(n=45)

P value for r 
in the 3 
groups

18F-NaF r=0.35 r=0.24 r=0.39 <0.001; 
0.03; <0.001

18F-
FDG

r=0.06 r=0.02 r=0.03 0.53; 0.87; 
0.84

18Table 4. Correlation between global tracer uptake values for F-NaF 
18and F-FDG in the abdominal aorta and Framingham 10yrs risk 

score.

Total

(N=123)

Health
y

volun-
teers

Pati-
ents

(n=45)

P value for r 
in the 3 
groups

18F-NaF r=0.30 r=0.28 r=0.31 <0.001; 

18F-FDG r=0.01 r=0.02 r=0.09 0.95; 0.84; 
0.53
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lar wall is an important stage in atherogenesis, caused by ac-
cumulation of macrophages in response to retention of li-
pids in the arterial intima. The macrophages in the plaque 
give rise to di�erent pro-in�ammatory cytokines resulting 
in plaque hypoxia, weakening of the �brous cap and eventu-
ally rupture of the plaque. Plaque rupture and intra-plaque 
hemorrhage are the major phenomena leading to acute ce-
rebrovascular or cardiovascular events. Plaque calci�cation 
is another important stage in the process of atherogenesis. 
Arterial calci�cation that can be measured and quanti�ed 
with the use of multislice CT is a known surrogate measure 
of the arterial atherosclerotic burden and a marker that can 
predict the risk of future cardiovascular disease with reaso-
nable certainty.

Almost all the healed rupture plaques contain calcium in 
their wall. Unlike macrocalci�cation which can be seen on 
the conventional CT and is a marker of plaque stability, mic-

18ro-calci�cation detected by F-NaF PET is beyond the capa-
bilities of conventional CT and associated with increased 
risk of plaque rupture and cardiovascular events [6, 7, 13-16]. 

18Therefore, the measurement of F-NaF uptake as a marker of 
active calci�cation may be used to distinguish between ac-
tive and inactive plaques [8, 17].

In this study, in keeping with what has been observed in 
other parts of the arterial system [10, 18-20], we observed 

18that the F-NaF uptake in the abdominal aorta was associ-
ated with higher risk of adverse cardiovascular risk factors, 
as measured by FRS. Our investigation con�rmed Blomberg 
and co-workers' �ndings indicating that an unfavorable 
CVD risk pro�le is related to noticeable increases in vascular 
calci�cation metabolism, but not ongoing arterial in�am-
mation in the thoracic aorta [10]. In addition, our results cor-
roborates �ndings of Derlin et al. (2011), who demonstrated 
a correlation between cardiovascular risk factors and uptake 

18of F-NaF in the carotid artery [21], as well as of Dweck et al. 
(2012), who showed a relationship between increased coro-

18nary F-NaF uptake and angina, higher FRS and higher rates 
of prior cardiovascular events [8] and, �nally, Beheshti et al. 
(2011), who observed a signi�cantly positive correlation 

18between aortic F-NaF uptake and age (Pearson's r=0.97, P= 
0.004) [22].

18We did not �nd a similar relation between F-FDG uptake 
and cardiovascular risk factors.  This result is in accordance 
with the Hetterich et al. (2016) study, which showed an in-
creased CT-calci�cation in the entire aorta at 14 months re-

18peat examination without a similar change in F-FDG up-
18take [19]. Nonetheless, F-FDG uptake in the arterial wall 

may still be a marker of an in�ammatory phase in the pro-
cess of plaque forming. Fluorine-18-FDG is being taken up 
by the activated pro-in�ammatory macrophages which are 
in abundance within the unstable and ruptured plaques and 
are thought to contribute to degradation of the �brous cap 
by secreting matrix metalloproteinases [6, 23]. In addition, 

18increased uptake of F-FDG could be linked to presence of 
aneurysms and dissection of the aorta, which are diseases 
related to in�ammation of arterial wall tissue [24]. Viewed 

18from this point, increase in arterial F-FDG uptake could be 
related to and predictive of cardiovascular events [25]. Flu-
orine-18-FDG PET has also been described as a potential to-
ol in monitoring the response to treatment with statins in 

patients with atherosclerosis [26]. Yun et al. (2001) were the 
18�rst to report arterial F-FDG uptake when they demonstra-

ted an age-dependent uptake in the abdominal aorta, iliac, 
and proximal femoral arteries [18]. Pasha et al. (2015) sho-

18wed that the F-FDG uptake in the aorta and peripheral ar-
teries correlates positively with age and cardiovascular risk 
factors in patients diagnosed with melanoma [27], perhaps 
due to the fact that atherosclerosis and cancer share mul-
tiple pathogenic and pathophysiologic processes [28]. 

A possible explanation for why we could not �nd a signi�-
18cant correlation between F-FDG uptake and age or adverse 

cardiovascular risk factors and in�ammation in the vessel 
wall is that the in�ammatory phase may be shorter than 
post in�ammatory phases. This was con-vincingly demon-
strated by Meirelles et al. B (2011) who studied 100 conse-

18cutive cancer patients with F-FDG PET/CT scans about 7 
months apart. These investigators observed that 70% of pa-

18tients who had aortic F-FDG uptake at baseline had an in-
crease on the second scan 55% of the time. Moreover, they 
reported that calci�cations where very seldom present at 

18the same site as F-FDG uptake [29]. Therefore, statistically 
there is less probability that a plaque is being imaged in the 
in�ammatory phase in a high-risk patient [25]. This asyn-
chronous temporal pro�le of in�ammatory phase versus 
post-in�ammatory phase of atherogenesis is important and 
should be considered in the design of all future studies com-

18 18paring F-FDG and F-NaF uptake with CT calci�cations.
A limitation of this study was the inability to validate �n-

18 18dings from F-FDG and F-NaF PET imaging with histologi-
cal data. Because the PET parameters introduced in this stu-
dy aim to characterize arterial wall changes at the microsco-
pic level, it would, of course be useful to con�rm if the infer-
red changes were actually present histologically. In addit-
ion, the interpretation of our results is limited by the cross-
sectional study design, which precludes the study of tempo-
ral relationships. A longitudinal study to more directly assess 
the relationship between the in�ammation and calci�cation 
phases is warranted to reveal the existence of an early cor-
responding in�ammatory phase preceding early arterial 
wall microcalci�cation. Lastly, our method of quanti�cation 
does not correct for the partial volume e�ect, which causes 
underestimation of tracer uptake in small regions of interest 
[30, 31]. Future longitudinal studies with histological data 
are needed to validate these �ndings.

18 18In conclusion, F-FDG and F-NaF uptake in the abdomi-
18nal aorta could easily be quanti�ed. The global uptake of F-

NaF in this part of the aorta was positively associated with 
18age and 10 years FRS, whereas the global uptake of F-FDG 

was not. Causes of this apparent discrepancy should be so-
ught in carefully designed prospective studies scheduled to 
reveal the temporal context and geographical agreement 

18 18between abnormal uptake of F-NaF and F-FDG in the wall 
of the abdominal aorta.

The authors declare that they have no con�icts of interest.
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