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Full search strategies for Pubmed/Medline, Web of Science, and Embase  
(((((Positron emission tomography[Title/Abstract]) OR (PET [Title/Abstract]) OR (PET/CT[Title/Abstract]) OR (PET/MRI[Title/Abstract]))  
AND 
(((Sodium Fluoride[Title/Abstract]) OR (NaF[Title/Abstract]) OR (18 NAF[Title/Abstract]) OR (NaF-PET[Title/Abstract]) OR (NAF F18[Title/Abstract]) OR (Sodium fluo-
ride F18[Title/Abstract]) OR (NaF-PET-CT[Title/Abstract]) OR (18F-NaF[Title/Abstract]) OR (18-F-NaF[Title/Abstract]) OR (18-F NaF[Title/Abstract]) OR (F-18 NaF[Ti-
tle/Abstract])))  
AND 
(((Atherosclerosis[Title/Abstract]) OR (Artery[Title/Abstract]) OR (stenosis[Title/Abstract]) OR (narrowing[Title/Abstract]) OR (atherosclerotic[Title/Abstract]) OR 
(Plaque[Title/Abstract]) OR Atheroma[Title/Abstract]) OR (artery disease[Title/Abstract]) OR (cardiovascular[Title/Abstract]) OR (heart[Title/Abstract]) OR (arteries[Ti-
tle/Abstract]) OR (cardiac[Title/Abstract])))) NOT (Review[Publication Type]) AND (2000:2022[pdat]) 

Embase 
1. PET.mp. or exp positron emission tomography/ 
2. fluorine 18/ or positron emission tomography-computed tomography/ or fluoride sodium/ or fluoride/ or NaF.mp. 
3. Atherosclerosis.mp. or carotid atherosclerosis/ or brain atherosclerosis/ or exp atherosclerosis/ or aortic atherosclerosis/ or coronary artery atherosclerosis/ or exper-

imental atherosclerosis/ 
4. 1 and 2 and 3 
5. limit 4 to yr="2000 -Current" 

Scopus 
( positron  AND emission  AND tomography  OR  pet  OR  pet/ct  OR  pet/mri )  AND  ( sodium  AND fluoride  OR  naf  OR  18  naf  OR  naf-pet  OR  naf  AND f18  OR  
sodium  AND fluoride  AND f18  OR  naf-pet-ct  OR  18f-naf  OR  18-f-naf  OR  18-f  AND naf  OR  f-18  AND naf )  AND  ( atherosclerosis  OR  artery  OR  stenosis  OR  
narrowing  OR  atherosclerotic  OR  plaque  OR  atheroma  OR  artery  AND disease  OR  cardiovascular  OR  heart  OR  arteries  OR  cardiac ) 

Cochrane library 
"Positron emission tomography" OR "PET" OR "PET/CT" OR "PET/MRI" in Title Abstract Keyword AND “sodium fluoride“ OR “naf“ OR “18 naf“ OR “naf pet“ OR “naf 
pet ct“ OR “18f naf“ OR “18 f naf“ OR “18 f naf“ OR “f 18 naf“ in Title Abstract Keyword AND “atherosclerosis“ OR “artery“ OR “stenosis“ OR “narrowing“ OR “ather-
osclerotic“ OR “plaque“ OR “atheroma“ OR “artery disease“ OR “cardiovascular“ OR “heart“ OR “arteries“ OR “cardiac“ 
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Table S1. Apr 2020 – Mar 2022 Studies on Disease Mechanisms and Targeting. 

First author, 
time  

[Ref. #] 
Site 

Study sub-
jects, n (fe-

males) 
Age in years 
Mean±SD or 

range 

Material 
 

Tracer Arterial seg-
ment 

Purpose Quantification Main findings Comment 

Zhuang et al. 
2021 Feb [5]  

Luzhou, 
China. 

19 male ApoE-
/- rats and 3 
normal ones 
on normal 
diet. One 

normal male 
rat for MRI 

defined aortic 
and 

pulmonary 
VOIs. 

ApoE-/- rats fed 
on high-fat diet 

from 13 weeks of 
age, with 

increased weight 
and cholesterol 

levels with time. 

NaF & 
FDG 

Aortic arch 
and proximal 

pulmonary 
artery 

segments 

Longitudinal in 
vivo study to 

monitor 
inflammation and 

calcification 
during formation 
of atherosclerotic 

plaques in ApoE-/- 
rats by FDG and 

NaF PET/CT. 

PET/CT at 
baseline (12 

weeks) and at 27 
and 46 weeks of 

age. SUVmax and 
SUVmean but no 

actual values, only 
statements of 

higher or lower 
followed by a p-

value. 

FDG accumulated in the aortic arch, while NaF accumulated in one or both 
pulmonary arteries. FDG uptake was significantly higher in the target group at 46 
weeks than in controls, while NaF uptake was significantly higher at both 27 and 
46 weeks of age. Thus, the two tracers were not present in the same arteries and 
FDG did not appear earlier than NaF. HIF-1α staining indicated that the aortic 

arch with high FDG uptake had higher expression of hypoxia than the 
pulmonary arteries with no FDG uptake. NaF correlated with microcalcifications 
in lesions; but low spatial PET resolution meant that exact tracer location could 

not be determined. 

Pulmonary atherosclerosis 
has been reported in mice; 
this appears to be the first 

study describing this 
finding in rats. 

Nogales et al. 
2021 Jul 22 [6] 
Madrid, Spain 

& Aarhus, 
Denmark. 

4 female 
PCSK9jD374Y 

Minipigs. 

Transgenic 
Yucutan minipigs 

fed on high-fat 
diet for 2.5 years 

to develop 
atherosclerosis. 

NaF 

Abdominal 
aorta, iliac 

ateries, 
coronary 
arteries. 

Validation of the 
specificity of NaF 

PET for plaque 
calcifications in 
atherosclerotic 

minipigs. 

TBRmax and 
TBRmean derived 
from SUV values 
divided by blood 
pool activity in 
abdominal vena 

cava or left 
ventricle. 

In vivo imaging compared to rescans after surgical extraction of heart, aorta and 
iliac arteries and to histological plaque findings and autoradiography. Arterial 
NaF uptake co-localized moderately with CT calcification. Autoradiography 
showed specific accumulation of NaF in plaque calcifications in all examined 
arteries. However, to what degree NaF is taken up by microcalcifications and 
possibly also thrombotic material or small calcifications in thrombi in these 

human-like early plaques could not be determined. 

Authors found “NaF PET 
less accurate than CT for 

detecting small 
calcifications” disregarding 

that microcalcifications < 
50 µm can be observed 

with NaF-PET, whereas CT 
detection requires size 200-

500. 

Omarjee et al. 
2020 Oct 27 

[7] 
Rennes/ 
Angers, 
France. 

23 (12) 
PXE pts 

47.2±14.1 y & 
23 (12) healthy 

controls 
46.1±13.2 y 

PXE vs healthy 
controls. 

NaF & 
FDG 

Carotid, asc. + 
arch, desc. + 
abdominal 
aorta, iliac, 

femoral. 
Popliteal as 
reference. 

Skin/artery 
inflammation and 
calcfication in PXE 

pts. 

Arterial TBRmax 
(and skin 

SUVmax), carotid-
femoral pulse 
wave velocity 
(PWV) and CT 

calcifiation. 

Significant FDG uptake in diseased skin areas contrary to normal regions, and 
exclusively in proximal aorta contrary to popliteal arteries. No correlation btw. 

FDG uptake and PWV in aortic wall. Significant 18F-NaF uptake in diseased skin 
regions and in proximal aorta and femoral arteries. NaF wall uptake correlated 
with calcium score in tfemoral arteries, and aortic wall PWV. Aortic wall NaF 

uptake associated with diastolic blood pressure. No significant correlation btw. 
FDG and NaF uptake in any of the artery walls. Thus:  inflammation and 

calcification were not correlated. PXE more closely resembles chronic disease 
model of ectopic calcification than inflammatory condition. 

 

Altonen et al. 
2022 Jan 3 [8] 

Turku, 
Finland. 

32 (13) 
55 (37-83) y 

 

Pts on dialysis, 12 
with diabetes, 19 
with CVD, 6 with 
prior MI; various 

medications. 

NaF 

NaF uptake in 
lumbar spine 
and iliac crest 

vs. CT 
calcification 

score in 
coronary 

arteries and 
aorta. 

To evaluate the 
possible 

relationship 
between arterial 
calcification and 

bone metabolism. 

Patlak analysis to 
estimate plasma 
clearance of NaF 

into bone. 
Calcification 

scores by CT of 0, 
1,2,3 in the aorta 

(AAC) and 
coronary arteries 
(CAC), the latter 

High prevalence of arterial calcification and 59% had verified CVD. Both CAC 
and AAC were significantly higher in patients with verified CVD. Only 22% had 

low turnover bone disease. Weak association between NaF activity, reflecting 
bone turnover measured in the lumbar spine and CAC, and between parathyroid 

hormone and CAC. Weak association between erosion surfaces and AAC. No 
significant association between calcification score and any other parameters   
The results highlight the complexity when evaluating the link between bone 

remodeling and vascular calcification in patients with multiple comorbidities and 
extensive atherosclerosis. 

Circumstantial study in 
that NaF uptake was not 

measured in heart or large 
arteries, but in the lumbar 
vertebrae and compared a 
CT-based calcification in 

coronary arteries and 
aorta. One of few studies 
trying to shed light on a 
potential link between 
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First author, 
time  

[Ref. #] 
Site 

Study sub-
jects, n (fe-

males) 
Age in years 
Mean±SD or 

range 

Material 
 

Tracer 
Arterial seg-

ment 
Purpose Quantification Main findings Comment 

by Agatston 
grades 0, 1-100, 
101-399, ≥400. 

atherosclerosis and bone 
metabolism. 

Wen et al.  
2022 Apr 12 

[9] 
Beijing, China 

and 
Vienna, 
Austria 

100 (24) 
64 (57-68) Y 

Pts with 
multivessel CAD 

NaF 

Proximal 
LAD, LCX, 

RCA vs. 
ascending 
aorta and 

arch.  

Association btw 
coronary and 

aortic NaF uptake 
and pro-

atherosclerotic 
factors in pts with 
multivessel CAD. 

Average of 
TBRmean in the 
three coronaries 
vs. aortic parts. 
 PCAT by CT (-
190 to -30 HU).   

Nice positive correlation btw coronary and aortic NaF uptake. Coronary NaF 
uptake was significantly and positively correlated with PCAT. 

 

Raynor et al. 
Oct 2022 [10] 
Philadelphia, 
USA, Odense, 

Denmark, 
Oslo, Norway 

(1) 33 men 
70±6.6 y 

(2) 33 (20) 64±5 
y 

(3) 33 (17) 
59±5.2 y  

(1) Men with 
prostate cancer 

(PC). (2) Pts with 
angina pectoris 

(AP). (3) Healthy 
control men and  

women (HC). 

NaF  

Proximal 
coronary 
arteries, 

ascending 
aorta, arch, 
descending 
(thoracic) 

aorta. 

Comparison of 
NaF uptake in the 
coronary arteries, 

and aorta in 
prostate cancer 

patients, patients 
with angina 
pectoris and 

healthy controls. 

Global SUVmean 
in the arterial 

segments divided 
by average NaF 

activity in section 
of abdominal fat = 

TBRmean. 

Vessel HC AP  PC HC vs 
AP 

HC vs 
PC 

Coron. 4.2 ± 1.4 4.9 ± 3.4 5.3 ± 2.1 p=0.21 p=0.15 
Asc. 5.4 ± 1.6 6.7 ± 3.5 6.6 ± 2.4 p=0.03 p=0.04 
Arch 5.7 ± 1.9 6.9 ± 3.0 6.8 ± 2.6 p=0.04 p=0.03 
Desc.  6.1 ± 1.7 7.2 ± 3.9 7.5 ± 3.0 P=0.07 p=0.04 
Thus lowest uptake in coronary arteries and tendency for higher uptake in all 
segments in AP and PC, with at similarly high uptake in PC compared to AP 

patients. 

 

ApoE-/- = apolipoprotein E knockout; CAD = coronary artery disease; CT = computed tomography; CV = cardiovascular; CVD = cardiovascular disease; FDG = 
18F-fluorodeoxyglucose; HU = Hounsfield units; MI = myocardial infarction; NaF = 18F-sodium fluoride; PCAT = peri-coronary adipose tissue; pts = patients; 
PXE = pseudoxanthoma elasticum; SUV = standardized uptake value; TBR = target-to-background ratio; VOI = voxel of interest; Y = years.  
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Table S2. Apr 2020 – Mar 2022 Studies on Early Detection and Prevalence of NaF Uptake in the Heart and Major Arteries. 

First author, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in years 
Mean±SD or 

range 

Material Tracer Arterial segment Purpose Quantification Main findings Comment 

Zhang et al. Apr 
2020 [11] 

Philadelphia, 
USA & Odense, 

Denmark. 

15 (0) healthy 
controls, 

45±8 y 
and 

15 (6) chest 
pain pts 
56±11 y 

Healthy controls vs. 
chest pain pts with 10-
year risk for fatal CV 
disease ≥ 1% by the 

SCORE tool. 

NaF  

Manual ROIs around 
main, right, and left 
pulmonary artery on 

axial slices. 

Do at-risk patients have 
increase pulmonary artery 
NaF uptake compared to 

healthy controls? 

Global SUVmean 
and SUVmax and 

TBRmean 

For global SUVmean (0.79 vs. 0.58), global TBRmean 
(1.15 vs. 0.93), and global SUVmax (1.78 vs. 1.60), NaF 
uptake was significantly higher in the at-risk patients 

compared to the controls (all P<0.05). 

First study to investigate the 
role of NaF-PET/CT for 

assessment of atherosclerosis 
calcification in the 
pulmonary artery. 

Gutierrez-Cardo 
et al. May 2020 

[12] 
Málaga, Spain. 

18 (13) 
47±13 y 

PXE pts. NaF 
Carotids, 4 aortic 

sections, iliac, femoral, 
popliteal arteries. 

Quantification of arterial  
and skin depositions of 

NaF. 

TBRmax and 
TBRmean. 

CT calcium deposits 
by score, volume, 

mass.  

Higher vascular calcification in popliteal, femoral, 
and aortic arch vessels, highest in the aorta and 

femoral arteries. Highest skin uptake in neck and 
axillae. No significant association between NaF 

deposits in arteries and skin or between NaF uptake 
and global Phenodex score. In contrast, Phenodex 
score was significantly associated with averaged 

vascular CT calcium score (p < 0.01). In the neck, pts 
with higher skin Phenodex scores exhibited higher 

radiotracer uptake.  

 

Seraj al. Jun 2020 
[13]  

Philadelphia, 
USA & Odense, 

Denmark. 

18 RA 
patients (4), 
56.0±11.7 y 

and 18 
healthy 

controls (4) 
55.8±11.9 y 

Controls were matched 
to patients by sex and 

age (±4 years). 

NaF 
and 
FDG 

Abdominal aorta. 

Can NaF-PET/CT or FDG-
PET/CT detect abdominal 

aortic molecular 
calcification and 

inflammation in patients 
with RA? 

TBRmean 
CT calcium volume 

score.  

Average NaF TBRmean among RA patients was 
significantly greater than among healthy controls 
(median 1.61; IQR 1.49–1.88 and median 1.40; IQR 
1.23–1.52, P=0.002). Average CT calcium volume 
score among RA patients was also significantly 

greater (median 1.96 cm3; IQR 0.57–5.48 and median 
0.004 cm3; IQR 0.04–0.05, P<0.001). No signif. 

difference between average FDG TBRmean scores in 
RA patients compared to healthy controls (median 
1.29; IQR 1.13–1.52 and median 1.29; IQR 1.13–1.52, 

respectively, P=0.98). 

Post hoc analysis. 

Asadollahi et al. 
Dec 2020 [14] 
Philadelphia, 

USA & Odense, 
Denmark. 

5 (4) 61.8±6.6 
y, with PAD 

vs. 
5 (4) without 

PAD 
60±7.2  y 

Pts with PAD matched 
to pts without PAD 
based on age and 

gender from the at-risk 
cardiovascular risk 
profile group of the 

CAMONA trial. 

NaF 

Coronary artery (CA), 
carotid (CR), ascen-

ding (AS), arch (AR), 
descending aorta 
(DA),  abdominal 

aorta (AA). 

Comparison of 
atherosclerotic burden in 

non-lower extremity 
arteries in patients with 
and without PAD using 

NaF-PET/CT. 

Manual 
segmentation. 

Average SUVmean 
(aSUVmean) was 

calculated for each 
segment. 

Total aSUVmean was higher in the PAD group 
compared to the non-PAD group (6.54±0.9 vs. 

5.03±0.45, P=0.043). Comparison revealed higher NaF 
uptake in CR, AS, AR, and DA in the PAD group 
compared to the non-PAD group (0.93±0.25 vs. 
0.54±0.14, P=0.01; 1.28±0.20 vs. 0.86±1.19, P<0.01; 

1.18±0.17 vs. 0.90±0.19, P=0.03; 1.32±0.24 vs. 0.91±0.15, 
P=0.01). The NaF uptake in CA and AA was similar 
in the two groups (0.77±0.04 vs. 0.71±0.05, P=0.11; 

1.07±0.28 vs. 1.12±0.30, P=0.82). Individuals with PAD 
had higher atherosclerotic burden in the carotid 

 



 
 

 

6 
 

First author, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in years 
Mean±SD or 

range 

Material Tracer Arterial segment Purpose Quantification Main findings Comment 

arteries and thoracic aorta compared to non-PAD 
subjects. 

Bhattaru et al. 
Feb 2021 [15] 
Philadelphia, 

USA & Odense, 
Denmark. 

 

68 (35) 
healthy 

(42±13.5 y vs. 
40 (22) at-risk 

55±11.9 y  

Healthy controls vs. 
patients at-risk for 

cardiovascular disease. 
NaF 

Coronary artery (CA), 
asc., arch, desc. and 

abdominal aorta (AS, 
AA, DA, AA); com-

mon & ext. iliac artery 
(CIA &EIA), femoral 

& popliteal artery (FA 
& PA). 

To quantify the heteroge-
neity of atherosclerosis in 
upper and lower limb ves-

sels using NaF-PET/CT 
and to compare calcifica-

tion in coronary arteries to 
peripheral arteries. 

Average SUVmean 
(aSUVmean) was cal-
culated for each arte-

rial segment. 

CA aSUVmean in the at-risk group was higher than 
in the healthy control group (0.74±0.04 vs. 0.67±0.04, 

P=0.03). Furthermore, the NaF uptake in CA was 
lower than in AS, AR, DA, AA, CIA, EIA, FA, and PA 

in both healthy (all P≤0.0001) and at-risk (all 
P≤0.0001). Higher NaF uptake in non-cardiac arteries 
in both healthy controls and patients at-risk suggests 
CA calcification is a late manifestation of atheroscle-

rosis.  

This differential expression 
of atherosclerosis is likely 

due to interaction of hemo-
dynamic parameters specific 
to the vascular bed and sys-
temic factors related to the 

development of atherosclero-
sis. 

Hayrapetian et 
al. Dec, 2021 [16], 

LA, USA. 

114 (0) 
74±7 y 

Pts with NaF-PET/CT 
bone scan for prostate 

cancer/ bone lesion and 
82Rb myocardial PET for 
CAD/ chest pain within 

same year. 

NaF 
Proximal coronary  ar-

teries. 

Retrospective analysis to 
study the association be-

tween NaF uptake and se-
verity of coronary steno-

sis. 

TBRmax and CT visi-
ble lesions of > 130 
Hounsfield units 

quantified by Ter-
aRecon CT software. 

Pts with ischemic stress 82Rb PET had significantly 
higher coronary NaF uptake than pts with normal 
perfusion (P < .01). Among 41 pts, who underwent 

coronary angiography, per-vessel NaF uptake in both 
obstructive and non-obstructive coronary arteries 

was significantly higher than in normal coronary ar-
teries (P < .05), regardless of the severity of coronary 
calcification. Poor correlation between calcification 

and NaF uptake in coronary arteries (r=0.41). 

Authors end by stating that 
“coronary arterial NaF up-

take is associated with coro-
nary stenosis severity….” 

However, it’s atherosclerosis 
and not stenosis severity 

what this is about. 

CAD = coronary artery disease; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; FDG = 18F-fluorodeoxyglucose; NaF = 18F-sodium 
fluoride; pts = patients; PAD = peripheral arterial disease; PXE = pseudoxanthoma elasticum; RA = rheumatoid arthritis; SUV = standardized uptake value; TBR 
= target-to-background ratio; Y = years. 
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Table S3. Apr 2020 – Mar 2022 Studies on NaF Uptake in Vulnerable, High-Risk and Ruptured Plaque. 

First au-thor, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in 
years 

Mean±SD 
or range 

Material Tracer Arterial seg-
ment 

Purpose Quantification Main Findings Comments 

Ashwa-
thanarayana et al. 

Jul 2020 [17] 
Chandigarh, 

India. 

MI group: 
24 (4) 

49.3±13.2 y 
and  

CSA group 
17 (4) 

50.8±13.2 y 

MI group, all with 
acute ST-elevation in-
farcts, PET/CT within 
2 days of event and 

within 3 days of 
event In CSA group. 

NaF Coronary arter-
ies 

NaF PET/CT to character-
ize plaques in ST-eleva-

tion myocardial infarction 
(MI) and chronic stable 
angina (CSA) patients. 

SUVmax and 
TBRmax of lesions 

Culprit plaques in MI pts had significantly higher SUVmax (1.6; 
IQR 0.6 vs 1.3; IQR 0.3, P = 0.03) and TBR (1.4; IQR 0.6 vs 1.1; IQR 
0.4, P = 0.006) than culprit plaques of CSA. Pre-interventional cul-

prit plaques of MI group (n = 11) revealed higher SUVmax (P = 
0.007) and TBR (P = 0.008) values than culprit CSA plaques. Cul-
prit plaques showed significantly higher SUVmax (P = 0.006) and 

TBR (P = 0.0003) than non-culprit plaques in MI group, but no 
significant difference in CSA group. With median TBR cutoff 

value of 1.4 in MI culprit plaques, 6/7 plaques (85.7%) among the 
event prone non-culprit lesions had TBR values > 1.4 in CSA 

group. 

 

Majeed et al. 
Epub 2020 Dec 15 

[18] 
Perth, Australia. 

62 (9) 
61±9 y 

Prospectively re-
cruited pts with acute 
coronary syndrome 

(ACS). 

NaF 
Proximal coro-
nary arteries 

Coronary NaF uptake and 
high-risk plaque features 
on intra-coronary optical 
coherence tomography 

(OCT) and CT-angi-
ography  

TBRmax = SU-
Vmax/SUVmean 

blood pool. 

Coronary segments with elevated NaF uptake had higher lipid 
arc (74o vs 48o), higher prevalence of macrophages (62% vs 39%), 
and lower plaque free wall (50o vs 94o) on OCT, and higher total 
plaque burden and dense calcified plaque burden on CT-angio, 
when compared to with NaF negative segments. Coronary NaF 
uptake contributes to further characterize coronary plaques and 
according to the authors to refine risk stratification of pts with 

ACS. 

It remains to be documented 
by follow-up studies to what 
degree coronary NaF uptake 

“refine risk stratification of pts 
with ACS”. However, ref 26 

clearly points in this direction 
too. 

Mechtouff et al. 
Nov 2020 [19] 
Lyon, Bron, St. 

Etienne, France. 

6 (1)  
72 (59-78) y 

sympto-
matic and  

6 (2) 
27 (63-75) y 
asympto-

matic. 

Pts with symptomatic 
(transitory ischemic 

attack or minor 
stroke ≤ 15 days) or 

asymptomatic carotid 
stenosis ≥ 50%.  

NaF 

Carotids and 
aortic arch, 

ostium of bra-
chiocephalic 

trunk, left sub-
clavian artery, 
left common 

carotid artery. 

NaF uptake vs morpho-
logical criteria of vulnera-

bility and in relation to 
TNAP which by hydro-
lyzing inorganic pyro-

phosphate contributes to 
formation of hydroxyap-

atite. 

TBRmax (SUVmax 
divided by blood 

pool activity in su-
perior vena cava). 

Culprit plaques = plaques responsible of symptoms ≤ 15 days, 
nonculprit = contralateral plaques of symptomatic pts or plaques 
of asymptomatic pts. Three  ROIs centered on area of highest up-
take in the plaque. If no plaque, NaF uptake on contralateral ca-

rotid in proximal 1 cm of internal carotid artery  distal to bifurca-
tion was quantified. 

NaF uptake higher in culprit than nonculprit plaques (median 
TBR 2.6 [2.2-2.8] vs 1.7 [1.3-2.2]; P = 0.03) but not associated with 
morphological criteria of vulnerability on MRI. Positive correla-
tion between NaF uptake and calcium plaque volume and ratio 
but not with circulating tissue-nonspecific alkaline phosphatase 
activity and inorganic pyrophosphate levels. NaF uptake in the 

other arterial walls did not differ between symptomatic and 
asymptomatic patients. 

In 4 pts with stroke, intense 
NaF uptake was noted 

(TBRmedian 6.2 vs. 0.2 in con-
tralateral non-infarcted brain). 

Wurster et al. 
2022 Jan 7 [20] 

Berlin, Göttingen, 
etc., Germany, 

London, UK, San-
tiago, Chile. 

21 (4) 
67±7 y 

Pts scheduled for in-
vasive coronary an-

gio. Multiple risk fac-
tors (hypertension 

86%, hyperlipidemia 
81%, diabetes 43%). 

NaF 

8 coronary seg-
ments: prox, 
mid, distal 

RCA, LM, prox, 
mid, distal 

Feasibility and diagnostic 
potential of NaF and 
gadobutrol enhanced 

dual-probe PET/MR in 
CAD pts. Arbitrary 

TBRmax and con-
trast-to-noise ratio 

(CNR) values (MRI, 
gadobutrol) for 

each coronary seg-
ment. 

High-risk plaques, i.e. ,calcified and non-calcified thin-cap fi-
broatheromas were predominantly located in segments with a 
TBRmax >1.28 (P = 0.012). Plaques containing a lipid core on 

OCT, were more frequently detected in segments with a TBRmax 
>1.25 (P < 0.001). TBRmax values significantly correlated with 
maximum calcification thickness (P = 0.009), while fibrous cap 

No real clinically useful new 
knowledge. 
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First au-thor, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in 
years 

Mean±SD 
or range 

Material Tracer
Arterial seg-

ment 
Purpose Quantification Main Findings Comments 

LAD; prox, dis-
tal LCX. 

PET/CT TBR thresholds 
for adverse coronary 

events. 

OCTwas used as 
reference. 

thickness was significantly less in segments with a TBRmax >1.28 
(P = 0.044). Above a TBRmax threshold of >1.28, CNR values sig-

nificantly correlated with the presence of calcified thin-cap fi-
broatheromas (P = 0.032). 

Kaczynski et al. 
Oct 2022 [21] 

Edinburgh, UK, 
Toronto, Canada, 

LA, USA. 

110 (40) 
68±10 y 

Pts > 40 y with neuro-
vascular event < 14 
days. 34 prior cere-
brocascular disease, 
26 amaurosis fugax, 

54 TIA, 30 stroke.  

NaF 

Most severe 
culprit stenosis, 

contralateral 
carotid and 
aortic arch. 

Association of NaF activ-
ity and culprit carotid 

plaque in acute neurovas-
cular syndrome. 

Visual NaF in cul-
prit and non-culprit 

carotid lesions. 
Quantification with 

TBRmean and 
TBRmax. 

Culprit carotids had greater stenoses (≥50% stenosis: 30% vs 15%, 
P = .02; ≥70% stenosis: 25% vs 4.5% , P < .001) and increased prev-
alence of MRI-derived adverse plaque features, including intra-
plaque hemorrhage (42% vs 23%; P = .004), necrotic core (36% vs 
18%; P = .004), thrombus (7.3% vs 0%; P = .01), ulceration (18% vs 
3.6%; P = .001), and slightly higher NaF uptake (TBRmax 1.38 vs 
1.26; P = .04). Higher NaF positively associated with necrosis, in-
traplaque hemorrhage, ulceration, and calcification and inversely 

associated with fibrosis (P = .04 to P < .001). Carotid stenosis 
≥70% and MRI-derived adverse plaque characteristics were both 

associated with the culprit versus nonculprit carotid vessel.  

 

ACS = acute coronary syndrome; CAD = coronary artery disease; CNR = contrast to noise ratio; CSA = chronic stable angina; CV = cardiovascular; CVD = 
cardiovascular disease; DM = diabetes mellitus; FDG = 18F-fluorodeoxyglucose; LAD = left anterior descending; LCX = left circumflex; LM = left main; MI = 
myocardial infarct; NaF = 18F-sodium fluoride; NASCET = North American Symptomatic Carotid Endarterectomy Trial; OCT = optical coherence tomography; 
pts = patients; RCA = right coronary artery; SUV = standardized uptake value; TBR = target-to-background ratio; TIA = transient ischemic attack; TNAP = tissue 
non-specific alkaline phosphatase ; Y = years.  
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Table S4. Apr 2020 – Mar 2022 Studies on Association Between Arterial NaF Uptake and Risk Factors. 

First author, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in years 
Mean±SD or 

range 

Material Tracer 
Arterial seg-

ment Purpose Quantification Main findings Comments 

Rojulpote et al. 
Jun 2020 [22] 
Philadelphia, 
US & Odense, 

Denmark. 

20 (8) 
41.6±13.8 y 

Asymptomatic healthy indi-
viduals with no smoking, di-
abetes or dyslipidemia and 

with normal blood pressure. 

NaF 

Global car-
diac uptake 
by manual 
segmenta-

tion. 

Is coronary artery microcal-
cification in healthy con-

trols without macroscopic 
CT calcification related to 

blood pressure?  

Cardiac average SU-
Vmean (aSUVmean) 

After adjusting for age and gender, diastolic and mean arterial 
blood pressures were independent ‘predictors’ of higher global car-

diac NaF uptake. 
 

Patil et al. Aug 
2020 [23] 

Philadelphia, 
US & Odense, 

Denmark. 

68 (33) 
41.7±13. 5 y 

Healthy, non-diabetic indi-
viduals. 

NaF Entire heart. 

Triglycerides (TG) /high 
density lipoprotein (HDL) 
ratio as a marker of insulin 
resistance and atherosclero-
sis: Does this ratio correlate 
positively with global car-

diac SUVmean? 

Global cardiac 
aSUVmean 

Univariate analysis: positive linear association of TG/HDL ratio and 
global cardiac aSUVmean (r=0.244, B=0.047, P=0.045). Multivariate 
analysis adjusted for age, gender, systolic blood pressure, diastolic 
blood pressure, smoking status, total cholesterol, low-density lipo-

protein, and fasting plasma glucose: TG/HDL ratio was inde-
pendently associated with global cardiac aSUVmean (B=0.060, 95% 
CI: 0.007-0.114, P=0.027). Conclusion: There was a positive correla-
tion between TG/HDL ratio with global cardiac microcalcification 

assessed by NaF-PET/CT imaging. 

First study examin-
ing 

the association of 
TG/HLD ratio and 
the burden of coro-
nary atherosclerosis 

in asymptomatic 
non-diabetic indi-

viduals. 

Gonuguntla et 
al. Dec 2020[24] 

Philadelphia, 
US & Odense, 

Denmark. 

40 (22)  
55±11.9 y 

High risk pts. NaF Entire heart. 

Global cardiac NaF uptake 
compared with CHADS2 

and CHA2DS2-VASc scores 
used to estimate risk of 

stroke in pts with atrial fi-
brillation. 

Global cardiac 
aSUVmean 

The sample consisted of subjects with a mean aSUVmax of 2.9 ± 1.4, 
aSUVmean was 0.8 ± 0.2, CHADS2 0.9 ± 0.6 (Range: 0-3), 

CHA2DS2-VASc 1.8 ± 1.3 (Range: 0-5). Direct correlation between 
global cardiac aSUVmean and CHADS2 score (r=0.58, P≤0.0001) 

and also between global cardiac aSUVmean and CHA2DS2-VASc 
(r=0.37, P=0.01). Patients with higher CHADS2 and CHA2DS2-

VASc scores had a higher atherosclerotic burden and could be at 
greater risk of cardiovascular events.  

 

Borja et al. Dec 
2020 [25] 

Philadelphia, 
US & Odense, 

Denmark 
 

61 (32) 
53.4±8.9 y 

Pts >40 y with unknown risk 
split in 4 ASCVD 10-year 

risk groups: low (<5%, n=32), 
borderline (5-7.4%, n=10), in-
termediate (7.5-19.9%, n=17), 

and high risk (≥20%, n=2). 

NaF Entire heart. 

Is the ACC/AHA ASCVD 
risk score used clinically 

ahead of older risk scores to 
examine topics from drug 
mechanisms  correlated to 
global cardiac microcalcifi-

cation? 

Global cardiac 
aSUVmean 

Global cardiac aSUVmean stratified by groups estimated by 10-year 
ASCVD risk score were 0.67±0.09 for low risk (n=32), 0.70±0.11 for 
borderline risk (n=10), 0.72±0.10 for intermediate risk (n=17), and 
0.78±0.10 for high risk (n=2). ASCVD risk score was significantly 

correlated to aSUVmean (r=0.27, P=0.03).  

Note: pts below 40 
y of age are not ac-
counted for by the 

ASCVD score. 
 

First (?) study to 
compare ASCVD 
risk scores to car-

diac plaque burden 
as assessed by NaF-

PET/CT.  

Paydary et al. 
Feb 2021 [26], 
Odense, Den-
mark & Phila-
delphia, USA. 

80 (?) healthy 
controls aged 
44.5 (22-75) y 

and 44 (?)  
chest pts aged 
59.5 (23-75) y 

Reanalysis of prospectively 
collected material. NaF 

Ascending, 
arch, de-
scending 

parrs of tho-
racic aorta 

and their to-
tal (TA). 

Association with age and 
ACS as potential “predict-
tor” of unfavorable CVD 
risk compared with other 

values.  

aSUVmax, 
aSUVmean 

and Alavi-Carlsen 
Score (ACS), see ref-

erence (59). 

aSUVmax, aSUVmean, and ACS were significantly higher in pts 
than controls, all correlated with age. Correlation of aSUVmean 

with age was significant in both controls (r = 0.32, p = 0.04) and pts 
(r = 0.64, p < 0.001). ACS of TA was a stronger predictor of Framing-
ham Risk Score than aSUVmax and aSUVmean.ACS was a signifi-
cant predictor of unfavorable CVD risk profile as compared with 
other values (odds ratio = 1.006, 95% CI = 1.000–1.013, p = 0.05). 
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First author, 
time  

(Ref. #) 
Site 

Patients, n 
(females) 

Age in years 
Mean±SD or 

range 

Material Tracer Arterial seg-
ment 

Purpose Quantification Main findings Comments 

Borges-Rosa et 
al. 2021 Apr 6. 

[27] 
Coimbra, 
Portugal. 

34 (13) 
63.5±7.8 y 

High CV risk individuals 
with previous CV events. NaF Entire heart. 

To evaluate global cardiac 
microcalcification activity 
with NaF, as a measure of 
unstable microcalcification 
burden, in high CV risk pts. 

Cardiac global mo-
lecular calcification 
score (GMCS) = SU-

Vmean. Note: 
valves included. 

Median GMCS was 320.9 (240.8-402.8). Individuals with more than 
five CV risk factors (50%) had increased GMCS [356.7 (321.0-409.6) 

vs. 261.1 (225.6-342.1), P = 0.01], which was positively correlated 
with predicted fatal CV risk by SCORE (rs = 0.32, P = 0.04). Positive 
correlation between GMCS and weight (rs = 0.61), BMI (rs = 0.66), 

abdominal perimeter (rs = 0.74), thoracic fat volume (rs = 0.47), and 
epicardial adipose tissue (rs = 0.41), all with P ≤ 0.01. No correlation 

between GMCS and coronary calcium score or between coronary 
artery wall NaF uptake and coronary calcium score. Conclusions: In 
a high CV risk group, the global cardiac microcalcification burden 
is related to CV risk factors, metabolic syndrome variables and car-
diac fat. Cardiac GMCS is a promising risk stratification tool, com-
bining a straightforward and objective methodology with a com-
prehensive analysis of both coronary and valvular microcalcifica-

tion. 

 

Castro et al. 
Oct 2021 [28] 
Philadelphia, 
US & Odense, 

Denmark 

128 (63) 
48±14 y 

Pts with mixed cardiovascu-
lar risk. 

NaF 
Left common 

carotid ar-
tery. 

Association between left 
common carotid NaF up-
take and CV/ thromboem-

bolic risk. 

Left carotid NaF as 
SUVmax on each 

axial slice. 
aSUVmax over all 

slices. 

aSUVmax over all slices correlated with 10-year risk of cardiovascu-
lar events estimated by the Framingham model, CHA2DS2-VASc 
score, and level of physical activity (LPA); aSUVmax significantly 

higher in pts with increased risk of cardiovascular and thromboem-
bolic events, and significantly lower in pts with greater LPA. Age, 

BMI, hypertension and LPA were independent associations of 
aSUVmax. 

 

ASCVD = Atherosclerotic Cardiovascular Disease; aSuv = average SUV; BMI = body mass index; CAD = coronary artery disease; CV = cardiovascular; CVD = 
cardiovascular disease; DM = diabetes mellitus; FDG = 18F-fluorodeoxyglucose; LPA = level of physical activity; NaF = 18F-sodium fluoride; pts = patients; SUV 
= standardized uptake value; TA = total (thoracic) aorta; TBR = target-to-background ratio; Y = years.  
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Table S5. Apr 2020 – Mar 2022 Studies on NaF Uptake and Disease Progression or ‘Prediction’ of Events. 

First author, time  
(Ref. #) 

Site 

Patients, 
n (fe-

males) 
Age in 
years 

Mean±SD 
or range 

Material Tracer 
Arterial seg-

ment 
Purpose Quantification Circumstances/finding Comments 

Kwiecinski  et al. 
2020 Jun 23[29] 

Cedars-Sinai, LA, 
USA & Edinburgh, 

UK. 

293 (47) 
65±9 y 

Pts with known CAD. NaF 
Proximal coro-

naries. 

Coronary NaF uptake 
for prediction of myo-

cardial infarction – 
compared to current 

risk stratification. 

TBRmax = SUVmax in 
proximal coronary arter-
ies divided by blood pool 
activity in right atrium. 

After 42 (31-49) months of follow-up, fatal and non-fatal 
myocardial infarction had occurred only in pts with ab-
normal NaF uptake (20/203 vs 0/90 in pts without abnor-

mal coronary NaF uptake).  
Pts with increased NaF uptake had >7-fold increase in 

myocardial infarction incidence independent of age, gen-
der, CV risk factors, segment involvement scores, pres-

ence of coronary stents, number of vessels with significant 
stenosis, coronary calcium scoring, REACH and SMART 

scores, Duke index, and recent MI. 

Suggests strongly that abnor-
mal coronary NaF uptake car-
ries a significant risk of future 

myocardial infarction! 

Bellinge et al. Jan 
2021 [30] 

Perth, Western Aus-
tralia.  

41 (15) 
65±7.1 

and 
CCS≥10  

&  
10 (6) 

61.2±8.4 
and 

CCS=0 

Diabetic pts with no 
history of CAD. All had 

NaF-PET/CT and CT 
CCS scans at baseline; 
41 had repeat CT CCS 

scans 
after 2.8±0.5 y. 

26/41 of high-risk and 
4/10 of low-risk cohort 

received statins at base-
line. 

NaF 

163 coronary ar-
teries analyzed 
(one obscured 
by pacemaker 

lead). 

Can localized coro-
nary artery NaF up-

take predict develop-
ment of new CT de-

tectable calcifications 
at least 2 years later? 

CCS in Agatson units; 
NaF uptake in 2D ROIs 

around coronary arteries 
on3 mm consecutive axial 

slices to get a SUVmax, 
which adjusted for right 

atrial blood activity 
yielded TBRmax. 

The proportion of “CCS progressors” was higher among 
NaF positive than NaF negative arteries at baseline (86.5% 
vs 52.3%, p<0.001. NaF positive disease was an independ-
ent “predictor” of subsequent CCS progression (odds ra-

tio 2.92 [95% CI 1.32-6.45], p=0.008. All subjects (15/15) 
with ≥ 2 NaF positive coronary arteries progressed in 

CCS.  
Note: All pts had had previously undergone CT CCS 

screening and NaF PET/CT as baseline assessment for the 
effect of Vitamin-K1 and Colchicine on Vascular Calcifica-

tion Activity in subjects with Diabetes Mellitus (ViKCo-
VaC) trial. Consecutive pts invited to the present project 2 

y after completion of VIKCOVAC trial, see (39). 

Baseline NaF uptake did not 
‘predict’ development of new 
CT detectable coronary artery 
calcification as stated in the ti-
tle. Shown was only a statisti-

cally significant association 
between NaF positivity at 
baseline and CCS develop-

ment.  

Doris et al. 2020 Dec 
[31] 

Edinburg, UK, 
Cedars-Sinai, LA, 

USA, 
Christchurch, NZ. 

183 (37) 
66 (59-71) 

y 

Pts with multivessel 
disease with NaF 

PET/CT and CT angio 
at baseline and repeat 
CT angio at one year. 

NaF Proximal coro-
nary arteries. 

To investigate the rela-
tionship between NaF 
uptake and progres-

sion of coronary calci-
fication in patients 

with clinically stable 
coronary artery dis-

ease. 

TBRmax. 

In a total of 183 participants (median age 66 years, 80% 
male), 116 (63%) patients had increased NaF uptake in at 
least one vessel. Individuals with increased NaF uptake 

demonstrated more rapid progression of calcification 
compared with those without uptake (change in calcium 
score, 97 [39–166] versus 35 [7–93] AU; P<0.0001). The cal-
cium score only increased in coronary segments with NaF 
uptake (from 95 [30–209] to 148 [61–289] AU; P<0.001) and 

remained unchanged in segments without NaF uptake 
(from 46 [16–113] to 49 [20–115] AU; P=0.329). Baseline 

coronary NaF TBRmax correlated with 1-year change in 
calcium score, calcium volume, and calcium mass (Spear-
man ρ=0.37, 0.38, and 0.46, respectively; P<0.0001 for all). 
At the segmental level, baseline NaF activity was an inde-
pendent predictor of calcium score at 12 months (P<0.001). 
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First author, time  
(Ref. #) 

Site 

Patients, 
n (fe-

males) 
Age in 
years 

Mean±SD 
or range 

Material Tracer 
Arterial seg-

ment Purpose Quantification Circumstances/finding Comments 

However, at the patient level, it was not independent of 
age, sex, and baseline calcium score (P=0.50). 

Hu et al.   
Feb 2021 

[32] 
Shanghai, China. 

ApoE-/- 
mice  and 

control 
mice. 

Mice examined at 12, 
20, and 30 weeks of age, 
n=3 at each time point 

in each group.   

NaF Excised aorta. 

To dynamically moni-
tor the progression of 

atherosclerotic 
plaques in ApoE-/- 
mice with NaF PET 

imaging.  

Semi-quantitative analy-
sis of  

NaF-avidity of atheroscle-
rotic plaques on µPET. 

Aortic uptake of NaF was gradually increased with each 
weekly extension. Compared with the ApoE-/- mice at the 

age of 12 weeks and 20 weeks, the levels of lipoprotein, 
inflammatory cytokines, and calcification factors were 
higher at 30 weeks. In Oil Red O, HE, and alizarin red 

(calcium) staining, the extent of the lipid area and calcifi-
cation increased with time. Correlation analysis showed 
that the uptake of NaF in the aorta was related to the ex-

tent of calcification.  

 

Fiz et al. Feb 2021 
[33] 

Milan & Genoa, 
Italy. 

71 (27) 
71±6.9 y 

Pts who underwent 2 
NaF PET/CT scans due 
to proven or suspected 
bone metastases; statin 
medication not speci-

fied. 

NaF Infrarenal aorta. 

Does NaF uptake (1) 
identify early uncalci-

fied plaque and (2) 
does NaF uptake at 

plaque or vessel level 
correlate with subse-

quent increase in 
plaque calcium con-

tent? 

Apparantly averageT-
BRmean for the entire 

aortic ROI, calculated as 
average SUVmean di-
vided by inferior vena 

cava activity. 

2consecutive NaF-PET/CTs (PET1/PET2) performed 15.5 ± 
9.7 months apart. In PET1, non-calcified NaF hot spots 

were identified. Their mean/max HU was compared with 
those of a non-calcified control region (CR) and with cor-

responding areas in PET2. TBRmean density (HU) and 
calcium score (CS) of calcified atherosclerotic plaques in 

PET1 were compared with those in PET2.  
Results: Hot spots in PET1 (N = 179) had a greater HU 

than CR (48 ± 8 vs 37 ± 9, P < .01). Mean hot spots HU in-
creased to 59 ± 12 in PET2 (P < .001). New calcifications 
appeared at the hot spots site in 73 cases (41%). Baseline 

atherosclerotic plaque's (N = 375) TBR was proportional to 
percent HU and CS increase (P < .01 for both). Aortic CS 
increased (P < .001); the whole-aorta TBR in PET1 corre-
lated with the CS increase between the baseline and the 

second PET/CT (R = .63, P < .01). Conclusions: NaF-
PET/CT depicts early stages of plaque development and 

tracks evolution over time. 

Pts imaged on two different 
scanners, i.e., Siemens and GE; 
however not stated if pts were 
imaged on the same scanner 

on both occasions. 

Brodsky et al. Jan-
Apr 2021 [34] 

Philadelhia, USA & 
Odense, Denmark. 

Look 
right 

Healthy females (n=8, 
52±10 y, BMI 
24±1.7kg/m2) 

and healthy males 
(n=15, 50±10 y, BMI 

27±2.9kg/m2) 

NaF 

Entire heart 
semi-automated 
manual segmen-

tation. 

Are 2-year changes in 
coronary microcalcifi-
cation by NaF PET/CT 
associated with base-
line subject character-

istics? 

SUVmean and SUVmax 
and mean HU in same 

ROI. 

Percent change in SUV between the two time points were 
correlated against baseline age, BMI, cardiovascular risk 
factors, and blood chemistry. In males, percent change in 
SUVmean over the two year period was positively corre-

lated with baseline BMI (r=0.85, P<0.0001) and systolic 
blood pressure (r=0.65, P=0.0082). These baseline values 
were not significantly correlated with SUVmax in either 

gender. Lack of such associations in females could be due 
to low sample size (n=8).  
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First author, time  
(Ref. #) 

Site 

Patients, 
n (fe-

males) 
Age in 
years 

Mean±SD 
or range 

Material Tracer 
Arterial seg-

ment Purpose Quantification Circumstances/finding Comments 

Lillo et al.  
Jun 2021 [35] 

Málaga, Spain.  

14 (?) 
Age not 
stated. 

PXE pts with 2 NaF 
PET/CT scans 2 years 

apart. 
 

NaF 

Carotids, 4 aor-
tic sections, 

iliac, femoral, 
popliteal arter-

ies. 

Changes over time (2 
years) in skin and ar-

terial NaF depositions. 

SUVmax and SUVmean 
and TBRmax and 

TBRmean. 
CT calcium deposits by 

score, volume, mass.  

CT-detect able calcium deposits as a mean of all vascular 
territories increased in the group as a whole, albeit due to 
increases in two pts only, i.e., unchanged score in 12. SU-
Vmax and SUVmean remained unchanged in all territo-

ries in the group as a whole, whereas TBRmax and 
TBRmean decreased by 24% and 19%, respectively (p=0.04 

for both). NaF uptake in skin deposits did not change. 

Strange that SUVmean didn’t 
decrease while TBRmean did. 
Description of segmentation is 
lacking making further inter-

pretation impossible. 

Reijrink et al. Sep 
2021 [36] 

Groningen, The 
Netherlands. 

10 (3)  
63 (59-69) 

y 

Type 2 diabetic patients 
without glucose lower-
ing drugs and a severe 

CV history. 

FDG 
& NaF 

10 arteries in 4 
segments: (1) 

Carotids, 2) asc. 
+ arch, (3) desc. 
+ abd. aorta, (4) 
iliac + femoral 

arteries. 

Prospective correla-
tion between tracers 

over time and whether 
they are prospectively 
(FDG) and retrospec-
tively (NaF) related to 

progression.  

TBRmax (called meanTBR 
by authors) using SU-

Vmax of ten arteries di-
vided by SUVmean of 

caval vein. CT calcifica-
tion as calcified plaque 

(CP) score. 
Carotid-femoral PWV.  

Baseline meanTBR FDG was strongly correlated with five-
year follow-up meanTBR NaF (r = 0.709, P = .022). meanTBR 

NaF correlated positively with ΔCPscore, CPscore at base-
line, and follow-up (r = 0.845, P = .002 and r = 0.855, P = 

.002, respectively), but not with %change in CPscore and 
PWV. 

Small study suggesting  initial 
FDG uptake is associated with 

arterial NaF uptake 5 years 
later and that NaF uptake 

(measured after 5 years) is as-
sociated with calcium score 
and PWV at baseline and 5 
years, but not with 5-year 

change of these. 

Piri et al. Oct 2021 
[37] Odense, 

Denmark. 

29 (13) 
51 (21–75) 
y healthy 
controls 

and 
20 (10) 

57 (23–67) 
y  

angina 
pectoris 

pts. 

Healthy controls and 
angina pectoris scanned 

2 years apart. 
NaF 

Carotids and 
arch, thoracic 

and abdominal 
aorta. 

2-year changes in NaF 
uptake and CT calcifi-

cation. 

SUVmean and SUVtotal ± 
partial volume correction 

(pvc). 

Insignificant tendencies were higher NaF uptake in an-
gina patients at both time points with less uptake in 

healthy subjects and higher uptake in angina patients af-
ter 2 years. Thus, aortic pvcSUVmean 

of angina patients was 1.14 ± 0.35 and 1.29 ± 0.71 at base-
line and after 2 years vs. 0.99 ± 0.31 and 0.95 ± 0.28 in 

healthy subjects. Similar pattern for carotid pvcSUVmean. 
Baseline NaF uptake could not predict a change in CT-cal-
cification after 2 years. 2-year changes in both groups very 

small suggesting that atherosclerotic process is slow.  

 

Kitagawa et al. Apr 
2022 [38] 

Hiroshima, Japan 

15 (1) 
64±8 y 

Pts with ≥ 1 coronary 
artery atherosclerotic 

lesion. Total 55 lesions 
of which 51 analyzed at 
baseline and follow up 

after 45±8 months. 

NaF 

ROIs defined as 
visually de-

tected coronary 
CT lesions. 

Change in NaF uptake 
in coronary CT calcifi-
cations and potentially 

impacting factors.  

TBRmax with two cut 
offs: 1.0 and 1.28. R-

TBRmax = ratio of follow-
up to baseline; value > in-

dicating progression. 

Mean R-TBRmax 0.96±21 indicating no change in NaF up-
take in 45 months (range 37-59). CT-based lesion features 

(location, obstrruction, plaque type, high-risk features) 
did not correlate with R-TBRmax. Baseline TBRmax corre-
lated with higher follow-up TBRmax, and presence of DM 
(6/15 pts) correlated with higher follow-up TBRmax and 

(slightly) elevated R-TBRmax. 
63% of NaF positive lesions at baseline were positive at 

follow-up.  

Small material, next  genera-
tion PET/CT scanner used for 
follow-up scan, NaF uptake 

independent of CT-detectable 
lesions not studied. 

Kwiecinski et al.  
May  2022 [39], CA, 

USA, Edinburgh, 
UK 

48 (4) 
68±8 y 

with prior 
CABG, 

Pts with established 
CAD with and without 

prior CABG 
NaF NaF in ‘entire’ 

coronary bed; 

NaF PET to detect 
grafts vasculopathy 

and investigate influ-

Coronary microcalcifica-
tion activity (CMA) = 
sum of NaF activity, 

Among 154 grafts, 37 (24%) showed vasculopathy on CT 
and 20 (13%) were occluded. All arterial and the majority 
of 120/128 (94%) of venous grafts showed no NaF uptake, 
which was seen in only 8 saphenous grafts (in 7 patients). 

Rare NaF uptake in bypass 
grafts. Bypassed patients have 
more aggressive CT-calcifica-

tion, apparently detached 
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First author, time  
(Ref. #) 

Site 

Patients, 
n (fe-

males) 
Age in 
years 

Mean±SD 
or range 

Material Tracer 
Arterial seg-

ment Purpose Quantification Circumstances/finding Comments 

  mean 2.7 
y previ-
ously vs.  

48 (4) 
69±6 y 

without 
prior 

CABG 

autoradio-
graphs of saphe-
nous vein grafts. 

ence of CABG on na-
tive CAD and progres-

sion.  

where SUV > ‘corrected’ 
RA blood activity. 

Bypassed native coronary arteries had 3 times higher 
CMA than non-bypassed arteries and greater progression 
of 1-year calcium scores, an effect largely confined to na-
tive coronary plaques proximal to the graft anastomosis. 
Thus, microcalcification is not a common feature of graft 
vasculopathy, but bypassed patients have more aggres-

sive disease. 

from modest NaF uptake – 
late in the course when statins 

have had time to work? 

Fletcher et al. Jul 
2022 [40] 

Edinburgh, UK, Na-
ples, Italy, Warsaw, 

Poland, etc. 

461 (98) 
69.98±8.48 

y 

Pts with established 
CVD. 

NaF 

Large part of 
coronary arter-
ies and ascend-
ing aorta and 

arch. 

Can thoracic aortic 
NaF uptake improve 
identification of pts at 
the highest risk of is-

chemic stroke? 

Global SUVmean of coro-
nary arteries and the as-
cending and arch part of 
the thoracic aorta com-

pared to CT calcium 
scores. 

Large retrospective analysis of 4 materials. 
After 12.7 months, progression of thoracic aortic calcium 

volume correlated with baseline thoracic aortic NaF activ-
ity (n = 140; r = 0.31; P = 0.00016). In the 461 patients, 23 

(5%) patients experienced an ischemic stroke and 32 (7%) 
a myocardial infarction after 6.1 of follow-up. High tho-
racic aortic NaF activity was strongly associated with is-
chemic stroke (HR: 10.3; P = 0.00017), but not myocardial 
infarction (P = 0.40). Conversely, high coronary 18F-so-

dium fluoride activity was associated with myocardial in-
farction (HR: 4.8; P = 0.00095) but not ischemic stroke (P = 
0.39). Thoracic NaF activity was the only variable associ-
ated with ischemic stroke (HR: 8.19 [95% CI: 2.33-28.7], P 
= 0.0010). Conclusions: In patients with established cardi-
ovascular disease, thoracic aortic 18F-sodium fluoride ac-
tivity is associated with the progression of atherosclerosis 

and future ischemic stroke. 
 

 

Dai et al.  
Oct 2022 [41] 

Philadelphia, USA. 

36 
Age not 

reported. 

Men with NaF PET/CT 
scans fore evaluation of 
previous prostate can-
cer and liquid panel re-

sults. 

NaF 

Manual sections 
of aortic arch 
and thoracic 

aorta. 

To find noninvasive, 
cost-efficient, readily 
available metrics for 
predicting vascular 

calcification severity. 

Average SUVmean of all 
axial slices of the thoracic 

aorta. 

Retrospective study. Correlation analyses between SUVs 
and calculated atherogenic indices: Castelli's Risk Index I 
(r = 0.63, p < 0.0001), Castelli's Risk Index II (r = 0.64, p < 

0.0001), Atherogenic Coefficient (r = 0.63, p < 0.0001), Ath-
erogenic Index of Plasma (r = 0.51, p = 0.00152), and 

standalone high-density lipoprotein (HDL) cholesterol (r 
= -0.53, p = 0.000786), all associated with aortic NaF. How-
ever, no possibility of characterizing individual patients 

with high likelihood. 

Three weak correlations with 
large scatter, significant due to 

one outlier. One fair correla-
tion. No clinically useful pre-

diction. 

CABG = Coronary artery bypass graft; CAD = coronary artery disease; CCS = Coronary calcium score; CP = calcified plaque; CR = control region; CS = calcium 
score; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; FDG = 18F-fluorodeoxyglucose; HU = Hounsfield unit; MI = myocardial 
infarction; NaF = 18F-sodium fluoride; pts = patients; pvc = partial volume corrected; PWV = pulse wave velocity; PXA = pseudoxanthoma elasticum; RA = right 
atrium; ROI = region of interest; SUV = standardized uptake value; TBR = target-to-background ratio; Y = years. 
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Table S6. Apr 2020 – Mar 2022 Studies on Anti-Atherosclerotic Intervention Evaluated by NaF PET/CT. 

First author, 
time  

(Ref. #) 
Site 

Patients, n (fe-
males) 

Age in years 
Mean±SD or 

range 

Material 
Tracer 

Arterial seg-
ment Purpose Quantification Circumstances/finding Comments

Hsu at al. Oct 
2020 [42] LA, 

USA.  
9 + 9 mice 

2 groups of hyperlipidemic 
(Apoe-/-) mice, one moved ad-
lib; the other had progressive 

treadmill regimen for 9 weeks. 

NaF  Aortic root. 

Can exercise trans-
form vascular cal-
cium deposits to a 

more stable morphol-
ogy? 

(1) NaF density =  NaF 
uptake as % injected 

dose normalized to de-
posit volume 

(%IDcc-1) and (2) total 
surface area, = total NaF 
as % injected dose (%ID). 

In vivo NaF µPET/µCT imaging at start and end 
of exercise regimen demonstrated that while aor-

tic calcification progressed similarly in both 
groups based on µCT, the fold change in NaF 
density was significantly less in the exercise 

group. Histomorphometric analysis of aortic root 
calcium deposits showed that the exercised mice 
had a lower mineral surface area index than the 
control group. The exercise regimen also raised 
serum PTH levels twofold. Thus, these findings 
suggest that weeks-long progressive exercise al-
ters the microarchitecture of atherosclerotic cal-

cium deposits by reducing mineral surface 
growth, potentially favoring plaque stability. 

Exercise like statin therapy 
appears to reducing mineral 
surface area so that observed 
decrease or slowed increase 

in NaF uptake may be due to 
structural Ca-deposit 

changes rather than removal 
of microcalcification. 

Florea et al. 
2021 Jan 30 

[43] 
Achen and 
Göttingen, 

German and  
Maastricht, 

NL 

5 wild type 
mice and 20 

ApoE-/- mice 
split in 4 groups 
of each 5 mice 

Wild type on chow diet 12+12 
weeks;  

ApoE-/- groups: 
All on Western type diet for 12 

weeks followed by a) chow 
diet, b) Western type diet, c) 

MK-7 diet or d) Warfarin diet 
for another 12 weeks. 

NaF 
Left ventricle, 

aortic root, 
aortic arch 

To assess the ability 
of Na[18F]F to moni-
tor therapy and dis-
ease progression in a 
unitary atheroscle-
rotic mouse model. 

TBRmax 

The Warfarin group presented spotty calcifica-
tions on the CT in the proximal aorta. All of the 

spots corresponded to dense mineralization on the 
von Kossa staining. After the control, the MK-7 

group had the lowest NaF uptake. The advanced 
and Warfarin groups presented the highest up-
take in the aortic arch and left ventricle. The ad-

vanced stage group did not develop spotty calcifi-
cations, however, NaF uptake was still observed, 
suggesting the presence of micro-calcifications. In 
a newly applied mouse model, developing spotty 

calcifications on CT exclusively in the proximal 
aorta, NaF seems to efficiently monitor plaque 

progression and the beneficial effects of vitamin K 
on cardiovascular disease. 

Dietz et al Jul 
2021 [44]  
Monaco. 

1 (1)  
64 y 

Asymptomatic man with non-
severe hypercholesterolemia. NaF 

Proximal cor-
onary arteries 

Coronary Agatston score 
and SUVmax by NaF 

PET/CT. 

After 6-months on 10 mg rosuvastatine and 75 mg 
asprin per day and advice on diet and exercise,  

CT showed unchaged Agatston score of coronary 
plaques, while NaF part of PET/CT demonstrated 

halving of SUVmax values without no new hot 
spots. 

Decrease in NaF uptake also 
visually apparent. 

Zhang et al. 
Oct 2021 [45] 

Beijing, 
China. 

10+10 rabbits in 
2 groups: Ather-

osclerosis and 
Atorvastatin 

Atorvastatin 5 mg/kg/d. All 
rabbits had abdominal aortic 

dilated balloon operation after 
2 weeks of feeding and then 

NaF 
Abdominal 

aorta 

Examine effect of 
atorvastatin on 

plaque calcification 
by matching results 

obtained by NaF 

SUVmean and SUVmax. 
Plaque area, macrophage 
number and calcification 

were measured. Data 

SUVmean (0.725 ± 0.126 vs. 0.603 ± 0.071, P , 0.001) 
and SUVmax (1.024 ± 0.116 vs. 0.854 ± 0.091, P = 

0.001) significantly increased in the atherosclerosis 
group, but only slightly increased in the atorvas-

tatin group (0.616 ± 0.103 vs. 0.613 ± 0.094, P = 

The authors concluded that 
anti-inflammatory 

activity of atorvastatin may 
promote macrocalcification 

but not 
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First author, 
time  

(Ref. #) 
Site 

Patients, n (fe-
males) 

Age in years 
Mean±SD or 

range 

Material Tracer Arterial seg-
ment 

Purpose Quantification Circumstances/finding Comments

group on cho-
lesterol-en-

riched (2%) diet. 

continuously fed on choles-
terol-enriched diet for 16 

weeks.  

PET/CT with histo-
logic data. 

from pathological sec-
tions were matched with 

NaF uptake. 

0.384; 0.853 ± 0.099 vs.0.837 ± 0.089, P = 0.001, re-
spectively). Total calcium density significantly in-
creased in atorvastatin treated vs. non-atorvastin 

treated rabbits (1.64 6 ±.90 vs. 0.49 ± 0.35, P = 
0.001), but the microcalcification level was signifi-
cantly lower. There were more microcalcification 
deposits in the areas with increased radioactive 

uptake of NaF. 

microcalcification within 
atherosclerotic plaque. 

Bellinge et al. 
2021 Apr 6 
[46] Perth, 
Western 

Australia. 

154 (53) 
∼65±7 y 

Pts with type 2 diabetes and 
CT coronary calcifications in a  

double-blind, placebo-con-
trolled 2x2 factorial trial of 

3 months duration. 

NaF 

Proximal cor-
onary arteries 
and asc, arch, 
descending 

thoracic aorta. 

Does vitamin-K1 or 
colchicine affect arte-
rial calcification activ-

ity assessed by NaF 
PET? 

TBRmax 

The effect of Vitamin-K1 and Colchicine on Vascu-
lar Calcification Activity in subjects with Diabetes 

Mellitus (ViKCoVaC) trial with four treatments 
groups (placebo/placebo, vitamin-K1 [10 

mg/day]/placebo, colchicine [0.5 mg/day]/placebo, 
vitamin-K1 

[10 mg/day]/ colchicine [0.5 mg/day]). However, 
neither vitamin-K1 nor colchicine had a statisti-

cally significant effect on coronary TBRmax com-
pared with placebo. There were no serious ad-

verse effects reported with colchicine or vitamin-
K1. 

See also (27) above. 

Bellinge et al. 
2022 Jan 11 
[47] Perth, 
Western 

Australia. 

Same as [39] 
Same material as [39]. 149 of 

the 154 completed baseline and 
follow-up studies. 

NaF 

Prox. coro-
nary arteries 
and thoracic 

aorta. 

Posthoc analysis of 
material in [39] with 
the TBRmax limit in 

[27] for each coronary 
and aortic segment. 

Modified TBRmax with 
upper limit of normal = 

mean TBRmax + 2 SDs in 
10 of non-treated DM co-
hort with 0 coronary cal-

cium.   

Posthoc analysis of ViKCoVaC trial data.Now, vit-
amin K1 supplementation independently de-

creased the odds of developing new NaF PET pos-
itive lesions in the coronary arteries (OR: 0.35; 

95% CI: 0.16, 0.78; P = 0.010), aorta (OR: 0.27; 95% 
CI: 0.08, 0.94; P = 0.040), and in both aortic and 

coronary arteries (OR: 0.28; 95% CI: 0.13, 0.63; P = 
0.002). 

See also (27) above. 

Jensen et al. 
Jul  2022 [48] 
Not caught in 

search 

See next cell. 

Atherosclerotic New Zealand 
White rabbits randomized to 
intervention- (n = 12) or pla-

cebo group (n = 11). 

64Cu-DOTA-
TATE 
FDG 
NaF 

Abdominal 
aorta 

Effects of semaglutide 
on aorta of non-DM 

atheroscleoris rat 
model. 

SUVmax and TBRmax. 
Autoradiography and 

histology. 

PET/CT before and after 16-weeks of intervention 
with DOTATATE, FDG and Naf for imaging of 

activated macrophages, cellular metabolism and 
micro-calcifications, respectively. Significant re-

ductions in uptake of DOTATATE and FDG in the 
semaglutide vs. placebo group, but similar NaF 
uptake in the two groups. Conclusion: Semag-
lutide reduces atherosclerotic inflammation by 

means of decreased activated macrophage activ-
ity. 

Bessueille et 
al. Jan 2023 

[49] 
See next cell. 

4 cohorts of ApoE-deficient 
mice, from 10 weeks on high 

fat diet. First 2 cohorts used to 
characterize the abdominal 

NaF Aorta 
Effect of TNAP inhib-
itor SBI-425 in ApoE-
deficient mice, biocol-

NaF-µPET measuring 
SUVR using whole body 

SUV as reference. 

Plaque calcification imaged in vivo with NaF-
PET/CT, ex vivo with osteosense, and in vitro 

with alizarin red. TNAP activation preceded and 
predicted calcification in human and mouse 

Complicated, well con-
ducted extensive study ap-
plying multiple in vivo and 

ex vivo methodologies. 
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First author, 
time  

(Ref. #) 
Site 

Patients, n (fe-
males) 

Age in years 
Mean±SD or 

range 

Material Tracer Arterial seg-
ment 

Purpose Quantification Circumstances/finding Comments

Lyon/Bron 
France; 

Achen, Ger-
many; CA, 

USA; Beirut, 
Lebanon. 

aorta before using 2 other co-
horts to study effects of SBI-425 

vs no SBI-425.  

lection of human ca-
rotid plaques and cul-
tured human VSMCs 
and in skeleton and 

liver. 

µCT for bone structure 
and NaF ROI. 

plaques. TNAP inhibition prevented calcification 
in human VSMCs and in the ApoE-deficient mice. 
TNAP inhibition reduced blood levels of choles-

terol and triglycerides, and protected from athero-
sclerosis, without impacting the skeletal architec-
ture. Metabolomics analysis of liver extracts iden-

tified phosphocholine as a substrate of liver 
TNAP, who's decreased dephosphorylation upon 
TNAP inhibition likely reduced the release of cho-
lesterol and triglycerides into the blood: Systemic 
inhibition of TNAP protects from atherosclerosis 

by ameliorating dyslipidemia, and preventing 
plaque calcification. 

CAD = coronary artery disease; CCS = Coronary calcium score; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; FDG = 18F-fluoro-
deoxyglucose; GLP-1 = glucagon-like-peptide-1; NaF = 18F-sodium fluoride; PCR = polymerase chain reaction; pts = patients; SUV = standardized uptake value; 
TBR = target-to-background ratio; TNAP = tissue nonspecific alkaline phosphatase; VSMC = vascular smooth muscle cell; Y = years. 
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