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Abstract: Objective: Triglycerides (TG) to high density lipoprotein (HDL) ratio has been proposed as a marker of 
insulin resistance and atherosclerosis. We hypothesize that TG/HDL ratio correlates positively with global cardiac 
microcalcification as assessed by NaF-PET/CT as a surrogate marker for coronary atherosclerosis in healthy non-dia-
betic individuals. Method: We identified 68 healthy, non-diabetic individuals (age 41.7 ± 13.5 years; 35/33 female/
male) from the CAMONA trial. All underwent PET/CT imaging 90 minutes after NaF injection (2.2 Mbq/Kg). Global 
cardiac average SUVmean (aSUVmean) was calculated by a trained physician for each individual. Fasting plasma 
lipid profile (total cholesterol (TC), low-density lipoprotein (LDL), HDL, and TG) and fasting plasma glucose were re-
corded. TG/HDL ratio was calculated for every individual. Univariate and multivariate linear regression models were 
used to assess the association between TG/HDL ratio and global cardiac aSUVmean. Result: On univariate analysis, 
there was a positive linear association of TG/HDL ratio and global cardiac aSUVmean (r=0.244, B=0.047, P=0.045). 
On multivariate analysis adjusted for age, gender, systolic blood pressure, diastolic blood pressure, smoking status, 
total cholesterol, low-density lipoprotein, and fasting plasma glucose, TG/HDL ratio was found to be independently 
associated with global cardiac aSUVmean (B=0.060, 95% CI: 0.007-0.114, P=0.027). Conclusion: There was a 
positive correlation between TG/HDL ratio with global cardiac microcalcification assessed by NaF-PET/CT imaging.
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Introduction

Coronary artery disease is a major cause of 
morbidity and mortality globally and dyslipid-
emia is a modifiable risk factor [1]. The role of 
elevated low-density lipoprotein (LDL) choles-
terol in the development of atherosclerosis and 
cardiovascular disease is well recognized and 
is the primary target of preventive therapy [2]. 
LDL particles are heterogeneous in nature and 
vary in their size, density, composition, and ath-
erogenic potential. Amongst them, small, dense 
LDL (sdLDL) is a highly atherogenic particle that 
is associated with a significantly elevated risk 

for coronary artery disease [3-6]. However, their 
level is not routinely measured despite its 
strong association with cardiovascular disease. 
Triglyceride (TG) to high-density lipoprotein 
(HDL) ratio has been proposed as a surrogate 
lipid marker for sdLDL [7]. Also, TG/HDL ratio 
has been reported as a marker of insulin resis-
tance [8]. Thus TG/HDL ratio represents as 
easy to measure parameter to identify individu-
als with an increased cardio-metabolic risk.

The association of TG/HLD ratio and the burden 
of coronary atherosclerosis in asymptomatic 
non-diabetic individuals has not been studied. 
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18F-Sodium Fluoride PET is a novel non-inva-
sive imaging technique that has been used to 
visualize atherosclerosis. 18F-Sodium Fluoride 
selectively deposits in microcalcifications and 
can identify early stage atherosclerotic lesions 
even before it’s detected on CT imaging [9]. In 
this study, we aimed to examine the correlation 
of TG/HDL ratio and the extent of subclinical 
coronary atherosclerosis in non-diabetic indi-
viduals using 18F-Sodium Fluoride PET/CT, 
hypothesizing that an increasing TG/HDL ratio 
correlates positively with increasing global 
uptake of this radiotracer.

Methods

This study was conducted in a subset of asymp-
tomatic subjects from the prospective study 
known as “Cardiovascular Molecular Calcifica- 
tion Assessed by 18F-FDG PET/CT (CAMONA)” 
in Odense, Denmark. The CAMONA study was 
approved by the Danish National Committee on 
Biomedical Research Ethics as well as regis-
tered at ClinicalTrials.gov (NCT01724749) [10]. 
The study was undertaken in concordance with 
the Declaration of Helsinki and all subjects pro-
vided written informed consent. The subjects in 
this population were excluded based on the 
presence of malignancy, immunodeficiency syn- 
drome, autoimmune disease, pregnancy, sar-
coidosis, amyloidosis, endocarditis, symptoms 
suggestive of cardiovascular disease such as 
syncope, chest pain, and shortness of breath, 
as well as use of prescription medications. 

In this cohort, we analyzed 68 asymptomatic 
community-dwelling non-diabetic individuals 
from the CAMONA trial. Fasting plasma lipid 
profile (Total cholesterol, High-density lipopro-
tein, Low-density lipoprotein, and Triglyceride) 
and fasting plasma glucose were measured. 

TG/HDL ratio was measured for each individual 
by dividing fasting triglyceride by high-density 
lipoprotein level.

Quantitative image analysis

All subjects in the study cohort underwent NaF 
PET/CT imaging with an established and uni-
form protocol (GE Discovery STE, VCT, RX, and 
690/710). Patients were made to observe an 
overnight fast of 6 hours and a blood glucose 
measurement ensuring a concentration below 
8 mmol/L. These individuals underwent PET/ 
CT imaging 90 minutes after the injection of 
NaF (2.2 Mbq/Kg). These images were pro-
duced using one of several PET/CT systems (GE 
Discovery STE, VCT, RX, and 690/710). PET 
images were corrected for scanner dead time, 
attenuation, scatter, and random coincidences. 
CT imaging (140 kV, 30-110 mA, noise index 
25, 0.8 seconds per rotation, slice thickness 
3.75 mm) was done to account for attenuation 
correction and anatomic referencing with PET 
scans. 

The analysis was performed on axial images 
using OsiriX MD software. The global cardiac 
uptake of NaF uptake (Global cardiac aSU-
Vmean) was measured by a trained physician 
using a DICOM viewer (Osirix MD Software; 
Pixmeo, SARL, Bernex, Switzerland) to generate 
regions of interest (ROI) (Figure 1). It was done 
by manually defining regions of interest on each 
axial slice excluding the cardiac valves, aortic 
wall, and nearby skeletal structures. The appli-
cation to utilize the global assessment method 
to investigate atherosclerotic microcalcification 
in the coronary arteries with Na-F has been 
established in previous studies [11-13]. For 
every ROI, which represents the volume of one 
cardiac slice, the NaF activity was determined 

Figure 1. Axial NaF-PET (A), CT (B), and fused NaF-PET/CT with region of interest (C) in a 62-year-old individual. The 
manually-delineated region of interest determined the global coronary artery NaF uptake and did not include uptake 
from the aortic valve, skeletal structures, and aortic wall.
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as the mean standardize uptake value. These 
values were then added and divided by the sum 
of the ROI-defined slice volumes to yield a glob-
al cardiac average mean standardize uptake 
value (aSUVmean) for each patient.  

Statistical analysis

The association between TG/HDL ratio to Glo- 
bal cardiac aSUVmean was determined. This 
was done using univariate and multivariate 
regression models adjusting for common ath-
erosclerotic risk factors (age, gender, systolic 
blood pressure, diastolic blood pressure, smok-
ing status, total cholesterol, low-density lipo-
protein, and fasting plasma glucose) were em- 
ployed to assess the association between TG/
HDL ratio and Global cardiac aSUVmean. A p 
value <0.05 was determined to be statistically 
significant. We used statistical software pack-
ages SPSS (Version 25.0, IBM) and STATA/MP 
16.1 (StataCorp, College Station, Texas 77845 
USA) for the statistical analysis. 

Results

Baseline characteristics

The mean (± SD) age in the cohort was 41.7 ± 
13.5 years, and included 35 females and 33 
males. The mean (± SD) TC, LDL, HDL, TG, fast-
ing plasma glucose and TG/HDL ratio in the 
cohort were 190 ± 33.5 mg/dl, 117.7 ± 31.3 
mg/dl, 56.4 ± 18.5 mg/dl, 91.7 ± 57.9 mg/dl, 
98.6 ± 8.7 mg/dl and 1.95 ± 1.91 respectively. 
In this cohort, mean (± SD) SBP was 126.8 ± 
14.6, DBP was 75.6 ± 9.4, and 25% were smok-

ers. The average Framingham risk score was 
less than 10% in the overall study population 
(Table 1).

Regression analysis

On univariate analysis, there was a positive lin-
ear association of TG/HDL ratio and global car-
diac aSUVmean (R=0.244, B=0.047, P=0.045) 
(Figure 2). On multivariate regression analysis 
after adjusting for age, gender, systolic blood 
pressure, diastolic blood pressure, smoking 
status, total cholesterol, low-density lipopro-
tein, and fasting plasma glucose, showed TG/
HDL ratio was independently associated with 
global cardiac aSUVmean (Table 2).

Discussion

Vascular calcification is one of the major hall-
marks in the paradigm for atherosclerosis 
pathogenesis. In the early stages of atheroscle-
rotic plaque progression deposition of calcium 
phosphate microcrystals occur within the 
necrotic core and surrounding extracellular 
matrix rich in collagen [9]. Molecular imaging 
with 18F-NaF PET/CT allows for this microcalci-
fication to be detected non-invasively, thus 
facilitating earlier identification of atherosclero-
sis much before its detection via macroscopic 
calcification on computed tomography or ulti-
mately through the clinical manifestation of the 
underlying disease, e.g. myocardial infarction 
[14]. Identification of factors associated with 
atherosclerosis is an important step in the pro-
cess of developing strategies to mitigate this 
disease. In this study, we utilized 18F-NaF PET/
CT for in-vivo detection of coronary atheroscle-
rosis and found an independent and positive 
correlation between global coronary NaF up- 
take with TG/HDL ratio in asymptomatic non-
diabetic individuals. To our knowledge, this is 
the first study examining the relationship bet- 
ween subclinical coronary atherosclerosis and 
TG/HDL ratio using 18F-NaF PET imaging 
technology.

Dyslipidemia, in particular elevated plasma 
LDL, is a very well-known risk factor and has 
been causally associated with coronary artery 
disease [15]. Prior studies have reported that a 
“high triglyceride and low HDL” or “elevated TG/
HDL ratio” state to be associated with coronary 
atherosclerosis [16-19]. This elevated risk is 
related to mechanisms involving a complex 

Table 1. Subject demographics
Characteristics Mean ± SD
Age 41.7 ± 13.5
Male (%) 48.5
Systolic blood pressure (mm Hg) 126.8 ± 14.6
Diastolic blood pressure (mm Hg) 75.6 ± 9.4
TG:HDL ratio (umol/L) 1.95 ± 1.91
Low density lipoprotein (mg/dl) 117.7 ± 31.3
Total cholesterol (mg/dl) 190 ± 33.5
Triglycerides (mg/dl) 91.7 ± 57.9
HDL cholesterol (mg/dl) 56.4 ± 18.5
Fasting plasma glucose (mg/dl) 98.6 ± 8.7
Smoking (%) 25
10-year Framingham Risk Score 4.95 ± 4.93
Note: HbA1c = Glycated hemoglobin. N=20.
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interplay between TG rich lipoprotein metabo-
lism and vascular inflammation. Elevation in TG 
rich VLDL (Very Low-Density Lipoprotein) con-
centrations results in the generation of sdLDL 
via hepatic lipase. Small dense LDL cholesterol 
has a longer plasma half-life due to decreased 
binding to LDL receptors on hepatocytes, is 
more readily oxidized, and can easily enter the 
vascular intima compared to larger LDL parti-
cles. Elevated TG rich VLDL levels also increase 
the catabolism of HDL, a key cardio-protective 
lipoprotein involved in reverse cholesterol 
transport. Besides, apo-CIII containing TG rich 
VLDL and free fatty acids released from lipoly-
sis of TG exhibit pro-inflammatory properties. A 
high TG/HDL ratio also represents a surrogate 
for an insulin-resistant state which further pro-
motes vascular inflammation, thus accelerating 
atherosclerosis [20].

Prior studies have reported an elevated TG/
HDL ratio correlated with the extent of coronary 

spective, cross-sectional, single-center study 
and included a relatively small sample size with 
all individuals belonging to a single race 
(Caucasian). This raises the possibility of selec-
tion bias and generalizability of the study find-
ings. Therefore future studies are needed to 
validate these findings with larger and racially 
diverse sample sizes. Second, the present 
study did not examine the relationship between 
the findings of 18F-NaF PET/CT and angio-
graphic data, either via coronary CT angiogram 
or invasive diagnostic coronary angiography, 
thus making it is difficult to assess the degree 
of coronary artery stenosis in individuals with 
high NaF uptake or elevated TG/HDL ratio. 
Third, due to the cross-sectional nature of the 
study design, we are not able to report the 
causal relationship between TG/HDL ratio and 
subclinical atherosclerosis, as well as, prospec-
tive clinical outcomes associated the findings 
such as cardiovascular death, myocardial 

Figure 2. Regression analysis of Global Cardiac aSUVmean and TG/HDL ra-
tio in asymptomatic non-diabetic individuals; R=0.244, P=0.045. 

Table 2. Multivariable linear regression
Variable Coefficient (B) 95% CI P-value
TG/HDL Ratio 0.060 0.007-0.114 0.027
Age 0.001 -0.003-0.004 0.588
Gender 0.035 -0.060-0.130 0.459
Total Cholesterol 0.025 -0.089-0.139 0.660
LDL Cholesterol -0.023 -0.142-0.095 0.649
Average Systolic BP -0.001 -0.005-0.003 0.625
Average Diastolic BP 0.001 -0.005-0.007 0.739
Fasting Plasma Glucose 0.013 -0.079-0.105 0.775
Smoking -0.082 -0.177-0.014 0.092

artery disease in high-risk 
patient populations undergo-
ing invasive coronary angiog-
raphy [17-19]. In the study 
population analyzed by da Luz 
et al., nearly one third had dia-
betes mellitus and three quar-
ters had hypertension (blood 
pressure >140/90) [19]. Si- 
milar to prior studies, our find-
ings showed a greater burden 
of subclinical coronary athero-
sclerosis with increasing TG/
HDL ratios as evidenced by 
greater uptake of NaF. How- 
ever, our study population was 
significantly younger, had no 
diabetes or hypertension, and 
overall had a low risk for ad- 
verse cardiovascular outco- 
mes. We believe our novel 
findings would add valuable 
information to both imaging 
and atherosclerosis literature. 
More importantly, it under-
scores the need for further 
investigation into the role of 
non-traditional atherosclerotic 
risk factors and primary pre-
ventive strategies addressing 
subclinical atherosclerosis. 

Our study has several limita-
tions. First, this was a retro-
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infarction or angina allowing for the develop-
ment of risk stratifying tools.

Increasing TG/HDL ratios are associated with 
an increasing burden of global subclinical coro-
nary atherosclerosis in asymptomatic non-dia-
betic individuals as assessed by 18F NaF-PET/
CT. Because of adverse outcomes associated 
with subclinical coronary atherosclerosis, 
including death, earlier identification with NaF-
PET/CT and therapeutic interventions among 
individuals with elevated TG/HDL ratios could 
potentially save lives.  
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