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Abstract

Background/Objectives—The purpose of the present study was to examine the relationship of 

the proton density fat fraction (PDFF), measured by magnetic resonance imaging (MRI), of 

supraclavicular and gluteal adipose tissue with subcutaneous and visceral adipose tissue (SAT and 

VAT) volumes, liver fat fraction and anthropometric obesity markers. The supraclavicular fossa 

was selected as a typical location where brown adipocytes might be present in humans and the 

gluteal region was selected as a typical location enclosing primarily white adipocytes.

Subjects/Methods—In this cross-sectional study, 61 adults (44 women, median age 29.3 years, 

range 21-68 years) underwent an MRI examination of the neck and the abdomen/pelvis (3T, 

Ingenia, Philips Healthcare). PDFF maps of the supraclavicular and gluteal adipose tissue and the 

liver were generated. Volumes of SAT and VAT were calculated and supraclavicular and 

subcutaneous fat were segmented using custom-built post-processing algorithms. Body mass index 

(BMI), waist circumference and waist-to-height-ratio were recorded. Statistical analysis was 

conducted using the Student`s t test and Pearson correlation analysis.

Results—Mean supraclavicular PDFF was 75.3 ± 4.7 % (range 65.4-83.8 %) and mean gluteal 

PDFF was 89.7 ± 2.9 % (range 82.2-94 %), resulting in a significant difference (p < 0.0001). 
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Supraclavicular PDFF was positively correlated with VAT (r=0.76, p<0.0001), SAT (r=0.73, 

p<0.0001), liver PDFF (r=0.42, p=0.0008) and all measured anthropometric obesity markers. 

Gluteal subcutaneous PDFF also correlated with VAT (r=0.59, p<0.0001), SAT (r=0.63, 

p<0.0001), liver PDFF (r=0.3, p=0.02) and anthropometric obesity markers.

Conclusions—The positive correlations between adipose tissue PDFF and imaging as well as 

anthropometric obesity markers suggest that adipose tissue PDFF might be useful as a biomarker 

for improving the characterization of the obese phenotype, for risk stratification and for selection 

of appropriate treatment strategies.
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Introduction

Obesity is linked to various metabolic disturbances and cardiovascular risk factors. This 

chronic disease represents a leading cause for multi-morbidity and mortality worldwide. 

There is an urgent need for successful prevention and treatment options based on better 

phenotyping and risk stratification. The risk implications of obesity are strongly linked to 

anatomical and functional parameters of adipose tissue (1).

Adipose tissue can be classified based on its histological and functional properties as white, 

brown or beige (brown-in-white). White adipose tissue (WAT) stores excess energy and 

possesses several endocrine functions for an extensive inter-organ cross-talk (1). Brown 

adipose tissue (BAT) is a part of the adipose organ oxidizing glucose and fatty acids via non-

shivering thermogenesis for maintenance of body temperature (2–4). BAT can be mostly 

found in supraclavicular and cervical as well as paravertebral depots in humans, whereas 

more anatomic sites (e.g., perirenal, mediastinal) have been described to enclose BAT in 

postmortem studies (5). BAT is an extensively vascularized adipose tissue with large 

amounts of iron-containing mitochondria, expressing uncoupling protein 1 (UCP-1), a 

protein uncoupling oxidative phosphorylation from ATP production, thereby releasing 

energy as heat (2, 3). It is metabolically active mainly throughout early childhood, but it can 

also be found in adults (5, 6). Recent studies were able to identify a third type of adipose 

tissue, the “beige” or “brite” phenotype. These studies also suggest that within WAT depots, 

“browning” can be induced (3). Presumably, beige fat cells are from the same developmental 

lineage as white adipocytes, while their cell morphology and UCP1-expression resembles 

those of classical brown adipocytes (3, 7).

Adipose tissue can be further classified based on fat imaging techniques (8). Subcutaneous 

adipose tissue (SAT) is defined as the layer between the dermis and the aponeuroses and 

fasciae of the muscles, including mammary adipose tissue. Visceral adipose tissue (VAT) is 

defined as fat depot within the abdomen, pelvis and within the chest. In the present study, 

VAT is equivalent to intra-abdominopelvic adipose tissue, according to the classification 

proposed by Shen et al. (8). Magnetic resonance imaging (MRI)-based phenotyping and 

quantification of different fat depots has been suggested as a method to improve risk 
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stratification in persons with obesity and diabetes (9). MRI has been extensively used to 

quantify the volumes of SAT and VAT (10–12).

An inverse association between the presence of metabolically active BAT and body mass 

index (BMI) as a measure of body fat mass has been repeatedly shown. For instance lean 

individuals have more metabolically active BAT than obese subjects (2, 6, 13–15). Studies 

have also demonstrated an inverse relationship between the presence of metabolically active 

BAT and visceral fat or WAT in general (15–18). Furthermore, visceral fat was shown to be a 

central component of the metabolic syndrome and to be closely linked to insulin resistance 

and consecutive hyperinsulinemia (19–23). Likewise to visceral obesity, BAT was also 

reported to be inversely related to metabolic risk (13, 17, 24, 25).

At present, Positron Emission Tomography - Computed Tomography (PET/CT) is used as 

method of choice to demonstrate the presence or absence of functional BAT (13, 15, 26, 27). 

A main aspect of the PET-based detection of BAT is the dependency of the PET signal on 

the metabolic activity of adipose tissue, which can be affected by various external factors 

like outdoor temperature (28, 29).

MRI is a method recently suggested to allow identification of BAT even when not active, 

without using ionizing radiation (30–33). The most frequently used MRI methods to study 

human BAT are chemical shift-encoding based fat quantification techniques (34, 35). After 

consideration of multiple confounding factors, chemical shift encoding-based fat 

quantification techniques measure the proton density fat fraction (PDFF), which is defined 

as the proportion of mobile proton density in fat tissue attributable to fat (36). PDFF 

mapping has recently enabled spatially-resolved fat quantification in multiple organs, and 

liver PDFF has been emerging as a metabolic phenotyping parameter (37, 38). However, 

little is known how the PDFF of adipose tissue relates to other fat depots and anthropometric 

parameters (39, 40).

Therefore, the purpose of the present study was to investigate the relationship of the PDFF 

of supraclavicular and gluteal adipose tissue with SAT and VAT volumes, liver fat fraction 

and anthropometric obesity markers. The supraclavicular fossa was selected as a typical 

location where brown adipocytes might be present in humans and the gluteal region was 

selected as a typical location enclosing primarily white adipocytes.

Subjects and Methods

Subjects

61 subjects (44 women and 17 men) were recruited at the Institute for Nutritional Medicine, 

Klinikum rechts der Isar, Technical University of Munich. The subjects had a broad range of 

BMI (17.4-39.1 kg/m2). Median age was 29.3 years (range, 21-68). The study protocol was 

approved by the ethical committee of the Faculty of Medicine of the Technical University of 

Munich, Germany. Written informed consent was obtained from all subjects prior to 

phenotyping. Exclusion criteria were severe diseases, pregnancy or lactation, and standard 

contraindications for MRI examinations.
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MRI measurements

Subjects underwent a MRI of the neck and the abdomen/pelvis on a 3T Philips scanner 

(Ingenia; Philips Healthcare, Best, Netherlands) using a head-neck-coil and a combination of 

anterior and posterior coil arrays, respectively. Scans were performed at ambient temperature 

in an air-conditioning-controlled scanner room (21°C) after some acclimatization time, 

while the study was explained and informed consent was collected.

Supraclavicular and pelvic PDFF mapping—In order to measure the supraclavicular 

PDFF, MR imaging localizer sequences were first acquired to determine the location of 

supraclavicular fat pockets. Second, a T1-weighted coronal turbo-spin-echo sequence was 

acquired for detailed anatomic imaging of the neck. Third, a six-echo multi-echo 3D spoiled 

gradient echo (six-echo Dixon) sequence was performed axially on the supraclavicular 

region including the fat pockets. In order to measure gluteal subcutaneous PDFF, localizer 

sequences were acquired on the abdomen and pelvis, and a six-echo Dixon sequence was 

performed axially on the posterior side of the upper pelvic region with sequence parameters 

listed in Table S1. Liver PDFF was measured with a six-echo Dixon sequence axially 

covering the entire liver in a single breath-hold with sequence parameters listed in Table S1.

All six-echo Dixon sequences used bipolar readout gradients. A small flip angle was 

employed to minimize T1 bias effects (41, 42). PDFF maps were generated online using a 

complex-based water-fat separation algorithm, accounting for known confounding factors 

including phase error correction, a single T2* correction and the consideration of the 

spectral complexity of fat using the multi-peak fat spectrum model of Ren et al. (43). The 

multi-peak fat spectrum included fat peaks at spectral locations 0.9 ppm, 1.3 ppm, 1.59 ppm, 

2.03 ppm, 2.25 ppm, 2.77 pm and 5.31 ppm, with relative peak amplitudes 62.5 %, 8.5 %, 

7.1%, 9.5 %, 6.6 % and 1.6% and 4.2 %, respectively.

SAT/VAT volume measurements—In order to determine the volumes of SAT and VAT, 

two stacks of axial two-echo Dixon 3D spoiled gradient echo images were acquired for 

covering the abdomen and the pelvis (border of the upper stack starting at the liver dome). 

The acquisition time for each two-echo Dixon sequence was 10.6 seconds and each scan was 

performed in a single breath-hold (sequence parameters listed in Table S1). Water and fat 

images were separated online on the scanner using the mDixon algorithm (44).

Imaging data analysis

SAT/VAT segmentation—A custom-built post-processing algorithm was used for 

automatic classification of the different abdominal tissue compartments based on the water-

separated and fat-separated images from the two-echo Dixon scan, which has been described 

extensively in earlier studies (45, 46). SAT, VAT, and non-adipose tissue (water) volumes 

were determined by summing the segmented regions from the liver dome down to the center 

of the femoral head. Non-VAT depots (e.g., intermuscular, around spine) were excluded 

manually slice by slice. In order to account for different body heights, VAT and SAT 

volumes were standardized by height, resulting in values of ml/cm.

Franz et al. Page 4

Int J Obes (Lond). Author manuscript; available in PMC 2018 February 14.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



PDFF analysis—For the segmentation of the fat depot in the supraclavicular fossa on the 

PDFF-maps, an in-house semi-automatic segmentation tool was implemented in Matlab 

(MathWorks, Natick, MA, USA). The location of the fat depot was defined by one observer 

by drawing a region of interest (ROI) in one transverse and one coronal slice with inclusion 

of the entire supraclavicular fossa (fat depot and surrounding tissue) without including any 

subcutaneous fat. The ROIs were thus confined to the region between the clavicle (inferior 

border), the trapezius muscle (posterior/lateral border) and the sternocleidomastoid muscle 

(lateral/anterior border). Voxels with low PDFF values (below 50%) and low T2* values 

(below 10 ms) were excluded. The threshold of PDFF below 50% was selected empirically 

in order to exclude muscle regions and the threshold of T2* below 10 ms was selected to 

exclude regions of trabecularized yellow bone marrow. Smaller isles of connected voxels 

were excluded, the resulting mask was smoothed and small holes were filled. The above 

process was performed in order to create a homogenous mask for the supraclavicular fat 

depot with exclusion of the big vessels, lymph nodes, bone and muscle, resulting in a three-

dimensional ROI of the fat depot (Figure S1). The above semi-automatic segmentation 

process was performed bilaterally. Average PDFF-values of each ROI (in %) were recorded 

and the average value of both sides was calculated. A similar procedure was performed on 

the gluteal fat pad posterior of the iliac bone bilaterally, delineating the subcutaneous fat 

deep to the Scarpa´s fascial layer, excluding gluteal muscles, cutis and vessels.

Liver PDFF was determined by placing three elliptic ROIs into liver segment 6, on the 

border 6/7 and in segment 7. Mean values of liver PDFF were calculated by averaging the 

PDFF values in the above three ROIs.

Anthropometric parameter measurements

Waist circumference (WC) was measured as the perimeter midway between the lowest rib 

margin and the iliac crest on the axial two-echo Dixon water-only images of the abdomen 

and pelvis, which all were acquired during exhalation. Waist-to-height (WHTR) ratio was 

then calculated as a ratio of WC (in cm) and height (in cm), whereas height was measured at 

the nearest 0.5 cm according to standardized operating procedures (SECA, Hamburg, 

Germany). Weight data are self-reported. BMI was calculated as weight (in kg) divided by 

height squared (in m2).

Statistical analysis

Data are expressed as mean ± standard deviation (SD) (with range in parentheses) for 

normally distributed data, if not otherwise denoted. An unpaired Student´s t test was used to 

compare the PDFF in the supraclavicular and gluteal adipose tissue. Pearson’s correlation 

analyses were used for normally distributed data. In case the data showed log-normal 

distributions, logarithmic transformation was performed. Partial correlation analyses were 

adjusted for age and sex. Statistical analysis was performed using MedCalc Statistical 

Software (version 16.4.3; MedCalc Software bvba, Ostend, Belgium; https://

www.medcalc.org; 2016). A two-sided p-value <0.05 was considered statistically significant 

and no correction was made for multiple testing due to the explorative character of the study.
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To further investigate the effect of age, two age groups were defined according to group size. 

One group included the subjects with an age younger than 30 years (n=31) and the other 

group subjects equal to or older than 30 years (n=30). Fisher z-transformation was used for 

comparing the correlation coefficients.

Results

In total, 61 adults were included in the analysis. Patient characteristics are summarized in 

Table 1. Standardized volumes of VAT and SAT showed a median of 5.4 ml/cm (range 

1.6-39) and 37 ml/cm (range 19.0-143.1), respectively. Median WC was 82 cm (range, 

72-119) and median WHTR was 0.49 (range 0.42-0.76). Figure 1 shows representative SAT 

and VAT color-coded mask, supraclavicular fat PDFF maps and gluteal fat PDFF maps in a 

female subject with a low BMI (17.4 kg/m2, age = 39 years) and in another female subject 

with a high BMI (38.1 kg/m2, age = 48 years). The subject with obesity is characterized by 

larger SAT and VAT volumes and higher PDFF values in both the supraclavicular and gluteal 

fat.

When comparing PDFF in the deep supraclavicular fat pocket to PDFF of the subcutaneous 

gluteal fat, the mean value was 75.3 ± 4.7 % (65.4-83.8) in the supraclavicular fat and 89.7 

± 2.9 % (82.2-94.1) in the subcutaneous gluteal fat, respectively. These values resulted in a 

significant difference in PDFF between the two fat depots (p<0.0001).

The supraclavicular PDFF was positively correlated with the standardized volumes of both 

VAT (r=0.76, p<0.0001) and SAT (r=0.73, p<0.0001). When adjusted for age and sex, with 

age being significantly correlated to all parameters, there was still a strong correlation 

between the supraclavicular PDFF and the standardized volume of VAT (r=0.73, p<0.0001) 

and the standardized volume of SAT (r=0.69, p<0.0001), respectively. PDFF in the gluteal 

subcutaneous fat also showed a strong correlation with VAT volume (r=0.59, p<0.0001; 

when adjusted for age and sex r=0.70, p<0.0001) as well as with abdominal SAT volume 

(r=0.63, p<0.0001; when adjusted for age and sex r=0.60, p<0.0001). Correlation analysis of 

the mean liver PDFF with the supraclavicular PDFF showed a positive correlation of r=0.42 

(p=0.0008). The correlation remained statistically significant (r=0.32, p=0.01) after 

adjustment for age and sex. Gluteal PDFF also showed a correlation with liver PDFF, but 

less strong compared to supraclavicular PDFF (r=0.3, p=0.02, adjusted for age and sex 

r=0.29, p=0.02) (Table 2, Figure 2).

PDFF values of both the supraclavicular and gluteal fat were associated with the 

anthropometric parameters BMI, WC, and WHTR. PDFF of both regions showed significant 

correlations with the anthropometric parameters also after adjustment for age and sex (Table 

3).

When dividing the subjects into two age groups a tendency to stronger associations of all 

parameters could be observed in the older age group (≥ 30 years). Differences between the 

two age groups were significant for the correlations between supraclavicular PDFF and BMI 

(p=0.009) and between PDFF and WC (p=0.008) (Table 3). Scatter plots for the older age 

group are shown in Figure S2.
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A multiple regression analysis of supraclavicular PDFF and gluteal PDFF against the 

anthropometric metrics and imaging makers (VAT, SAT, liver PDFF) was performed to 

investigate the potential drivers. Results are shown in Table S2.

Discussion

The present study shows a significant evidence of a difference between the PDFF in the 

supraclavicular and gluteal fat depots, pointing towards a difference in cellular 

characteristics between the two locations. Furthermore, PDFF of the analyzed adipose tissue 

depots was closely correlated to both MR-based and anthropometric markers of obesity and 

the liver fat fraction.

The recent re-discovery of the presence of BAT in adults has incited interest to search for 

innocuous methods to detect BAT and to learn more about the presence and function of BAT, 

as animal studies have suggested a role of BAT in metabolic health, particularly in the 

context of obesity and type 2 diabetes.

The results of the present study showing a PDFF in supraclavicular adipose tissue of 75.3 

± 4.7 % and in subcutaneous gluteal adipose tissue of 89.7 ± 2.9 % are in line with results 

from recent studies, revealing a significant evidence for a difference between deep 

supraclavicular and subcutaneous adipose tissue (31, 34, 40, 47, 48). The lower PDFF in the 

supraclavicular region may indicate a lower fat content. It is plausible to speculate that the 

presence of brown and beige fat cells may be responsible for this difference (30). The 

supraclavicular fat depot is the most prominent region in humans, for which PET/CT scans 

have detected activated BAT (2, 49). The detection of BAT in individual adults varies largely 

and ranges from 20 to 96 % depending on age, BMI and methodological approach (6, 50). 

Brown and beige fat cells are known to have lower lipid content and more mitochondria 

providing a plausible explanation for the difference in PDFF. However, there are other 

potential reasons for this difference such as white fat cell size, vascularization and 

contamination by other cell types including immune cells (51). The values reported for 

supraclavicular PDFF lie between the ranges of MRI-based fat fraction values previously 

found in neonates and children and those found in the elderly (35, 39, 47). The underlying 

hypothesis is that the amount of BAT decreases with ageing, and the supraclavicular fat 

compartment more and more resembles a white-fat compartment like the subcutaneous 

compartment (28).

Furthermore, our analyses revealed a positive association between the supraclavicular PDFF 

and several anthropometric obesity markers (BMI, WC, WHTR) as well as liver fat fraction 

and volumes of SAT and VAT. If the supraclavicular fat depot is considered as a depot 

containing largely brown fat cells this finding is in line with data from PET/CT studies 

which have shown lower BMI being associated with more activated BAT (13, 28). Several 

studies also found correlations between the presence of metabolically active BAT using 

PET/CT and the amount of visceral fat and subcutaneous fat with a higher prevalence of 

metabolically active BAT in subjects with lower amounts of SAT and VAT (15–18, 25, 27).
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Recent studies measuring BAT triglyceride content determined by single-voxel proton 

magnetic resonance spectroscopy found a positive correlation with BMI and WC as well as 

subcutaneous and visceral fat masses (52, 53). Another recent study revealed a correlation 

between MRI-determined BAT characteristics in supraclavicular adipose tissue and 

metabolic and obesity markers, showing lower triglyceride levels, lower WC and absence of 

metabolic syndrome and type 2 diabetes in subjects with BAT presence, as measured by a 

higher MRI-fat fraction difference between supraclavicular and subcutaneous adipose tissue 

(39). A tempting explanation is that with growing BMI brown adipocytes are to some extent 

replaced by white adipocytes reflecting a kind of “whitening” in this specific fat depot, a 

process resulting from vascular rarefaction and dysfunction (54). A definite answer would 

require a histological and functional analysis using adipose tissue biopsies.

Regarding the correlation of supraclavicular PDFF with liver PDFF, Bartelt et al. showed the 

influence of metabolically active BAT on triglyceride clearance in mice, with cold exposure 

shifting the clearance of lipo-proteins from liver to BAT (55). This is potentially in line with 

the results of the present study with liver PDFF being positively correlated with 

supraclavicular PDFF, i.e. supposedly less supraclavicular BAT, reflected by a higher PDFF, 

being correlated with higher liver fat values. It has to be noted that no association between 

subcutaneous PDFF and liver fat was found suggesting that expansion of this specific fat 

depot is not linked to an unhealthy metabolic phenotype. It has to be further studied whether 

there is an influence of metabolically active BAT on triglyceride clearance in humans.

In subjects older than 30 years, the associations found in the present study were even 

stronger than in subjects in their 20s. Yoneshiro et al. showed that adiposity-related 

parameters (e.g., visceral fat area, BMI) increased with age in subjects without active BAT, 

while they remained unchanged in subjects with active BAT. This might suggest a protective 

role of BAT against the aging-related accumulation of body fat (26).

The present study also revealed positive correlations of PDFF in gluteal subcutaneous fat, 

thus WAT, with BMI, WC and WHTR as well as volumes of SAT and VAT and liver fat. 

Those correlations may be simply explained by fat cell hypertrophy which is a characteristic 

feature of weight gain which may result in a proportional increase in the overall fat content 

(56). However, Yang et al. could not find a correlation between adipocyte cell size and 

chemical-shift measured fat fraction (57). Nevertheless, PDFF of a tissue may be influenced 

by its vascularity, as adipocyte hypertrophy is known to be related to a rarefaction of 

capillaries and reduction of angiogenic potential (58). Irrespective of the underlying 

mechanisms, these associations are also consistent with previous findings relating CT-based 

SAT attenuation to obesity markers, revealing a correlation of lower CT-attenuation (i.e., 

higher fat content) of adipose tissue with higher BMI, WC, incidence of cardiovascular 

disease and a profile of biomarkers suggestive of greater metabolic risk (59–62).

Limitations

The present study has some limitations. First, histology was not used as a gold standard 

diagnostic tool in differentiating WAT from BAT. Without adipose tissue biopsy samples, it 

is not possible to ultimately substantiate the presence of BAT as well as the cellular 

characteristics of the depots under investigation. Second, when performing PDFF 
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measurements with MRI, partial volume effects have to be taken into account. PDFF cannot 

differentiate between intracellular water content and non-lipid tissue portions (e.g., from 

vessels) within a voxel. The isotropic voxel size in our study was 1.5 mm large in each 

dimension, thus partial volume effects from very small vessels and adjacent muscles cannot 

be excluded. Furthermore, PDFF cannot discriminate between a cluster of brown adipocytes 

and mixed clusters of white and brown adipocytes, giving only average values of volumes of 

interest. For calculation of the BMI, self-reported weight data was used, which may have led 

to minor inaccuracies. Finally, single-voxel MR spectroscopy was not performed to verify 

the reported PDFF differences in gluteal fat.

In conclusion, this study shows a significant difference between supraclavicular and 

subcutaneous PDFF, pointing towards BAT being present in the supraclavicular fat depot in 

adults. Furthermore, PDFF values of the two analyzed adipose tissue depots are correlated to 

both MR-based and anthropometric markers of obesity. The correlation of supraclavicular 

PDFF with obesity markers is in line with the assumed relationship between BAT and 

obesity. The correlation of the subcutaneous PDFF with obesity markers is consistent with 

previous findings relating CT-based SAT attenuation to obesity markers. Consequently, the 

present findings suggest that adipose tissue PDFF can not only identify the presence of BAT 

in the supraclavicular adipose tissue, but might also be used as biomarker in SAT for 

improving the characterization of the obese phenotype, for risk stratification and for 

selection of appropriate treatment and lifestyle interventions in the future.
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Figure 1. 
Comparison of different fat depots in a low BMI female subject (first row, BMI: 17.4 kg/m2, 

age = 39 years) and a high BMI female subject (second row, BMI: 38.1 kg/m2, age = 48 

years). The high BMI subject has higher SAT volume and higher VAT volume (color-coded 

masking using red for SAT, yellow for VAT, blue for non-adipose tissue and cyan for air on 

first column), higher supraclavicular PDFF (full-axial and zoomed PDFF maps on second 

and third columns) and higher gluteal PDFF (gluteal PDFF maps on fourth column) than the 

low BMI subject. PDFF: proton density fat fraction, BMI: body mass index, SAT: 

subcutaneous adipose tissue, VAT: visceral adipose tissue.
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Figure 2. 
Correlation analysis plots. A): Scatter plot of the correlation analysis of PDFF 

supraclavicular and VAT (r=0.76, p<0.0001). B): Scatter plot of the correlation analysis of 

PDFF gluteal and VAT (r=0.59, p<0.0001). C): Scatter plot of the correlation analysis of 

PDFF supraclavicular and SAT (r=0.73, p<0.0001). D): Scatter plot of the correlation 

analysis of PDFF gluteal and SAT (r=0.63, p<0.0001). E): Scatter plot of the correlation 

analysis of PDFF supraclavicular and PDFF liver (r=0.42, p=0.0008). F): Scatter plot of the 
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correlation analysis of PDFF gluteal and PDFF liver (r=0.30, p=0.02). PDFF: proton density 

fat fraction, SAT: subcutaneous adipose tissue, VAT: visceral adipose tissue.
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Table 1

Characteristics of the study population. PDFF: proton density fat fraction, BMI: body mass index, SAT: 

subcutaneous adipose tissue, VAT: visceral adipose tissue, SD: standard deviation.

(n=61)

Female (%) 44 (72)

Normally distributed Mean (SD, range)

Weight, kg 72.3 (15.0, 52-106)

Height, cm 171.4 (9.4, 152.9-195.0)

PDFF supraclavicular, % 75.3 (4.7, 65.4-83.8)

PDFF subcutaneous gluteal, % 89.7 (2.9, 82.2-94.1)

Not normally distributed Median (range)

Age, y 29.3 (21-68)

BMI, kg/m2 23.6 (17.4-39.1)

SAT volume (normalized to height), ml/cm 37.0 (19.0-143.1)

VAT volume (normalized to height), ml/cm 5.4 (1.6-39)

Waist circumference, cm 82.0 (72-119)

Waist-to-height-ratio 0.49 (0.42-0.76)

PDFF liver, % 3.5 (1.3-27)
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Table 2

Correlations of supraclavicular and gluteal PDFF with volumes of VAT and SAT as well as with liver PDFF 

(n=61), adjusted for age and sex and divided into age groups <30 years (n=31) and ≥30 years (n=30). PDFF: 

proton density fat fraction, SAT: subcutaneous adipose tissue, VAT: visceral adipose tissue.

Parameter Age group Supraclavicular PDFF (%) Gluteal PDFF (%)

VAT volume (ml/cm) All r=0.76 p<0.0001 r=0.59 p<0.0001

Adjusted* r=0.73 p<0.0001 r=0.70 p<0.0001

<30 years r=0.52 p=0.003 r=0.65 p=0.0001

≥30 years r=0.82 p<0.0001 r=0.66 p=0.0001

SAT volume (ml/cm) All r=0.73 p<0.0001 r=0.63 p<0.0001

Adjusted* r=0.69 p<0.0001 r=0.60 p<0.0001

<30 years r=0.57 p=0.0008 r=0.54 p=0.002

≥30 years r=0.79 p<0.0001 r=0.75 p<0.0001

Liver PDFF (%) All r=0.42 p=0.0008 r=0.30 p=0.02

Adjusted* r=0.32 p=0.01 r=0.29 p=0.02

<30 years r=0.11 p=0.53 r=0.15 p=0.42

≥30 years r=0.47 p=0.009 r=0.41 p=0.02

*
Adjusted for age and sex.
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Table 3

Correlations of supraclavicular and gluteal PDFF with anthropometric parameters (n=61), adjusted for age and 

sex and divided into age groups <30 years (n=31) and ≥30 years (n=30). PDFF: proton density fat fraction, 

BMI: body mass index.

Parameter Age group Supraclavicular PDFF (%) Gluteal PDFF (%)

BMI (kg/m2)

All r=0.71 p<0.0001 r=0.47 p=0.0002

Adjusted* r=0.64 p<0.0001 r=0.48 p=0.0001

<30 years r=0.45 p=0.01† r=0.36 p=0.05

≥30 years r=0.81 p<0.0001† r=0.58 p=0.0007

Waist circumference (cm) All r=0.70 p<0.0001 r=0.45 p=0.0003

Adjusted* r=0.67 p<0.0001 r=0.54 p<0.0001

<30 years r=0.40 p=0.02† r=0.43 p=0.02

≥30 years r=0.79 p<0.0001† r=0.53 p=0.003

Waist-to-height ratio All r=0.72 p<0.0001 r=0.52 p<0.0001

Adjusted* r=0.65 p<0.0001 r=0.54 p<0.0001

<30 years r=0.53 p=0.002 r=0.47 p=0.007

≥30 years r=0.75 p<0.0001 r=0.63 p=0.0002

*
Adjusted for age and sex.

†
Significant difference between age groups (p<0.05), according to Fisher z-transformation.
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