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ABSTRACT
Understanding ethnic variations in body composition is crucial for assessing health risks. 
Universal models may not suit all ethnicities, and there is limited data on the Inuit population. 
This study aimed to compare body composition between Inuit and European adults using 
computed tomography (CT) scans and to investigate the influence of demographics on these 
measurements. A retrospective analysis was conducted on 50 adults (29 Inuit and 21 European) 
who underwent standard trauma CT scans. Measurements focused on skeletal muscle index (SMI), 
various fat indices, and densities at the third lumbar vertebra level, analyzed using the Wilcoxon- 
Mann-Whitney test and multiple linear regression. Inuit women showed larger fat tissue indices 
and lower muscle and fat densities than European women. Differences in men were less 
pronouncehd, with only Intramuscular fat density being lower among Inuit men. Regression 
indicated that SMI was higher among men, and skeletal muscle density decreased with Inuit 
ethnicity and age, while visceral fat index was positively associated with age. This study suggests 
ethnic differences in body composition measures particularly among women, and indicates the 
need for Inuit-specific body composition models. It higlights the importance of further research 
into Inuit-specific body composition measurements for better health risk assessment.
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Introduction

Body composition is strongly associated with overall 
health and well-being [1,2]. Its dynamic attributes are 
influenced by factors such as ageing, disease, or lifestyle 
[2,3], notably ethnicity and genetics [4–8]. Although stu
dies have investigated body composition among 
European, Asian, and African populations [1,9,10], leading 
to a comprehensive insight into their body composition 
dynamics [1,2,10], there remains a substantial gap in our 
understanding of the Inuit population. Indigenous to the 
Arctic region, the Inuit population traditionally had a way 
of life characterised by unique dietary patterns and envir
onmental factors until the 1950–1960s [11,12]. However, 
subsequent decades have seen a shift towards more 

sedentary occupations and the inclusion of imported 
foods, replacing the traditional diet [12]. Additionally, 
the Inuit population also possesses unique genetic varia
tions when compared to other ethnic populations, such as 
European, African, and Asian populations [7,13,14], along 
with distinct ethnic physiological traits, such as larger 
torso and shorter extremities [15–17]. Given the distinct 
genetic makeup, dietary patterns, and environmental 
influence of the Inuit population, it is plausible to expect 
variations in their body composition when compared to 
other ethnic groups such as Europeans.

Skeletal muscle and various fat deposits are highly 
influential in health and disease [1,2,18,19]. Skeletal 
muscle is pivotal for physical function, metabolic health, 
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and overall well-being [1,10]. Consequently, a decrease 
in skeletal muscle mass or excess fat infiltration is asso
ciated with adverse health outcomes, such as longer 
hospital stay, increased risk of complications, and even 
death [1,2,20]. Different fat deposits, such as subcuta
neous, visceral, and inter-/intramuscular fat deposits, 
have distinct metabolic implications. Visceral fat is asso
ciated with a higher risk of cardiovascular disease, dia
betes, and metabolic syndrome, but the risk differs 
across ethnicity [6,7], making it a key focus in health 
research. Subcutaneous fat is less metabolically active 
than visceral fat; however, it still plays a role in overall 
health, insulation, and energy storage [21].

Various methods have been employed to assess 
body composition, including anthropometric measure
ments and imaging tools [22]. In recent decades, quan
titative imaging tools such as computerised 
tomography (CT), have gained prominence, becoming 
essential for diagnostics and clinical evaluations [23,24]. 
This increase is not merely due to technological 
advancements but also because of the inherent advan
tages of CT over other methods [3,19]. Specifically, CT 
provides high-precision, detailed cross-sectional and 3D 
images and the ability to differentiate between tissue 
types [3,25]. As a result, CT scans contain invaluable 
information regarding body composition, enabling 
detailed quantification of muscle, and fat distributions 
[3,25]. The third lumbar vertebra level is commonly 
considered the gold standard for assessing CT-based 
body composition [26–30], and recent studies have 
begun to account for differences in weight, height, 
and BMI [26,31]. Body composition measures based on 
a single axial slice are typically categorised by their 
respective compartments.

For skeletal muscle, it is quantified in terms of area 
(SMA, cm2) and height-adjusted muscle index 
(SMI, cm2/m2) [26,32–35]. Muscle quality is assessed 
through skeletal muscle density (SMD, mean 
Hounsfield Unit [HU]), with higher HU values indicat
ing less fat infiltration, serving as a proxy for better 
muscle quality [36]. Similar practices apply to differ
ent fat tissues, including subcutaneous fat area 
(SFA, cm2), visceral fat area (VFA, cm2), and inter- 
and intramuscular fat area (IMFA, cm2) [35,37]. Some 
studies also include height adjusted fat measures to 
accommodate for body size; subcutaneous fat index 
(SFI, cm2/m2) and visceral fat index (VFI, cm2), and 
density of subcutaneous fat (SFD, mean HU), visceral 
fat (VFD, mean HU) and inter and intra-muscular fat 
(IMFD, mean HU) [30,35,38,39]. Notably, CT-based 
body composition assessment is often conducted on 
individuals with different, if not multiple, comorbid
ities that can affect the body composition. Few 

studies have focused on CT-based body composition 
assessments among healthy study populations 
[26,30], and the Inuit population remains unexplored 
in this regard.

Given these considerations, we hypothesised that 
Inuit and European body composition measures are 
comparable.

Primary aim: To compare skeletal muscle and fat 
tissue height adjusted indices and densities between 
the Inuit and European populations stratified by sex.

Secondary aim: To explore whether demographic 
data; ethnicity, age, and sex can predict body composi
tion measurements.

Methods

Study population

This was a retrospective comparative pilot study con
sisting of two pooled study populations from Queen 
Ingrid’s Hospital, Nuuk, Greenland, and The Northern 
Region of Denmark, respectively. Individuals were 
selected based on all trauma CT scans listed in 
Greenland from 2018 to 2022 and in the Northern 
Region of Denmark between 2012 and 2014. All indivi
duals were consecutive throughout the study period. 
Eligibility required a standardised trauma CT scan with 
consecutive contrast-enhanced thoracic and abdominal 
CT scans. Individuals from Greenland were considered 
to be of Inuit descent if they had native names and 
were born in Greenland, thus excluding individuals with 
Western names or birthplaces outside Greenland. 
Conversely, individuals in Denmark were considered of 
European descent if they had Western names, which 
served as an ethnic origin indicator. The data collection 
period was limited to these specific time periods 
because of comparable standardised trauma CT proto
cols. The European study population from the Northern 
Region Denmark was previously described in detail by 
Brath et al. [40].

Trauma CT protocols were selected due to the use of 
intravenous contrast (IVC), the included body area, and 
presumably healthy individuals. The inclusion criteria 
were as follows: ≥18 years, Inuit (Greenland), or 
European (Denmark) ethnicity. The individuals’s’ medi
cal records were accessed at the time of the scanning 
procedure to evaluate the exclusion criteria. The exclu
sion criteria were previously described [36], but were, in 
summary; no abdominal CT available, technical issues 
such as deviation from the standardised protocol and 
too narrow field of view, clinical issues, such as previous 
abdominal surgery, acute damage to the torso, intuba
tion, or signs of circulatory shock at the time of the 
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scan. Furthermore, individuals with comorbidities such 
as inflammatory diseases, diabetes, thyroid diseases, 
chronic obstructive pulmonary diseases, renal failure, 
and cancer, were excluded.

Trauma CT protocol

In Greenland, trauma scans were identified using 
a picture archiving and communication system (PACS). 
These scans were conducted with a Toshiba Aquilion 
One/Prime CT scanner (Toshiba America Medical 
Systems, USA). Individuals in Nuuk were positioned 
primarily in the supine position with arms down during 
the scans, necessitating the inclusion of individuals in 
both arms-down and arms-up positions. A single 
breath-hold was instructed during the scanning pro
cess. The individuals received 100 mL of 350 mg/ml 
IVC solution.

In Denmark, trauma scans were identified using 
PACS. Trauma scans from Denmark were conducted 
using the SOMATOM Definition Flash (Siemens 
Healthineers, Germany), or Light Speed Pro32, or 
Discovery CT750HD (General Electric Healthcare, USA). 
Individuals from the Northern Region of Denmark were 
exclusively in the supine position, with their arms above 
their heads. They were also instructed to perform 
a single breath-hold during the scan. The individuals 
received 100 mL of 400 mg/ml IVC solution. To ensure 
accuracy and consistency, all scanners underwent daily 
air calibration and monthly constancy testing utilising 
water and air phantoms provided by the manufacturers.

Bolus tracking was applied to optimise the timing of 
contrast injection. The CT parameters, contrast specifi
cations, and bolus tracking parameters are listed in 
Supplementary Table S1.

Segmentation and body composition assessment

Rater 1 selected all images for segmentation in the 
study population from Greenland, based on 
a previously described method: A single axial slice at 
the anterior midline of the third lumbar vertebra was 
selected for body composition assessment [41].

A feasible and validated semi-automated software 
known as “Viking slice” was used for the segmentation 
process [37]. Muscle tissue was identified based on pixel 
signal intensities falling within the range of −29 to +  
150 HU, whereas fat tissue was identified within the 
range of −190 to −30 HU. Intestinal organs and the 
gut lumen with pixel intensities within the defined 
ranges were manually excluded from further analysis. 
An example of the segmentation is shown in Figure 1.

Two raters independently conducted the segmenta
tion, as previously described. Rater 1: A pulmonologist 
fellow with five years of experience, and three years of 
experience in CT-derived body composition assessment. 
Rater 2 had 12 years of experience as a resident and 
about two years of experience as a radiologist fellow.

Low muscle threshold

Low skeletal muscle index and density were based on 
a previous mixed healthy study population and reported 
SMI and SMD cut-off of 34.4 cm2/m2 and 34.3 HU in 
women, and 45.4 cm2/m2, and 38.5 HU in men [29].

Statistical analysis

Demographic data were reported as descriptive statistics. 
Continuous data were tested for normal distribution 
using the Shapiro-Wilk test. For normally distributed 
data, the mean (95% confidence interval (CI)) was used, 
whereas for non-normally distributed data, the median 
(range) was used. Categorical data were reported as total 
number (%). Missing data on body composition mea
sures were removed from the specific analysis.

For normally distributed data, a variance deviation 
test was used to assess equal variance prior to using an 
independent t-test. An independent t-test was used to 
assess the differences between the two ethnic groups 
and between the sexes.

For non-normally distributed data, the Wilcoxon- 
Mann-Whitney test was used to assess differences 
between sexes and ethnic groups.

Figure 2 shows the selected variables for the linear 
regression based on the directed acyclic graph. 
A univariate linear regression model with robust var
iance was used to predict body composition based on 
individual demographic variables such as ethnicity, 
age, height, and sex. Height was not included as 
a separate variable in the height-adjusted index ana
lysis. Weight was not included in the analysis because 
it was not available for most of the included 
individuals.

Multiple linear regression with robust variance was 
used to predict each of the body composition measures 
of skeletal muscle, subcutaneous fat, and visceral fat by 
ethnicity, age, height, and sex.

Ethical approval

This study was approved by the National Danish 
Scientific Ethics Committee (2300176), Scientific Ethics 
Committee of Greenland (2023–1344), and the Danish 
Data Protection Agency (F2023–121).
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Figure 1. Show the CT derived body composition at third lumbar level. (a) A 24 year-old man of inuit decent with BMI 23.9; (b) A 19  
year-old man of European decent with BMI 23.6; (c) A 29 year-old women of inuit decent with BMI 23.4; (d) A 40 year-old women of 
European decent with BMI 22.5. BMI: body mass index.

Exposure outcome adjusted variable unobserved (latent) causal path

Figure 2. The selected variables are based on the following the simplified directed acyclic graph (DAG).
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Results

As depicted in Figure 3, our study included 29 individuals in 
the Inuit study population from Greenland, comprising 10 
women and 19 men. The European study population com
prised 21 individuals, including 10 women and 11 men. As 
shown in Table 1, there were no differences between the 
Inuit and Europeans in terms of age or height.

Differences in height between sexes wereobserved 
among both the Inuit and European populations, with 
men being taller than women. Table 2 shows the body 
composition measurements in both populations stratified 
by sex. Women, regardless of ethnicity, exhibited lower 
height, SMI, SFD, VFI, and VFA/FSA than men. No indivi
duals were considered to have a low SMI or SMD.

Body composition measures and differences 
between Inuit and European stratified by sex

Women
Table 2 illustrates that Inuit women had a higher median 
SMI than European women did. Notably, Inuit women had 

a significantly lower SMD, and narrower range than 
European women did. Figure 4 illustrates the differences 
in both muscle and fat tissue measurements, indicating 
that Inuit women had a larger median SFI, VFI, and VFA/ 
SFA ratio. Additionally, the range of these measurements 
was wider than that of European women, and the density 
of the fat tissue was significantly lower.

Men
Inuit men exhibited a larger median SMI with 
a broader range than European men. However, the 
median SMD was similar in both groups. European 
men had larger median SFI and VFI, but smaller range 
compared to Inuit men. The ratio between VFA and 
SFA was similar in both groups.

Unadjusted linear regression: body composition 
measures and demographics

A univariate linear regression analysis was used to pre
dict skeletal muscle, subcutaneous and visceral fat 

Figure 3. Shows the flow diagram of exclusion and inclusion of individuals from Nuuk, Greenland. CT: computed tomography.
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measures based on the following variables: ethnicity, 
age, height, and sex considered independently. These 
variables were selected based on expected causality, as 
shown in Figure 2.

Demographic predictors
As presented in Table 3, SMI was positively associated 
with both ethnicity and sex. Specifically, Inuit indivi
duals exhibited higher SMI values. Men displayed larger 
SMI values than women. SMD was negatively associated 
with ethnicity and age, suggesting that Inuit individuals 
had a lower muscle density and that muscle density, or 
SMD, generally decreased with advancing age. There 
were no discernible associations between demographic 
variables and SFI, or SFD. The VFA/SFA ratio showed 
positive associations with age and sex. This ratio 
increased with both age, and men exhibited a higher 
VFA/SFA ratio compared to women. Lastly, SMD had 
a negative association with ethnicity, indicating that 
Inuit individuals possess a lower density in both inter 
and intra-muscular fat.

For detailed results of the univariate linear regression 
analysis for each of the body composition measures 
and each of the variables can be seen in supplementary 
linear regression – model fit plots.

Adjusted multiple linear regression: body 
composition measures and demographics

Table 4 presents the multiple linear regression models 
for all body composition measures, incorporating 
demographic variables such as ethnicity, age, and sex. 
All models underwent assessments for multicollinearity 
and interactions between variables. Unless otherwise 
specified, no interaction or multicollinearity issues were 
found.

In the SMI model, it was significant that men had 
larger SMI values than women, The SMD model high
lighted significant differences based on ethnicity and 
age, with Inuit individuals showing lower muscle den
sity than Europeans and a decrease in SMD with advan
cing age. Moreover, in this model, there were notable 

Table 1. Shows the demographic characteristic for the total study population and stratified by Inuit and European study population.
Total study population Inuit p value* European p value* p value**

Study population, n 
Men, n 

Age (years), median (range) 
Height (m), mean (CI) 

Men 
Women 

Smoking status, n 
Current 
Previous 
Never 
Not reported 

Comorbidities type, n 
Hypertension 
Hypercholesterolemia

50 
30      

26 
3 

14 
8  

4 
4

29 
19 

33.0 (19.6; 68.5)  

1.77 (CI 1.74; 1.80) 
1.60 (CI 1.54; 1.65)  

16 
1 
7 
6  

3 
1

0.6796 
< 0.0001

21 
11 

29.7 (18.1; 60.7)  

1.78 (CI 1.74; 1.85) 
1.64 (CI 1.60; 1.68)  

10 
2 
7 
2  

1 
3

0.3600 
< 0.0001

0.5039 
0.7838 
0.4709 
0.1481

CI confidence interval, n number, *Between sexes stratified by ethnicity, **Stratified by ethnicity. 

Table 2. Shows the body composition measures (median, (min, max)) between Inuit and European study population.
Female Male p

Body composition 
measure Inuit European p* Inuit European p*

Between 
sexes**

SMI, cm2/m2 

SMD, HU
49.7 (42.9; 56.6) 
42.5 (36.5; 48.5)

45.4 (42.3; 48.5) 
59.8 (53.9; 65.7)

0.4497 
0.0009

64.9 (60.8; 68.9) 
49.1 (46.0; 52.1)

60.2 (54.9; 65.5) 
49.7 (45.5; 54.0)

0.1966 
0.9657

<0.0001 
0.5198

SFI, cm2/m2 

SFD, HU
117.8 (53.0; 203.0)1 

−101.8 
(−107.3; −97.8)1

62.9 (13.8; 98.7) 
−91.2 (−104.1; 

−71.5)

0.0164 
0.0164

51.6 (10.5; 152.1)2 

−93.4 (−100.9; 
−67.3)2

56.0 (17.3; 151.6)3 

−94.7 (−101.9; −77.6) 
3

0.3991 
0.5982

0.09474 

0.03364

VFI, cm2/m2 

VFD, HU
25.1 (5.7; 99.6) 

−79.0 (−95.4; −60.8)
12.4 (0.9; 17.7) 

−66.0 (−77.4; −45.1)
0.0256 
0.0494

29.4 (2.8; 88.5) 
−82.6 (−98.2; −53.8)

33 (13.8; 84.5) 
−79.9 (−90.9; −64.0)

0.5906 
0.4014

0.0166 
0.0499

VFA/SFA ratio 0.3 (0.1; 0.5)1 0.2 (0.05; 0.2) 0.0076 0.5 (0.2; 1.4)2 0.45 (0.2; 1.2)3 0.8525 < 0.00014

IMFA, cm2 

IMFD, HU
6.6 (2.8; 11.6) 

−58.3 (−69.3; −52.3)
1.4 (0.3; 13.9) 

−50.7 (−67.1; −41.6)
0.0126 
0.0101

5.6 (1.6; 17.0) 
−58.5 (−70.4; −51.2)

4.2 (0.8; 25.2) 
−52.2 (−67.9; −44.7)

0.4514 
0.0011

0.2939 
0.3326

*Pooled study population same sex; **Pooled study population; 1two have missing data; 2three have missing data; 3one have missing data; 4six have missing 
data. 

HU: Hounsfield Unit, IMFA: Inter and intramuscular fat area, IMFD: Inter and intramuscular fat density, SMA: Skeletal muscle area, SMD: Skeletal muscle 
density, SMI: Skeletal muscle index, SFA: Subcutaneous fat area, SFD: Subcutaneous fat density, SFI: Subcutaneous fat index, VFA: Visceral fat area, VFD: 
visceral fat density, VFI: Visceral fat index. 
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positive interactions between ethnicity and sex, as well 
as between ethnicity and height.

For the measures SFI, SFD, and VFD, no significant 
models emerged. However, SFI, and SFD, significant inter
actions were found between ethnicity and sex, rendering 
these variables significant within their respective models. 
The models for VFA and VFI revealed a positive associa
tion with age, indicating an increase in VFI with age. The 
VFA/SFA ratio model showed positive associations with 
age and sex, suggesting a larger VFA/SFA ratio with 
increasing age and higher ratios in men than women. 
Lastly, the IMFD model illustrated a negative association 
with ethnicity, revealing that Inuit individuals had lower 
IMFD values than Europeans.

For detailed breakdown of results look at supple
mentary material S3, Fig. S3, and Table S3.

Discussion

This is the first study to assess CT-derived body compo
sition in an Inuit population and contributes to 
a unique insight into Inuit body composition. Our find
ings suggest significant disparities in body composition 
measurements, particularly among women, suggesting 
that distinct ethnic traits need to be considered. 
Specifically, Inuit women had larger fat tissue indexes, 
coupled with lower muscle and fat densities, compared 
to their European counterparts. However, Inuit and 
European men showed more similar body composition 
measurements, with the notable exception of IMFD, 
which is lower in Inuit men. Demographic variables 
such as ethnicity, age, height, and sex were associated 
with certain body composition measures. We found 
that, Inuit was associated with lower SMD values, 
which also declined with increasing age. Observations 
also highlighted an increase in VFI and the VFA/SFA 
ratio with age, and Inuit individuals consistently pre
sented with lower IMFD.

Skeletal muscle: clinical implications and ethnic 
considerations

An intriguing observation from our study was that Inuit 
women consistently exhibited larger fat tissue measure
ments and lower densities than their European counter
parts did.

Notably, both Inuit men and women tended to 
have higher SMI values than Europeans. These obser
vations may be attributed to the distinct body build of 
Inuit populations compared to Europeans, charac
terised by larger torsos and shorter limbs [15,16], 
which might result in larger muscles relative to body 
size, a trait that may not be captured by height alone. 

Despite previous findings suggesting that European 
men are taller than Inuit men [42], our study found 
no significant height differences between the groups, 
possibly explaining the similarities in body composi
tion measurements between European and Inuit men. 
In addition, the previously described height difference 
may also explain why the Inuit population was found 
to have a higher BMI than Europeans and Africans 
[17,42], and using the European BMI cut-off overesti
mates obesity among the Inuit population [15,17,42]. 
Likewise, sex-specific cut-off values for SMI and SMD 
based on healthy Caucasian or mixed populations 
[26,29] may fail to reflect muscle characteristics in 
the Inuit. In our study, none of the individuals were 
considered to have reduced SMI or low muscle quality 
according to previous cut-off values presented by Van 
der Werf et al. or Derstine et al. [26,29]. Applying these 
thresholds could lead to a more extensive muscle 
reduction among the Inuit population before the 
detection of pathological changes, potentially delay
ing the necessary interventions. In addition, Inuit dis
played a much lower SMD than Europeans, even with 
IVC-enhanced CT scans, suggesting a risk of misclassi
fying the normal muscle quality in Inuit as low and 
a need for ethnic-specific health metrics. This discre
pancy could stem from common genetic differences 
unique to the Inuit population, such as reduced insu
lin-mediated glucose uptake in muscles [43], necessi
tating alternate muscle metabolism. This genetic 
variation has also been linked to Inuit, which has 
a lower hand grip strength than Europeans [43]. It is 
intriguing whether this genetic factor might also con
tribute to lower SMD in Inuit, an area warranting 
further research given the established link between 
lower SMD and reduced muscle strength [43].

Moreover, SMD decreased across all populations, 
reflecting the shift in muscle fibres, and increasing fat 
[1,6,18,44–47]. However, this has primarily been assessed 
in European and Asian populations [1,6,9,10]. Our finding 
of significant associations between SMD and VFD with 
ethnicity raises intriguing questions about fat tissue type 
content and potential brown fat deposits in Inuit. 
Therefore, care should be taken when interpreting body 
composition as it may result in misinterpretation as 
unhealthy body composition with increased health risk 
compared to Europeans.

Fat tissue: clinical implications and ethnic 
considerations

In our study, we observed significant differences in fat 
tissue measurements between Inuit and European 
women. Inuit women had larger SFI, VFI, and VFA/SFA 
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ratio, along with lower fat densities than European 
women. These findings may represent a healthy and 
typical fat distribution pattern in the Inuit female popu
lation. In contrast, fat distribution and median values 
were more similar between the Inuit and 
European men.

Although there was no significant difference in 
female height across groups, Inuit women generally 

had a lower height than European women. This lower 
stature may partially explain the higher height-adjusted 
indices observed among the Inuit women. However, it 
is important to note that the VFA/SFA ratio has been 
previously identified as an independent predictor of 
cardiovascular risk in Japanese patients with diabetes 
[48]. In another study, abdominal fat distribution 
assessed by ultrasound imaging showed Europeans 

Figure 4. Shows the boxplots of the of body composition measures divided by sex and ethnicity. *p – value < 0.05 between 
ethnicity stratified by sex **p – value < 0.05 between sexes.

Table 3. Shows the univariate linear regression models for each of the body composition measures and each of the 
demographic variables ethnicity, age, height, and sex. Results are presented as estimates and 95% confidence intervals.

Ethnicity 
Europeans versus Inuit Age

Sex 
Women versus men

SMI, cm2/m2 6.6 (0.4; 12.8, p = 0.038) 0.1 (- 0.2; 0.3, p = 0.527) 15.6 (11.0; 20.3, p <0.0001)
SMD, HU − 7.5 (- 12.2; − 2.1, p = 0.003) − 0.3 (- 0.5; − 0.2, p <0.0001) − 1.5 (- 6.8; 3.7, p = 0.557)
SFI, cm2/m2 16.5 (−12.3; 45.4, p = 0.254) 0.7 (- 0.5; 1.9, p = 0.250) − 27.3 (- 55.8; 1.1; p = 0.059)
SFD, HU − 1.9 (- 7.7; 3.9, p = 0.508) 0.1 (- 0.2; 0.3, p = 0.638) 4.2 (- 1.5; 9.9, p = 0.146)
VFI, cm2/m2 9.3 (- 5.3; 24.0¸ p = 0.206) 0.7 (0.1; 1.2, p = 0.013) 14.6 (0.2; 29.0, p = 0.048)
VFD, HU − 8.0 (- 15.4; − 0.6, p = 0.034) − 0.1 (- 0.4; 0.2, p = 0.438) −7.8 (- 15.3; − 0.4, p = 0.040)
VFA/SFA ratio 0.1 (- 0.1; 0.3, p = 0.269) 0.01 (0.002; 0.02, p = 0.013) 0.4 (0.2; 0.5, p <0.0001)
IMFA, cm2 2.0 (- 1.0; 4.9, p = 0.194) 0.1 (0.0002; 0.2, p = 0.050) 1.4 (- 1.6; 4.4, p = 0.359)
IMFD, HU − 8.2 (- 11.8; − 4.7, p <0.0001) − 0.06 (- 0.2; 0.1, p = 0.478) − 2.0 (- 6.3; 2.2, p = 0.342

*six have missing data. 
HU: Hounsfield Unit, IMFA: Inter and intramuscular fat area, IMFD: Inter and intramuscular fat density, SMA: Skeletal muscle area, SMD: Skeletal 

muscle density, SMI: Skeletal muscle index, SFA: Subcutaneous fat area, SFD: Subcutaneous fat density, SFI: Subcutaneous fat index, 
VFA: Visceral fat area, VFD: visceral fat density, VFI: Visceral fat index. 

8 M. S. G. BRATH ET AL.



have higher levels of VFA than Inuit and Africans, 
increasing with BMI [42]. A third study reported aa 
mean VFA of 77.0 ± 50.9 cm2 among women of mixed 
ethnicities [30], which is considerably larger than any of 
our median VFA measurements observed in the current 
study. The larger average VFA might be attributed to 
the fact that more than 60% of the study population 
was considered overweight or obese [30] and obesity is 

a much larger health issue than in European countries 
and Greenland [49]. Consequently, it remains unclear 
whether the differences observed between the two 
study populations can be explained entirely by ethnic 
traits or other factors. In addition, VFA VFI, and VFA/SFA 
ratio increased with age, while IMFD was lower among 
the Inuit population. One could speculate whether the 
density and larger fat tissue measures could be linked 
to some of the genetic variations and brown fat 
storage.

Historical and genetic context

To gain deeper insights into the body composition of 
Inuit and Europeans, and how they potentially differ, 
it is essential to consider the historical context in 
which the lifestyle and genetics of the Inuit popula
tion have evolved. As a founder population, the Inuit 
traditionally maintained a highly active lifestyle com
bined with unique dietary patterns, with high protein 
and fat intake [11,12,50] coupled with genetic varia
tions resulting from multiple genetic bottle
necks [12].

In the Arctic environment, the Inuit genome has 
evolved with specific variations, distinguishing it from 
the European and Han Chinese lineages [51]. These 
genetic variations in the Inuit populations contribute 
to the conversion of dietary fatty acids to their active 
forms and mitigate the oxidative challenges of a high- 
fat diet [51]. Some of these genetic variations are 
related to brown fat formation [8]. Notably, some 
Inuit genetic markers are linked to insulin resistance 
and decreased glucose uptake in skeletal muscle 
[43,52], whereas others are related to cold climate 
adaptation and are vital regulators of fatty acid meta
bolism [5,53].

Changes in the way of life have significantly affected 
the prevalence of obesity, metabolic syndrome, and 
diabetes in the Inuit [54] and European populations 
[6]. Metabolic risk factors have been shown to differ 
across ethnicities [6,7,15,42,55] and definitions of skele
tal muscle cut-off values vary [1,9]. However, questions 
remain regarding what contributes to healthy body 
composition and the appropriate standards to apply. 
Factors governing fat distribution, including sex, genet
ics, epigenetics, and the environment [6] may collec
tively explain the greater fat distribution in Inuit 
women. Dietary intake, sedentary occupation, and 
genetic factors may have influenced these changes. 
Nevertheless, the precise mechanisms underlying the 
observed differences between muscle and fat tissues 
remain unknown and require further investigation 
before application and clinical interpretation is possible.

Table 4. Shows the multiple linear regression predictions for 
each of the body composition measures based on the variables 
ethnicity, age, height, and sex.

Multiple linear regression Adjusted model p

SMI, cm2/m2 

Ethnicity 
European vs Inuit 
Age (per year) 
Sex women vs men

4.5 (CI −0.1; 9.1, p = 0.056) 
0.05 (CI −0.1; 0.2, p = 0.555) 

15.0 (CI 10.4; 19.6, p < 0.0001

<0.0001

SMD, HU 
Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

−7.2 (CI −11.6; −2.8, p  = 0.002) 
−0.3 (CI −0.5; −0.2, p <0.0001) 
−19.1 (CI −52.9; 14.6, p = 0.260) 

2.7 (CI −4.3; 9.7; p = 0.450)

0.0002

SFI, cm2/m2 

Ethnicity 
European vs Inuit 
Age (per year) 
Sex women vs men

21.1 (−6.7; 48.9, p = 0.133) 
0.7 (CI −0.4; 1.9, p = 0.187) 

−32.4 (CI −60.7; −4.2, p = 0.0.025)

0.0551

SFD, HU 
Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

−3.2 (CI −9.2; 2.8, p = 0.285) 
0.02 (CI −0.2; 0.3, p = 0.880) 

−18.0 (CI −63.6; 27.6, p = 0.429) 
7.6 (CI −2.1; 17.3, p = 0.121)

0.4484

VFI, cm2/m2 

Ethnicity 
European vs Inuit 
Age (per year) 
Sex women vs men

6.1 (CI −7.6; 19.8, p = 0.376) 
0.7 (CI 0.1; 1.2, p  = 0.015) 

16.4 (CI −6.3; 39.1, p = 0.152)

0.0120

VFD, HU 
Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

−7.4 (CI −15.0; 0.1, p = 0.053) 
−0.1 (CI −0.4; 0.2, p = 0.415) 

−20.0 (CI −78.3; 38.4, p = 0.494) 
−3.6 (CI −15.7; 8.5, p = 0.554)

0.0722

VFA/SFA ratio 
Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

0.04 (CI −0.12; 0.21, p = 0.592) 
0.01 (CI −1.22; 1.26, p  = 0.014) 

0.02 (−1.22; 1.26, p = 0.976) 
0.33 (CI 0.07; 0.59, p = 0.015)

0.0002

IMFA, cm2 

Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

1.7 (CI −1.3; 4.7, p = 0.263) 
0.1 (CI −0.005; 0.2, p = 0.059) 
5.8 (CI −17.7; 29.3, p = 0.624) 

0.2 (CI −4.7; 5.1, p = 0.940)

0.1206

IMFD, HU 
Ethnicity 
European vs Inuit 
Age (per year) 
Height (per cm) 
Sex women vs men

−8.0 (CI −11.8; −4.2, p <0.0001) 
−0.03 (CI −0.2; 0.1, p = 0.691) 

0.3 (−29.0; 29.5, p = 0.986) 
−1.0 (CI −11.8; −4.2, p = 0.743)

0.0015

CI: confidence interval, HU: Hounsfield Unit, IMFA: Inter and intramuscular 
fat area, IMFD: Inter and intramuscular fat density, SMD: Skeletal muscle 
density, SMI: Skeletal muscle index, SFA: Subcutaneous fat area, SFD: 
Subcutaneous fat density, SFI: Subcutaneous fat index, VFA: Visceral fat 
area, VFD: visceral fat density, VFI: Visceral fat index. 
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Considerations in body composition analysis

Anthropometric measures, such as BMI and circumfer
ence, are beneficial for broad population assessment, 
as they are easy to use in many clinical settings. 
However, they are often limited in their ability to 
provide detailed information on tissue-specific distri
bution and density [19,22]. Ultrasound imaging can 
visualise subcutaneous and visceral fat layers, as well 
as muscle tissue. However, it can be operator- 
dependent and may not capture the comprehensive 
body composition [22]. Bioelectric impedance esti
mates the body composition based on the conductiv
ity of various tissues. Despite being quick and non- 
invasive it can be influenced by hydration status and 
does not provide detailed anatomical tissue distribu
tion [22]. Dual-energy X-ray absorptiometry is often 
referred to as the gold standard in body composition 
analysis, as it presents detailed insights on bone, and 
lean mass distribution, but can be influenced by the 
thickness of the tissue with potential underestimation 
of fat and overestimation of muscle in obese patients 
[19,22]. On the other hand, CT offers a comprehensive 
three-dimensional view of muscle and fat tissue dis
tribution and densities with layer-by-layer precision 
that is not easily achieved with other modalities 
[3,22]. A downside is the exposition of radiation. 
However, it has diminished over the years and CT 
scans have become more frequently used and imple
mented as part of clinical controls in a wide range of 
acute and chronic diseases [19]. However, with CT, 
there are some methodological considerations that 
need to be considered such as CT parameters and 
usage of IVC.

Methodological considerations

Notably, this study comprises a pooled population of 21 
individuals of European descent and 29 individuals of 
Inuit descent. The patient’s ethnicity was selected 
based on name and place of birth. There may be 
a risk that individuals considered Inuit are mixed Inuit 
and European descent or of European descent and vice 
versa. It has previously been observed that the Inuit 
population has an average of 25% European ancestry 
[14]. Another important consideration is that this study 
did not know the dietary patterns, nutritional intake, 
physical activity, or occupation of the individuals 
included. Individuals were presumed healthy, but 
undiagnosed comorbidities may occur, though the 
risks are considered minor based on cross-referencing 
with verified diagnoses and medical prescriptions at the 
time of the CT scan. Despite efforts to ensure equivalent 

CT protocols across the study populations, there were 
differences in the positioning of the individuals, the 
iodine concentration of the IVC, and the reconstruction 
slice thickness.

Firstly, given the difference in patient positioning, 
individuals of Inuit descent were primarily positioned 
with arms down during the CT scans. In the popula
tion of individuals of European descent, all were posi
tioned with arms raised above the head. There may 
be a theoretical stretch on the muscles when the 
arms are up versus down. However, whether the 
arm’s position affects body composition measures is 
unknown.

Secondly, the Inuit population received 50 mg/mL less 
iodine in the IVC than Europeans. This difference could 
influence tissue density, making it less prominent in the 
Inuit population, given the properties of iodine in scat
tering and absorbing an energy beam [56]. One contri
buting factor to our results might be the fixed volume of 
100 mL for the IVC, which did not account for differences 
in body size between women and men and across eth
nicity. As a result, the European population received 
more iodine than Inuit, which may be more prominent 
in European women, given the higher iodine concentra
tion. Another point regarding IVC could be that the 
steatotic muscle area is more vulnerable to the effects 
of IVC enhancement than healthier muscle, as described 
by Morsbach et al. [35]. At the same time, another study 
has shown that IVC affected the SFA by a median of 
−0.4% (limits of agreement −9.9 to 6.9 cm2), VFA −2.0% 
(limits of agreement −22.7 to 18.3 cm2), IMFA − 9.3% 
(limits of agreement −6.4 to 1.2 cm2) [57].

Thirdly, there are some discrepancies regarding the 
effect of reconstructed slice thickness. One study found 
an increase in SMA of 1.11% with an increase in slice 
thickness from 2 to 5 mm and a decrease in SMD by 
11.64% [33], whereas others have found a decrease of 
0.8% in muscle measures ranging from 2 mm to 5 mm 
[35]. For fat tissue, a study has shown that a thinner 
slice increased SFA by 0.2%, VFA by 3%, and IMFA by 
17.3% [57]. One could speculate whether slice thickness 
has a clinically relevant impact on body composition 
measurements as differences are minor and fall within 
the expected uncertainties of manual or semi- 
automated segmentation with intra-analyst variation 
described in other studies [35,40]. An improvement 
could be to resample with the same slice thickness 
using fully automated solutions to save precious staff 
resources and avoid inter and intra-rater variations and 
intra-patient variability in measurements [58]. However, 
this requires fully automated software programs 
achieve higher inter and intra-rater agreement 
[27,58,59].
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It is crucial to exercise caution when interpreting the 
study’s findings and avoid generalising them to larger 
populations, as this study is based on a small, under
powered study population. Nevertheless, this pilot 
study lays the groundwork for further research in this 
field, providing valuable insights into the CT-based 
body composition of the Inuit population. Given the 
unique variations, larger, more extensive studies are 
needed to ensure power, generalisability, and other 
factors, such as nutrition, physical activity, and genetics.

Conclusion

This study indicates that Inuit and European women 
were not comparable on most of the CT-based body 
composition measures, whereas men seemed to be 
comparable across ethnicity. Some of the demographic 
variables may be used to predict skeletal muscle and 
visceral fat measures. There was high inter-rater agree
ment of the measurements. Therefore, further investi
gations into Inuit CT-based body composition measures 
are needed to accommodate an appropriate definition 
of a healthy body composition.

Abbreviations

BMI Body mass index
CT Computerized tomography
HU Hounsfield unit
IMFA Inter and intramuscular fat area
IMFD Inter and intramuscular fat density
IVC Intravenous contrast
SFA Subcutaneous fat area
SFD Subcutaneous fat density
SFI Subcutaneous fat index
SMA Skeletal muscle area
SMD Skeletal muscle density
SMI Skeletal muscle index
VFA Visceral fat area
VFD Visceral fat density
VFI Visceral fat index
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