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Abstract

Background: Obesity is recognized as a significant global health crisis, with over a third of the world's population affected,
posing severe health and economic challenges. Objectives: To investigate the differences in subcutaneous adipose tissue (SAT)
characteristics, specifically thickness and stiffness, between young (20-39 years) and middle-aged (40-59 years) obese
individuals and examine sex-specific variations and associations with non-alcoholic fatty liver disease (NAFLD). Methods: One
hundred obese participants were evaluated using anthropometric measurements (body mass index and waist-height ratio) and
ultrasonic shear wave elastography to assess NAFLD and SAT structure across three anatomical sites. Results: Participants in
their middle years had stiffer SATs, especially in the upper abdomen and distal triceps. However, there were no significant
differences in BMI, waist-to-height ratio, or SAT thickness at the mid-thigh based on age. Additionally, NAFLD prevalence was
found in 31 participants, with a notable correlation between its presence and SAT thickness & obesity metrics, although SAT
stiffness did not significantly correlate with NAFLD. Conclusions: The dynamic nature of SAT as it relates to aging and sex,
emphasizing the need for tailored therapeutic approaches in managing obesity and associated metabolic disorders. According to
this study, elastography could be a non-invasive way to check for organ damage due to obesity and could aid in the prediction of
NAFLD when combined with routine body measurements. Further research is warranted to refine assessment methodologies and
validate anatomical site representativeness.
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INTRODUCTION class-1 (BMI 30-34.9 kg/m?), class-1l (BMI 35-39.9

kg/m?) and class-1I1 (BMI >40 kg/m?) [2]. Socio-
The World Health Organization (WHO) considered environmental factors (e.g., dietary & physical
obesity as a major non-communicable disease lifestyle) are the main factors predisposing to the
pandemic affecting more than a third of the world’s development of obesity. However, genetic/ethnic
population and leading to major negative health and factors, endocrinological disorders, and
economic consequences [1]. Most national institutes psychological or drug-related causes contribute to a
of health (NIH) follow the WHO lead in classifying considerable degree to the etiology of worldwide
obesity according to the body mass index (BMI) into obesity [3]. About 80%-90% of obese individuals
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have a phenotype known as metabolically unhealthy
obesity (MUO), which is associated with a high risk
of developing metabolic syndrome (including
diabetes), cardiovascular disease, non-alcoholic fatty
liver disease (NAFLD), arthropathy, and certain
malignancies (e.g., colorectal, pancreatic, breast) [4].
The increase in obesity prevalence in the last four
decades has prompted the implementation of more
accurate measures for detection and analysis of
causative factors, better diagnostic and therapeutic
approaches, and more feasible preventive measures
[5]. Anthropometric tools like body mass index
(BMI), waist-hip ratio (WHR), and waist-height ratio
(WHTtR) are popularly used for assessment of obesity
even though each has its own disadvantages and
limitations [6]. Despite being rarely used in clinical
practice, imaging techniques like CT scans, DXA
scans, and MRI can provide accurate assessment of
body fat distribution and body composition, making
them somewhat superior to anthropometric measures
in disease prediction. However, these techniques are
costly, not readily accessible, require trained
personnel, and may carry the risk of radiation
exposure [7]. Elastography has emerged as a readily
accessible, cheap and non-invasive imaging tool to
evaluate tissue thickness/stiffness, offering critical
insights into obesity-related organ damage [8].
Ultrasonic shear wave elastography (SWE) works by
focusing ultrasound beams that go deeper and
deeper. This makes an acoustic radiation pressure
that moves across the ultrasound beam at a faster
speed than the shear waves it creates. The speed of
shear waves in a supersonic mode (usually more than
5,000 images per second) can be used to measure
how flexible or stiff tissue is (in kPa) [9]. Adipose
tissue, as a regenerative endocrine and energy-storing
organ, goes through age- and sex-related changes
regarding its structure and anatomical distribution
[10]. The aim of the current study is to address
critical gaps by (1) comparing subcutaneous adipose
tissue (SAT) thickness and stiffness between young
and middle-aged obese individuals at different
anatomical sites, (2) analyzing sex-specific
differences, and (3) exploring associations with
NAFLD.

METHODS
Study design and setting

One hundred obese individuals (BMI >30 kg/m?)
were randomly selected at a tertiary clinic to
participate in the study over a period of ten months
(January 2024-October 2024). The participants were
divided into two age groups (50 individuals each): a
young group (20-39 years) and a middle-aged group
(40-59 years). Exclusion criteria included current
pregnancy, endocrine disorders causing weight gain,
alcohol intake or drug-induced obesity (e.g.,
corticosteroid), and known genetic or autoimmune
diseases causing obesity/fatty liver.
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Anthropometric Examination

Body weight was recorded with minimal clothing
using a VE-200RT VELAB™ (USA) digital scale (d
= 0.1 kg), standing height was measured using a
fixed stadiometer, and waist circumference was
measured with the subject standing using a tape
measure; then BMI and WHtR were calculated.

Ultrasonic examination and elastography

Sonoscape SSI-5000® (China) with the TriVu
platform was used to measure SAT thickness (mm)
and stiffness (kPa) in B-mode with a 12 MHz
curvilinear probe at three anatomical areas: distal
triceps (70% of arm length), upper abdomen (1 cm
above the umbilicus), and front thigh (50% of thigh
length) [11]. The thickness was measured from the
line of high echo at the junction of the dermo-
hypodermal layer to the topmost layer of the
multilayered echogenic band in the deep fascia of the
skeletal muscle. Three readings were averaged for
each anatomical site. A diagnosis of NAFLD was
made upon finding a hepatorenal index >1.34 with
diffused  liver  enhanced  near-field echo,
accompanying higher echoes in the hepatic
parenchyma compared to the kidney; a blurred
intrahepatic duct structure; and an attenuated dirty
liver far-field echo, all coupled with increased
stiffness on point shear wave elastography [12,13].

Ethical consideration

The study design/purpose was approved by the
College of Medicine, Mustansiriyah University
Institutional Review Board (IRB-2024-2552). and
written informed consent was obtained from all
participants

Statistical analysis

Data analysis was performed using SPSS v.26 (IBM®
Corp., 2019), and results were tabulated using
Microsoft  Office Excel LTSC Professional
(Microsoft® Corp., 2021). Independent-samples t-
test, chi-square test, Fisher exact test, and linear
regression analysis were applied with a 95%
confidence interval. The p-value of < 0.05 was
considered statistically significant.

RESULTS

Of the 100 participants, 57 were males (27 young, 30
middle-aged) and 43 were females (23 young, 20
middle-aged). Their age distribution is shown in
Figure 1. Body mass index (BMI), waist-height ratio
(WHTtR), and SAT thickness in the mid-thigh region
did not show statistically significant differences
between young and middle-aged groups. Distal
triceps SAT thickness increased in middle-aged
participants while upper abdominal SAT thickness
showed marked reduction.
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Figure 1: Distribution of obese participants according to sex and age group.
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SAT stiffness was significantly greater in all three
anatomical sites in middle-aged individuals as
compared to the young group measurements (Table
1). The linear relationship between age and SAT
stiffness showed that as age went up, there was a
moderately positive relationship with the upper
abdominal (R= 0.753) and distal triceps (R= 0.746)
areas. The correlation with mid-thigh SAT stiffness
was also moderately positive (R= 0.592), though to a
lesser degree (Figure 2)

Table 1: Age-related distribution of anthropometric measurements of obesity in young & middle-aged obese individuals

. Age group ;
Anthropometric parameter Young Middle-aged p-value
BMI (kg/m?) 35.742.8 35.6+£2.9 0.910
Waist-Height Ratio 0.58+0.03 0.60+0.03 0.087
Distal triceps 21.242.4 22.943.1 0.003
SAT thickness (mm) Upper abdomen 40.2+£3.9 38.1+4.4 0.013
Mid-thigh 28.7+4.6 28.3+4.6 0.676
Distal triceps 7.6%1.3 11.2+1.8" 0.000
SAT stiffness (kPa) Upper abdomen 20.2+2.7 29.5+3.1" 0.000
Mid-thigh 14.3+1.9 18£2.2° 0.000
Values were expressed as mean+SD. SAT: Subcutaneous Adipose Tissue.
. Sexual dimorphism was evident for BMI and SAT
thickness but not for SAT stiffness at Table 2. a0
Females had higher levels of BMI and SAT thickness 38 ;
at distal triceps and mid-thigh regions, but males had K
significantly higher values of WHtR and SAT &2
thickness in the upper abdominal region. NAFLD e I
was detected in thirty-one of all cases. No age-related A :
=

or sex-related differences in NAFLD occurrence
were seen (Table 3). The presence of NAFLD was
associated with significantly higher values of WHtR
(p= 0.000), BMI (p= 0.014), and SAT thickness at
distal triceps (p= 0.013), upper abdominal (p=
0.018), and mid-thigh (p= 0.028) regions (Figure 3).
NAFLD presence was not affected by SAT stiffness
whether in distal triceps (p= 0.067), upper abdominal
(p=0.091), or mid-thigh (p= 0.052) regions.

® e R:-0.556

20 25 30 35 40 45 50 55 60
Age (years)

» Upper Abdomein Mid-thigh ~ ®Distal Triceps

Figure 2: Correlation of age with SAT stiffness at three
anatomical sites in obese individuals.

Table 2: Sex-related differences in anthropometric measurements of obesity in obese individuals ( SAT: Subcutaneous Adipose Tissue)

. Sex
Anthropometric parameter Female Male p-value
BMI (kg/m?) 37.3¢2.1 34.442.7 0.000
Waist-Height Ratio 0.57+0.04 0.61+0.02 0.003
Distal triceps 22.242.2 20.4+2.6 0.000
SAT thickness (mm) Upper abdomen 38.7+4.2 42+3.4 0.000
Mid-thigh 30.1+4.6 27.345 0.002
Distal triceps 9.4+2.2 9.5%£2.5 0.909
SAT stiffness (kPa) Upper abdomen 25+6 24.85.2 0.851
Mid-thigh 15.8+2.7 16.5+2.9 0.245

Values were expressed as mean+SD. SAT: Subcutaneous Adipose Tissue.

Table 3: Distribution of cases of NAFLD according to sex and age
group

NAFLD

Present n(%) Absent n(%) WA lE
Young 11(35.5) 39(56.5)
AGEOIOUD  \riddle-aged  20(64.5) 3035 002
Female 13(41.9) 30(43.5)
Sex Male 18(58.1) 3965) 088
DISCUSSION

White adipose tissue is considered a continuously
changing organ  with  endocrine, immune,
inflammatory, and nutritional functions. Increasing
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age has an impact on these functions [14]. In children
and young adults, adipose tissue has great plasticity
that allows it to adapt quickly to both internal and
external stimuli and changes. After reaching middle
age, this flexibility starts to weaken. This causes fat
to move from the subcutaneous to the visceral
depots, as well as ectopic fat repositioning (for
example, into the liver or between muscle cells), and
a decrease in hormone and cold-stress-related
thermoregulation [15]. Obesity, as a chronic
inflammatory state, can exacerbate these changes and
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increase the tendency to develop metabolic disorders
like insulin resistance and metabolic syndrome [16].
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Figure 3: Differences in anthropometric measures of obesity and
SAT thickness in relation to NAFLD.

The transitional beige/brite adipocytes, which are
different from the resident progenitors in white
adipose tissue (WAT), also become less active and
develop less as people get older [17]. An important
limitation of body mass index measurement is its
failure to estimate the body fat percentage and
distribution and calculate the lean body mass.
Similarly, waist-height ratio is greatly dependent on
abdominal fat deposition (both subcutaneous and
visceral) and is affected by bone mass [18]. For these
reasons, BMI and WHtR did not change significantly
in the current study in relation to age. The region-
specific significant changes in SAT thickness, on the
other hand, are due to more visceral fat being stored
(abdominal SAT), redistribution (triceps SAT), and
less transitional adipocyte turnover. Obesity-related
excessive hypertrophic and hyperplastic adipocyte
growth and the resulting tissue growth Hypoxia
stimulates inflammatory cell migration leading to
disruption of extracellular matrix (ECM) collagen
[19]. Increased rigidity of the extracellular matrix
hampers normal adipogenesis and results in
increased tissue stiffness. Aging, coupled with
obesity, is also associated with increased ECM
fibronectin, promoting SAT fibrosis and increased
stiffness with advancing age [20]. Sex-dependent
adipose tissue expansion & distribution become
evident at puberty as females undergo rapid fat
deposition while males gain more lean muscle mass
and fat loss. This sexual dimorphism is mainly driven
by hormones [21]. Over time, males tend to
accumulate fat more at the abdomen and trunk, while
females accumulate fat stores around the breasts,
gluteofemoral region, and hips [22]. Several studies
support the current findings in that obesity is more
prevalent in females in many countries, as women
have higher levels of body fat, which, when
combined with their generally shorter stature and less
physical activity, result in greater values for
anthropometric parameters of obesity like BMI and
WHIR [23-25]. Vilalta et al. mentioned that “for a
given BMI, women tend to have more body fat than
men” [26]. SAT structural properties and stiffness
appear to be more age-related than sex-affected,
especially when older women reach premenopausal
age, and their bodies undergo hormonal changes
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rendering them more susceptible to android-like
changes [27]. NAFLD is linked to obesity,
dyslipidemia, and metabolic syndrome. It includes a
range of liver diseases, from mild non-alcoholic fatty
liver (NAFL) to more severe non-alcoholic hepatic
steatohepatitis (NASH), which can lead to hepatic
fibrosis and cirrhosis [28]. The ultimate diagnostic
tool is liver biopsy histopathology consequential to
highly  suspicious imaging and biochemical
abnormalities [29]. A screening method that uses
anthropometric factors of obesity as predictors of
NAFLD has been suggested [30]. This is because
tissue biopsy is invasive, and some people may not
be able to access complicated imaging techniques.
As to which parameter is most predictive, it remains
controversial. Some authorities found that waist
circumference (WC) and waist-hip ratio (WHR) were
associated with NASH, but WHR on its own can
detect its severity, while BMI, WC, and WHR
combined were associated with steatohepatitis [31].
Other studies support the current findings in
designating WHtR as the predictor of NAFLD in
obese patients [32].

Conclusion

Elastography provides an effective non-invasive tool
for assessing obesity and SAT structure. When
coupled with anthropometric parameters of obesity
(especially WHtR), it becomes a strong predictor for
NAFLD. SAT changes over time, with thickness
influenced by aging and structural stiffness
influenced by sex. Both factors impact its anatomical
distribution. This relationship should be considered
when addressing an individual’s therapeutic plan for
obesity and metabolic dysfunctions. Limitations to
SAT assessment arise from the time-consuming
repeated measurements of multiple anatomical sites
(typically 8) of the human body. The current study
used 3 sites from three regions (upper limb, trunk,
and lower limb). Whether or not these sites are
efficiently representative requires further
comparative studies.

Conflict of interests
The authors declared no conflict of interest.

Funding source
The authors did not receive any source of funds.
Data sharing statement

Supplementary data can be shared with the corresponding
author upon reasonable request.

REFERENCES

1. Islam AS, Sultana H, Refat MN, Farhana Z, Kamil AA,
Rahman MM. The global burden of overweight-obesity and
its association with economic status, benefiting from STEPs
survey of WHO member states: A meta-analysis. Prevent
Med Rep. 2024:102882. doi: 10.1016/j.pmedr.2024.102882.

2. De Lorenzo A, Gratteri S, Gualtieri P, Cammarano A,
Bertucci P, Di Renzo L. Why primary obesity is a disease? J
Transl Med. 2019;17:1-3. doi:10.1186/s12967-019-1919-y.



Akkila et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

Omer TA. The causes of obesity: an in-depth review. Adv
Obes Weight Manag Control. 2020;10(4):90-94. doi:
10.15406/a0wmc.2020.10.00312.

Engin A. The definition and prevalence of obesity and
metabolic syndrome: Correlative clinical evaluation based on
phenotypes. Adv Exp Med Biol. 2024;1460:1-25. doi:
10.1007/978-3-031-63657-8_1.

Cornier MA. A review of current guidelines for the treatment
of obesity. Am J Manag Care. 2022;28. doi:10.1007/978-3-
031-63657-8_1.

Sommer |, Teufer B, Szelag M, Nussbaumer-Streit B,
Titscher V, Klerings |, et al. The performance of
anthropometric tools to determine obesity: a systematic
review and meta-analysis. Sci Rep. 2020;10(1):12699. doi:
10.1038/s41598-020-69498-7.

Ponti F, Santoro A, Mercatelli D, Gasperini C, Conte M,
Martucci M, et al. Aging and imaging assessment of body
composition: from fat to facts. Front Endocrinol.
2020;10:861. doi: 10.3389/fendo.2019.00861.

Abou Karam M, Mukhina E, Daras N, Rivals I, Pillet H,
Skalli W, et al. Reliability of B-mode ultrasound and shear
wave elastography in evaluating sacral bone and soft tissue
characteristics in young adults with clinical feasibility in
elderly. J Tissue Viability. 2022;31(2):245-254. doi:
10.1016/j.jtv.2022.02.003.

Zarrad M, Duflos C, Marin G, Benhamou M, Laroche JP,
Dauzat M, et al. Skin layer thickness and shear wave
elastography changes induced by intensive decongestive
treatment of lower limb lymphedema. Lymph Res Biol.
2022;20(1):17-25. doi: 0.1089/Irb.2021.0036.

Ou MY, Zhang H, Tan PC, Zhou SB, Li QF. Adipose tissue
aging: mechanisms and therapeutic implications. Cell Death
Dis. 2022;13(4):300. doi:10.1038/s41419-022-04752-6.
Muller W, Lohman TG, Stewart AD, Maughan RJ, Meyer
NL, Sardinha LB, et al. Subcutaneous fat patterning in
athletes: selection of appropriate sites and standardisation of
a novel ultrasound measurement technique: ad hoc working
group on body composition, health and performance, under
the auspices of the IOC Medical Commission. Br J Sports
Med. 2016;50(1):45-54. doi: 10.1136/bjsports-2015-095641.
Shiralkar K, Johnson S, Bluth El, Marshall RH, Dornelles A,
Gulotta PM. Improved method for calculating hepatic
steatosis using the hepatorenal index. J Ultrasound Med.
2015;34(6):1051-1059. doi: 10.7863/ultra.34.6.1051.

Tada T, Nishimura T, Yoshida M, lijima H. Nonalcoholic
fatty liver disease and nonalcoholic steatohepatitis: new
trends and role of ultrasonography. J Med Ultrason (2001).
2020;47(4):511-520. doi: 10.1007/s10396-020-01058-y.
Palmer AK, Kirkland JL. Aging and adipose tissue: potential
interventions for diabetes and regenerative medicine. Exp
Gerontol. 2016;86:97-105. doi: 10.1016/j.exger.2016.02.013.
Cai Z, He B. Adipose tissue aging: An update on
mechanisms and therapeutic strategies. Metabolism.
2023;138:155328. doi: 10.1016/j.metabol.2022.155328.
Pérez LM, Pareja-Galeano H, Sanchis-Gomar F, Emanuele
E, Lucia A, Galvez BG. ‘Adipaging’: ageing and obesity
share biological hallmarks related to a dysfunctional adipose
tissue. J  Physiol.  2016;594(12):3187-3207.  doi:
10.1113/JP271691.

Zoico E, Rubele S, De Caro A, Nori N, Mazzali G, Fantin F,
et al. Brown and beige adipose tissue and aging. Front
Endocrinol. 2019;10:368. doi: 10.3389/fend0.2019.00368.
Nuttall FQ. Body mass index: obesity, BMI, and health: a
critical review. Nutr Today. 2015;50(3):117-128. doi:
10.1097/NT.0000000000000092.

34

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Tissue elastography and NFLD in obese adults

Buechler C, Krautbauer S, Eisinger K. Adipose tissue
fibrosis. World J Diabetes. 2015;6(4):548. doi:
10.4239/wjd.v6.i4.548.

Ruiz-Ojeda FJ, Méndez-Gutiérrez A, Aguilera CM, Plaza-
Diaz J. Extracellular matrix remodeling of adipose tissue in
obesity and metabolic diseases. Int J Mol Sci.
2019;20(19):4888. doi: 10.3390/ijms20194888.

Orsso CE, Colin-Ramirez E, Field CJ, Madsen KL, Prado
CM, Hagq AM. Adipose tissue development and expansion
from the womb to adolescence: an overview. Nutrients.
2020;12(9):2735. doi: 10.3390/nu12092735.

Bredella MA. Sex differences in body composition. In:
Mauvais-Jarvis, F. (eds.) Sex and Gender Factors Affecting
Metabolic Homeostasis, Diabetes and Obesity. Advances in
Experimental Medicine and Biology, 2027;1043. Springer,
Cham. doi: 10.1007/978-3-319-70178-3_2.

Muscogiuri G, Verde L, Vetrani C, Barrea L, Savastano S,
Colao A. Obesity: a gender-view. J Endocrinol Invest.
2024;47(2):299-306. doi: 10.1007/s40618-023-02196-z.
Cooper AJ, Gupta SR, Moustafa AF, Chao AM. Sex/gender
differences in obesity prevalence, comorbidities, and
treatment. Curr Obes Rep. 2021;10(4):458-466. doi:
10.1007/s13679-021-00453-x.

Wang Y, Beydoun MA, Min J, Xue H, Kaminsky LA,
Cheskin LJ. Has the prevalence of overweight, obesity and
central obesity levelled off in the United States? Trends,
patterns, disparities, and future projections for the obesity
epidemic. Int J Epidemiol. 2020;49(3):810-823. doi:
10.1093/ije/dyz273.

Vilalta A, Gutiérrez JA, Chaves S, Herndndez M, Urbina S,
Hompesch M. Adipose tissue measurement in clinical
research for obesity, type 2 diabetes and NAFLD/NASH.
Endocrinol  Diabetes Metab. 2022;5(3):e00335. doi:
10.1002/edm2.335.

Namgoung S, Chang Y, Woo CY, Kim Y, Kang J, Kwon R,
et al. Metabolically healthy and unhealthy obesity and risk of
vasomotor symptoms in premenopausal women: Cross-
sectional and cohort studies. BJOG. 2022;129(11):1926-
1934. doi: 10.1111/1471-0528.17224.

Pouwels S, Sakran N, Graham Y, Leal A, Pintar T, Yang W,
et al. Non-alcoholic fatty liver disease (NAFLD): a review of
pathophysiology, clinical management and effects of weight
loss. BMC Endocr Disord. 2022;22(1):63. doi:
10.1186/512902-022-00980-1.

Heyens LJ, Busschots D, Koek GH, Robaeys G, Francque S.
Liver fibrosis in non-alcoholic fatty liver disease: from liver
biopsy to non-invasive biomarkers in diagnosis and
treatment. Front Med. 2021;8:615978. doi:
10.3389/fmed.2021.615978.

Kihn T, Nonnenmacher T, Sookthai D, Schibel R, Quintana
Pacheco DA, et al. Anthropometric and blood parameters for
the prediction of NAFLD among overweight and obese
adults. BMC  Gastroenterol.  2018;18(1):113.  doi:
10.1186/512876-018-0840-9.

Reis SS, Callejas GH, Marques RA, Gestic MA, Utrini MP,
Chaim FDM, et al. Correlation between anthropometric
measurements and non-alcoholic fatty liver disease in
individuals with obesity undergoing bariatric surgery: Cross-
sectional study. Obes Surg. 2021;31(8):3675-3685. doi:
10.1007/511695-021-05470-2.

Cai J, Lin C, Lai S, Liu Y, Liang M, Qin Y, et al. Waist-to-
height ratio, an optimal anthropometric indicator for
metabolic dysfunction associated fatty liver disease in the
Western Chinese male population. Lipids Health Dis.
2021;20(1):145. doi: 10.1186/512944-021-01568-9.



