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Abstract. Background and aim: Adipocyte hypertrophy is an indicator of adipose tissue dysfunction that 
precedes the development of obesity comorbidities. The aim of this study was to analyze relationship between 
adiposity indicators, cardiometabolic parameters and the size of abdominal adipocytes in premenopausal 
women, and to develop cut-off levels for anthropometric indicators based on the critical size (100 μm) of vis-
ceral adipocytes. Methods: Study group consisted of 50 premenopausal women aged 42.88±7.17y. Subcutaneous 
and visceral (omental) adipose tissue samples were taken during laparotomy, and adipocyte size was analysed. 
Prior surgery all subjects underwent body composition analysis, anthropometric mesurements, and cardio-
metabolic risk assessment. Results: The size of subcutaneous and visceral adipocytes correlated significantly 
with all indicators of overall and regional adiposity, except thigh skinfold thickness, proximal and distal thigh 
circumferences. Indicators of upper body adiposity had better correlation with the size of visceral adipocytes 
comparing to subcutaneous adipocytes. Blood pressure and leptin levels had stronger correlation with the 
size of subcutaneous, while tryglicerides, HDL-cholesterol, uric acid, glycaemia and HOMA showed better 
correlation with the size of visceral adipocytes. After adjustment for overall and regional adiposity significant 
correlation only remained between subcutaneous adipocyte size and diastolic blood pressure (r=352, p<0.05) 
and visceral adipocyte size and glycaemia (r=0.346, p<0.05), while correlation between LDL-cholesterol 
and size of visceral adipocytes became significant (r=0.294, p<0.05). Among all anthropometric parameters 
highest predictive ability for critical size of visceral adipocytes showed waist-to-height ratio and body fat 
percent (AUC: 0.879 and 0.878, respectively). Specific cut-off values were obtained for following anthropo-
metric parameters: waist-to-height ratio (0.51), body fat (39.65%), sagittal abdominal diameter-to-height 
ratio (0.16), waist-to-tight ratio (1.48), abdominal skinfold thickness (41.60 mm), abdominal diameter index 
(0.58), waist circumference (86.90 cm), waist-to-hip ratio (0.85), conicity index (1.19), trunk fat (34.00%), 
sagittal abdominal diameter (26.25 cm) and chest skinfold thickness (28.20 mm). Conclusions: These results 
imply to a fine interplay between cellular-to-whole body level morphology and functionality.
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Introduction

Obesity, particularly of abdominal, or visceral 
type is known to be associated with insulin resistance, 

cardiometabolic disturbances and type 2 diabetes. Vis-
ceral depot of abdominal adipose tissue has specific 
histoanatomical characteristics and physiological prop-
erties that favor the development of obesity associated 
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hyperinsulinemia and metabolic alterations, while sub-
cutaneous depot represents the site of effective energy 
deposition having the protecting role against cardiomet-
abolic outcomes (1,2). There is a wide range of body fat 
distribution in both normal-weight and obese subjects 
of both genders which determines the cardiometabolic 
risk. Women are particularly characterized by dynamic 
overtime changes in body fat distribution. Premenopau-
sal women are mainly characterized by peripheral fat 
accumulation while menopausal transition pronounces 
central fat accumulation independently of age and over-
all adiposity thus playing a pivotal role in developing 
cardiometabolic abnormalities after menopause (3).

The enlargement of the adipose tissue mass is the 
result of adipocyte hypertrophy and/or hyperplasia. The 
finding of hypertrophic adipocytes indicates hypoxic 
changes and dysfunctionality of adipose tissue which are 
closely connected with the development of obesity com-
plications (4-6). Hypertrophy of adipocytes has been 
shown to be related with insulin resistance and meta-
bolic disturbances (7-9). The adipocyte diameter over 
100 μm has been assigned as the critical size which cor-
responds with the limited diffusion of oxygen (10,11).

Anthropometric indicators of overall and regional 
adiposity, like body mass index, body fat percent, waist 
circumference, sagittal abdominal diameter or related 
indices, are simple and easily applicable in routine clin-
ical practice and identifying of persons at higher risk 
(11-15). For the most often used indicators cut-offs 
have been proposed in the literature. Most of them are 
based on their ability to predict cardiovascular events, 
hyperinsulinemia and metabolic disturbances or to 
predict the size of visceral fat (15,16). There are only 
few data on their ability to predict the hypertrophy of 
visceral adipocytes (17,18). This study was designed 
with an aim to analyze relationship between adipos-
ity indicators, cardiometabolic parameters and the size 
of abdominal subcutaneous and visceral adipocytes in 
premenopausal women, and to develop cut-off levels 
for anthropometric indicators based on the critical size 
(100 μm) of visceral adipocytes.

Material and Methods

Study group included 50 premenopausal 
women who underwent elective surgery at following 

departments Department of Abdominal, Endocrine 
and Transplantation Surgery and Department of Gyne-
cology and Obstetrics of the Clinical Centre Vojvodina, 
and Clinic of Operative Oncology of the Oncology In-
stitute of Vojvodina. Patients were diagnosed with chole-
lythiasis (n=12), ovarian cysts (n=5) and uterine myomas 
(n=33). Subjects were non-diabetic, free of major organ 
disease and with stable body mass for the past six months. 
The study was approved by Ethical committies of Clini-
cal centre Vojvodina and Oncology Institute of Vojvo-
dina and all subjects signed informed consent. Before 
surgery subjects underwent clinical evaluation including 
medical history, blood pressure measurements, blood 
sample collecting and anthropometric measurements.

Anthropometric measurements and body com-
position analysis were done a day before surgery. An-
thropometric measurements included body mass, body 
height, skinfold thicknesses (chest, midaxillary, subscap-
ular, biceps, triceps, abdominal, suprailiac, supraspinal, 
thigh, and calf ), body circumferences (upper arm, 
forearm, chest, waist, hip, proximal, mid- and distal 
thigh, and calf ), and sagittal abdominal diameter. Body 
height was measured using Harpenden anthropometer 
(Holtain Ltd, Croswell, UK) to the nearest 0.1 cm. 
Body weight was obtained within body composition 
assessment. Body mass and body height values were 
used in order to obtain body mass index (BMI=body 
mass (kg) / body height (m)2). Study group included 20 
normal-weight patients (BMI: 18.5-24.9 kg/m2) and 
30 overweight or obese (BMI≥25 kg/m2) patiens.

All circumferences were measured using Holtain 
flexible tape (Holtain Ltd, Croswell, UK) with the pre-
cision 0.1 cm. Upper arm circumference was measured 
at the level of the midway between acromion process 
of scapula and olecranon of ulna. Forearm circumfer-
ence was measured as the maximum circumference of 
the proximal part of the forearm. Chest circumference 
was measured at the level of the fourth costochondral 
joint, at the end of normal expiration. Waist circumfer-
ence was measured at the level of the midway between 
the inferior margin of the last rib and the iliac crest, in 
a horizontal plane. Hip circumference was measured at 
the point of maximal protrusion over the greater tro-
chanters. Thigh circumference was measured at three 
levels: proximal thigh circumference was measured just 
below the gluteal fold, mid-thigh circumference was 
measured at the level midway between the inguinal 
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crease and proximal border of patella, while the distal 
thigh circumference was measured proximal to femoral 
epicondyles. Calf circumference was measured as the 
maximum circumference of the calf (19).

Sagittal abdominal diameter (SAD) was measured 
in the supine position at the level of the highest point 
of the iliac crest using Holtain Kahn abdominal caliper 
(Holtain Ltd, Crymych, United Kingdom) (20).

Skinfold thicknesses were measured using 
Harpenden caliper (Holtain Ltd, Croswell, UK) to 
the nearest 0.2 mm (19). Three measurements were 
performed and the average value was used for the anal-
yses. Chest skinfold thickness was measured diagonally, 
between anterior axillary fold and nipple. Midaxillary 
skinfold thickness was measured horizontally on the 
midaxillary line at the level of the xiphisternal junc-
tion. Subscapular skinfold thickness was measured 
below the inferior angle of the scapula in an oblique 
direction downwards and laterally at 45 degrees. 
Triceps skinfold thickness was measured on the pos-
terior side of the upper arm in the vertical direction 
at the level halfway between the acromion and olec-
ranon, while the biceps skinfold thickness was meas-
ured vertically at the same level on the anterior side. 
Abdominal skinfold thickness was measured in a hori-
zontal direction 3 cm lateral and 1 cm inferior to the 
umbilicus. Suprailiac skinfold thickness was measured 
above the iliac crest posteriorly to the midaxillary line, 
in a downward direction, following natural fold lines of 
the skin. Supraspinal skinfold thickness was measured 
above the anterior superior iliac spine on a line to the 
anterior axillary border and on a diagonal line going 
downwards and medially at 45 degrees. Thigh skinfold 
thickness was measured vertically on the anterior as-
pect of thigh at the midway between inguinal crease 
and base of patella. Calf skinfold thickness was meas-
ured in the vertical direction on the medial side of the 
leg, at the level of the maximum calf girth.

On the base of the measured parameters following 
fat distribution indices were calculated: waist-to-hip 
ratio (WHR), waist-to-height ratio (WHtR), waist-
to-thigh ratio (WTR), conicity index (CI), sagittal 
abdominal diameter-to-height ratio (SADH), sagit-
tal abdominal diameter-to-mid-thigh circumference 
(abdominal diameter index, ADI), body shape index 
(BSI) and body adiposity index (BAI) (19,21,22). 
WHR, WHtR and WTR were calculated by dividing 

the waist circumference by the hip circumference, body 
height and thigh circumference, respectively. SADH 
and ADI were calculated by dividing SAD by the body 
height and mid-thigh circumference, respectively. CI, 
BSI and BAI were calculated using following formulas:

=
×

CI
waist circumference (m)

0.109
weight (kg)
height (m)

=
×

BSI
waist circumference (m)

BMI (kg/m ) body height (m)2
2
3

1
2

= −BAI
hip circumference (cm)

body height (m)
181.5

Overall and regional body composition was as-
sessed using bioelectrical impedance analysis (Tanita 
Body Composition Analyzer BC-418 MA III, Tanita 
Corporation, Tokyo, Japan). Total body fat mass, total 
body fat percentage, fat free mass, trunk fat mass and 
trunk fat percentage were assessed, and the ratio of 
trunk/limb fat mass was calculated.

Blood pressure was measured by an aneroid sphyg-
momanometer using the auscultatory method. Blood 
samples were taken after an overnight fast of at least 
12 hours. Biochemical measurements included total 
cholesterol, tryglicerides, LDL- and HDL-cholesterol, 
fasting blood glucose, uric acid, fibrinogen, insulin and 
leptin. The total cholesterol and trygliceride levels 
were determined by an enzyme-based method, HDL-
cholesterol levels were determined by the precipitation 
method with sodium phospho-wolframate, and LDL-
cholesterol levels were calculated using Friedwald’s 
equation (23). Index of atherosclerosis was calculated 
as the ratio between LDL- and HDL-cholesterol. 
Fasting glucose levels were determined by Dialab glu-
cose GOD-PAP method, and serum insulin levels were 
determined by ELISA. The homeostasis model assess-
ment of insulin resistance (HOMA-IR) was calculated 
from fasting glucose and insulin levels (24). Serum uric 
acid was measured by modified PAP method, the con-
centration of fibronogen was determined by a turbi-
dimetry, while the leptin concentration was measured 
by enzyme immunoassay (ELISA). Baseline character-
istics of the study group are given in the Table 1.
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Table 1. Characteristics of the examined subjects

Mean±SD Min-Max

Body height (cm) 166.38±6.19 152.50-178.00

Body mass (kg) 74.14±15.64 44.20-115.50

BMI (kg/m2) 26.87±5.97 16.60-42.42

Body composition parameters

Total body fat (%) 26.43±10.88 6.40-55.50

Total body fat mass (kg) 34.24±7.99 14.50-48.10

Fat free mass (kg) 47.71±5.64 37.50-60.00

Trunk fat percentage (%) 31.30±8.99 6.00-46.40

Trunk fat mass (kg) 13.10±5.62 1.40-25.30

Trunk/limb fat mass 0.96±0.18 0.28-1.26

Skinfold thicknesses

Chest (mm) 28.39±10.28 4.60-47.40

Midaxillary (mm) 31.38±9.33 6.40-47.20

Subscapular (mm) 30.42±13.54 9.10-64.50

Biceps (mm) 17.24±7.51 4.40-36.00

Triceps (mm) 30.28±9.54 6.80-49.00

Abdominal (mm) 38.76±13.99 6.80-77.30

Suprailiac (mm) 30.60±11.85 6.60-64.40

Supraspinal (mm) 21.73±9.30 4.60-39.20

Thigh (mm) 46.32±14.25 16.80-69.30

Calf (mm) 30.92±8.80 8.20-48.40

Circumferences

Upper arm (cm) 28.27±3.38 28.27-35.60

Forearm (cm) 25.64±2.38 21.00-31.40

Chest (cm) 93.42±9.93 76.00-124.60

Waist (cm) 86.34±14.90 62.60-127.10

Hip (cm) 104.05±10.85 81.80-130.80

Proximal thigh (cm) 57.20±6.14 43.80-72.20

Mid thigh (cm) 52.14±5.63 40.80-64.70

Distal thigh (cm) 43.41±4.92 33.60-54.10

Calf (cm) 36.62±3.60 27.90-45.20

Sagittal abdominal diameter (cm) 24.96±5.54 10.20-36.00

Fat distribution indices

WHR 0.83±0.08 0.69-0.97

WHtR 0.52±0.09 0.36-0.77

WTR 1.51±0.20 1.11-1.93

CI 1.19±0.09 1.02-1.39

SADH 0.15±0.03 0.06-0.22

ADI 0.48±0.08 0.25-0.62

BSI 0.075±0.005 0.063-0.087
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p=0.05. Using the critical size of adipocytes of 100 µm, 
receiver operating characteristic (ROC) curve analysis 
was used to identify thresholds for adiposity indica-
tors that showed strongest correlation with the size of 
visceral adipocytes.

Results

Adipocytes from subcutaneous fat depot were 
larger than those from visceral depot. Mean size of 
subcutaneous and visceral adipocytes was higher in 
overweight and obese women, and percent of hyper-
trophied adipocytes (diameter ≥100µm) in both de-
pots was also higher in obese and overweight subjects 
(Table 2). Overweight and obese subjects had more 
than twice higher percentage of hypertrophied adi-
pocytes in the visceral compartment comparing to the 
normal-weight subjects (27.26 vs. 12.85%).

The size of subcutaneous and visceral adipocytes 
correlated significantly with body mass and all indi-
cators of overall and regional adiposity, except thigh 
skinfold thickness, proximal and distal thigh circum-
ference (Table 3). Strongest relationship with the adi-
pocyte size showed body fat percent and indicators of 

Adipose tissue samples (1x1x1 cm) were obtained 
from the subcutaneous and visceral fat depots of abdo-
men at the site of the surgical incision, and at the edge 
of the greater omentum, respectively, and fixed in 10% 
neutral buffered formalin. Samples were cut to 5 µm 
thick sections and stained with haematoxylin-eosin. 
Photographs were captured at 400 magnification using 
DP 70 digital camera with Olympus BX51 microscope 
(M/S – Japan). The images were processed by Image J 
software (http://rsbweb.nih.gov/ij/).  Cross-sectional 
surface area (A) of at least 120 adipocytes of each 
patient was analyzed and adipocyte diameter (d) was 
derived as d=√4A/π. Adipose tissue characteristics are 
presented in the Table 2.

Statistical analysis was performed using IBM 
SPSS Statistics Version 22.0 (SPSS Inc, Chicago, IL). 
Values are represented as the mean ± standard deviation 
(X±SD), minimal (Min) and maximal values (Max). 
Adipocyte surface area was correlated with adiposity 
indicators, blood pressure and biochemical parameters 
using Pearson’s correlation test. Correlation between 
adipocyte surface area, blood pressure and biochemi-
cal parameters was calculated controlling for the effect 
of overall and abdominal adiposity (BMI, BF% and 
waist circumference). Level of significant was set at 

Mean±SD Min-Max

BAI 30.60±5.72 20.35-43.71

Blood pressure

Systolic (mmHg) 116.30±18.01 80.00-180.00

Diastolic (mmHg) 76.60±12.18 50.00-100.00

Biochemical parameters

Total cholesterol 5.44±1.16 3.53-8.80

Tryglicerides 1.44±0.74 0.59-3.23

HDL-cholesterol 1.43±0.34 0.82-2.00

LDL-cholesterol 3.34±1.12 0.46-6.63

Index of atherosclerosis 2.63±1.33 0.95-7.36

Uric acid 261.38±84.90 107.00-451.00

Fasting glucose 4.50±0.91 3.40-8.30

Fibrinogen 3.54±1.14 2.00-6.30

Insulin 10.22±7.58 1.29-42.27

HOMA 11.16±11.66 0.15-56.15

Leptin 210.86±165.44 26.00-864.00
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Table 2. Adipose tissue characteristics

Subcutaneous Visceral

Adipocyte surface area (μm2)

Total 10232.04±7277.61 5478.28±4394.65

Normal weight 8004.20±5707.69 4358.88±3460.39

Overweight and obese 11817.35±7838.14 6247.75±4786.23

Adipocyte diameter (μm)

Total 107.55±38.21 78.02±29.79

Normal weight 95.10±33.88 69.83±25.95

Overweight and obese 116.42±38.64 83.66±30.93

% of adipocytes with diameter ≥100µm

Total 54.63 21.39

Normal weight 41.08 12.85

Overweight and obese 64.25 27.26

Table 3. Correlation between adiposity parameters and adipocyte surface area

Adipocyte size

Subcutaneous Visceral

Body height -0.287* -0.282*

Body mass 0.553** 0.499**

BMI 0.612** 0.567**

Body fat percent 0.734** 0.684**

Total body fat 0.652** 0.611**

Fat free mass 0.277 0.207

Trunk fat mass 0.712** 0.666**

Trunk fat percent 0.666** 0.615**

Trunk/limb fat mass 0.347* 0.326*

Chest skinfold thickness 0.617** 0.654**

Midaxillary skinfold thickness 0.578** 0.597**

Subscapular skinfold thickness 0.607** 0.558**

Triceps skinfold thickness 0.448** 0.373**

Biceps skinfold thickness 0.458** 0.376**

Abdominal skinfold thickness 0.602** 0.678**

Suprailiac skinfold thickness 0.544** 0.487**

Supraspinal skinfold thickness 0.599** 0.583**

Thigh skinfold thickness 0.266 0.177

Calf skinfold thickness 0.417** 0.361**

Upper arm circumference 0.501** 0.414**

Forearm circumference 0.416** 0.325*

Chest circumference 0.634** 0.639**

Waist circumference 0.672** 0.654**
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skinfold thicknesses, WTR, CI and BSI) that had bet-
ter correlation with the size of visceral adipocytes.

Blood pressure, tryglicerides, uric acid, glycaemia, 
insulin, HOMA and leptin correlated significantly 
with the size of both, subcutaneous and visceral adipo-
cytes (Table 4). Among them blood pressure and leptin 

central adiposity (trunk fat, SAD, SADH, ADI, WTR, 
WHR, WHtR, CI, waist circumference, chest cir-
cumference). Most anthropometric measures showed 
stronger correlation with the size of subcutaneous 
adipocytes, except indicators of upper body adiposity 
(chest circumference, chest, midaxillary and abdominal 

Adipocyte size

Subcutaneous Visceral

Hip circumference 0.489** 0.465**

Proximal thigh circumference 0.275 0.190

Mid thigh circumference 0.337* 0.207

Distal thigh circumference 0.243 0.123

Calf circumference 0.411** 0.406**

SAD 0.708** 0.646**

WHR 0.701** 0.686**

WHtR 0.688** 0.675**

WTR 0.666** 0.713**

CI 0.653** 0.684**

SADH 0.731** 0.672**

ADI 0.730** 0.726**

BSI 0.469** 0.542**

BAI 0.561** 0.544**

Table 4. Correlation of blood pressure and biochemical parameters with adipocyte surface area

Adipocyte size

Subcutaneous
Adjusted for BMI, BF% and 

waist circumference Visceral
Adjusted for BMI, BF% 
and waist circumference

Systolic blood pressure 0.523** 0.286 0.404** 0.096

Diastolic blood pressure 0.535** 0.352* 0.407** 0.172

Total cholesterol 0.137 0.203 0.208 0.275

Tryglicerides 0.345* 0.168 0.420** 0.278

HDL-cholesterol -0.181 0.150 -0.280* -0.010

LDL-cholesterol 0.065 0.131 0.195 0.294*

Index of atherosclerosis 0.068 -0.061 0.238 0.179

Uric acid 0.287* 0.127 0.382** 0.266

Fasting glucose 0.286* 0.182 0.409** 0.346*

Fibrinogen 0.259 0.033 0.235 -0.025

Insulin 0.314* -0.004 0.380** 0.108

HOMA 0.367** -0.204 0.464** -0.223

Leptin 0.384** 0.066 0.361* 0.224

*p<0.05; **p<0.01
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Discussion

This study was conducted with an aim of analyz-
ing the relationship between the size of subcutaneous 
and visceral adipocytes and simple adiposity indica-
tors, and cardiometabolic parameters. We also aimed 
to develop cut-off levels for anthropometric indicators 
based on the critical size (100 μm) of visceral adipo-
cytes. Our results showed that among all analyzed an-
thropometric parameters total body fat and abdominal 
adiposity indicators have strongest association with 
the size of both, subcutaneous and visceral abdominal 
adipocytes. The best predictors of the hypertrophy of 
adipocytes in visceral fat depot were WHtR and body 
fat percent, with the estimated cut-offs of 0.51 and 
39.65%, respectively. Among cardiometabolic param-
eters glycaemia and LDL-cholesterol were indepen-
dently associated with the size of visceral adipocytes.

Obesity is characterized by the enlargement of 
adipose tissue due to hypertrophy and/or hyperplasia 
of adipocytes. Excess caloric intake leads to adipose 
tissue expansion and remodeling. “Healthy” expansion 
of adipose tissue includes angiogenesis and adipocyte 
proliferation resulting in smaller adipocytes (25). On 
the other hand, enlargement of adipose tissue in a 
hypertrophic manner results in reaching their storage 
capacity and inability to respond properly to a higher 
demands which leads to an ectopic fat deposition and 

level had stronger correlation with the size of subcu-
taneous, while other metabolic parameters showed 
better correlation with the size of visceral adipocytes. 
HDL-cholesterol significantly inversly correlated only 
with the size of visceral adipocytes. The strongest cor-
relation was observed between the size of visceral adi-
pocytes and HOMA. After adjustment for BMI, body 
fat percent and waist circumference most significant 
correlations disappeared; significant correlation only 
remained between subcutaneous adipocyte size and 
diastolic blood pressure (r=0.352, p<0.05), and vis-
ceral adipocyte size and fasting glucose level (r=0.346, 
p<0.05), while correlation between LDL-cholesterol 
and size of visceral adipocytes became significant after 
adjustment for BMI, body fat percent and waist cir-
cumference (r=0.294, p<0.05).

Anthropometric indicators that showed the 
strongest association with the size of visceral adipocytes 
were subtracted in order to test their ability to predict 
critical size of visceral adipocytes. Highest predictive 
value was found for the WHtR (0.879) and body fat 
percent (0.878). Specific cut-off values were obtained 
for the each anthropometric parameter (Table 5): 0.51 
for WHtR, 39.65% for body fat, 0.16 for SADH, 1.48 
for WTR, 41.60 mm for abdominal skinfold thickness, 
0.58 for ADI, 86.90 cm for waist circumference, 0.85 
for WHR, 1.19 for CI, 34.00% for trunk fat, 26.25 cm 
for SAD and 28.20 mm for chest skinfold thickness.

Table 5. Area under the curve

Variable Cut-off AUC (95% Confidence Interval) Sensitivity Specifity p

WHtR 0.51 0.879 (0.780-0.977) 1.000 0.650 0.000

Body fat% 39.65 0.878 (0.756-0.999) 0.800 0.850 0.000

SADH 0.16 0.874 (0.756-0.991) 0.900 0.650 0.000

WTR 1.48 0.872 (0.769-0.976) 1.000 0.650 0.000

Abdominal skinfold thickness 41.60 0.868 (0.761-0.974) 1.000 0.675 0.000

ADI 0.58 0.856 (0.732-0.980) 0.600 0.950 0.001

Waist circumference 86.90 0.850 (0.735-0.965) 0.900 0.775 0.001

WHR 0.85 0.848 (0.737-0.958) 0.900 0.725 0.001

CI 1.19 0.847 (0.721-0.974) 1.000 0.605 0.001

Trunk fat% 34.00 0.841 (0.718-0.964) 0.900 0.675 0.001

SAD 26.25 0.834 (0.700-0.968) 0.900 0.700 0.001

Chest skinfold thickness 28.20 0.815 (0.692-0.938) 1.000 0.575 0.002
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adjusting for overall and regional adiposity (BMI, 
body fat percent and waist circumference). Generally, 
overweight and obese women had higher percent of 
hypertrophied adipocytes (with diameter >100 μm) 
than normal-weight subjects in both adipose tissue de-
pots. This was particularly pronounced in the visceral 
adipose tissue of overweight and obese women which 
contained more than twice higher percent of hypert-
ophied adipocytes suggesting overloading of this adi-
pose compartment. Also, as expected, enlarged visceral 
adipocytes even smaller than subcutaneous, showed 
stronger correlation with the biochemical indicators 
of obesity related metabolic disturbances. Although 
it is well known that adipose tissue has the ability to 
respond on increased nutrient intake with adipocyte 
hyperthropia or hyperplasia, the right mechanisms 
that determine the patterns of adipocyte enlargement 
are not fully investigated yet and some studies even 
reported different reply in regards to adipose tissue 
localisation. Investigating the changes in the number 
and the size of adipocytes of different adipose tissue 
depots in respons to weight gain, Tchoukalova et al. 
showed that excess energy intake for eight weeks leads 
to hypertpohy of abdominal subcutaneous adipocytes 
as well as hyperplasia of subcutaneous adipocytes lo-
cated in femoral region (52). In our study, we demon-
strated that the size of both subcutaneous and visceral 
adipocytes correlated with almost all indicators of 
overall and regional adiposity except the thigh region, 
especially with the indicators of central adiposity, that 
might be the consequence of femoral adipocyte hyper-
plasia instead of hypertrophy. Moreover, correlation 
was stronger between the size of subcutaneous adi-
pocytes and most of anthropometric indicators except 
the indicators of upper body adiposity that correlated 
better with the size of visceral adipocytes. This finding 
might speak in favor of the necessity to distinguish the 
visceral, hypertrophic obesity in the upper parts and 
hyperplastic obesity in the lower parts of the body that 
some authors cited (53-55).

There is a number of anthropometric measures 
that are good predictors of cardiometabolic outcomes, 
like waist circumference, SAD and their ratios with 
body height (15,35,56). Cut-off values of most of an-
thropometric indicators of abdominal obesity have 
been defined according to their ability to predict the 

metabolic disturbances (25). Adipocyte hypertrophy 
primary indicates increased fat load, reduced capac-
ity to store fat, and failure of adipocytes to proliferate 
(26). Hypertrophy of adipocytes combined with a lim-
ited growth of blood vessels leads to hypoxic stress and 
inflammation (27). It is suggested that adipocytes have 
a critical volume (diameter over 80-100 μm) that can-
not be further expanded reducing capacity to storage 
fat (28-31). The presence of larger adipocytes expresses 
exhaustion of adipose tissue fat storage potential and 
correlates with lipid accumulation in non-adipose 
tissues, adipocyte dysfunction, hypoxic changes, de-
creased production of adiponectin and increased secre-
tion of adipokines with proinflammatory, diabetogenic 
and proatherogenic properties, and development of 
insulin resistance (7,32-38).

Adipose tissue depots differ in their metabolic 
activity, storage capacity and capacity of proliferation. 
According to “expandability hypothesis” individu-
als who have higher capacity to store fat in more hy-
perplastic, subcutaneous depots remain metabolically 
healthy (39). On the other hand, visceral adipocyte 
hypertrophy has been found to be related with mark-
ers of processes of triglyceride storage, hypertrygliceri-
demia, hypercholesterolemia, higher LDL-cholesterol 
and apolipoprotein B, and lower HDL-cholesterol 
(40-46). It is also associated with hypertension (47) 
and insulin resistance (46,48). Our previous study 
reported finding of significantly larger adipocytes in 
visceral adipose tissue of metabolically obese women 
comparing to metabolically healthy controls of the 
same nutrition level (49). Current study shows that 
blood pressure and leptin levels have stronger correla-
tion with the size of subcutaneous, while tryglicerides, 
HDL-cholesterol, uric acid, glycaemia and HOMA 
show better correlation with the size of visceral adi-
pocytes. The size of visceral adipocytes correlated with 
LDL-cholesterol and glucose level, independently 
of overall and regional fat mass. When the effects of 
overall and abdominal adiposity were excluded, size 
of subcutaneous adipocytes showed significant corre-
lation only with diastolic blood pressure. The size of 
subcutaneous adipocytes stronger correlated with lep-
tin levels which was expected knowing that subcutane-
ous adipose tissue is the main source of leptin (50,51). 
However, this correlation became insignificant after 
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respectively (68,69). Moreover, our study determined 
cut-off values of trunk fat percent as well as of abdomi-
nal and chest skinfold thicknesses but we could not 
find any data of these cut-off values in the literature to 
compare with. WTR has been shown as a good pre-
dictor of ishaemic heart disease (11), peripheral vas-
cular disease (35) and diabetes (39). According to Li 
et al. (39) optimal cut-off values of WTR for predict-
ing diabetes were between 1.81 an 1.99, depending on 
the ethnicity and age. In our study cut-off for WTR 
was lower (1.48) which is closer to those reported 
by Carneiro Roriz et al. (64) - they defined cut-off 
value according to ability of WTR to predict visceral 
adipose tissue area and it was 1.57 for women. SAD  
(or abdominal height) has been proved as a good pre-
dictor of visceral adipose tissue area, atherogenic lipid 
profile, hypertension, glucose intolerance and insulin 
resistance in both genders and in both, normal-weight 
and obese subjects (13,25,26,39,60). According to the 
results of previous studies cut-off values for SAD were 
defined using different criteria. Most of these stud-
ies suggest cut-off values for women between 20 and 
25 cm, depending on the criteria used. According to 
our results upper limit for SAD is higher than those 
proposed in the literature (26.25 cm). Our previous 
results, based on the relationship between SAD and 
cardiovascular risk in Serbian population showed also 
slightly higher cut-off value of SAD (24.3 cm) which 
could be population-specific result that also explains 
higher values in the current study (70). Some studies 
showed ADI and SADH as a slightly better predic-
tors of cardiovascular risk than SAD alone (26,36,39), 
which is in line with our results. Comparing to cut-off 
points in detection of the excess in visceral adipose tis-
sue in women reported by Carneiro Roriz et al. (64), 
our results are similar for SADH (0.13 vs. 0.155) and 
higher for ADI (0.38 vs. 0.495). Considering cut-offs 
for body fat percent our results correspond with results 
given by Joseph et al. (68) and Kim et al. (69) that 
are based to ability to identify cardiovascular risk (38% 
and 37%, respectively). Lahmann et al. (71) proposed 
lower cut-off based on the association between body fat 
percent and causes of mortality (35%), while Macias et 
al. reported higher cut-offs for women (44%) based on 
the ability to detect metabolic risk (72). Finally, conic-
ity index was proposed as an indicator of abdominal 

cardiometabolic morbidity and mortality, or the size of 
abdominal visceral fat mass. To the best of our knowl-
edge there are no suggested cut-offs based on the abil-
ity to predict hypertrophy of visceral adipocytes. The 
most widely used indicator is waist circumference. Ac-
cording to WHO recommendations waist circumfer-
ence values over 80 and 88 cm correspond with higher 
and extremely high health risk in women, respectively 
(57). Our results correspond within above proposed 
range pointing to cut-off value of 86.9 cm. WHR has 
been proved as a good predictor of cardiovascular dis-
eases showing the size of abdominal fat relative to pe-
ripheral ones (58). According to Lemieux et al. (59) 
WHR values of 0.88 correspond to a critical accumu-
lation of visceral adipose tissue in women, while Dob-
belsteyn et al. (60) defined predictive values between 
0.76 and 0.80 for women according to its relationship 
with the various risk factors. WHR values over 0.85 
are used as diagnostic criterion of adiposopathy (61), 
which correspond to our results. Putting the body 
height in the ratio with waist circumference has been 
showed to increase the predictive ability of waist cir-
cumference. WHtR has been shown as the even better 
marker because it correlates highly with cardiometa-
bolic risk factors (56,58). Considering proposed values 
in the literature, lowest cut-off values of WHtR for 
women found Lin et al. (62) - 0.48, while Rodgrigues 
et al. (63) and Carneiro Roriz et al. (64) suggest higher 
predictive values in women: 0.54 and 0.59, respec-
tively. According to our results WHtR value that cor-
respond with the critical size od adipocytes was 0.51 
which is in the line with the most studies that sug-
gest 0.5 as the predictive value (14,56,58,65,66). At 
the same time WHtR appeared to have the highest 
predicitive value among all examined anthropomet-
ric parameters. Furthermore, our study showed that 
besides WHtR, body fat percent might be used as a 
strong predictor of visceral adipocite hypertrophy. 
While Li et al. in their study on Chinese population 
reported that having body fat percent over 34.95% and 
36.55% carried a risk of metabolic syndrome and type 
2 diabetes mellitus development (67), our cut-off value 
was slightly higher (39.65%). However, studies on 
Korean and Indian Asian population showed slightly 
different result since their body percent cut-off val-
ues related to cardiovascular risk were 37% and 38%, 



Progress in Nutrition 2022; Vol. 24, N. 3: e2022087 11

visceral adiposity and relation to coronary risk. Int J Obes 
Relat Metab Disord 2004;28(8):1018-25.

2.	Klein S. The case of visceral fat: argument for the defense. 
J Clin Invest 2004;113(11):1530-2.

3.	Piché MÈ, Weisnagel SJ, Corneau L, Nadeau A, Bergeron J, 
Lemieux S. Contribution of abdominal visceral obesity and 
insulin resistance to the cardiovascular risk profile of post-
menopausal women. Diabetes 2005;54(3):770-7.

4.	Berg  AH,  Scherer  PE. Adipose tissue, inflammation, and 
cardiovascular disease. Circ Res 2005;13;96(9):939-49.

5.	Coppack SW. Adipose tissue changes in obesity. Biochemical 
Society Transactions 2005;33(Pt 5):1049-52.

6.	Goossens GH. The role of adipose tissue dysfunction 
in the pathogenesis of obesity-related insulin resistance. 
Physiology&Behaviour 2008;94:206-18.

7.	Yang J, Eliasson B, Smith U, Cushman SW, Sherman 
AS. The size of large adipose cells is a predictor of insulin 
resistance in first-degree relatives of type 2 diabetic patients. 
Obesity 2012;20:932-8.

8.	Laforest S, Labrecque J,  Michaud A,  Cianflone K, 
Tchernof A. Adipocyte size as a determinant of metabolic 
disease and adipose tissue dysfunction. Crit Rev Clin Lab 
Sci 2015;52(6):301-13.

9.	Arner E, Westermark PO, Spalding KL, et al. Adipocyte 
turnover: relevance to human adipose tissue morphology. 
Diabetes 2010;59(1):105-9.

10.	Trayhurn P, Wang B, Wood IS. Hypoxia in adipose tissue: a 
basis for the dysregulation of tissue function in obesity? Br J 
Nutr 2008;100(2):227-35.

11.	Hosogai N, Fukuhara A, Oshima K, et al. Adipose tissue 
hypoxia in obesity and its impact on adipocytokine dysregu-
lation. Diabetes 2007;56(4):901-11.

12.	Kahn HS, Austin H, Williamson DF, Arensberg D. Simple 
anthropometric indices associated with ischemic heart 
disease. J Clin Epidemiol 1996;49(9):1017-24.

13.	Stevens J, Katz EG, Huxley RR. Associations between 
gender, age and waist circumference. Eur J Clin Nutr 
2010;64:6-15.

14.	Ashwell MA, LeJeune SRE, McPherson K. Ratio of 
waist circumference to height may be better indicator of 
need for weight management. British Medical Journal 
1996;312(7027):377.

15.	Molarius A, Seidell JC. Selection of anthropometric indica-
tors for classification of abdominal fatness-a critical review. 
Int J Obes Relat Metab Disord 1998;22(8):719-27.

16.	Sampaio LR, Simões EJ, Assis AMO, Ramos LR. Validity 
and reliability of the sagittal abdominal diameter as a pre-
dictor of visceral abdominal fat. Arq Bras Endocrinol Metab 
2007;51(6):980-6.

17.	Meena VP,  Seenu V,  Sharma MC,  et al. Relationship of 
Adipocyte Size with Adiposity and Metabolic Risk Factors 
in Asian Indians. PLoS One 2014; 9(9):e108421.

18.	Mundi MS, Karpyak MV, Koutsari C, Votruba SB, O’Brien 
PC, Jensen MD. Body fat distribution, adipocyte size, 
and metabolic characteristics of nondiabetic adults. J Clin 
Endocrinol Metab 2010;95(1):67-73.

obesity based on the assumption that higher abdomi-
nal fat deposition changes the body shape into the 
double cone. Some studies showed its high discrimi-
natory power in prediction of cardiovascular risk and 
diabetes (73,74). Pitanga and Lessa (75) and Cho et al. 
(76) proposed the same cut-off value for women (1.18) 
based on its ability to predict coronary risk and meta-
bolic abnormalities, respectively. Our optimal cut-off 
value is in line with their results (1.19).

Several limitations of the study should be 
acknowledged. The first one is the sample population 
that included only premenopausal women. Recruit-
ment of postmenopausal women and men of different 
ages would provide defining age- and gender-specific 
cut-offs. The small size of the sample should be men-
tioned, too. There are some suggestions that abdomi-
nal subcutaneous adipose tissue behaves as the one 
between visceral and peripheral adipose tissue (77). 
According to those speculations it would be better if 
we could compare size between visceral adipocytes and 
“real” peripheral adipocytes.

Conclusions

Our results showed significant correlation of the 
adipocyte size with anthropometric indicators of ab-
dominal adipose tissue mass, especially ratios that in-
clude another one dimension (body height or peripheral 
adiposity, i.e. WHtR, ADI, CI and WTR). The most 
of obtained predictive values for anthropometric pa-
rameters is in accordance with values that predict car-
diometabolic risk or visceral adipose tissue area, which 
represents a new dimension to validation of suggested 
cut-off values and imply to a fine interplay between cel-
lular-to-whole body level morphology and functionality.
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