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The Relationship Between Abdominal Adiposity
Parameters and Renal Cell Carcinoma: A Volumetric

Study Using All Computed Tomography Slices

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: To investigate a possible relationship between abdominal adiposity parameters
and the presence of renal cell carcinoma (RCC), and between these adiposity parameters and various
histopathological tumor findings. MMaatteerriiaall  aanndd  MMeetthhooddss::  A total of 48 patients (31 males and 17 fe-
males, mean age: 60.17±13.39 years) with RCC and 50 control subjects (32 males and 18 females, mean
age: 60.26±7.71 years) were enrolled. The medical data and the abdominopelvic computed tomog-
raphy (CT) examinations of the study groups were retrospectively reviewed. The abdominal adiposity
parameters, including visceral adipose tissue (VAT) volume, subcutaneous adipose tissue (SAT) vo-
lume, total adipose tissue (TAT) volume, visceral adipose tissue index (VATI), subcutaneous adipose
tissue index (SATI), and VAT-to-SAT ratio, were calculated using specialized software. We also noted
histopathological features of the tumors. RReessuullttss::  We found significantly higher SAT volume and SATI
in the RCC group in comparison with the control group (p=0.024 and p = 0.001, respectively). The VAT
volume and VATI were significantly lower in the patient group, compared to the control group (p =
0.001 for both). There was no statistically significant relationship between VAT-to-SAT ratio and the
presence of RCC. No statistically significant relationship between abdominal adiposity parameters
and histopathological tumor features was detected (p > 0.05). CCoonncclluussiioonn::  We designed a volumetric
study of all slices of abdominopelvic CT examination by using specialized software. As far as we know,
this study is the first volumetric study to investigate those relationships. Volumetric adipose tissue
measurements may be more accurate than area measurements and can easily be performed during ab-
dominopelvic CT examination, which is the routine imaging modality for RCC patients. 

KKeeyywwoorrddss:: Abdominal adipose tissue; renal cell carcinoma; pathology;
subcutaneous adipose tissue; visceral adipose tissue; computed tomography

ÖÖZZEETT  AAmmaaçç:: Abdominal yağ parametreleri ile renal hücreli karsinom (RHK) varlığı ve bu adipozite
parametrelerinin tümörün histopatalojik bulguları ile arasındaki olası ilişkiyi araştırmak. GGeerreeçç  vvee
YYöönntteemmlleerr:: RHK’ sı bulunan 48 hasta (31 erkek ve 17 kadın, ortalama yaş: 60,17±13,3 yıl) ve 50 kon-
trol hastası (32 erkek ve 18 kadın, ortalama yaş: 60,26±7,71 yıl) olmak üzere toplam 98 hasta çalışmaya
dahil edildi. Çalışma gruplarının tıbbi kayıtları ve opaklı abdominopelvik bilgisayarlı tomografi (BT)
tetkikleri retrospektif olarak değerlendirildi. BT tetkiklerinde, visseral yağ doku (VYD) hacmi, sub-
kutan yağ doku (SYD) hacmi, total yağlı doku (TYD) hacmi, VYD indeks (VYDİ), SYD indeks (SYDİ)
ve VYD/SYD oranlarını içeren abdominal yağ parametreleri özel bir yazılım kullanılarak hesaplandı.
Ayrıca var olan tümörlerin histopatolojik özellikleri kaydedildi. BBuullgguullaarr::  RHK grubunda istatistiksel
olarak anlamlı şekilde kontrol grubuna göre daha yüksek SYD hacmi ve SYDİ değerleri bulundu
(sırasıyla p=0,024 ve p=0,001). Hasta grupta VYD hacmi ve VYDİ değerleri ise kontrol grubuna göre
daha düşüktü (her ikisi için de p=0,001). VYD/SYD oranı ile RHK varlığı arasında anlamlı ilişki yoktu
(p>0,05). Ayrıca değerlendirilen abdominal yağ parametreleri ve tümörlerin histopatolojik özellikleri
arasında da anlamlı bir ilişki saptanmadı (p>0,05). SSoonnuuçç::  Özel bir yazılım kullanarak tüm ab-
dominopelvik BT kesitlerinin dahil edildiği hacimsel bir çalışma dizayn ettik. Bildiğimiz kadarıyla, bu
çalışma tanımlanan ilişkileri araştıran ilk hacimsel çalışmadır. Hacimsel yağlı doku ölçümleri daha
önceki çalışmalarda kullanılmış olan ve sadece birkaç kesit esas alınarak yapılan alansal ölçümlerden
daha doğru olabilir ve RHK hastalarında rutin görüntüleme modalitesi olan abdominopelvik BT ile ko-
laylıkla yapılabilir.

AAnnaahhttaarr  KKeelliimmeelleerr::  Abdominal yağ doku; renal hücreli karsinom; patoloji; subkutan yağ doku;
visseral yağ doku; bilgisayarlı tomografi
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besity and cancer are two of the most im-
portant health problems worldwide, and
their rates are increasing. Obesity is

known to be associated with increased risk for car-
dio-metabolic diseases, including type 2 diabetes
mellitus, cardiovascular disease, and metabolic syn-
drome.1,2 Moreover, the relationship between obe-
sity and several types of cancer, including breast,
esophageal, colorectal, and renal cancer, has also
been shown.3 Classically, obesity has been accepted
as whole-body fat and has been quantified using
the body mass index (BMI). More recently, how-
ever, the concept of fat compartments has become
evident, and they have all been shown to have
varying degrees of pathogenic influence.4

Adipose tissue is anatomically distributed in
varying proportions throughout the human body,
and the pattern of distribution changes based on
many factors such as race, ethnicity, genotype, sex,
age, diet, physical activity, hormone levels, and
medications.5-7 Two compartments of  body fat tis-
sue with different metabolic characteristics are tra-
ditionally identified: subcutaneous adipose tissue
(SAT) and visceral adipose tissue (VAT). Although
both of these adipose tissue types are important,
particular attention has been given to VAT because
of its association with various medical problems.8

Recently, VAT has been accepted as the primary
mediator of inflammatory messaging in diabetes,
immune modulation, and cardiovascular disease,
and is considered an important pathogenic factor
of metabolic syndrome.9

Renal cell carcinoma (RCC) is the eighth most
common malignancy in adults and the most com-
mon one in the kidney.10 The lifetime risk of RCC
is 1.56% for US residents.11 Obesity, smoking and
hypertension are the most well-known risk factors
and each demonstrates strong associations with
RCC.12,13 The association between obesity and RCC
has been studied.14,15 In a large scale study, a 71% in-
creased risk of RCC was found in morbidly obese in-
dividuals (BMI≥35), compared with normal weight
individuals (BMI<25).11 Moore et al.and Awakura et
al. also showed a positive correlation between obe-
sity and RCC.16,17 However, obesity is a gross term
and most authors believe that such generality is in-

sufficient to understand the exact relationship be-
tween adiposity and RCC. Delineating fat tissue
compartments may provide a more detailed and ac-
curate understanding of this relationship. 

Computed tomography is one of the most ac-
curate radiological methods for assessing abdomi-
nal adipose tissue, and it has the ability to directly
measure visceral adiposity.18,19 Such specific meas-
urements have been suggested to be more useful
than BMI.20 Area measurements obtained from one
or two CT slices were used in most studies evaluat-
ing VAT. However, the results obtained by only a
few CT slices and derived from area measurements
vary partly because of measuring technique differ-
ences.21 These measurements can be more accu-
rately conducted volumetrically by using specialty
computer programs. 

In medical literature, there are a very limited
number of studies investigating the relationship
between RCC and abdominal adiposity parame-
ters.22-24 However, in all of them, measurements
were performed from one or two nonstandard CT
slices at different body levels accepted as repre-
senting all of the abdominal fat tissue volume. In
the present study, we investigated a possible rela-
tionship between volumetric abdominal adiposity
measurements and the presence of RCC, and be-
tween these adiposity parameters and various
histopathological tumor findings.

MATERIAL AND METHODS

PATIENT SELECTION

Review board approval (Kecioren Training and Re-
search Hospital Clinical Research Review Board,
2012-KAEK-15, 22.11.2017) was obtained and this
retrospective study was conducted in accordance
with the principles of the Declaration of Helsinki.
The medical data and abdominopelvic CT examina-
tions were reviewed for consecutive patients with
newly diagnosed RCC who were operated on in our
hospital and a control group similar in age and gen-
der distributions between January 2014 and Octo-
ber 2017. In total, 64 RCC patients and their medical
data were evaluated. Patients were excluded from
the study if any of the following criteria applied: pa-

Sinan AKAY et al. Tur ki ye Kli nik le ri J Med Sci. 2019;39(1):65-74

66



tients with recurrent RCC (n=2); patients who had
previous surgery for any other abdominal cancer or
a major surgery that could affect abdominal adipose
tissue (n=1); those who had emergency surgery for
tumor-related complications (n=3); and patients
with CT examinations performed in another center
(n=10). Finally, 48 patients (31 males, 17 females)
with histopathologically proven RCC who met the
criteria were enrolled in the study. In all cases, the
final histopathological diagnosis was made by par-
tial or total resection. 

The control group was selected consecutively
from patients who underwent abdominopelvic CT
examination for reasons other than abdominal can-
cer during the same time period as the RCC pa-
tients. The age and gender distributions of the
control group were similar to those of the patient
group. The patients who had had major abdominal
surgery or who were diagnosed with any abdomi-
nal cancer by the current CT were excluded from
the control group. In total, 50 cases (32 males and
18 females) were included in the control group, and
the same abdominal adipose tissue measurements
mentioned above were conducted on them as well.

CT PROTOCOL AND ANALYSIS

Prior to surgical resection, all of the CT examina-
tions were performed with 64- and 320-row detec-
tor systems belonging to the same brand (Aquilion;
Toshiba Medical Systems, Otawara, Japan). En-
hanced CT images of the axial plane in the portal
venous phase were acquired after using a standard
oral agent (50 ml, 76% amidotrizoate meglumine,
sodium amidotrizoate) and intravenous non-ionic
contrast agents (mean: 80 ml), and multi-planar re-
formatted images (sagittal and coronal) were cre-
ated from the initial scan. The scanning parameters
were as follows: tube current 150-200 mAs; tube
voltage 120 kV/ slice thickness 0.5-3 mm; rotation
time 0.75 ms; and total scan time 12.8 s.

The abdominopelvic CT images of 48 patients
and 50 control patients were retrieved from the
picture archiving and communication system of
our hospital and analyzed for abdominal adipose
tissue parameters with an FDA-approved software
program (Vitrea 2 Vital v4.1.8.0, Vital Images, Inc.,

Minnetonka, MN, USA) which was successfully
used in some previous studies.25,26 All CT images of
the soft tissue window between the esophageal hia-
tus in the diaphragm and the level of the symphysis
pubis were used, and abdominal adipose tissue vol-
umes were calculated by using the “organ selection
tool” option of the software (Figure 1). Visceral adi-
pose tissue is defined as deep adipose tissue, in-
cluding the mesenteric, subperitoneal, and
retroperitoneal fat and excluding paraspinal mus-
cles and the vertebral column. Subcutaneous fat tis-
sue is defined as adipose tissue superficial to the
abdominal wall musculature and the back muscles.
After the region of interest was selected as a repre-
sentative area in the visceral adipose tissue, the
program derived a subtracted image showing only
the visceral adipose tissue. Two radiologists
checked the images formed by the software for any
mistakes, correcting and reforming the images in
consensus when necessary. Images were manually
edited in each section by using the edit tool to
avoid including non-fat tissue such as solid organs,
intestines, vessels, and skeletal tissue. Then, using
the subtracted 3D volume images created, the VAT
volume was automatically calculated in milliliters
by the program. A similar process was applied for
the SAT. The VAT and SAT volumes were added
together to measure the TAT volume. All meas-
urements were taken by two radiologists in con-
sensus. Because all the images formed by the
software were used for measurements, estimated
calculations, such as adding or multiplying by pixel
surface area, were not used; thus, adipose tissue
volumes were real-life calculations.

HISTOPATHOLOGICAL ANALYSIS

The histopathological data of the RCC patients re-
trieved from the medical archive of the hospital
were evaluated for tumor location (right or left kid-
ney), histological type (clear cell, chromophobe, or
papillary), grade (1 to 4), size, renal capsule inva-
sion, perirenal fat involvement, lymphovascular
tissue invasion, renal vein involvement, renal sinus
invasion, presence of sarcomatoid component, and
tumor necrosis. Nephrectomy type (radical or par-
tial) was also noted.
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STATISTICAL ANALYSIS

Statistical analysis was done using Statistical Pack-
age for Social Sciences 20.0 software (SPSS 20.0 for
Mac). Descriptive statistics of nominal samples
were expressed with numbers and percentiles. De-
scriptive statistics of scale samples were expressed
as mean ±standard deviation (minimum–maxi-
mum). Kolmogorov Simirnov, Shapiro-Wilk, Kur-
tosis, and Skewness Tests were used to assess
variable normalization. The Independent Sample T
Test was used to compare two independent scale
parameters with normal distribution. The Mann-
Whitney U Test was used to compare two inde-
pendent scale parameters without normal distri-
bution. The Chi Square Test was used to compare
independent nominal parameters. The Pearson
Correlation Test was used to correlate two scale
samples. Probability of p <0.05 was accepted as sta-
tistically significant. 

RESULTS

A total of 98 cases were enrolled in this study. The
patient and control groups comprised 48 and 50
cases, respectively. Among these cases, the patient
group consisted of 31 (64.6%) males and 17 (35.4%)
females, and the control group was comprised of 32
(64%) males and 18 (36%) females. The mean ages
were 60.17±13.39 (33-88 years) and 60.26±7.71 (49-
73 years) in the patient and control groups, respec-
tively. No statistically significant difference was
found between the two groups regarding age (p=
0.966) and gender (p=0.952) distribution. The de-
mographic features of the study groups are shown
in (Table 1).

The VAT, SAT, and TAT volumes were the
main measurements, and they were calculated
using the specialized software. The VAT index
(VATI=VAT/TAT), SAT index (SATI=SAT/TAT)
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FIGURE 1 a-b: Abdominal adipose tissue measurements by using specialized software. Images (a) and (b) demonstrate the distribution of visceral (orange) and
subcutaneous (blue) adipose tissues determined by the software in the sagittal, coronal, and axial projections. The lower right pictures in both images are the
volume-rendered images showing the amount of visceral and subcutaneous abdominal adipose tissue, respectively, in milliliters.



values, and VAT-to-SAT ratio derived from the
main measurements were also calculated. Those
abdominal adipose tissue parameters and their sta-
tistical relationships with the study groups are
shown in (Table 1).

No correlation was found between the VAT,
SAT, TAT volumes, SATI, VATI, VAT- to-SAT
ratio and the ages of the participants in the study
groups (p=0.69, 0.87, 0.44, 0.74, 0.74, 0.37 in gen-
eral, p=0.860, 0.739, 0.727, 0.835, 0.835, 0.480 in
the patient group, and p=0.29, 0.50, 0.29, 0.46, 0.46,
0.73 in the control group, respectively). 

We did not find any statistically significant
correlation between abdominal adiposity parame-
ters and gender in our study group (p value was
0.06 for VAT, 0.58 for SAT, 0.48 for TAT, 0.109 for
VATI and SATI, and 0.112 for VAT-to-SAT ratio). 

The relationship between abdominal adipose
tissue parameters and RCC was the main subject of
this study. We found significantly higher SAT vol-
umes and SATIs in the RCC group when compared
with the control group (p=0.024 and p=0.001, re-
spectively). Additionally, the VAT volumes and
VATIs were significantly lower in the patient
group when compared with the control group (p=
0.001 for both). There was no statistically signif-
icant relationship between VAT-to-SAT ratio and
the presence of RCC in the study groups. The de-

tailed measurements and their relationships with
the patient and control groups are shown in
(Table 1).

In the second phase of the study, we investi-
gated the possible relationship between abdominal
adipose tissue parameters and histopathological
tumor findings, such as tumor location (right or left
kidney), histological type (clear cell, chromophobe,
or papillary), grade (1 to 4), size, renal capsule and
perirenal fat involvement, lymphovascular tissue,
renal vein involvement, renal sinus invasion, pres-
ence of sarcomatoid component, tumor necrosis,
and nephrectomy type (radical or partial). The dis-
tribution of the histopathological tumor features is
presented in (Table 2).

We did not find any statistically significant re-
lationship between the abdominal adipose tissue
parameters and RCC histopathological features in
our study groups. The results of the detailed statis-
tical analyses between abdominal adipose tissue pa-
rameters and histopathological tumor features are
shown in (Table 3).

DISCUSSION

In the current study, we used a specialized software
program to measure adipose tissue volumes located
in different abdominal compartments. These meas-
urements were performed involving the entire ab-
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Some demographic features and

adipose tissue measurements Patient group (n= 48) Control group (n= 50) *p value

Age (mean±sd) (year) 60.17±13.39 60.26±7.71 0.966

Gender 

Female (%) 17 (35.4%) 18 (36%) 0.952

Male (%) 31 (64.6%) 32 (64%)

VAT (mean±sd ml) 4073.56±2084.09 (543-9590) 8063.84± 2812.98 (2563-17055) 0.001

SAT (mean±sd ml) 6712.29± 3818.19 (881-21844) 5324.1±1878.15 (730-8687) 0.024

TAT (mean±sd ml) 10785.85±4713.16 (2004- 25261) 12705.56±3564.97 (5020- 20650) 0.025

VATI 0.38±0.15 (0.13-0.76) 0.65± 0.10 (0.42-0.87) 0.001

SATI 0.61±0.15 (0.23-0.86) 0.34± 0.10 (0.12-0.57) 0.001

VAT-to-SAT ratio 0.76±0.58 (0.15-3.17) 0.70±0.30 (0.17- 1.67) 0.577

TABLE 1: Some demographic features and calculated abdominal adipose tissue parameters of the study groups.
The last column (p value) shows the statistical relationship between these variables and the study groups.

VAT: Visceral Adipose Tissue; SAT: Subcutaneous Adipose Tissue; TAT: Total Adipose Tissue; VATI: VAT index (VAT/TAT); SAT index (SAT/TAT).
* Mann Whitney U and Independent Sample t Tests.



domen from the level of the esophageal hiatus to
the symphysis pubis, and all the CT slices were
used for volumetric calculations. Nemoto et al. first
reported the type of software and concluded it was
feasible for calculating visceral fat volumes in a rea-

sonable time with high accuracy.27 By using similar
software, we avoided estimation calculations such
as adding or multiplying by pixel surface area.
Thus, we were able to calculate real-life adipose tis-
sue volumes, which would not be possible using
the area measurements used in most previous can-
cer studies.8,12,24,28,29 By using this method, we were
able to calculate even thin subdiaphragmatic/peri-
hepatic/perisplenic adipose tissue. To the best of
our knowledge, this study is the first to utilize real-
life abdominal adipose tissue volumes in RCC pa-
tients created using all the CT slices rather than
area measurements. 

Abdominopelvic CT is the routine imaging
modality for most abdominal cancers and has been
used worldwide for years. The ability to acquire
high-resolution images of the abdominal organs
and, at the same time, evaluate bone tissue accu-
rately in cancer patients is the main advantage. CT
is also the preferred imaging modality for evaluat-
ing adipose and skeletal tissue, due to its excellent
resolution. It is a practical and precise method to
directly quantify body composition in both adult
and pediatric populations.24,30 There are many stud-
ies in literature regarding quantification of body fat
using CT. However, in most of those studies, one
or two CT slices thought to reflect all adipose ab-
dominal tissue were used for the measurements.
Those studies advocate that a single slice from a
specific abdominal level can represent the whole
VAT. However, the studies on which those previ-
ous studies are based have some limitations, such
as small sample size and the use of MR imaging in-
stead of CT.30,31 Additionally, most studies using
VAT area to reflect whole VAT volume measured
various abdominal levels. In Japan, VAT at the
level of the umbilicus is typically used in diagnos-
tic criteria for metabolic syndrome.32 Mourtzakis et
al. used VAT measurements obtained from the L3
level on MR images.30 Shen et al. reported that the
VAT area 10 cm above the L4-5 vertebral inter-
space in men and 5 cm above in women has greater
power to represent VAT volume.31 Other studies
have used many different levels such as umbilicus,
L3, and L3-4 vertebral space, etc.20,22,24,33-35 Due to
these discrepancies regarding VAT measurements
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Histopathological features Patient group (n= 48)

Tumor Location

Right kidney (%) 25 (52%)

Left kidney (%) 23 (48 %)

Tumor Size (mean±sd mm) 53.04±29.8

Histological Type

Clear cell (%) 35 (73%)

Chromofobe (%) 9 (18.7%)

Papillary (%) 4 (8.3%)

Histological Grade

Grade 1 (%) 1 (2.1%)

Grade 2 (%) 14 (29.2%)

Grade 3 (%) 19 (39.6%)

Grade 4 (%) 6 (12.5%)

Missing (%) 8 (16.6%)

Renal Capsule Invasion

No (%) 27 (58.3%)

Yes  (%) 21 (41.7%)

Perirenal Fat Invasion

No (%) 40 (83.3%)

Yes (%) 8 (16.7%)

Lymphovascular Invasion

No (%) 39 (56.8%)

Yes (%) 9 (43.2)

Renal Vein Invasion

No (%) 37 (77.1%)

Yes (%) 11 (22.9%)

Renal Sinus Invasion

No (%) 33 (68.7%)

Yes (%) 15 (31.3%)

Sarcomatoid Component

No (%) 45 (93.8%)

Yes (%) 3 (6.2%)

Tumor Necrosis

No  (%) 31 (64.6%)

Yes  (%) 17 (35.4%)

Nephrectomy Type

Partial (%) 16 (33.3%)

Radical (%) 32 (66.7%)

TABLE 2: Detailed histopathological features of the renal
cell carcinomas and their distributions in the patient group. 



in the literature, in the present study we chose the
volumetric method to measure VAT volume, uti-
lizing a specialized program that uses all ab-
dominopelvic CT slices. 

Our main investigation was a possible rela-
tionship between abdominal adipose tissue param-
eters and the presence of RCC. We detected
statistically significant lower VAT volumes and
VATIs in the patient group compared to the con-
trol group. Most previous studies about visceral fat
and RCC have been conducted on clinical features
and oncologic outcome, including the disease stage,
prognosis, survival, or perioperative outcomes, and
none mentioned SAT and other adiposity indexes
derived from main measurements, such as VATI,
SATI or VAT-to-SAT ratio, as our study did. There
are very few studies about specific abdominal obe-
sity parameters and RCC.8,22-24 Naya et al. reported
a greater VAT area in patients with stage 1 RCC
disease than in patients with more advanced dis-
ease.22 Keehn et al. showed that VAT area may be
associated with worsening tumor grades in patients
with small-volume RCC. Park et al. reported that a
higher VAT percentage in RCC patients correlated
to higher disease stage.23,24

In the present study, we also detected higher
SAT volume and SATI in RCC patients compared
to the control group. If SAT and SATI are assessed
as components of general obesity, the statistically-
significant higher values measured in our patient
group are similar to previous studies regarding the
relationship between obesity and RCC. However,
as far as we know, there is no study in medical lit-
erature specifically evaluating subcutaneous fat and
its relationship with RCC.

We also examined a possible relationship be-
tween abdominal adipose tissue parameters and
some histopathological RCC features involving
tumor location, histological subtype, histological
grade, tumor size, renal capsule invasion, perirenal
fat involvement, lymphovascular tissue invasion,
renal vein involvement, renal sinus invasion, the
presence of a sarcomatoid component, and tumor
necrosis. We did not find any statistically signifi-
cant relationship between abdominal adiposity pa-
rameters and these histopathological features. In
medical literature, only a limited number of stud-
ies have been conducted on this subject. In their
487-case study, Wang et al. reported that an in-
creased visceral fat area was associated with clear
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*p value

Abdominal Adipose Tissue Measurements

Histopathological Features VAT SAT TAT VATI SATI VAT/SAT

Tumor Location            0.051 0.69 0.59 0.61 0.61 0.24

Tumor Size 0.68 0.85 0.98 0.7 0.7 0.79

Histological type                       0.77 0.82 0.98 0.73 0.73 0.42

Histological Grade 0.14 0.81 0.4 0.4 0.4 0.75

Renal Capsule Invasion                        0.27 0.69 0.42 0.19 0.19 0.09

Perirenal Fat Invasion                            0.38 0.65 0.98 0.74 0.74 0.96

Lymphovascular Invasion                              0.33 0.35 0.23 0.34 0.34 0.12

Renal Vein Invasion                              0.82 0.71 0.69 0.55 0.55 0.49

Renal Sinus Invasion                              0.38 0.82 0.57 0.55 0.55 0.77

Sarcomatoid Component                              0.76 0.75 0.9 0.67 0.67 0.43

Tumor Necrosis                               0.26 0.79 0.48 0.65 0.65 0.97

Nephrectomy Type 0.35 0.63 0.98 0.23 0.23 0.43

TABLE 3: Results of the statistical analyses between abdominal adipose tissue parameters and the
histopathological tumor features.

VAT: Visceral Adipose Tissue; SAT: Subcutaneous Adipose Tissue; TAT: Total Adipose Tissue; VATI: VAT index (VAT/TAT); SAT index (SAT/TAT).
Tumor location: Right kidney or left kidney; Histological type: Clear cell, chromofobe or papillary; Histological grade: Grade 1, 2, 3 or 4); Nephrectomy type: Partial or radical.
* Mann Whitney U and Independent Sample t Tests.



cell RCC.36 Park et al. showed high histological
tumor grade correlated to a higher VAT percent-
age in RCC patients.24 As far as we know, this study
is the first to investigate a possible relationship be-
tween abdominal adipose tissue parameters and
such a wide spectrum of histopathological findings
in any cancer.

Although which kind of obesity affects renal
carcinogenesis is not clear and has been under-ex-
plored, insulin resistance and certain growth fac-
tors, including sex steroids, insulin-like growth
factor and biochemical markers such as
adiponectin, may be the major culprits.15 A positive
correlation between obesity and the clear-cell type
of RCC, which is the major histological subtype, is
well-known.33 On the other hand, an association be-
tween obesity and clinical features of RCC, such as
survival, appears to be much more complex. How-
ever, this complex situation may be due to reverse
causation, selection bias, or other forms of bias,
rather than true biological association.35 The com-
plex pathophysiology of the relationship between
abdominal adipose tissue and RCC, and the discrep-
ancies regarding adipose tissue measurements in the
medical literature have prevented a clear picture and
this can be the reason of our contradictory results
compared to the previous studies. We could not find
any causality in the inverse correlation except the
different measurement method. However, we en-
rolled 48 histopathologically-proven RCC patients,
as well as an age-, gender-, and number-matched
control group to overcome selection bias. FDA-ap-
proved specialized software and a manual editing
system were used for abdominal adipose tissue meas-
urements to prevent miscalculations. Unlike previ-
ous studies that used area abdominal adipose tissue
calculations from limited CT slices, we formed a
measurement method nearest to real life. The novel
findings of our study may be a step toward further
large-scale studies regarding this subject, which is
open to new challenges. 

Our study has several limitations. The small
sample size and retrospective design are the most
important ones. Not knowing how long the pa-
tients have had RCC before the initial diagnosis is
also a major limitation because, in this time inter-

val, abdominal adipose tissue quantities could have
been affected. We did not pay attention to en-
docrine problems any participants may have had,
such as diabetes mellitus, and these conditions
might have also affected adipose tissue amounts.
Not knowing the weights of the participants in the
patient and control groups can be counted as a lim-
itation that may have affected statistical results. To
overcome this limitation, we selected the control
group from consecutive age- and sex-matched pa-
tients who applied to our radiology department.

CONCLUSION

This study investigated the possible relationship
between abdominal adipose tissue quantities and
the prevalence and histopathological features of
RCC. We designed a volumetric study by using
specialized software and aimed to overcome possi-
ble disadvantages of area measurement, which can-
not reflect the amount of adipose tissue in the
entire abdomen. We detected lower VAT volumes
in RCC patients, which is in contrast to previous
studies in the literature. Because all RCC patients
routinely undergo abdominopelvic CT, we believe
that volumetric adipose tissue measurements can
be easily done using specialized programs. They
may be more accurate than area measurements.
This different measurement method may have
caused the unusual result our study revealed about
the relationship between VAT and RCC, which
was contrary to what is generally known in litera-
ture. However, further studies must be conducted
for making this subject clear.
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