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Purpose: To overcome the challenge of preoperative differentiation between clear cell renal cell 
carcinoma (ccRCC) and renal angiomyolipoma with minimal fat (RMFAML), we evaluated the 
potential of visceral adipose tissue (VAT) in distinguishing RMFAML from ccRCC.
Patients and Methods: Patients (191) were divided into ccRCC and RMFAML groups 
according to postoperative pathology. Umbilical horizontal computed tomography (CT) 
images were used for visceral fat area (VFA), subcutaneous fat area (SFA) and total fat 
area (TFA) measurements. Logistic regression was used to identify risk factors for ccRCC. 
Areas under the receiver operating characteristic (ROC) curve (AUCs) were compared to 
identify the most valuable indicator for identifying ccRCC and RMFAML.
Results: In total, 166 patients had ccRCC, and 25 had RMFAML. ccRCC and RMFAML 
patients showed significant differences in age (P<0.001), sex (P<0.001), hypertension 
(P=0.027), BMI (P<0.001), SFA (P=0.046), VFA (P<0.001) and TFA (P<0.001). 
According to multiple logistic regression analysis, male sex [4.311 (1.469~12.653), 
p=0.008]; older age [1.047 (1.008~1.088), p=0.017]; and higher BMI [1.305 
(1.088~1.566), p=0.004], SFA [1.013 (1.003~1.023), p=0.008], VFA [1.026 (1.012~1.041), 
p<0.001] and TFA [1.011 (1.005~1.017), p=0.001] were associated with ccRCC. The AUCs 
of sex (male), age, BMI, TFA, VFA, and SFA were 0.726, 0.687, 0.783, 0.769, 0.840, and 
0.645, respectively. The VFA cut-off value was 69.99 cm2. The sensitivity and specificity of 
higher VFA (≥69.99 cm2) for ccRCC diagnosis were 79.52% and 80.00%, respectively.
Conclusion: In differentiating ccRCC from RMFAML, male sex, older age, and higher 
BMI, TFA, SFA, and VFA are risk factors for ccRCC. VFA is the most effective indicator for 
identifying ccRCC.
Keywords: body mass index, clear cell renal cell carcinoma, obesity-related index, renal 
angiomyolipoma with minimal fat, visceral adipose tissue, visceral fat area

Introduction
Renal cell carcinoma (RCC) and renal angiomyolipoma (AML) are the most 
common solid tumours of the kidney.1 Global cancer statistics for 2018 showed 
that among malignant tumours, kidney cancer ranked 16th and 17th in global 
morbidity and mortality, respectively.2 Moreover, the morbidity of RCC has gra-
dually increased over recent decades.3 AMLs are classified as tumours of perivas-
cular epithelial cells and are composed of variable proportions of blood vessels, 
smooth muscle and adipose tissue. AML can be classified into three subtypes in 
radiologic classification: fat-rich AML, fat-poor AML, and fat-invisible AML. Fat- 
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rich AML has a computed tomography (CT) value of –10 
Hounsfield units (HU) or less. The CT values of fat-poor 
AML and fat-invisible AML exceed −10 HU. Fat-poor 
AML is defined as AML with a tumour-to-spleen ratio of 
less than 0.71. Fat-invisible AML is AML with a tumour- 
to-spleen ratio of 0.71 or greater.4 In our research, two 
subtypes of RMFAML are considered: fat-poor AML and 
fat-invisible AML. Most AML and RCC cases can be 
distinguished by CT or magnetic resonance imaging 
(MRI) because of the presence of macroscopic adipose 
tissue in AML.

Approximately 4.5% of AMLs are classified as renal 
angiomyolipoma with minimal fat (RMFAML) because 
they contain very little fat; however, RMFAML cannot 
be identified on CT images.5 Therefore, in CT, MRI, and 
ultrasound imaging examinations, RMFAML appears 
similar to RCC, especially clear cell renal cell carcinoma 
(ccRCC), and it is difficult to distinguish between the 
two.6 It is necessary to distinguish ccRCC from 
RMFAML before surgery to prevent RMFAML from 
being misdiagnosed as ccRCC and subsequently under-
going unnecessary surgery. Previous studies focused on 
identifying ccRCC and RMFAML have mostly been in 
the field of imaging. Simpfendorfer et al7 applied pixel 
counts with subzero attenuation in CT scans to diagnose 
RMFAML. The numbers of pixels with attenuation less 
than −10, −20 and −30 HU were independently counted by 
three radiologists. The sensitivity, specificity and positive 
predictive value were 22%, 98% and 72%, respectively. 
Many previous studies have shown that CT histogram 
analysis can be used to diagnose AML,7,8 but research 
by Chaudhry et al9 showed that histogram analysis of 
attenuation measurements could not reliably distinguish 
RMFAML from ccRCC. A review by Zhang et al showed 
that texture analysis can be used to distinguish between 
fat-poor AML and RCC on both unenhanced and enhanced 
CT. Texture features are regarded as potential quantitative, 
noninvasive and effective imaging biomarkers. Machine 
learning-based methods using open-source software or 
high-precision algorithms may be of great help to future 
imaging studies.10 The percentage decrease in signal inten-
sity of chemical shift MRI has high specificity and mod-
erate sensitivity in predicting ccRCC but is less effective at 
predicting RMFAML.11 However, there is currently no 
universally accepted standard, and verification is needed 
before MRI features can be widely used in clinical 
practice.

Is there any other way to distinguish ccRCC from 
RMFAML? It is well known that obesity is a risk factor 
for RCC. Research by Wang et al12 showed that ccRCC is 
associated with an increase in visceral fat area (VFA). In 
clinical practice, we have found that patients with RCC 
tend to be more obese than patients with AML. Body 
adipose tissue has the biological functions of altering 
lipid metabolism, regulating fat factors and causing 
chronic inflammation. An increase in visceral adipose 
tissue (VAT) leads to an increase in proinflammatory 
cytokines,13 a decrease in circulating adiponectin level,14 

and increases in leptin level15 and the severity of insulin 
resistance.16 The role of visceral fat in the development of 
RCC is more significant than that of subcutaneous fat. 
Therefore, the purpose of our research was to explore the 
significance of obesity and VAT for the identification of 
ccRCC and RMFAML.

Patients and Methods
Patient Selection and Study Design
We retrospectively analysed all patients who underwent 
surgical treatment between January 2016 to March 2019 
and whose pathology was confirmed to be ccRCC or 
RMFAML. The patient exclusion criteria were a lack of 
availability of abdominal CT scans and postoperative 
pathology confirming non-ccRCC or the common type of 
AML. Cases with missing values were excluded. The 
postoperative pathological reports were provided by two 
pathology experts in our centre. A total of 191 patients 
were included in this study, of which 166 patients had 
ccRCC and 25 had RMFAML. This study was conducted 
in accordance with the Declaration of Helsinki and was 
approved by the Committee Board of the First Affiliated 
Hospital of Soochow University, Suzhou, China (ID: 
2015138). All patients signed informed consent forms 
before surgery and passed the perioperative period safely.

The following variables were included in this study: age, 
sex, tumour size, hypertension, diabetes, body mass index 
(BMI), VFA, subcutaneous fat area (SFA) and total fat area 
(TFA) at the umbilical level of CT images. BMI is an index 
of the degree of obesity in humans. Based on the Chinese 
standard, obesity was defined as BMI≥28 kg/m2, and over-
weight was defined as 24≤BMI<28 kg/m2. It is difficult to 
quantitatively measure the volume of abdominal fat tissue. 
However, the umbilicus is a good alternative reference for 
the abdomen.12 We selected the image at the umbilical level 
of the CT images and measured the TFA, SFA, and VFA in 
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this image using ImageJ 1.52a software (Figure 1). Adipose 
tissue (cm2) was calculated using the standard HU range of – 
190 to –30 HU. The measurement of adipose area was 
performed by two radiologists who were blinded to the 
pathological outcomes of the patients, and the average 
value was obtained as the final result.

Statistical Analysis
Statistical analyses were performed using SPSS 20.0 statis-
tical software (SPSS Inc. USA) and MedCalc 16.1 
(MedCalc Software, Belgium). Data with a normal distribu-
tion are expressed as the mean ± standard deviation (x ± SD) 
and were analysed using Student’s t-test. Pearson’s chi- 
square test was used to analyse categorical data. Data with 
a non-normal distribution are expressed as the median and 
range (minimum and maximum) and were analysed with the 
Mann–Whitney rank sum test. Univariate and multivariate 
logistic regression analyses were used to assess the risk 
factors for distinguishing ccRCC from AML. Odds ratios 
(ORs) with 95% confidence intervals (CIs) were calculated. 
Receiver operating characteristic (ROC) curves were used to 
determine the area under the curve (AUC) values and deter-
mine cut-off values for the variables. The AUC values were 

compared among different indicators with the DeLong test. 
P<0.05 was considered statistically significant.

Results
A total of 191 patients were included in this study, of which 
166 patients had ccRCC and 25 had RMFAML. Table 1 
shows the clinical data of the patients. ccRCC patients had 
significant differences from RMFAML patients in VFA, 
TFA, SFA, BMI, age, sex, and hypertension. RMFAML 
patients had younger ages and smaller VFA, TFA, and 
SFA as well as lower BMI. Most ccRCC patients were 
male, accounting for 69.28% of ccRCC patients, while the 
majority of RMFAML patients were female, accounting for 
76.00% of RMFAML patients. The higher prevalence of 
hypertension in ccRCC patients may be related to the older 
ages of these patients than RMFAML patients, and hyper-
tension is a risk factor for RCC.17 Student’s t-test showed 
a significant correlation between VFA and sex (P<0.001), 
while Pearson’s test showed that VFA was significantly 
associated with age (r = 0.222, P<0.001) (Figure 2).

Univariate logistic regression analysis revealed signifi-
cant differences in age, sex, hypertension, BMI, SFA, VFA 
and TFA between the two groups (Table 2). Before 

Figure 1 (A) CT image at the umbilical level. (B) The red part shows the total fat area (TFA). (C) The red part shows the subcutaneous fat area (SFA). (D) The red part 
shows the visceral fat area (VFA).
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conducting the multivariate logistic regression analysis, we 
found that BMI, VFA, SFA and TFA were linearly related to 
each other (Figure 3). Pearson’s test showed linear correla-
tions among BMI, VFA, SFA and TFA. BMI was signifi-
cantly associated with VFA (r=0.635, P<0.001), SFA 
(r=0.596, P<0.001), and TFA (r=0.730, P<0.001); VFA 
was significantly associated with SFA (r=0.826, P<0.001) 
and TFA (r=0.417, P<0.001); and TFA was significantly 
associated with SFA (r=0.857, P<0.001). Therefore, we 
divided the multivariate logistic regression analysis into 5 
models.

In models 1 to 4, BMI, TFA, SFA and VFA were sequen-
tially added to the basic model containing age, sex and 
hypertension. TFA was the sum of VFA and SFA; if TFA, 
VFA, and SFA were all included in the multivariate 

regression analysis, TFA was considered redundant. In 
model 5, all the predictive indicators except TFA were 
included in the multivariate logistic regression analysis. 
Table 3 shows the results of the multivariate logistic regres-
sion analysis. BMI is the most widely used indicator of 
obesity or overweight. We used model 1 as the basic 
model. In model 1, multivariate logistic regression analysis 
showed that older age [1.047 (1.008~1.088) p=0.017], male 
sex [4.311 (1.469~12.653) p=0.008], and higher BMI [1.305 
(1.088~1.566), p=0.004] were risk factors for ccRCC. In 
models 2 to 4, higher TFA [1.011 (1.005~1.017), p=0.001], 
SFA [1.013 (1.003~1.023), p=0.008] and VFA [1.026 
(1.012~1.041), p<0.001] were also risk factors for ccRCC. 
The risk of ccRCC increased with age, BMI, TFA, SFA and 
VFA. In model 1, male patients were 4.311 times more 
likely to develop ccRCC than female patients (OR 4.311, 
95% CI 1.469–12.653, P=0.008). In model 5, although BMI 
was linearly related to VFA and SFA, there were significant 
effects of sex [3.855 (1.041~14.278) p=0.043] and VFA 
[1.021 (1.002~1.040), p=0.034].

To address the incremental value of sex (male), age, 
BMI, TFA, VFA and SFA in the differentiation of ccRCC 
from RMFAML, ROC curves were used to compare the 
AUCs of sex (male), age, BMI, TFA, VFA and SFA 
between the two groups and thereby identify the most 
valuable ccRCC predictors. As shown in Figure 4, the 
AUCs of sex (male), age, BMI, TFA, VFA and SFA were 
0.726, 0.687, 0.783, 0.769, 0.840, and 0.645, respectively. 
DeLong’s test showed that the AUC of VFA was signifi-
cantly different from that of age (P=0.0193), sex 
(P=0.0222), SFA (P<0.0001), and TFA (P= 0.0062); the 
AUCs of BMI and SFA were significantly different 

Table 1 The Clinical Data of the Patients

ccRCC 
(n=166)

RMFAML 
(n=25)

P

Age, years 58.77±12.84 48.36±15.55 <0.001

Sex, n (%) <0.001

Male 115(69.28%) 6(24.00%)

Female 51(30.72%) 19(76.00%)

Tumor size 

[M (Q1, Q3), cm]

4.00(3.00, 5.65) 4.00(2.75, 4.60) 0.238*

Hypertension, n (%) 79(47.59%) 6(24.00%) 0.027

Diabetes, n (%) 33(19.88%) 2(8.00%) 0.264#

BMI, kg/m2 24.67±2.80 21.79±3.44 <0.001

SFA, cm2 139.20±57.98 114.07±61.36 0.046

VFA, cm2 112.76±50.88 51.03±49.65 <0.001

TFA, cm2 251.96±89.90 165.10±103.57 <0.001

Notes: *Mann–Whitney rank sum test, #Fisher’s exact test.

Figure 2 (A) Student’s t-test showed a significant correlation between VFA and sex (P<0.001). (B) Pearson’s test showed that VFA was significantly associated with age 
(r=0.222, P<0.001).
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(P=0.0064); and the AUCs of SFA and TFA were signifi-
cantly different (P=0.0001). Therefore, among the above 
predictor values, VFA was the best predictor to distinguish 
ccRCC from RMFAML. The cut-off value of VFA was 
69.99 cm2; that is, when VFA ≥ 69.99 cm2, the probability 
of a diagnosis of ccRCC [79.52% (132/166)] was greater 

than that of RMFAML [20.00% (5/25)], and the sensitivity 
and specificity were 79.52% and 80.00%, respectively.

Discussion
This study explored the potential of VAT in identifying 
ccRCC and RMFAML. Sex, age, BMI, SFA, TFA, and 
VFA were informative for identifying these two diseases, 
and VFA was the best indicator for identification. Obesity 
is a risk factor for RCC; that is, obese patients are more 
likely to develop RCC. A meta-analysis by Callahan et al18 

showed that compared to BMI <25 kg/m2, overweight and 
obesity were associated with an increased risk of ccRCC. 
However, AML is unrelated to obesity. Therefore, obesity- 
related indicators provide a method for distinguishing 
ccRCC from RMFAML. Our study showed that age and 
sex are also risk factors that distinguish the two diseases, 
and male patients are 4.311 times more likely to develop 
ccRCC than female patients. This finding is mainly related 
to the epidemiology of the two diseases. The ratio of men 

Table 2 Univariate Analysis of Predictors for Distinguishing 
ccRCC from RMFAML

Characteristics OR (95% CI) P

Sex 7.141(2.693~18.936) <0.001

Age 1.059(1.025~1.094) 0.001

Tumor size 1.244(0.971~1.595) 0.084
Hypertension 0.348(0.132~0.915) 0.032

Diabetes 0.350(0.079~1.562) 0.169

BMI 1.435(1.211~1.700) <0.001
SFA 1.008(1.000~1.017) 0.049

VFA 1.033(1.019~1.047) <0.001
TFA 1.012(1.006~1.017) <0.001

Figure 3 (A) Pearson’s test showed that BMI was linearly correlated with VFA (r=0.635, P<0.001), SFA (r=0.596, P<0.001), and TFA (r=0.730, P<0.001). (B) Pearson’s test 
showed that VFA was linearly correlated with SFA (r=0.826, P<0.001) and TFA (r=0.417, P<0.001). (C) Pearson’s test showed that TFA was linearly correlated with SFA 
(r=0.857, P<0.001).
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to women among RCC patients is 1.5:1, and the peak age 
of incidence is between 60 and 70 years.19 AML is one of 
the most common solid benign renal tumours.20 AML is 
prevalent in young and middle-aged women, most of 
whom are 40 to 60 years old. AML is four times more 
common in women than in men.

Obesity can cause abnormal expression of adipokines,21 

chronic inflammation22 and insulin resistance,23 leading to the 
occurrence and development of RCC. Although BMI is indi-
cative of the patient’s condition, it cannot indicate 
a fundamental abnormality in fat distribution. Wang et al12 

reported that VFA can replace BMI as a risk factor for ccRCC; 
that is, patients with a high VFA have a higher incidence of 
ccRCC than other RCC pathological types. The function of 
VAT is significantly different from that of subcutaneous adi-
pose tissue (SAT). VAT is more cellular, vascular, and inner-
vated than SAT and contains more inflammatory cells and 
immune cells.24 VAT has a lower preadipocyte differentiation 
ability and a higher percentage of large adipocytes.25 

Compared with SAT, VAT is more likely to be infiltrated by 
inflammatory cells and has a stronger ability to produce proin-
flammatory cytokines such as tumour necrosis factor-alpha 
(TNF-a), C-reactive protein (CRP), and interleukin-6 (IL- 
6).13 A persistent inflammatory state is a driving force leading 
to cancer.26 Increased VAT is associated with decreased 
adiponectin.27 Adiponectin is an important antiangiogenic fac-
tor, and low levels of adiponectin may accelerate the tumor-
igenesis and progression of ccRCC.28 VAT adipocytes are 
more insulin-resistant than SAT adipocytes.29 Insulin resis-
tance due to increased VAT leads to increased levels of plasma 
insulin and insulin-like growth factors (IGFs). Insulin and IGFs 
may have stimulating effects on RCC cells, affecting the 
tumorigenesis and progression of RCC at the cellular level.30 

Table 3 Multivariate Analysis of Predictors for Distinguishing ccRCC from RMFAML

Characteristics Model 1 Model 2 Model 3 Model 4 Model 5

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age (years) 1.047(1.008~1.088) 

0.017

1.040(1.000~1.081) 

0.048

1.049(1.008~1.090) 

0.017

1.029(0.990~1.069) 

0.152

1.032(0.992~1.074) 

0.121

Sex (male) 4.311(1.469~12.653) 

0.008

6.918(2.342~20.434) 

<0.001

9.590(3.187~28.857) 

<0.001

3.476(1.186~10.189) 

0.023

3.855(1.041~14.278) 

0.043

Hypertension 1.105(0.338~3.614) 

0.868

1.239(0.372~4.126) 

0.727

1.114(0.340~3.643) 

0.859

1.169(0.357~3.831) 

0.796

1.236(0.371~4.119) 

0.730

BMI 1.305(1.088~1.566) 

0.004

1.075(0.842~1.373) 

0.561

TFA 1.011(1.005~1.017) 

0.001

SFA 1.013(1.003~1.023) 

0.008

1.002(0.989~1.015) 

0.763

VFA 1.026(1.012~1.041) 

<0.001

1.021(1.002~1.040) 

0.034

Figure 4 ROC curves of ccRCC vs RMFAML. The blue line represents VFA, the 
green line represents BMI, the Orange line represents TFA, the red line represents 
sex, the black line represents SFA, and the crimson line represents age.
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Therefore, patients with abdominal obesity are more likely to 
have ccRCC.

The pathogenesis of AML is not clear but is thought to 
mainly involve the following aspects. 1. AML is most 
likely derived from perivascular epithelioid cells. 2. 
Increased oestrogen hormone promotes the clinical devel-
opment of AML.31 3. With the increase in the expression 
of the antiapoptotic protein Bcl-2, the apoptosis induced 
by endoplasmic reticulum stress was inhibited, thus pro-
moting the development of AML.32 4. In analyses of 
pathogenesis, no genetic factors that may affect fat accu-
mulation have been found. We found that the body shape 
of RMFAML patients was normal, and the BMI of the 
patients was 21.79±3.44 kg/m2. In our study, multivariate 
analysis and ROC curve analysis showed that VFA was the 
best indicator for distinguishing RMFAML from ccRCC.

The present study has some limitations. This study is 
a retrospective study of patients from a single centre and may 
suffer from selection bias. The number of patients included in 
the study was small, especially the number of RMFAML 
patients, which was only 25. The results of this study would 
be more convincing if more RMFAML patients had been 
included, but unfortunately, RMFAML patients are very rare.

Conclusions
This study illustrated the potential of VAT in distinguish-
ing ccRCC from RMFAML. Male sex; older age; and 
higher BMI, TFA, SFA and VFA were risk factors for 
ccRCC. The results of multivariate regression analysis 
and ROC curve analysis showed that VFA was the most 
effective indicator for distinguishing the two diseases. 
Increased VAT is strongly associated with ccRCC and is 
useful for distinguishing ccRCC from RMFAML.
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