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ABSTRACT

Introduction: The aim of this study is to applied CT scan-based tissue segmentation to measure visceral adipose tis-
sue (VAT) and subcutaneous adipose tissue (SAT) volumes. Then, the ratio of both fat tissue volumes was calculated 
to get two more parameters: visceral fat volume ratio (VFVR) and subcutaneous fat volume ratio (SFVR). After that, 
the relationship between these factors and urolithiasis recurrence was examined using correlation analysis. Other 
parameters, which are the patient’s age and gender, were also tested for correlation analysis with urolithiasis recur-
rence. Finally, logistic regression analysis was performed to find the association between urolithiasis recurrence and 
the parameters (age, gender, VAT volume, SAT volume, VFVR and SFVR). Methods: This study was a retrospective 
cross-sectional study design using the images collected from CT Urology cases in the year 2019. The patients select-
ed have a history of stone removal in 2014. The application used for CT tissue segmentation is 3D Slicer.  Results: 
Urolithiasis recurrence shows medium and high degree of positive correlation with total fat volume, VAT volume, 
and VFVR (correlation coefficient, cc = 0.254, p = 0.023), (cc = 0.390, p< 0.001) and (cc = 0.688, p< 0.001), respec-
tively and high degree of negative correlation with SFVR (cc = -0.688, p< 0.001). However, using logistic regression 
analysis, only VAT volume was significantly associated with urolithiasis recurrence (OR 1.11, 95% CI 1.01-1.22, p= 
0.03), while the total fat volume, VFVR, and SFVR are not significant. Conclusion: CT scan-based tissue segmentation 
has a huge impact on fat volume quantification. This study confirms that VAT volume was strongly correlated with 
urolithiasis recurrence, indicating that VAT volume plays a more important role than SAT volume, total fat volume, 
VFVR and SFVR in the production of urinary stone. Thus, VAT volume can be further considered as a new indepen-
dent risk factor for urolithiasis.      
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INTRODUCTION

Computed tomography in urology (CTU) without contrast 
is the gold standard for urolithiasis for emergency and 
outpatient settings because its outstanding sensitivity 
and specificity can reach 99-100% (1). CTU scans can 
detect any type of calculi from uric acid stone to xanthine 
stone that seems radiolucent on plain KUB films (2). 

Urolithiasis can be described as a stone or stone 
formation in the urinary tract, including kidneys, ureters 
and bladder.  Urolithiasis is a common disease affecting 
adult men two or three times more than women. This 
situation happened due to women’s ability to produce 

oestrogen, the hormone that has a protective effect 
against stone formation (3). Patients of urolithiasis will 
complain of pain in the loin area with the presence of 
haematuria (4). Lower urinary tract infection symptoms 
such as urinary frequency and dysuria suggest distal 
ureteral stones (5).

Recurrent urolithiasis is defined as the formation of a new 
stone after a stone-free period confirmed by imaging. 
According to the definition of stone-free rate (SFR), 
recurrence is categorized into different levels based on 
the recurrent stone volume, as further explained in Table 
I (6,7). Renal stone recurrence can happen to 50% of 
urolithiasis cases within the first five years of initial stone 
removal (8). The recurrence can occur very frequently 
with a shortened time interval with each relapse. The 
recurrence rate could be reduced by 60% with changes in 
dietary habits and lifestyle to prevent obesity (8). Obesity 
is one of the characteristics of metabolic syndrome. 
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One prominent feature of metabolic syndrome is 
the accumulation of fat in the abdominal area. Waist 
circumference is not enough as a measuring indicator of 
fat, due to difficulty of distinguishing between visceral 
and subcutaneous fat. Calculations of fat parameters 
using CT scan images are proven to be more appropriate 
indicators of obesity as they can differentiate visceral 
and subcutaneous fat (9). A regular person with a healthy 
BMI has balance in their adipokines production that is 
beneficial in maintaining homeostasis. Unfortunately 
for obesity patients, the extra calorie intake can cause 
a condition called adiposity that triggered imbalance of 
adipokines leading to various obesity-related illnesses 
(14). Therefore, the quantification of adipose tissues 
and their connection to urolithiasis recurrence should 
be carried out to maximize the potential of CT scans for 
future management of urolithiasis patients.

Visceral adiposity syndrome (VAS) is a type of metabolic 
syndrome due to the enlargement of visceral adipose 
tissue (VAT). VAS happens when there is increase in 
a person’s BMI, abdominal diameter,  blood pressure, 
HDL-cholesterol concentrations, glycaemia, and 
triglyceridemia (10). VAT has a greater extent of metabolic 
activity when being compared to subcutaneous adipose 
tissue (SAT). A rise in metabolic activity may increase the 
likelihood of developing uric acid and ammonium urate 
calculi (11). Visceral adiposity syndrome can release free 
fatty acids (FFA) into the blood that can induce changes 
in insulin,which promote insulin resistance (a type of 
metabolic disease that can increase the possibility of 
urolithiasis) (12). 

A study by (13) divided subcutaneous adipose tissue 
(SAT) into two parts, superficial SAT (sSAT) and deep 
SAT (dSAT). The study concluded that dSAT was 
associated with metabolic syndrome. dSAT has a higher 
rate of inflammatory protein expression, lipolysis and 
lipogenesis progress compared to sSAT. dSAT also 
contributes to insulin resistance and abdominal lipid 
profiles. SAT can be categorized as an indicator of 
peripheral fat (13). 

In conclusion, VAT and SAT can be classified as active fat 
tissue that can produce hormones and metabolic factors 
called adipokines, not just for energy storage purposes. 

The homeostasis process may need adipokines, but too 
much calorie intake for obese patients will lead to the 
contribution of a lot of obesity-associated diseases (14). 
Too much VAT also can trigger albuminuria, a symptom 
of kidney disease (15).

Visceral fat volume ratio (VFVR) is an index proposed by 
(16), to allow for the assessment of a person’s physique. 
Given the wide range of body frame sizes and shapes 
among individuals, it appears that the absolute amount 
of visceral fat used to define visceral obesity in VAT may 
not adequately reflect these differences. This study prove 
that regardless of the subject’s age or BMI, VFVR has 
diagnostic relevance as a unique signal for predicting 
numerous metabolic risk variables.

Subcutaneous fat volume ratio (SFVR) was chosen as 
an index in this study due to the larger volume of SAT 
mass compared to VAT. SAT mass can reach five times 
the amount of VAT in the abdominal area in women 
(17). As subcutaneous fat can release free fatty acids in 
the bloodstream, it should have a significantly greater 
influence on metabolic activity that can trigger stone 
recurrence.

The tissue segmentation technique is a beneficial method 
for measuring the amount of visceral adipose tissue 
(VAT) volume and subcutaneous adipose tissue (SAT) 
volume using CT scan images. The process, known as 
volumetric quantification, is carried out by multiplying 
voxel counts by the voxel volumes. Voxel is the smallest 
3D element of the volume, typically represented as a 
cube or a box, with height, width and depth. VAT is 
labelled as all adipose voxel located around internal 
organs and deep in the abdomen. SAT is labelled as all 
adipose tissue voxel located in the middle of the internal 
and external contour. Tissue segmentation techniques 
using CT scan abdominal images are useful as a 
measurement method for both VAT and SAT in terms 
of testing hypotheses regarding any correlation between 
both tissue and any adverse patient conditions (18).

MATERIALS AND METHODS

Study design and population
This study was a retrospective cross-sectional study 
design where all the existing data are collected and 
documented for purposes other than research, and it 
can be conducted in one source population or target 
audience at a chosen time interval. For this study, the 
images collected are from CT Urology cases in the year 
2019. The subjects are all adult patients with a history of 
stone removal due to urolithiasis in 2014. These works 
were carried out in the CT suite at Hospital Segamat, 
Johor, using Siemens Somatom Emotion 16 slices CT 
scanner.

Patient Data Review
Target respondents for this study were CT Urology 

Table I: Definition of stone-free rate level

Stone-free rate level Size of stone detected

0 No stones

1 ≤1 mm

2 ≤2 mm

3 ≤3 mm

4 ≤4 mm

Source: [7]
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patients who have history of stone removal due to 
urolithiasis using Extracorporeal Shock Wave Lithotripsy 
(ESWL) during the period of 1 January 2014 until 31 
December 2014. Based on the findings, the sample size 
was calculated by taking the results from a survey done 
in 2017, which is 53% of the adult population in South 
East Asia who have the first and second stone recurrence 
after three to five years presuming the same percentage 
of propotion or even more affected the population in 
Malaysia (21). The population size was based on the 
average number of patients per day at Hospital Segamat, 
Johor in the year 2019. Margin of error was set at 5% with 
95% confidence interval. By using OpenEpi, Version 3, 
a total of 80 participants were required. Patients with 
congenital urinary anomalies such as renal agenesis, 
renal hypoplasia, renal dysplasia, horseshoe kidney and 
residual stones after the initial stone removal procedure 
were excluded from this study. 

All CT scan procedures were performed using default 
standard protocol of plain CT Urology (CTU). Data 
collected from this study were CTU images, gender, 
age, and the presence of stone marking the urolithiasis 
recurrence status. The final population consisted of 41 
males and 39 females with the age range of 18 to 76 
years (45.28 ± 14.14).

Quantification of Visceral Adipose Tissue (VAT) and 
Subcutaneous Adipose Tissue (SAT) Using 3D Slicer
3D Slicer is an innovative and highly user-friendly 
interface that offers a great deal of knowledge and 
features to the user. It is an open-source application 
software that is modular and flexible for image analysis 
and visualization of DICOM images (19). Segments Editor 
Modules, a feature that can be used for fat quantification 
process can be selected from the application. This 
module helps the user to modify segmentation objects 
directly by drawing and using segmentation software on 
the segments used (20).

The quantitative assessment of fat volumes in this study 
consists of the calculations of VAT and SAT. The VAT 
and SAT calculations were made when the selected 
images (a slice of plain CTU at umbilical area) going 
through the quantification process. VAT and SAT were 
identified by a fixed attenuation threshold range of 
-190 to -30 HU (Hounsfield unit) (25). A segmentation 
mask was applied using this attenuation range to avoid 
other organs besides body fat to be selected during the 
segmentation process.

During the segmentation process, VAT was labelled 
yellow, and SAT was labelled blue to distinguish 
between both types of fats. The process continued by 
tracing the fat using paint feature, separating VAT at 
all adipose voxel located around internal organs and 
deep in the abdomen, and SAT, at all adipose tissue 
voxel located in the middle of the internal and external 
contour (Figure 1).

Figure 2: 3D slicer automatically quantifies VAT and SAT vol-
umes

Figure 1: Segmentation process by tracing body fat using 
paint features.  VAT was labeled in yellow and SAT in blue.

Statistical Analysis
In this study, descriptive statistics was employed for 
selected variables. The findings were presented based 
on the types of data and their distribution. Categorical 
data were presented as frequencies, while numerical 
data were presented as means and standard deviations. 
Differences between urolithiasis recurrence and other 
parameters were evaluated using the one-way ANOVA 
test for normally distributed data and the Kruskal Wallis 
test for non-normally distributed data. To measure the 
strength between continuous data, Pearson’s correlation 
test was performed. As for the data with one or more 
ordinal scale type, Spearman’s correlation test was used. 
The logistic regression test was performed to determine 
whether urolithiasis recurrence could be predicted from 
all the parameters. The purpose of the data analysis was 
to classify the associations of urolithiasis recurrence with 
a predictor variable set (VAT, SAT, VFVR, and SFVR). 
All statistics were two-tailed. Statistical significance was 

Calculation of Visceral Adipose Tissue (VAT) Volume, 
Subcutaneous Adipose Tissue (SAT) Volume, Visceral 
Fat Volume Ratio (VFVR), and Subcutaneous Fat 
Volume Ratio (SFVR)
The VAT and SAT volume were obtained from 3D Slicer 
software. To quantify both VAT and SAT volumes, 
segment statistics were applied. The software will 
automatically provide both volumes in cm3  and mm3  
(Figure 2). 

Calculation of VFVR was by using the formula of (VAT / 
(VAT + SAT)) x 100 while the formula for SFVR is (SAT / 
(VAT + SAT)) x 100. All the data collected were entered 
into Microsoft Excel for the data arrangement.
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considered when the p-value was less than 0.05.  

Ethical Clearance
This study was approved by UiTM Research Ethics 
Committee, REC/12/2020 (MR/457) and Medical 
Research and Ethics Committee (MREC), NMRR-20-
2916-53128 (IIR).
 
RESULTS

Baseline Characteristics
The 80 cases included 41 males and 39 females with 
an average age of 45.28 years. Average visceral adipose 
tissue (VAT) and subcutaneous adipose tissue (SAT) 
volumes were 114.05 ± 40.60 cm3 and 133.34 ± 79.77 
cm3. The average visceral fat volume ratio (VFVR) and 
subcutaneous fat volume ratio (SFVR) were 48% and 
52%, respectively. The average total body fat was 247.40 
± 111.66 cm3. When categorized based on the absence 
or presence of urolithiasis recurrence, the average VAT 
volume of confirmed cases has a significantly high 
amount compared to normal patients (137.25 ± 23.02 
cm3 and 104.70 ± 42.51 cm3, respectively). However, 
average SAT volume shows otherwise when normal 
patients show a higher amount of fat volume compared 
to patients with urolithiasis recurrence (144.07 cm3  

and 106.76 cm3, respectively). Normal patients have 
higher total fat volume compared to patients with 
urolithiasis recurrence (248.77 cm3 and 244.01 cm3, 
respectively). These data were concluded in Table II.

By using the ANOVA test to normally distributed data 
and Kruskal Wallis for non-distributed data, urolithiasis 
recurrence showed significant differences according 
to VAT volume (p = 0.001), VFVR (p = 0.001), and 
SFVR (p = 0.001), but not significant according to SAT 
volume (p = 0.058). Age, gender, and total fat volume 
were not associated with urolithiasis recurrence (p = 
0.982, 0.702, and 0.024, respectively). All baseline 
characteristics bases on urolithiasis recurrences were 
presented in Table II.

Correlation Analysis
The complete correlation analysis using Pearson’s 
correlation coefficient test for continuous data and 
Spearman’s correlation coefficient test for ordinal 
data was presented in Table III. Although urolithiasis 

recurrence showed low correlation with VAT volume 
(cc = 0.390, p < 0.001), but it has positive correlation in 
total fat volume, and VFVR (cc = 0.254, p = 0.023), (cc 
= 0.688, p < 0.001), respectively. The total fat volume 
shows a medium degree of correlation, while VAT 
volume and VFVR show a strong degree of correlation to 
urolithiasis recurrence. However, urolithiasis recurrence 
had strong negative correlation with SFVR (correlation 
coefficient, cc = -0.642, p < 0.001). The negative 
correlation suggested that higher SFVR will decrease 
the chances of urolithiasis recurrence. VAT volume 
had positive correlation to SAT and total fat volume 
(cc = 0.688, p < 0.001) and (cc = 0.855, p <0.001), 
respectively.

SAT volume had positive correlation to total fat volume 
and SFVR (cc = 0.965, p < 0.001), and (cc = 0.640, p < 
0.001), respectively, and negative correlation to VFVR 
(cc = -0.640, p < 0.001). Total fat volume had a positive 
correlation to SFVR (cc = 0.431, p < 0.001), and negative 
correlation to VFVR (cc = -0.431, p < 0.001). VFVR had 
negative correlation with SFVR (cc = -1.000, p < 0.001). 
However, age and gender were not correlated with any 
other parameters.

Logistic Regression Analysis
Logistic regression analysis was performed to ascertain 
the effects of obesometric parameters (VAT volume, 
SAT volume, VFVR, and SFVR) and other parameters 
(age and gender) on the likelihood that the subjects 
will have urolithiasis recurrence after five years of 
the stone removal operation. This model explained 
72.6% (Nagelkerke R2 ) of the variance in urolithiasis 
recurrence and correctly classified 92.5% of cases. 

On the correlation analysis before, VAT volume, total 
fat volume, VFVR, and SFVR were associated with 
urolithiasis recurrence. However, in this analysis, 
only VAT volume was significantly associated with 
urolithiasis recurrence (OR 1.11, 95% CI 1.01-1.22, 
p-value 0.03), while the total fat volume, VFVR, and 
SFVR are not. According to this finding, individuals with 
higher VAT volume have 1.11 times more chances of 
getting urolithiasis recurrence after five years of stone 
removal operation than individuals with higher SAT 
volume. Table IV shows logistic regression analysis of 
obesometric parameters and patient characteristics (age 

Table II: Patient Demographics (n=80)

Gender
Urolithiasis 
recurrence

No. of 
patients

Mean visceral fat 
volume (cm3)  

Mean subcutaneous fat 
volume (cm3)

Mean total fat 
(cm3) 

Mean VFVR 
(%)

Mean SFVR 
(%)

Male

Yes 11 130.70 ± 13.72 104.45 ± 16.38 235.15 ± 26.83 55.71 ± 3.00 44.29 ± 2.99

No 30 105.42 ± 43.08 136.93 ± 87.13
242.36 ± 123.33

45.49 ± 8.79 54.51 ± 8.79

Female

Yes 12 143.25 ± 28.40 108.88 ± 31.26
252.13 ± 57.34

57.09 ± 3.61 42.91 ± 3.61

No 27 103.89 ± 42.68 152.00 ± 96.66 255.89 ± 138.10 42.89 ± 5.84 57.11 ± 5.84
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and gender) to determine whether there was cofounding 
by these variables.

DISCUSSION

The significant differences between VAT volume 

Table III: Correlation Analysis among Parameters

Coefficient 
p-Value Age Gender Urolithiasis 

Recurrence
VAT Volume  

(cm3)
SAT Volume 

(cm3)
Total Fat 

Volume  (cm3) VFVR (%) SFVR (%)

Age Coefficient
 p-Value

1
-0.049
0.664

0.002
0.983

-0.007
0.954

-0.075
0.508

-0.056
0.622

0.060
0.597

-0.060
0.597

Gender Coefficient 
p-Value

1
0.002
0.983

0.002
0.984

0.027
0.809

0.012
0.918

0.061
0.590

-0.061
0.590

Urolithiasis 
Recurrence

Coefficient 
p-Value

1
0.390**
<0.001

-0.072
0.524

0.254*
0.023

0.688**
<0.001

-0.688**
<0.001

VAT Volume 
(cm3) 

Coefficient 
p-Value

1
0.688**
<0.001

0.855**
<0.001

0.072
0.527

-0.072
0.527

SAT Volume 
(cm3) 

Coefficient 
p-Value

1
0.965**
<0.001

-0.640**
<0.001

0.640**
<0.001

Total Fat Volume  
(cm3)

Coefficient 
p-Value

1
-0.431**
<0.001

0.431**
<0.001

VFVR (%) Coefficient 
p-Value

1
-1.000**
<0.001

SFVR (%) Coefficient 
p-Value

1

**. Correlation is significant at the 0.01 level (2-tailed)
*. Correlation is significant at the 0.05 level (2-tailed)

Table IV: Logistic Regression Analysis of the Association between 
Urolithiasis Recurrence and Other Parameters

Parameters Odd Ratio (95% CI) p-value

Age 0.98 (0.93 – 1.04) 0.59

Gender 2.69 (0.44 – 16.56) 0.29

VAT Volume (cm3) 1.11 (1.01 – 1.22) 0.03*

SAT Volume (cm3) 0.949 (0.88 – 1.03) 0.20

VFVR (%) 1.022 (0.69 – 1.51) 0.92

SFVR (%) 1.022 (0.69 – 1.51) 0.92

* Correlation is significant at the 0.05 level (2-tailed)

and urolithiasis recurrence are supported by (22–
24). However, one study by (9) found no significant 
differences between VAT and urolithiasis recurrence 
as the author believes that VFVR is a more suitable 
parameter to predict urolithiasis recurrence. 

This study also found no significant differences between 
SAT volume and urolithiasis recurrence, and this finding 
is supported by three studies (9, 22, 24). The impact of 
subcutaneous fat on the development of urinary stones 
remains poorly understood, and future studies are 
needed to help understand the relationship between 
subcutaneous fat and urolithiasis. It can be concluded 
that the first hypothesis that there is a difference in VAT 
volume and SAT volume with variations of urolithiasis 
recurrence is accepted.

VFVR and SFVR were calculated using the formula of 
(VAT / (VAT + SAT)) x 100 for VFVR and (SAT / (VAT + 
SAT)) x 100 for SFVR. The result from comparing VFVR 
with the possibility of urolithiasis recurrence showed 
significant differences in both VFVR and SFVR. The 
effectiveness of using VFVR as an obesometric parameter 

is supported by (9, 22, 24). The effectiveness of using 
VFVR to detect metabolic diseases was discussed by Oh 
et al., 2017. Urolithiasis is becoming more common, and 
its prevalence is rising in parallel with the frequency of 
metabolic syndrome as discussed by Wong et al., 2015. 
However, a significant association between SFVR and 
urolithiasis was also found, which was never discussed 
in any studies due to subcutaneous fat has no impact 
on urolithiasis, as mentioned before. From the findings 
above, it can be concluded that the second hypothesis 
that there is a difference in VFVR and SFVR with varies 
of urolithiasis recurrence is accepted. 

The other two parameters mentioned in this study, 
which are age and gender, have been shown to 
have insignificant differences with the recurrence of 
urolithiasis. The majority of study papers supported that 
age does not have a significance with urolithiasis (22, 
23, 26). However, two studies from (24) and (9) showed 
a strong correlation between age and urolithiasis 
recurrence due to the prevalence of metabolic syndrome 
that accelerated the chances of urolithiasis due to age. 
(23) and (9) also found significant differences between 
gender and urolithiasis recurrence, while other studies 
such as (22, 24, 26, 27) found no association between 
gender and urolithiasis recurrence.

VFVR is suitable to predict stone among initial stone 
formers and stone recurrence as VFVR is effective in 
detecting metabolic disease that increases the chance of 
urolithiasis as suggested by (16). Stone recurrence can 
also be predicted if there is an increase of VAT percentage 
among participants with previous history of stones 
(22). Moreover, a study by (9) also found significant 
differences between urolithiasis recurrence and VFVR 
using the same test. The author also found significant 
differences between age and urolithiasis recurrence 
using regression analysis, which did not agree with our 
result. No study mentioned the association between 



Mal J Med Health Sci 18(SUPP15): 117-123, Oct 2022122

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

doi:10.1016/j.mpsur.2019.04.003
2. A. Abou-Elela, “Epidemiology, pathophysiology, 

and management of uric acid urolithiasis: a 
narrative review,” J. Adv. Res., vol. 8, no. 5, pp. 
513–527, 2017, doi:10.1016/j.jare.2017.04.005

3. A. W. Partin, A. J. Wein, L. R. Kavoussi, and C. 
A. Peters, Campbell-Walsh Urology 11th edition 
Review E-Book. Elsevier, 2016. ISBN: 978-0-323-
32830-2

4. S. Brewster, D. Cranston, J. Noble, and J. Reynard, 
Urology: A Handbook for Medical Students. Taylor 
& Francis, 2001, doi:10.3109/9780203450451

5. R. C. Wang, “Managing urolithiasis,” Ann 
Emerg Med, vol. 67, no. 4, pp. 449–454, 2016, 
doi:10.1016/j.annemergmed.2015.10.021

6. C. De Ruysscher, L. Pien, T. Tailly, E. Van Laecke, 
J. Vande Walle, and A. Prytuła, “Risk factors for 
recurrent urolithiasis in children,” J. Pediatr. Urol., 
vol. 16, no. 1, pp. 34.e1-34.e9, 2020, https://doi.
org/10.1016/j.jpurol.2019.09.021

7. B. K. Somani, M. Desai, O. Traxer, and S. Lahme, 
“Stone-free rate (SFR): A new proposal for defining 
levels of SFR,” Urolithiasis, vol. 42, no. 2, p. 95, 
2014, doi:10.1007/s00240-013-0630-3 

8. D. Bos, K. Kim, J. Hoogenes, S. Lambe, B. 
Shayegan, and E. D. Matsumoto, “Compliance of 
the recurrent renal stone former with current best 
practice guidelines,” J. Can. Urol. Assoc., vol. 
12, no. 3, pp. E112–E120, 2018, doi: 10.5489/
cuaj.4605.

9. S. Yamashita, T. Iguchi, S. Nishizawa, A. Iba, Y. 
Kohjimoto, and I. Hara, “Recurrent stone-forming 
patients have high visceral fat ratio based on 
computed tomography images compared to first-
time stone-forming patients,” Int. J. Urol., vol. 25, 
no. 6, pp. 569–573, 2018, doi:10.1111/iju.13564

10. H. F. Lopes, M. L. Corrêa-Giannella, F. M. 
Consolim-Colombo, and B. M. Egan, “Visceral 
adiposity syndrome,” Diabetol. Metab. Syndr., vol. 
8, no. 1, p. 40, 2016, doi:10.1186/s13098-016-
0156-2

11.  Valente, P., Castro, H., Pereira, I., Vila, F., Araújo, 
P. B., Vivas, C., Silva, A., Oliveira, A., & Lindoro, J. 
(2019). Metabolic syndrome and the composition 
of urinary calculi: is there any relation?. Central 
European journal of urology, 72(3), 276–279. 
doi:10.5173/ceju.2019.1885

12. Y. V Wong, P. Cook, and B. K. Somani, 
“The association of metabolic syndrome and 
urolithiasis,” Int. J. Endocrinol., vol. 2015, 
doi:10.1155/2015/570674

13. S.-H. Kim, J. Chung, S.-W. Song, W. S. Jung, Y.-
A. Lee, and H.-N. Kim, “Relationship between 
deep subcutaneous abdominal adipose tissue 
and metabolic syndrome: a case control study,” 
Diabetol. Metab. Syndr., vol. 8, no. 1, p. 10, 2016, 
doi:10.1186/s13098-016-0127-7

14. A.-E. Declèves and K. Sharma, “Obesity and kidney 
disease: differential effects of obesity on adipose 

SFVR and urolithiasis. The only significant finding was 
in VAT volume (OR 1.11, 95% CI 1.01-1.22, p-value 
0.03). This finding ascertains the effects of VAT volume 
on the probability that the patients will have urolithiasis 
recurrence after five years of the stone removal 
operation. In a similar study done by (20), participants 
with past history of stones have increased risk of stone 
recurrence as high as 50% among stone formers at 5 
– 7 years following an initial stone episode. From the 
findings in both correlation and logistic regression 
analysis, it can be concluded that the third hypothesis 
that there is a difference between volume measurement 
(VAT and SAT) and ratio calculation (VFVR and SFVR) 
as an anthropometric variable of urolithiasis is accepted.

Although a well-designed retrospective analysis, this 
study has several limitations. Firstly, this study is still 
categorized as a retrospective study, which was easily 
influenced by inherent biases. Secondly, only patients 
who underwent a surgical operation to remove the 
stone were included in our survey population, which 
does not represent the vast majority of urinary stone 
disease patients. The small sample size in this study 
only describes a cohort of patients at a single medical 
institution (Hospital Segamat) in Johor, therefore limiting 
its generalizability to other populations, especially when 
considering the social and eating habit differences of 
other states in Malaysia. Finally, in this study, the role 
of other comorbidities such as diabetes mellitus and 
hypertension, which may have a certain involvement in 
urolithiasis recurrence, was not addressed.

CONCLUSION

In conclusion, CT scan-based tissue segmentation has 
a huge impact on fat volume quantification. Visceral 
adipose tissue (VAT) can be differentiated with 
subcutaneous adipose tissue (SAT) and other organs for 
easy volume measurement. This study confirms that VAT 
volume, VFVR and SFVR were strongly correlated with 
urolithiasis recurrence, indicating that VAT plays a more 
important role than SAT and total fat, in the production 
of stone. Finally, even though VAT volume can be 
further considered as a new independent risk factor 
for urolithiasis, future studies in the application of CT 
scan-based tissue segmentation should be considered to 
make full use of the modality.
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