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Introduction The visceral adiposity index (VAI) is a gender-specific metabolic index that indirectly mea-
sures visceral adipose function and distribution using waist circumference, body mass index (BMl), and
triglyceride and high-density lipoprotein (HDL) cholesterol values. To assess visceral fat in the diagnostic
pathway of urinary stone patients, we investigated the relationship between the VAl and nephrolithiasis
as well as the relationship between the VAl and stone and surgery-related parameters.

Material and methods Patients who underwent percutaneous nephrolithotomy and retrograde intra-
renal surgery for kidney stones were included in the study. The control group comprised of healthy indi-
viduals who volunteered to take part in study and did not have urolithiasis as confirmed by abdominal
computed tomography imaging. A total of 148 patients were divided into the nephrolithiasis (n = 103)
and the control (n = 45) groups. Weight, height, BMI, waist circumference measurements, and VAl were
among the metabolic parameters measured. Stone and surgical parameters were evaluated.

Results VAI (4.57 vs 2.76), waist circumference (92.1 vs 87.1), and BMI (28.31 vs 26.51) values were
higher in the nephrolithiasis group(p = 0.02,p = 0.04, p <0.001,respectively). The VAl was statistically
significant in the multivariate analysis for the presence of nephrolithiasis (p <0.001). The VAl negatively
correlated with the stone Hounsfield unit (HU) and positively correlated with very-low-density lipopro-
tein (VLDL), blood creatinine, and calcium levels. The relationship between VAl and surgical parameters
was not significant.

Conclusions A significant relationship was detected between nephrolithiasis and VAI, a new gender-
specific metabolic index that distinguishes between subcutaneous and visceral adipose mass and
demonstrates metabolic syndrome. No significant effect of this relationship on surgical parameters was
demonstrated in the present study.
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INTRODUCTION

Urolithiasis is the third most common urological
disease affecting the urinary system after urinary
tract infections and prostatic pathologies; its preva-
lence varies between 2% and 20% worldwide. It is
a multifactorial disease resulting from complex in-
teractions between environmental and genetic fac-
tors [1, 2]. It has been shown to have a significant
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relationship with obesity and metabolic syndrome,
which are common in countries with a high standard
of living [3, 4, 5], where obesity gradually increases
due to dietary factors and inactive lifestyles caused
by technological development. The number of obese
and overweight individuals is expected to double
in the next ten years [6].

Many studies have used anthropometric indices
such as body mass index (BMI), waist circumference
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(WC), and waist-to-height ratio (WHtR) to iden-
tify obesity when linking obesity with urolithiasis.
Similar assessments have been used in studies in-
vestigating urinary system stone diseases [4, 5, 6].
However, these indexes provide limited information
on fat distribution and cannot distinguish between
subcutaneous fat and visceral fat masses, which
is important because it is known that visceral adi-
pose tissue accumulation contributes to the develop-
ment of metabolic disorders, unlike subcutaneous
fat. In fact, there is no standard method of evaluat-
ing visceral fat in the diagnostic pathway of urinary
stone patients who have undergone surgery or of es-
timating the effect of obesity on the results of kidney
stone surgery.

The visceral adiposity index (VAI) is a gender-specific
metabolic index that indirectly measures visceral ad-
ipose function and distribution using waist circum-
ference, body mass index (BMI), and triglyceride and
high-density lipoprotein (HDL) cholesterol values.
VAI has been shown to be significantly correlated
to all of the constituents of metabolic syndrome [7].
In previous studies, the relationship between VAI
and many diseases such as diabetes mellitus (DM),
hypertension (HT), coronary artery disease (CAD),
and erectile dysfunction (ED) has been investigated
(8,9, 10].

For nephrolithiasis associated with metabolic syn-
drome [11], VAI may be a useful tool to better un-
derstand the underlying mechanism. This study
evaluated the relationship between the VAI and
nephrolithiasis and the VAI’s effect on stone and
related surgery parameters. To our knowledge, the
relationship between VAI and nephrolithiasis has
not been investigated previously, and this is the first
report in this field.

MATERIAL AND METHODS

The study’s primary objective was to analyze the dif-
ference in VAI in patients with nephrolithiasis and
the control group. The secondary objective was to in-
vestigate the relationship between VAI and stone and
surgical parameters. Prospectively, patients living
in the same geographical region with similar nutrition
characteristics who underwent percutaneous nephro-
lithotomy (PCNL) and retrograde intrarenal surgery
(RIRS) for kidney stones in a university hospital urol-
ogy department between January 2017 and December
2019 were included. Kidney stones were demonstrat-
ed by computed tomography in all patients.

The control group comprised of healthy individuals
who volunteered to take part in study and did not
have urolithiasis confirmed by abdominal computed
tomography (CT) imaging. They were living in the

same geographical region as the intervention group
and had similar nutrition habits. All the participants
in the study provided their informed consent.
Patients were excluded from the study if they were
under 18 years of age, had any malignancy or any
urinary system disease such as a cyst, tumor, anoma-
ly, etc., other than stones shown through imaging
methods, or who had kidney failure or used tobacco.
Demographic data such as age, sex, and comorbidity
were recorded for the patients included in the study.
Weight, height, BMI, waist circumference, and VAI
were among the metabolic parameters measured.
The following formulas were used:

Body mass index: Weight/Height? (kg/m?)

Visceral adiposity index [7]

Men: Waist circumference [39.68 + (1.88 x BMI)]
x triglyceride/1.03 x 1.31/HDL

Women: Waist circumference [36.58 + (1.89 x BMI)]
x triglyceride/0.81 x 1.52/HDL

Previous stone history, kidney stone size, stone den-
sity (Hounsfield unit), and stone localization were
also evaluated for the patients who would have sur-
gery due to kidney stones. Details of the surgical
method, operation time, hospitalization time, and
complications were recorded after the surgery.
Stone analysis was conducted using Fourier-trans-
form infrared spectroscopy (FTIR) for patients who
had undergone surgery due to nephrolithiasis. Fol-
lowing the European Urology Association Urolithi-
asis Guidelines [12]. A 24-hour urine analysis was
performed for specific metabolic evaluation of people
at high risk for stone formation (familial stone for-
mation, Brushite-containing stone, uric acid, cystine
and infection stones, solitary kidney, stone recur-
rence, early onset of urolithiasis). In the urine anal-
ysis, creatinine, calcium oxalate, uric acid, cystine,
and citrate levels were measured, and the relation-
ship of these parameters with VAI was investigated.
As a result, one hundred and forty-eight patients
were included in the study. These patients were sep-
arated into the nephrolithiasis group (n = 103) and
the control group (n = 45). Demographic, metabolic,
and laboratory parameters were compared among
these two groups.

Blood sampling and measurement of laboratory
parameters

Peripheral venous blood samples (5 mL) were taken
into serum separator tubes (Vacuette, Greiner Bio-
One, Kremsmuenster, Austria) in the morning be-
tween 9:00 am and 10:00 am after 8 h of fasting. Sera
samples were set aside for 30 to 60 min to form clots
prior to centrifugation at 1500 g for 10 min at room
temperature.
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Routine biochemical, hematological, and urine anal-
ysis results were obtained by reviewing the patients’
records. Hematological analyses were performed us-
ing an XN-1000 Sysmex (Sysmex Corporation, Kobe,
Japan) hematology analyzer. All biochemical param-
eters were analyzed using Abbott kits (Abbott Labo-
ratories, Chicago, IL, USA), which are manufactured
for use with an Architect ¢16000 Auto-Analyzer.
Urine samples were analyzed using a Dirui FUS-200
(Dirui Industrial Co. Ltd., China) automatic urine
sediment analyzer.

Statistical analysis

Statistical analysis was performed with SPSS v.23.0
statistical software (SPSS, Inc., Chicago, IL, USA).
Continuous variables are presented as mean and
standard deviations. Categorical variables are giv-
en as frequencies and percentages. The indepen-
dent samples t-test or Mann-Whitney U test was
used when comparing continuous variables among
groups. Chi-square tests were used to compare
the two groups in terms of categorical variables.
The Pearson correlation coefficients of continu-
ous variables were calculated. An ordinal logistic
regression model was formed to find variables as-
sociated with group membership. The area under
the curve (AUC), sensitivity, specificity, and cut-
off values were calculated for BMI and VAI using
receiver operating characteristic (ROC) regression
analyses. A p value <0.05 was considered statisti-
cally significant.

RESULTS

In terms of demographic parameters, no difference
was observed in age, sex, or comorbidity between the
nephrolithiasis and control groups (all parameters
p >0.05).

The most common comorbidities in the nephroli-
thiasis group were coronary artery disease (12.6%),
diabetes mellitus (12.6%), hypertension (8.7%) and
chronic obstructive pulmonary disease (COPD)
(1.94%); the most common comorbidities in the con-
trol group were coronary artery disease (17.7%), dia-
betes mellitus (15.5%), hypertension (11.1%), and
COPD (2.2%).

Blood lipid profile, including triglycerides, LDL, and
very-low-density lipoproteins (VLDL) (p <0.001,
p = 0.009, p = 0.02, respectively), and laboratory
parameters including urine density, creatinine, and
calcium values (p = 0.01, p = 0.001, p = 0.048, re-
spectively) were significantly high in the nephroli-
thiasis group, while urine pH values were low in the
nephrolithiasis group (p <0.001).

VAI values (Figure 1), waist circumference, and
BMI values were higher in the nephrolithiasis group
(p =0.02, p = 0.04, p <0.001, respectively).

Details of the demographic, metabolic, and labora-
tory parameters of the nephrolithiasis and control
groups are provided in Table 1.

In the multivariate analysis for the presence
of nephrolithiasis; only VAI was statistically signifi-
cant (1.52 OR [(95% CI 1.21-1.9)], p <0.001) while
the other metabolic parameters ‘height, weight, waist
circumference, body mass index’ were not significant
(p =0.44,p = 0.61, p = 0.45, p = 0.09 respectively).
Analysis results were similar for lipid parameters
(p >0.05 all lipid parameters). In addition, in the

Table 1. Details on demographic, metabolic and laboratory
parameters of Nephrolithiasis and Control groups

Nephrolithiasis Control
Parameters Group Group P
n=103 n=45
Demographics
Age (mean £SD) 48.21+15.8 48.97 +17.86 0.79
Sex (men) n (%) 72 (69.9) 34 (75.6) 0.48
Comorbidity n (%) 23(22.3) 12 (26.7) 0.56
Metabolic parameters (mean +SD)
Height (cm) 167.3 £7.9 169.8 9.5 0.12
Weight (kg) 79.1+14.5 76.4+£12.2 0.28
Waist circumference (cm) 92.1+12.7 87.1+10.1 0.02
Body mass index (kg/m?) 28.31£5.31 26.51 +3.65 0.04
Visceral adiposity index 4.57 £2.83 2.76+1.41 <0.001
Blood lipid profile (mean +SD)
Triglyceride (mg/dL) 145.06 £70 96.96 +36.45  <0.001
Cholesterol (mg/dL) 179.8 +53.4 169.5 +31.9 0.15
(L;ng}‘if;“ty lipoprotein (IDL) 11494351 10084254  0.009
(V\f[ég"(”mzjgi')w lpoproteins 58741326 23271322 002
(Hrfgh/’gsnsnv lipoprotein (HDL) 4397406 4696105  0.08
Laboratory parameters (mean +SD)
Glucose 106.38 £27.5 99.53 +25.2 0.15
Creatinine (mg/dL) 0.95 +0.29 0.88 +0.15 0.11
Sodium (mmol/L) 140.2 £2.32 138.7 +2.35 0.001
Calcium (mg/dL) 9.28 +0.48 9.11 +0.55 0.048
Potassium (mmol/L) 4.32 +0.6 4.19 £0.53 0.21
Uric acid (mg/dL) 5.13 +0.87 5.09 +0.96 0.77
Hemoglobin (g/dL) 13.3+1.8 13.44 +1.6 0.85
Urine pH 5.75+0.4 6.22 £0.57 <0.001
Urine density 1015.5 6.2 1013 5.1 0.01

P — probability value; SD — standard deviation
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Figure 1. VAl and groups (mean #SD).

VAI — visceral adiposity index; SD — standard deviation

Table 2. Details of ROC analysis for BMI and VAl

ROC analysis for VAI and BMI, AUC: 0.708 vs 0.604,
sensitivity: 69.9% vs 64.1%, specificity: 60% vs 57.8%,
and cut-off values: 2.62 vs 26.37, (p <0.001, p <0.04
respectively) were calculated (Table 2, Figure 2).
Stone frequency was 1.79 *1.19, stone size was
23.57 *16.8 mm, and stone density was 842.4
+345.9 Hounsfield unit (HU) in the nephrolithia-
sis group. Fifty-six (54.4%) patients had RIRS, and
47 (45.6%) patients had PCNL due to kidney stone.
The mean stone size was higher in patients who un-
derwent PCNL compare to those who underwent
RIRS (19.4 =13 vs 27.2 £19.1, p = 0.017). No com-
plications were observed in 92.6% of the patients.
The mean hospitalization time was 2.64 days.
Stone composition was available for 69.9% (n = 72)
of the patients. Calcium oxalate (52%) and uric acid
(10%) components were higher than other stone
types. A 24-hour urine analysis was performed
in 43 (41.7%) patients with a high risk for stone for-
mation. Stone and surgical parameters are provided
in Table 3.

Parameters Cutoff point Sensitivity (%)  Specificity (%)  Area under ROC curve SE 95% Cl p
VAI 2.62 69.9 60 0.708 0.04 0.602-0.795 <0.001
BMI 26.37 64.1 57.8 0.604 0.04 0.510-0.690 0.04

ROC — receiver operating characteristic curve; BMI — body mass index; VAI — visceral adiposity index; p — probability value; SE — standard error
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Figure 2. ROC analysis for VAl and BMI.

VAI - visceral adiposity index; ROC — receiver operating characteristic curve; AUC — area under the curve; BMI — body mass index
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In the univariate analysis performed in the nephro-
lithiasis group, VAI had a negative correlation with
stone HU (p = 0.047, r = -0.20) and a positive cor-
relation with VLDL (p = 0.012, r = 0.25) creatinine
(p = 0.007, r = 0.26), and calcium values (p = 0.018,
r = 0.23) (Figure 3). A significant relationship was
not found among VAI and stone size, stone frequen-
cy, surgical method, operation time, hospitalization
time, and complications (p = 0.91,p = 0.54, p = 0.9,
p = 0.64, p = 0.9, and p = 0.32, respectively). In ad-
dition, no significant correlation was found between
the 24-hour urine analysis parameters and VAI
(all parameters p >0.05).

DISCUSSION

The incidence and prevalence of nephrolithiasis is
increasing globally according to data from the U.S,,
Europe, and Japan [13]. The prevalence of kidney
stone increases with increasing obesity in both devel-

oped and developing countries. Kidney stone preva-
lence is seen more in obese (11.2%) and overweight
individuals (9.1%) compared to individuals with nor-
mal weight (6.1%). Also, a significant relationship
was detected between kidney stone formation and
obesity in the multivariate analyses. In general, in-
sulin resistance, acid-base balance anomalies, urine
chemistry changes, and dietary factors are the basic
mechanisms that increase the risk of nephrolithiasis
[5, 13, 14, 15].

Obesity and metabolic syndrome have been shown
to be important factors in stone formation. Yo-
shimura et al. detected BMI as an independent risk
factor related to kidney stone incidence in a study
that followed more than 4,000 male patients for
19 years [16]. In two other large prospective co-
hort studies that included both males and females,
the prevalence of stone disease was directly relat-
ed to weight and body mass index in both genders
[3,17].Metabolicsyndrome,includinghyperlipidemia,
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Table 3. Parameters related to stone and surgery

Stone parameters

Stone size (mm) (mean =SD) 23.57 +16.8
Stone density (Hounsfield unit) (mean £SD) 842.4 +345.9
Stone side (right) (%) 66 (64.1)
Stone localization n (%)
Upper calyx 10(9.7)
Medium calyx 12 (11.7)
Lower calyx 18 (17.4)
Pelvis 35 (34)
Multiple localization 28(27.2)
Average stone frequency (mean +SD) 1.79 £1.15
Stone analysis 69.9% (n = 72) n (%)
Calcium-oxalate 52(72.2)
Uric acid 10(13.9)
Calcium-phosphate 5 (6.95)
Magnesium ammonium phosphate 4 (5.56)
Cystine 1(1.39)
24-h urine analysis parameters (n = 43) (mmol/day)
(mean #SD)
Urine creatinine 13+2.82
Urine calcium 5.71+1.89
Urine oxalate 0.53+0.51
Urine uric acid 3.542.2
Urine cystine 0.24 +0.2
Urine citrate 246 £1.11
Surgery related parameters
Surgical method applied n(%)

RIRS 56 (54.4)
PCNL 47 (45.6)
Operation time (min) (mean +SD) 87.72 £35.3
Hospitalization time (day) (mean +SD) 2.64 £2.93

Complications n (%)

(Clavien-Dindo)
None 92 (92.6)
1 8(5.7)
2 2(1.4)
3B 1(0.7)

SD - standard deviation; n — sample size; RIRS — retrograde intrarenal surgery;
PCNL — percutaneous nephrolithotomy

hypertriglyceridemia, hyperglycemia, and hyperten-
sion, together with abdominal obesity was also re-
lated to an increased kidney stone risk. West et al.
found that the chance of patients diagnosed with
metabolic syndrome reporting kidney stone was
higher than that of healthy individuals. Kidney
stone prevalence was reported as 3% in adult pa-
tients without metabolic syndrome parameters,
as 7.5% in those with three parameters, and as 9.8%
in those with five parameters. The risk of kidney
stone was found to increase twofold in patients with
four or more parameters of metabolic syndrome [18].
In our study, consistent with previous reports, waist
circumference and triglyceride and dyslipidemia val-
ues, which are three sub-parameters of metabolic
syndrome, were significantly higher in the neph-
rolithiasis group than in the control group. Based

on these findings, it can be stated that metabolic syn-
drome is more common in nephrolithiasis patients.
Metabolic syndrome is also a potential precursor
for type 2 DM and cardiovascular diseases. Thus, the
detection of urolithiasis is more frequent in individu-
als with DM and cardiovascular disease [19, 20]. Al-
though the factors responsible for the relationship
between nephrolithiasis and cardiovascular disease
have not yet been clarified, high total cholesterol,
high triglycerides, and low high-density lipoprotein
(HDL) have been found to be related to the changes
that may cause a predisposition to kidney stone for-
mation in urine chemistry [21]. In our study, a signif-
icant difference was not found in blood glucose, DM,
HT, and CAD between the two groups, which is likely
due to the limited number of patients in our study.
Waist circumference measurement and BMI are
the parameters used to identify obesity and visceral
adiposity. However, these measurements by them-
selves are not helpful in distinguishing between
subcutaneous and visceral adipose mass [22, 23].
For these reasons, Amato et al. defined VAI, which
is a new, gender-specific index that indirectly evalu-
ates visceral adipose function and distribution us-
ing waist circumference and body mass index along
with triglyceride, HDL, and cholesterol values [7].
As the VAI includes metabolic parameters in addi-
tion to physical parameters, its relationship with
diabetes mellitus and cardiovascular diseases was
found to be stronger than its relationship with waist
circumference and BMI. This new index has also
been found to be significantly correlated to all of the
components of metabolic syndrome and cardiovascu-
lar diseases [7-10, 24].

It has been shown that calcium oxalate and uric
acid excretion also increase as body size and BMI
increase and that individuals with a high BMI also
consume more animal protein and sodium and, thus,
excrete more calcium. Urine PH values are more
acidic in obese individuals compared to individuals
with normal weight. Hypocitraturia and low urine
volume (due to diet, secondary loss, and increase
of body surface area) were detected in more than 50%
of obese patients with nephrolithiasis. All of these
metabolic, physiological, and dietary mechanisms
contribute to the formation and growth of nephro-
lithiasis [4, 5, 15]. In our study, urine PH was found
to be lower; urine density, blood calcium, and sodium
values were found to be higher; and waist circumfer-
ence, BMI, and VAI values, which are obesity-related
parameters, were found to be significantly higher
in the nephrolithiasis group. These parameters are
in line with pathophysiological factors that have been
shown to cause stone formation. However, interest-
ingly, there was no significant relationship between
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24-hour urine analysis parameters and VAI, which
may be a result of the small number of patients ana-
lyzed (n = 43).

Calcium oxalate and uric acid are observed more
commonly as stone components in obese patients [4].
This result is in line with our study, in which a signif-
icantly negative correlation was found between VAI
and HU. We think that this may be related to stone
formation being faster due to previously explained
pathological causes. A significant relationship was
also detected between VAI and calcium and creati-
nine. Attention should be paid to stone formation
and kidney failure in these patients.

An ideal surgical method for nephrolithiasis in obese
patients has not yet been determined. Stone size
and localization are generally used to determine the
surgical approach [14], and this was our approach,
as well. Obesity may make surgeries requiring posi-
tion change, especially PCNL, more complicated and
increase the risk of complications. However, in our
research, a significant relationship was not found
between VAI and surgical method, operation time,
hospitalization time, and complication.

CONCLUSIONS
The visceral adiposity index (VAI), a gender-specific

metabolic index that indirectly identifies visceral
adipose function and distribution, was significantly
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