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The severity of visceral obesity is associated
with an increased risk of urolithiasis

OBJECTIVE To assess the relationship between urolithiasis and obesity related
parameters measured by computed tomography (CT) abdominal scan. The
relationships between visceral obesity and the severity of urinary stone
disease, and between the severity of visceral obesity and urolithiasis were
evaluated. METHOD A retrospective case-control design was used, with one
control subject for each patient, matched for age and sex. The participants
were 100 adult patients with urolithiasis diagnosed by CT scan at our hospitals
between October 2014 and September 2016. The control group consisted of
100 adults attending the hospital for trauma, with no past medical history
of urological disease, who underwent abdominopelvic CT scan. The visceral
fat area and other obesity related parameters were measured using the CT
scan, on one cross-sectional cut at the level of the umbilicus. RESULTS All the
obesity related parameters were significantly higher in the urolithiasis group
than in the control group. The largest effect size was in the mean visceral
fat area, which was higher in the patient group with visceral obesity than in
the control group with visceral obesity (p=0.03). No statistically significant
relationship was found between visceral obesity and the severity of urinary
stone disease. CONCLUSIONS These results indicate that obesity, especially
visceral obesity, is related to urinary stone disease. Individuals with severe
obesity were at higher risk of urinary stone formation than individuals with
mild obesity.
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Computed tomography (CT) scan is the gold standard
technique for the measurement of visceral fat.” Epide-
miological data show a relationship between obesity and
urinary stone disease.? Few studies have assessed the re-
lationship between urinary stone disease and the amount
of visceral fat measured on CT.>*

This study investigated the relationship between uro-
lithiasis and obesity related parameters measured by CT
scan. The relationships between visceral obesity and the
severity of urinary stone disease, and between the severity
of visceral obesity and urolithiasis were evaluated.

MATERIAL AND METHOD

Patients

A retrospective matched case-control design was used, with
one matched control subject for each patient. The study partici-

pants were 100 adult patients (75 men and 25 women) with urinary
stone disease diagnosed by CT scan at our hospitals between
October 2014 and September 2016. Patients with bladder stone,
congenital urinary tract anomalies, single kidney, ureteral stricture
and chronic renal failure were excluded from the study.

The control group consisted of 100 adults investigated for
trauma, with no past medical history of urological diseases, who
underwent abdominopelvic CT scan in the same period, matched
by age (+2 years) and gender with the study patients. Individu-
als with trauma induced gross pathology in the relevant CT cut
were excluded.

For the purpose of the study, the data relating to the patients’
age and sex, number of stones and recurrence of disease were
retrieved from the records. Imaging had been performed on all
patients and control subjects using 16-slice CT scanners in the
supine position. Image analysis software previously used for this
purpose (Image J, version 1.50 g; National Institutes of Health,
USA) was used to quantify the abdominal fat area.®
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Measurements

The total fat area (TFA), visceral fat area (VFA) and subcutaneous
fat area (SFA) were measured on the CT abdominal scan on one
cross-sectional cut at the level of the umbilicus. For measuring TFA,
the threshold was determined with an attenuation range of -190
to -30 Hounsfield units.® The fat area reserved within abdominal
muscles was defined as VFA and the fat area reserved between
abdominal muscles and skin was defined as SFA. Non-adipose areas,
such as bowel contents, were excluded. Fat area was measured in
square centimeters (cm?). Figure 1 shows the objective data on
the obesity related parameters.

The most common parts of non-fat area in the defined CT cut
were muscles. The fat area to non-fat area ratio (FNR) was defined
as the ratio of the amount of fat area to non-fat area on one cross-
sectional cut at the level of the umbilicus. The definitions of the
obesity parameters used in the study are shown in table 1.

The patients and control subjects were divided into two
subgroups, with and without visceral obesity. The results of a
previous study were considered to determine the cut-off points
for the definition of visceral obesity.” The cut-off point for VFA for
men was 96 cm? and for women 75 cm?. The VFA mean values of
patients and control subjects with visceral obesity were compared
to evaluate the relationship between urolithiasis and the severity

Figure 1. Computed tomography (CT) imaging in visceral obesity: The
left image shows the CT cut at the level of the umbilicus. In the right
image, the black area shows the visceral fat area (VFA), the gray area
shows the subcutaneous fat area (SFA) and the white area shows the
non-fat area (NFR).

Table 1. Definitions of the fat measurement parameters used in the study.
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of obesity. Based on a previous study, the multiplicity of stones and
disease recurrence were considered as the markers of severity of
urinary stone disease.® The study was approved by the University
Ethical Committee.

Statistical analysis

Independent samples t-test was used to compare the means.
Effect sizes were calculated using Cohen’s d formula.® Statistical
analysis was performed using the Statistical Package for Social
Sciences (SPSS), version 15.0 (SPSS Inc, Chicago, IL). A p-value
<0.05 was considered significant.

RESULTS

The mean age of the patients in the study group was
42.7+15.4 (range: 19-86) years, and of the subjects in the
control group 42.6+15.7 (range: 19-88) years (p>0.05). The
mean age of the men was 42.3+15.2 years in the study group
and 42.3+15.3 years in the control group (p>0.05). The
mean age of the women was 43.7+16.4 years in the study
group, and 43.6+17.0 years in the control group (p>0.05).

All of the obesity related parameters were significantly
higher in urinary stone group than in the control group.
The largest effect size was in VFA, followed by FNR and
TFA (tab. 2).

Visceral obesity was detected in 77 patients (58 men
and 19 women) with urolithiasis, and 40 control subjects (30
men and 10 women). Significant differences were demon-
strated in VFA between the two groups. The mean VFA was
higher in patients with visceral obesity (173.4+61.8) than
in the control subjects with visceral obesity (151.2+40.6).
According to the study protocol, each patient had one
matched control subject. Of the 77 patients with visceral
obesity, 40 patients had a matched control subject with
visceral obesity. Analysis of the data of these 40 cases and 40
matched control subjects revealed a significant difference
in the VFA between the two groups (tab. 3). Regarding the

Parameter Definition

Total fat area (TFA)*

Visceral fat area (VFA)*
Subcutaneous fat area (SFA)*
TFA/non-fat area
(VFA/TFA)x100
VFA/SFA

Fat area to non-fat area ratio (NFR)
The percentage of VFA
Ratio of VFA to SFA

Area with fat attenuation in the selected computed tomography (CT) cut
Area with fat attenuation in the selected visceral part

TFA subtracted from the VFA

¥Square centimeters (cm?)
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Table 2. The relationship between urolithiasis and obesity related parameters.

Parameters Urinary stone group Control group p value Effect size
(n=100) (n=100)
Visceral fat area (VFA) (mean+SD) 145.4+75.5 86.7+62.0 <0.001 0.85
Fat area to non-fat area ratio (NFR) (mean=SD) 1.31+0.60 0.87+0.57 <0.001 0.75
Total fat area (TFA) (mean+SD) 367.0+160.3 250.5+162.0 <0.001 0.72
The percentage of VFA (mean=SD) 40.1+11.1 34.1£10.0 <0.001 0.57
Subcutaneous fat area (SFA) (mean+SD) 221.8+105.5 163.8+110.3 <0.001 0.54
Ratio of VFA to SFA (mean=SD) 0.75+0.45 0.56+0.28 <0.001 0.51
Table 3. The relationship between urolithiasis and the severity of obesity.
Variable Patients with Control subjects with p value
visceral obesity visceral obesity
Visceral fat area (VFA) (mean=+SD) (77 patients versus 40 control subjects) 173.4+61.8 151.2+40.6 0.02
VFA (mean=SD) (40 patients versus 40 matched control subjects) 183.6+53.9 151.2+40.6 0.03

clinical characteristics of the study patients, 35 (35%) were
suffering from a single stone while 65 patients (65%) had
multiple stones; 56 patients (56%) presented one episode,
while 44 (44%) had recurrent disease. As shown in table 4,
no significant relationship was detected between VFA and
the parameters of severity.

DISCUSSION

The role of obesity and its various different aspects in
urinary stone disease is ambiguous, although it is generally
regarded as an accompanying factor. For this reason, specific
obesity parameters measured on abdominal CT scan were
evaluated in this study, to better clarify the possible role of
obesity in stone formation and disease severity.

A few studies have focused on the relationship between
visceral obesity and urinary stone disease.>* One recent
study concluded that VFA and VFA% were significantly
higher in patients with urolithiasis compared to a control
group, while SFA was not significantly higher in patients
with urolithiasis.? The present study also indicated that
VFA and VFA% were significantly higher in a group of pa-

tients with urinary stone disease than in a control group of
matched subjects. In this study, however, the SFA also was
significantly higher in patients with urinary stone disease
than in the control subjects. The differences in the results
of the two studies may be attributed to the selection of
the control group. The earlier researchers selected for their
control group individuals with flank pain but with no urinary
stone identified by CT scan.? It is therefore possible that
patients who had passed out a urinary stone might have
been included in the control group. In one previous study,
SFA was found to be significantly higher in patients with the
metabolic syndrome,® and another study concluded that
increase in VFA is a risk factor for urinary stone disease.” In
that study individuals without urinary stone disease who
underwent CT scan were selected as control subjects.? Thus,
all other patients with diseases associated with visceral
obesity were named as “controls”.

Based on the results of the present study, all the obesity
related parameters measured were significantly higher
in patients with urinary stone disease than in the control
subjects. In addition, the largest effect size was related to
VFA. The effect size shows the strength of a relationship.

Table 4. The relationship between urolithiasis disease severity and visceral obesity.

Variable Single stone versus

multiple stones

versus recurrence

One episode Single stone and one episode versus

multiple stones and or recurrence

Visceral fat area (VFA)
(mean+SD)

156.0+86.9 versus 139.8.0+68.6
(p=0.31)

142.9+76.0 versus 148.6+75.5

165.5+86.4 versus 141.0+72.7

(p=0.71) (p=0.22)
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Based on these results, the hypothesis that “obesity, espe-
cially visceral obesity, is related to urinary stone disease”is
confirmed. A previous study found that body mass index
(BMI) was not related to the severity of urolithiasis, as an
independent variable.! We used VFA rather than BMl as the
index of obesity, but also found no significant relationship
with the severity of urinary stone disease.

Another previous study concluded that obesity was
associated with an increased risk of urolithiasis, although
the risk of urolithiasis remained stable with increasing
degrees of obesity.”? In the present study, VFA measured
with CT scan rather than BMI was used to evaluate the
severity of obesity. VFA is more precise than BMI in evalu-
ation of the risk of the metabolic syndrome.”” According
to the study data, an increase in VFA results in increasing

109

stone formation, even in morbidly obese patients. It ap-
pears that individuals with severe obesity are at higher risk
of urinary stone formation than those with mild obesity.
Proteins or hormones related to the adipose cells, especially
the visceral adipose cells may be considered as regulators
of such effects.

In conclusion, visceral obesity, as a marker of the meta-
bolic syndrome, had a significant relationship with urinary
stone formation, but did not play an obvious role in the
severity of urinary stone disease. In contrast with the results
of a previous study,’? in our series, risk of stone formation
was higher in the individuals with severe obesity than in
those with mild obesity, which may be due to the selec-
tion of VFA, rather than BMI, as the marker of the severity
of obesity.
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TKOMOZX EkTtipnon tou cuvduacpol HeTa&l oupoAiBiaong Kal TTAPAPETPWY OXETI(OPEVWY UE TNV TTAXLOAPKIA TTOU
peTpwvTal pE a&ovikn Topoypaia. Emi mAgéov, SievepynOnke a&loAdynon tTng oxéong HeETA&Y OTMAAYXVIKAG TTAXUOAP-
kiag kat BaputnTtag TnG Atbiaong Twv ouvpoopwv. YAIKO-MEOOAOZX XpnotpormolOnke avadpopikry ENEYXOHEVN
MEANETN ME évav HApTuUPA Yia KABe acBevr) Katl cupBatd wg PO TNV NAIKIA Kat To @UAO. ‘Eyive emhoyr 200 evnAikwv
atopwy, armé ta omoia 100 gixav ovpoAiBiacn kat 100 Rtav paptupes. H Sidyvwon tng ovpoAiBiaong twv 100 ato-
HwV T€ONKe pe agovikn Topoypagia peta&h OktwPpiov 2014 kat ZentepBpiov 2016. Ot 100 pdptupeg mapovaoialav
Tpavpata Kat Sev gixav MPonyoUUEVO IOTOPIKO OUPOAOYIKAG VOOOUL Kal uTToPBARBNKav oe afoviki Topoypagia tng
KOIAIOKNA G KAl TNG TTUEAIKN G TTEPLOXNG. TO OTIAQYXVIKO AITTOG Kal Ot AAAEG TTAPAUETPOL TIAXUOAPKIAG METPNONKAV PE (i
TOUN OTO OUPAAIKO emimedo pe afovikn Topoypagia. AMMOTEAEZMATA ‘O\eg ol TapAUETPOL TTOU OXETICOVTAV E TNV
TTAXVOAPKIA ATAV CNUAVTIKA UPNAOTEPEG OTNV OpASa e oUPOAIBiacn og oxéon PE TNV opdda eAEyxou. To PEYAAU-
TEPO ATTOTENECHA TTAPATNPENONKE OTN HEON OTAAYXVIKA ATWSN TTEPLOXH, OTNV OUASA TWV ACOEVWV PE OTTAAYXVIKH
TTAXLOAPKIa O€ CUYKPLON PE TNV OPASa EAEYXOU N omToia eU@AVIE ETTIONG OTTAAYXVIKH TTaxuoapkKia (p=0,03). TEAIKA,
Sev BPEOBNKE ONUAVTIKN CUOXETION METAEY TNG OTTAAYXVIKIG TTAXLVOoAPKiag Kal Tng Baputntag tTnG oupoAlbiaong. Y-
MMEPAXZMATA Ta anmoteAéopata £€8et§av OTI N TTaxvoapkKia Kat ISlaitepa N OTTAAYXVIK OXeTICETAL UE TNV OUPONIOI-
aon. Emi mAéoyv, Ta dtopa pe oAU Bapld maxuvoapkia Bpiockovtal oe uPnNAOTEPO KivOUVO yia OXNUATICHUO OUPOAIBwWV
o€ oUYKPLON ME ATOMA PE ATTLA TTAXVOAPKIA.

Né&erg evupeTnpiou: ASovikn Topoypagia, OupoAiBiaon, NMayxvoapkia, Zoapdtnta, ZMAAYXVIKH TTAXUCAPKIa
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