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Abstract

Introduction: Our aim was to evaluate whether obesometric serum 
hormones and body fat distribution are associated with renal stone 
recurrence.
Methods: We conducted a prospective cohort study of partici-
pants undergoing renal stone (RS) intervention at a single institu-
tion from November 2009‒June 2010 and followed them for a 
median 62 months. Obesometric parameters were measured at 
baseline, including body mass index (BMI), fasting serum leptin 
and adiponectin, and proportion of visceral adipose tissue (%VAT) 
averaged from three fixed axial computed tomography (CT) slices. 
The primary study outcome was stone recurrence.
Results: A total of 110 participants were enrolled. Elevated %VAT 
was associated RS recurrence; participants with %VAT in the high-
est quartile had a five-year stone-free rate of 47.1% compared to 
72.2% among other participants (p=0.004). Adjusting for gender, 
elevated %VAT was independently predictive of renal stone recur-
rence among initial stone formers (n=74; hazard ratio [HR] 4.53, 
95% confidence interval [CI] 1.08‒19.02), but not among recur-
rent stone formers (n=19; HR 0.51, 95% CI 0.054‒4.72). Other 
obesometric factors, including leptin, adiponectin, and BMI, were 
not significantly predictive of recurrence. 
Conclusions: We report a novel association between an elevated 
%VAT and stone recurrence. These findings may inform patient 
counselling and followup regimens. The metabolic basis for these 
findings requires further investigation. 

Introduction

Renal stones affect up to 13% of the population.1 The inci-
dence of renal stones varies depending on age, gender, 
race, geographic location, family history, and comorbid-
ities.2 Obesity is an established risk factor, and the rising 

incidence of stones in North America has been hypothesized 
to relate to the obesity epidemic.3 The incidence and sever-
ity of obesity are commonly quantified by body mass index 
(BMI). However, BMI is limited in its ability to discriminate 
body fat from lean body mass and is an imperfect predictor 
of metabolic sequelae of obesity.4 Various alternative def-
initions of obesity have been proposed to more accurately 
identify risk factors for obesity-related morbidity.5 

The proportion of visceral adipose tissue (%VAT), as 
opposed to subcutaneous adipose tissue (%SAT), is an 
important obesometric parameter that predicts adverse meta-
bolic and cardiovascular outcomes independent of BMI.6-8

Additionally, levels of the circulating hormones leptin and 
adiponectin correlate with obesity and its complications; 
elevated leptin and reduced adiponectin independently 
predict the metabolic syndrome and future cardiovascular 
disease.9-12

Although %VAT and circulating hormones may better 
define obesity, BMI has been used in past studies assessing 
the relationship between obesity and renal stone disease.13,14 

The possible importance of additional obesometric factors, 
such as %VAT and circulating hormones, have not been 
sufficiently explored. These parameters offer objective meas-
ures, which may be useful in determining an individual’s 
probability of stone formation or recurrence. 

This study’s objective was to investigate associations 
between obesometric parameters, including BMI, %VAT, 
and serum hormone levels, with renal stone recurrence in a 
prospective cohort of patients undergoing renal stone inter-
vention at a single academic hospital.

Methods

All participants undergoing renal stone intervention (extra-
corporeal shockwave lithotripsy [ESWL], percutaneous 
nephrolithotomy, or ureteroscopy) at St. Joseph’s Healthcare, 
Hamilton, ON, Canada, were offered prospective enrol-
ment from November 2009 through June 2010. Participants 
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with residual stone burden after treatment were excluded. 
Institutional review board approval and informed consent 
were obtained prior to study onset. 

Obesometric factors were measured at baseline at the time 
of stone intervention. Height and weight were measured to 
calculate BMI (weight/height2). Patient history and referral 
notes were reviewed to identify comorbidities, including 
diabetes. Serum leptin and adiponectin were drawn after an 
overnight fast and measured in triplicates using dedicated 
enzyme-linked immunosorbent assay (ELISA) kits (B-bridge 
international, Inc. CA, U.S.).

Computed tomography (CT) scans were performed at 
baseline to determine body fat distribution. Visceral and 
subcutaneous adipose tissues were identified using com-
mercially available software (Photoshop and Clear Image 
Demo). Tissue of fat density (defined as Hounsfield units [HU] 
-250 to -50) was isolated and the pixels comprising fat tissue 
were summed and averaged across three fixed axial slices (L2 
vertebral body, umbilicus, and anterior superior iliac spine) 
in accordance with previously described methodology (Fig. 
1).15,16 The %VAT was defined as average visceral adipose 
tissue divided by the average total adipose tissue x 100%, 
where total adipose tissue comprised visceral and subcuta-
neous adipose tissues.4,14 Skin-to-stone distance (SSD) was 
measured as the mean of distances at 0, 45, and 90 degrees 
from the skin edge, in keeping with past methodology.16-18

After initial stone intervention, participants were fol-
lowed with serial kidney-ureter-bladder (KUB) ultrasound 
and/or plain radiograph at both six weeks and six months 
post-treatment, then yearly thereafter. CT scan was used in 
participants with new-onset pain, increased stone burden, 
or when planning repeat intervention. The primary out-
come was stone recurrence, defined as repeat intervention 
for recurrent stones. Indications for re-intervention included 
symptomatic, enlarging, or obstructing stones.

Univariate and multivariable predictors of stone recur-

rence were evaluated by log rank tests and Cox proportional 
hazards regressions, respectively. Multivariable models were 
constructed, adjusting for gender and stratifying by previ-
ous history of stones. These were selected a priori as two 
established risk factors for recurrence. Kaplan-Meier survival 
analysis was used to determine timing to stone recurrence. 
Statistical analyses were performed using Stata 13 (StataCorp 
LP, College Station, TX, U.S.). All tests were two-sided, with 
p value <0.05 defining statistical significance. 

Results

Cohort

A total of 110 participants were enrolled in the study, includ-
ing 70 males (63.4%) and 40 females (36.6%). Mean age 
was 54.5 years (range 19‒89). Baseline patient characteris-
tics are shown in Table 1. Among our study population, 60 
(55%), 33 (30%), and 17(16%) participants initially under-
went treatment by ureteroscopy and laser lithotripsy, ESWL, 
and percutaneous nephrolithotomy, respectively. Twenty-
eight (30.1%) participants developed stone recurrence at a 
median 61.9 months.

Obesometric parameters

Participants had a mean height of 171.5 cm (range 
148‒193), weight of 87.2 kg (range 41‒102.6kg), and BMI 
of 30 (range18.7‒56.6). Only 23% of participants had BMI 
within the normal range (20‒24.9 kg/m2), while 37% were 
overweight (BMI 25‒29.9 kg/m2), 22% obese (BMI 30‒34.9 
kg/m2), and 17% morbidly obese (BMI ≥35kg/m2) by con-
ventional definitions.19 Nineteen participants (17.2%) had 
a previous history of stone treatment. Males and females 
had mean %VAT of 46.9 and 28.4, respectively (p<0.001), 

Fig. 1. Computed tomography scan images used in the measurement of percentage of visceral adipose tissue (%VAT). Subcutaneous adipose tissue (SAT) is 
highlighted on the left and visceral adipose tissue (VAT) on the right. SAT and VAT pixels are summed at three fixed axial slices. %VAT is calculated by VAT/
(VAT+SAT) x 100%. 
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indicating higher proportions of visceral fat in males and of 
subcutaneous fat in females. Mean leptin levels were higher 
in females (30.35 vs. 7.60; p<0.001), as were mean adipo-
nectin levels (10.91 vs. 5.55; p=006). The mean stone HU 
was 910.5 and mean SSD was 10.3 cm, with no significant 
gender differences. 

In univariate analyses, a previous history of renal stones 
and elevated %VAT (defined a priori as the highest quartile) 
were each associated with stone recurrence (Table 2); elevat-
ed %VAT (≥50.6%) was associated with a five-year stone-free 
rate (SFR) of 47.1% compared with 72.2% among participants 
without elevated %VAT (<50.6) (p=0.004) (Fig. 2). 

Participants with and without a past history of renal stones 
at baseline had a five-year SFR of 31.6% and 81.6%, respect-
ively (p<0.001) (Fig. 3). Males and females had a five-year 
SFR of 70% and 74%, respectively (p=0.56), while elevated 
leptin (defined by highest quartile, >24.6 ng/ml) and low 
adiponectin levels (defined by lowest quartile, <3.12 ug/
ml), demonstrated a five-year SFR of 66.7% (p=0.69) and 
70.5% (p=0.55). Traditionally defined obesity (BMI ≥30 kg/
m2) was not associated with stone recurrence (five-year SFR 
71.1% vs. 71.6% among obese and non-obese participants, 
respectively (p=0.73). We found no association between 
any of diabetes, SSD, HU, or stone size and five-year SFR 
(p>0.05). 

In stratified multivariable analyses adjusting for gender, 
%VAT was independently predictive of stone recurrence 
among participants without a history of recurrent stone 
formation (n=74, hazard ratio [HR] 4.53, 95% confidence 
interval [CI] 1.08‒19.02). We found no independent asso-
ciation between %VAT and recurrence among recurrent 
stone formers (n=19, HR 0.51, 95% CI 0.054‒4.72).

Discussion

Obesity, defined traditionally by an elevated BMI, is an 
established risk factor for renal stone formation and recur-
rence.13,14 The pitfalls of defining obesity according to BMI 
are increasingly apparent.8-10 This study describes a novel 

Table 1. Baseline characteristics of 110 participants 
treated for nephrolihiasis 

Baseline characteristic
Male  

(n=70)
Female 
(n=40)

Overall 
(n=110)

Mean age, years (range) 54.9 (25–82) 54.2 (19–89) 54.5 (19–89)

Previous history of 
stones

No 59 32 91 (82.7)

Yes 11 8 19 (17.3)

Type of procedure, n (%)

URS + laser lithotripsy 32 28 60 (54.5)

ESWL 18 15 33 (30.0)

PCNL 11 5 17 (15.5)

Body mass index,  
mean kg/m2 (SD) 

28.7 (6.0) 32.4 (9.5) 30.0 (7.6)

Visceral adipose tissue*, 
mean % (SD)

46.94 (9.6) 28.4 (9.0) 40.1 (12.9)

Adiponectin,  
mean mcg/mL (SD) 

5.55 (3.8) 10.91 (8.9) 7.67 (6.9)

Leptin*,  
mean ng/mL (SD) 

7.6 (9.0) 32.0 (30.3) 17.5 (23.7)

Skin-to-stone distance, 
mean cm (SD) 

9.86 (2.1) 11.26 (3.3) 10.3 (2.7)

Stone Hounsfield units 
(SD)

921.26 
(369.0)

919.36 
(389.3)

910.5 
(378.6)

*significant differences exist between gender (p<0.05); ESWL: extracorporeal shockwave 
lithotripsy; PCNL: percutaneous nephrolithotomy; SD: standard deviation; URS: 
ureteroscopy.

Table 2. Stone recurrence stratified by baseline 
demographic and obesometric factors

Baseline characteristic Five-year SFR, % p value
Gender

Male 70.0 0.56

Female 74.0

Age

19–45 78.0 0.71

45–54 59.6

55–64 80.0

65–74 70.0

>74 61.5

Obese (BMI ≥30)

No 71.6 0.73

Yes 71.1

Diabetes

No 70.3 0.98

Yes 68.8

History of nephrolithiasis

No 81.6 <0.001

Yes 31.6

Elevated leptin*

No 71.3 0.69

Yes 66.7

Low adiponectin**

No 70.5 0.55

Yes 75.0

Elevated %VAT*

No 79.3 0.004

Yes 47.1

Low %VAT**

No 71.0 0.66

Yes 72.2

Elevated SSD*

No 68.5 0.67

Yes 66.2
*defined by highest quartile; **defined by lowest quartile; BMI: body mass index; SFR: 
stone-free rate; SSD: skin-to-stone distance; VAT: visceral adipose tissue. 
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association between elevated visceral fat distribution and 
time to renal stone recurrence after a median five years of 
followup. While the majority of participants enrolled in this 
study were overweight or obese (76%), we did not observe 
a similar relationship between BMI and stone recurrence.

Obesity is the focus of many public health efforts in 
North America due to its increasing prevalence and diverse 
health implications, including renal stone formation.20,21 The 
mechanism(s) by which obesity increases the risk of stone 
formation is uncertain, with several hypothesized explana-
tions, including an increased intake of lithogenic substan-
ces and higher rates of urinary oxalate excretion.22-24 Renal 
stones are a major cause of morbidity and pose a signifi-
cant economic burden. The identification and characteriza-
tion of common modifiable risk factors may result in new 
approaches to treatment and prevention, benefiting patients 
and reducing healthcare expenditures.

The limitation of BMI in describing obesity has received 
increasing attention and alternatives, such as %VAT, have 
been proposed as more accurate predictors of obesity-relat-
ed morbidities.5-9 The proposed mechanism by which %VAT 
may be a better predictor than BMI in predicting renal stone 
disease, is due to its more direct association with the meta-
bolic derangement seen in patients who suffer from obes-
ity.25 While diabetes has been linked to stone recurrence, 
insulin resistance has been strongly associated with visceral 
fat. Much of the focus has been on insulin resistance and the 
role it plays, not only in diabetes, but cardiovascular disease, 
as well as hypertension and obesity.25 With the knowledge 
that BMI has been connected to renal stone recurrence, our 
study hoped to better understand the possible association 
that may exist between %VAT and stone formers. 

In addition to elevated %VAT, we observed an increased 
risk of stone recurrence (68.4%) among participants with a 
past history of stones. This observation is in keeping with 
past studies, which demonstrate recurrence to be as high as 
50% among stone formers at 5‒7 years following an initial 

stone episode.1 In subset analyses, %VAT was predictive of 
stone recurrence among initial stone formers, but not among 
participants with recurrent disease. This apparent discrep-
ancy may result from a number of factors, including the low 
sample size of participants with recurrent stones or effect 
modification related to stone history (i.e., participants who 
have already developed multiple renal stones are at such 
high risk for future recurrence as to render %VAT irrelevant).

We observed no association between gender and stone 
recurrence. The role of gender in the incidence of urolithiasis 
has been controversial. While most studies have described 
an increased stone risk in males,26,27 a recent study by Cho 
et al observed no significant difference between genders.28

It has been shown that obesity increases the risk of stones 
disproportionately more in women than men, and since our 
cohort was primarily overweight or obese, the high preva-
lence of obesity may have equalized the stone recurrence 
risk between the sexes. 

The limitations of our study deserve mention. It describes a 
cohort of patients at a single academic institution in Canada, 
thus potentially limiting its generalizability to other popula-
tions (although obesity rates in Canada are similar to those in 
the whole of North America, as well as Western Europe).29

Further, we did not have sufficient data relating to stone 
composition, a potentially relevant predictor of stone recur-
rence. Although followup was standardized, the possibility 
exists that some patients may have presented with acute 
renal colic to outside institutions. Lifestyle factors related 
to stone formation, such as diet and fluid intake, were not 
quantified. Finally, our cohort was comprised of individuals 
with renal stones and our findings cannot be extrapolated 
to the general population without further study. 

Conclusion

In this single-centre, prospective study, body fat distribu-
tion was significantly associated with stone recurrence. 

Fig. 2. Kaplan-Meier curve demonstrating association between elevated %VAT 
(highest quartile) and decreased time to stone recurrence.
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Fig. 3. Kaplan-Meier survival curve demonstrating association between 
previous history of nephrolithiasis and decreased time to stone recurrence.
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These findings, pending external validation, could inform 
patient counselling and individualized followup regimens. 
The metabolic basis underlying these observations requires 
further investigation. 
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