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Abstract

Introduction: We explore relationships between selected lifestyle
factors and recent (=6 months) symptomatic urolithiasis (RSU).
Methods: Surveys querying socio-demographic, medical his-
tory, physical activity, diet and smoking were administered to
a convenience sample of stone clinic patients at a tertiary care
hospital. Leisure time physical activity (LTPA) was assessed with
the International Physical Activity Questionnaire (long form).
Multivariate logistic regression was used to identify associations
between risk factors and RSU.

Results: Of the 163 participants, most were male (64%) and white
(78%), with a mean (standard deviation) age of 56.3 (14.2) years.
The mean body mass index (BMI) was 27.3 (5.4) kg/m? and 57
(35%) patients reported RSU. No significant (p < 0.05) differences
were observed between participants with and without RSU in age,
sex, ethnicity, BMI, or diet. Of the cohort, 52 (35%) participants
met physical activity guidelines for walking (29%), moderate (27%)
or vigorous activity (29%). LTPA did not differ significantly by RSU
status. Compared to those without RSU, participants with RSU
had higher rates of smoking (7% vs. 21%, p = 0.02 and had 8.5
(95% confidence interval 2.2-32.2) times the odds of being current
smokers after controlling for sex, diet, and LTPA.

Conclusions: Physical inactivity and smoking are common among
stone clinic patients, though LPTA was not associated with RSU.
Study limitations include its small sample size, selection bias, and
reliance on self-reported RSU (recall bias). In addition, partici-
pants may have already been following dietary recommendations
to prevent urolithiasis recurrence. Nonetheless, current smoking
was a potent predictor of RSU. When desired, smokers should be
referred for smoking cessation.

Introduction

Urolithiasis is a common and recurrent disease associated
with significant quality of life impairments.' The prevalence
in the United States has risen from 3% to 5% from the mid-
1970s to the mid-1990s and continued to increase up to
8.8% in 2012.23 Moreover, recurrence rates are 50% over
10 years and 75% over 20 years.”? As a consequence, uro-
lithiasis represents a significant economic burden to society,
with annual costs exceeding $2 billion each year in the
United States.*

Diet plays an important role in the pathogenesis of uro-
lithiasis, especially when the intake of animal protein and
salt is high.? Low urine volume and dehydration are risk
factors for stone development because saturated urine pro-
motes crystal formation.? Comorbid health conditions, such
as diabetes mellitus, obesity, hypertension, inflammatory
bowel disease and metabolic syndrome, are additional risk
factors.>>® Furthermore, there is a relationship between uro-
lithiasis and osteoporosis as patients with a previous history
of urinary stones often have lower bone mineral density and
are at greater risk of developing osteoporosis and fractures.”

Other lifestyle factors beyond diet have received less
attention. For example, the effects of physical activity on
urinary stone formation remain unclear. Prolonged bed rest
promotes bone resorption and hypercalciuria and increas-
es the risk of urolithiasis; however it is unknown whether
physical inactivity is associated with increased risk of urolith-
iasis.? Since 85% of the population does not meet the recom-
mended physical activity levels, it is important to determine
whether physical inactivity is implicated as a risk factor for
urolithiasis.’ In addition, the influence of smoking on uro-
lithiasis has only been scarcely examined.""'* Furthermore,
there is no consistent evidence about the effects of physical
inactivity and smoking on urolithiasis. Therefore, the aim of
the present study was to evaluate relationships between lei-
sure time physical activity (LTPA) and other modifiable risk
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factors, such as smoking on urolithiasis. The hypothesis was
that sedentary lifestyle and current smokers are associated
with an increased risk of symptomatic urolithiasis.

Methods

Parficipants

After obtaining approval by the ethics committee of the McGill
University Health Centre (No. 14-126-GEN), adults aged 18
years and older were recruited from a convenience sample
of patients attending stone clinic at a tertiary care centre
in Montreal, Canada. The inclusion criteria for participation
were fluency in English and/or French. Exclusion criteria con-
sisted of significant cognitive impairment that would limit an
individual’s comprehension. In addition, patients who could
not read either English or French were excluded.

Study design

After obtaining their informed consents, participants com-
pleted a questionnaire querying socio-demographic char-
acteristics, medical history, lifestyle (smoking and alcohol),
diet (@animal protein, oxalate and salt consumption), use of
supplements (vitamin D and calcium), and water intake.
The validated International Physical Activity Questionnaire
(IPAQ) (long form) was used to assess LTPA, including sit-
ting time, walking, moderate and vigorous activity."* The
International Prostate Symptom Score (IPSS) was used to
evaluate lower urinary tract symptoms and quality of life."

Statistical analysis

Participants were classified as those with recent symptom-
atic urolithiasis (RSU) within the past 6 months versus those
without RSU. Baseline characteristics were compared using
t-tests for continuous and chi-square for categorical variables.
Spearman’s rho was used to estimate relationships between
physical activity and water intake. Multivariate logistic regres-
sion was used to identify associations between selected risk
factors and RSU. Variables were included based on empir-
ical and hypothesized relationships with recent symptomatic
stone formation. All p values were two-tailed and p < 0.05
was considered statistically significant. Data were analyzed
using SPSS version 21 (SPSS Inc., Chicago, IL).

Results

Questionnaires were completed by 167 individuals. Four
questionnaires were excluded since they were incom-
plete, thus reducing the total number of analyzed surveys
to 163. Participants were mostly male (64%) with a mean

(SD) age of 56.3 (14.2) years, body mass index (BMI) of 27.3
(5.4) kg/m? and 78% were white. From the cohort, 57 par-
ticipants (35%) reported RSU within the last 6 months. There
were no significant (p < 0.05) differences between partici-
pants with and without RSU in terms of age, sex, ethnicity,
mean IPSS score or quality of life score (Table 1). Similarly,
no differences were evident between both groups in terms
of the BMI, family history of stones, alcohol intake, calcium
and vitamin D supplementation, water intake, added salt, or
oxalate servings per week (Table 1). However, when com-
pared with those without RSU, individuals with RSU were
more likely to be current smokers (7% vs. 21%, p = 0.021).
Participants with RSU had 3.8 times the odds (95% confi-
dence interval [Cl] 1.4-10.4) of being current smokers when
compared with those without RSU.

Out of 163 IPAQ questionnaires, 15 were excluded for
reporting extreme values of physical activity (i.e., >16 hours/
day) as per IPAQ recommendations.' LTPA levels were
comparable between both groups (Table 2). Among the
remaining 148 participants, only 52 (35%) reported meeting
any physical activity guidelines, with 29% reporting walking
=150 minutes per week (min/wk), 27% reporting =60 min/
wk moderate intensity physical activity (e.g., sweeping,
carrying light loads or swimming at a regular pace), and
29% reporting =60 min/wk of vigorous physical activity (e.g.,
climbing up stairs, shovelling snow or running). Reports of
sitting time in minutes per day (min/day) (with and without
transportation time included) were available for 125 partici-
pants and were also similar between both groups.

Relationships between physical activity and water intake
were also explored. In people with RSU, minutes of vig-
orous, as well as total metabolic equivalent-minutes per
week (MET-min/wk), were moderately and directly associ-
ated with water intake (rho =0.373, p = 0.007; rho = 0.281,
p = 0.046, respectively) (Table 3). However, no systematic
relationship was evident between physical activity and water
intake in individuals without RSU. In logistic regression,
after controlling for male sex, BMI, water intake, protein and
oxalate consumption, use of additional salt, moderate and
vigorous physical activity, participants with RSU had 8.5
times the odds (95% Cl 2.2-32.2) of being current smokers
as compared to those without RSU (Table 4).

Discussion

This study evaluated relationships between selected lifestyle
factors and RSU in stone clinic patients. Rates of physic-
al inactivity were high among all participants, with only
one-third who reported meeting minimum physical activity
guidelines. Contrary to the hypothesis, no consistent rela-
tionship was found between LTPA and urolithiasis. Similarly,
there were no differences between participants with and
without RSU in terms of BMI, water intake, and added salt,
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Table 1. Characteristics of participants with and without RSU (N = 163)

. Yes No
Characteristic p value
N Value* N Value*
Age (years) 57 54.1 (14.6) 106 57.5 (13.9) 0.144
Male sex 31 54% 72 69% 0.073
Ethnicity 57 106 0.281
White 45 79% 82 77%
Latino 1 2% 4 4%
Asian 5 9% 10 9%
Black — — 5 5%
Other 6 11% 5 5%
IPSS: Symptoms 56 99 0.572
Mild (<7) 29 52% 43 43%
Moderate (8-19) 23 41% 46 46%
Severe (20-35) 4 7% 10 10%
IPSS: Quality of life 57 2.1(1.8) 106 2.4 (1.8) 0.366
BMI (kg/m?) 57 106
Mean (SD) 26.9 (5.3) 27.5 (5.4) 0.446
Underweight (<18.5) 2 4% 3 3% 0.893
Normal (18.5-25) 20 35% 35 33%
Overweight (25-29.9) 20 35% 34 32%
Obese (=30) 15 26% 34 32%
Smoking status 56 105
Current smoker 12 21% 7 7% 0.021
Ex-smoker 15 27% 36 34%
Never-smoker 29 52% 62 59%
Family history of stones 22 39% 32 31% 0.296
Alcohol (=3 units/day) 56 105 0.610
Never to once/week 52 93% 95 90%
=2 times/week 4 7% 10 10%
Calcium supplementation 14 25% 21 20% 0.520
Vitamin D supplementation 19 35% 38 37% 0.833
Water intake (glasses/day) 55 6.1 (4.1) 102 5.4 (2.6) 0.324
Animal protein (ounces/week) 51 10.3 (11.0) 96 13.2 (11.5) 0.144
Salt added to cooking 30 54% 51 50% 0.625
Salt added at table 12 21% 16 16% 0.351
Oxalate (servings/week) 49 4.2 (5.0) 91 4.8 (4.9) 0.531

*Values are the mean (SD) unless otherwise indicated. SD: standard deviation; RSU: recent symptomatic urolithiasis; IPSS: International Prostate Symptom Score; BMI: body mass index.

oxalate, and animal protein consumption. This could be due
to the fact that patients with RSU may have already been
following general dietary recommendations for prevention
of urolithiasis recurrence prior to their visit to the stone
clinic and participation in the study. In addition, controls
(i.e., without RSU) in the study were also stone formers
being followed in the stone clinic. This could explain the
lack of a significant difference in BMI between both groups.
Nevertheless, smoking was a potent predictor, where partici-
pants with RSU had 8.5 times the odds (95% Cl 2.2-32.2)
of being current smokers (Table 4).

Only two studies have looked at physical activity and
the development of urinary calculi with contradicting
results. Sorensen and colleagues evaluated energy intake

and expenditure in relation to incident stone formation in
84 225 post-menopausal women enrolled in the Women'’s
Health Initiative (WHI).'® After adjusting for BMI and other
risk factors, as compared to women who were inactive, they
found that those with higher levels of aerobic exercise were
16% to 31% less likely to develop stones.'® However, the
WHI examined only post-menopausal women. In addition,
it did not validate self-reported urolithiasis.

The results of WHI were contradicted by the recent study
of Ferraro and colleagues that examined 3 large prospective
cohorts (Health Professionals Follow-up Study and Nurses’
Health Study I and II), including 215 133 men and women
of various ages.'” Ferraro and colleagues did not find any
significant relationship between physical activity and incident

CUAJ ® July-August 2015 @ Volume 9, Issues 7-8 259



Soueidan et al.

Table 2. Leisure time physical activity and sitting time in participants with and without recent symptomatic urolithiasis in
the past 6 months (N = 148)

. Yes No
Variable p value
N Value N Value
Leisure time physical activity (min/week)
Walking [median (IQR)] 52 75 (0-180) 96 60 (0-180) 0.959
Moderate [median (IQR)] 52 0 (0-60) 96 0 (0-60) 0.981
Vigorous [median (IQR)] 52 0 (0-113) 96 0 (0-30) 0.601
Total MET-min/week 52 450 (30-1409) 96 476 (99-1137) 0.911
Sitting time (min/day)
Without transport [median (IQR)] 43 274 (240-411) 82 287 (180-404) 0.948
With transport [median (IQR)] 43 351 (266-480) 82 343 (240-480) 0.846
Meets physical activity guidelines 52 96
Walking (=150 min/week) 15 29% 30 31% 0.762
Moderate exercise (=60 min/week) 14 27% 25 26% 0.907
Vigorous exercise (=60 min/week) 15 29% 21 22% 0.345

IQR: interquartile range.

symptomatic urolithiasis.!”” Although the findings by Ferraro
et al. are similar to the current study, the study population
was predominantly white (95%) and did not include any men
younger than 40 years old. In the current study, only 78% of
the study participants were white. Men and women as young
as 19 years old were included. In addition, neither of the
two previous studies used the validated long-form IPAQ to
assess physical activity, nor did they examine the relationship
of urolithiasis with other lifestyle factors, such as smoking.

Only a few studies have evaluated the effects of smoking
on urolithiasis. Despite a small number of current smokers
(12/56 in RSU group and 7/105 in non-RSU group) in the
present study, being a current smoker was strongly associ-
ated with risk of RSU (odds ratio [OR] 8.5, 95% CI 2.2—
32.2). This is consistent with the findings by Tamadon and
colleagues who reported that adult smokers had twice the
odds of having urinary stones (OR 2.1, 95% CI 1.1-4.0) as
compared with age-matched controls (non-stone formers)."

In addition, Hamano and colleagues also reported a sig-
nificant association between calcium oxalate stones and
coronary heart disease risk factors, such as smoking, which
increased the odds of urolithiasis by 4.3 (95% Cl 2.7-6.9)."
The stronger relationship observed in the present study may
be due, in part, to the fact that history of RSU (=6 months)
was examined, while the other study reported the effect
of smoking on stone formation in general. In addition, all
stones, rather than only calcium oxalate stones, were includ-
ed. Also, the present study took into account other lifestyle
confounders in the logistic regression analysis.

There are two main proposed mechanisms for smoking

the present study, 21% of participants with RSU were smok-
ers. This high rate of smoking is not surprising given that the
overall smoking rate in the province of Quebec is 21.4%
(males: 23.3%, females: 19.6%)."® Given the high preva-
lence of smoking among stone clinic patients, these results
emphasize the importance of screening for smoking status
and offering referral for cessation assistance, when desired.

In addition to having a small sample size, this study has
other limitations which should be considered when inter-
preting these results. The use of a convenience sample of
mostly male, white, stone clinic patients seen in a tertiary
care hospital clinic reduces generalizability of these findings.
Although all participants were seen in the stone clinic with
plain radiographs, relying on self-reported RSU may have
resulted in recall bias. Participants may have already been
following general dietary recommendations for prevention of
stone recurrence, such as increasing water intake and reducing
salt, oxalate and animal protein consumption, by the time they
presented to the stone clinic and took the survey. In addi-
tion, participants may have overestimated physical activity
and under-reported smoking (social desirability bias). Though
a validated physical activity questionnaire (IPAQ) developed
for international populations was used, rates of incompletion
or inconsistent responding were high suggesting that some
participants found the questionnaire too long or may have

Table 3. Association between physical activity and water
intake in individuals with and without symptomatic
urolithiasis in the past 6 months

Yes No

being associated with increased risk of urolithiasis.? First, ~ Variable rho* pvalue rho* pvalue
smoking significantly increases plasma anti-diuretic hor- Walking (min/week) 0.08 0565 -0.01 0.902
mone, which decreases urine volume, thus promoting urin- Moderate exercise (min/week) 0.27 0.060 -0.05  0.645
ary supersaturation of crystals.'? The second mechanism Vigorous exercise (min/week)  0.37  0.007 -0.071 0.496
is through increased production of reactive oxygen species Total MET-min/week 0.28 0.046 -0.067 0.524

resulting in increased oxidative stress and renal injury.' In

*Values are Spearman'’s rho.
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Table 4. Predictors of symptomatic urolithiasis in the past 6 months

L. 95% Cl
B coefficient SE p value OR

Lower Upper
Female sex -0.986 0.454 0.030 0.373 0.153 0.909
BMI (kg/m?) 0.022 0.038 0.566 1.022 0.948 1.102
Current smoking 2.137 0.681 0.002 8.474 2.233 32.163
Water (glasses/day) 0.085 0.059 0.151 1.089 0.969 1.222
Animal protein (ounces/week) -0.016 0.020 0.424 0.984 0.947 1.023
Oxalate (servings/week) -0.031 0.043 0.464 0.969 0.892 1.054
Salt added to cooking -0.367 0.426 0.389 0.693 0.301 1.596
Salt added at table 0.308 0.563 0.585 1.361 0.451 4.103
Moderate exercise (min/wk) 0.000 0.004 0.983 1.000 0.992 1.008
Vigorous exercise (min/wk) 0.002 .0002 0.352 1.002 0.998 1.006

BMI: body mass index; SE: standard error; OR: odds ratio; Cl: confidence interval.

had difficulty quantifying their physical activity levels across
different intensities of exercise. A study by Rzewnicki and col-
leagues conducted in 2003 demonstrated that over-reporting
physical activity with the IPAQ is common." Twenty-three
of their 50 participants reported physical activity with the
IPAQ when they should have reported none.’ To overcome
biases of self-reported questionnaires, accelerometers could

This paper has been peer-reviewed.
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International Physical Activity Questionnaire (IPAQ)

to a cohort (n = 163) of patients suffering with recent
symptomatic urolithiasis (RSU) (having had a stone episode
within the last 6 months) and those who have had stones
more than 6 months ago." One point to consider is that all
patients were kidney stone formers (either recent or previ-
ous). The authors found no difference between recent stone
formers and previous stone formers in leisure time and physi-
cal activity (LTAP) scores. The only difference they found
was that recent stone formers were 8.5 times more likely
to be current smokers. As mentioned by the authors, the
sample size was small and only 35% of the cohort suffered
from RSU — most were previous stone formers.

This study correlated physical activity and smoking, which
are two areas that have not been well studied in correlation
with kidney stones. The fact that there was no difference in
body mass index (BMI), water, salt, calcium, and vitamin D
intake between the two groups highlights the fact that stone
disease is a multifactorial disease. There has been evidence
that lower water intake, higher salt intake, and higher BMI
increases the risk of stone disease in patients who are suscep-
tible. Calcium and vitamin D supplementation has been shown
to confer a 17% risk of stone disease in the Women'’s Health
Study.? Perhaps if the parameters for metabolic syndrome were
also included, we would see if that correlated with active stone
disease since there is very good evidence correlating the met-
abolic syndrome (hypertension, obesity, glucose intolerance,
hyperlipidemia and low HDL) with stone disease. As stated by
the authors, 85% of the population has been reported to fall

The authors administered the long form of the

below the recommended guidelines for physical activity. With
such a high global non-compliance rate, one could argue that
this current study is simply studying most patients who do not
exercise enough. What is interesting is that current smokers
were more likely to have recent kidney stones.

The largest limitation is the lack of a control group - a
group of non-stone forming individuals in whom to com-
pare risk factors. Presumably, these 2 groups under study
are similar since they all have had stones and this could be
a potential reason as to why there were no significant differ-
ences except for smoking status. What we can gather from
this data is that there was no difference in water intake and
physical activity among stone formers who have had recent
stone activity within the last 6 months and those who had
stones greater than 6 months ago. It would be interesting
to see this type of data examined in the non-stone forming
population for comparison. The biggest finding is that we can
counsel patients to stop smoking since current smokers have
an 8.5 times risk of having stones. There will be significant
other added health benefits with smoking cessation as well.
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