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Abstract

Introduction: Kidney stone recurrence is common. Preventive 
measures can lead to improved quality of life and costs savings to 
the individual and healthcare system. Guidelines to prevent recur-
rent kidney stones are published by various urological societies. 
Adherence to guidelines amongst healthcare professionals in gen-
eral is poor, while adherence to preventive management guidelines 
regarding stone disease is unknown. To understand this issue, we 
conducted an online study to assess the knowledge, attitudes, and 
practice patterns of healthcare practitioners in Northern Ontario.
Methods: We used the database of healthcare providers affiliated 
with the Northern Ontario School of Medicine, in Sudbury (East 
Campus) and Thunder Bay (West Campus), Ontario. We designed 
the survey based on current best practice guidelines for the man-
agement of recurrent kidney stones. Questions covered 3 domains: 
knowledge, attitudes, and practice patterns. Demographic data 
were also collected. The survey was distributed electronically to 
all participants.
Results: A total of 68 healthcare providers completed the survey. Of 
these, most were primary care physicians (72%). To keep uniform-
ity, we analyzed the data of this homogenous group. A total of 70% 
of the respondents were aware of the current guidelines; however, 
only 43% applied their knowledge in clinical practice. Most par-
ticipants lacked confidence while answering most items in the 
attitude domain.
Conclusions: Most primary care physician respondents were aware 
of the appropriate preventive measures for recurrent kidney stones; 
however, they do not appear to apply this knowledge effectively in 
clinical practice. A low response rate is a limitation of our study. 
Further studies involving a larger sample size may lead to informa-
tion sharing and collaborative care among healthcare providers. 

Introduction 

Kidney stones affect up to 5% of the population, with a 
lifetime risk of passing a kidney stone of about 8% to 10%.1

Once a kidney stone forms, the probability that a second 
stone will form within 5 to 7 years is about 50%.1 After a 
stone recurrence, the subsequent relapse risk is higher and 
the interval between recurrences is shortened.2 Thus, the 
recurrent nature of kidney stones underscores the impor-
tance of prevention. Effectively utilized preventive measures 
at “stone clinics” have shown to reduce the 5-year recur-
rence rate by 60%.3 However, this notable degree of reduc-
tion is not always observed in the general population. 

The rates of healthcare preventive service delivery among 
primary care providers is low.4 This gap in the utilization of 
preventive strategies may be related to a variety of factors, 
including physician disagreement with clinical guidelines, 
lack of awareness, provider inertia, lack of outcome expec-
tancy, or the absence of incentives that reinforce delivery of 
preventive services.5-6 Efforts to improve preventive service 
delivery in primary care practice are numerous, but yield 
small to modest results.7-10

Practice pattern compliance of healthcare professionals to 
guidelines has been reviewed in numerous medical condi-
tions. However, adherence to preventive stone disease man-
agement guidelines among healthcare providers is unknown. 
To understand this issue, we conducted an online survey 
to assess the knowledge, attitudes, and practice patterns of 
healthcare providers regarding recurrent stone prevention. 

Methods 

The study population included a random sample of health-
care providers practicing in Northern Ontario. The survey 
was distributed electronically using the clinical faculty 
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e-mail database of the Northern Ontario School of Medicine 
(NOSM) and included primary care physicians, specialists 
and allied healthcare professionals (nurse practitioners).

The questions were designed based on current best 
practice guidelines for the prevention of recurrent kidney 
stones. The survey comprised of 3 domains: knowledge, 
attitudes, and practice patterns. Demographic data were 
also collected. Only those participants who manage patients 
with kidney stones completed the practice patterns section. 
The practice patterns section was completed prior to the 
knowledge and attitude sections to avoid leading answers. 
Answer formats consisted of multiple-choice questions for 
the knowledge and practice pattern domains and the Likert 
scale for the attitude domain. The senior authors reviewed 
all questions. The ethics committee of the Timmins and 
District Hospital approved the study protocol and consent 
was obtained from all subjects.

In August 2012, an email link to the online survey was 
sent to the survey population. Qualtrics survey software was 
used to build the survey tool.11 Two reminder emails were 
sent. Compensation was not offered for survey completion. 
The survey remained open for 2 months. Descriptive statis-
tics were performed using Microsoft Excel (Microsoft Canada 
Co., Mississauga, ON).

Results 

We sent out 468 survey invitations. In total, 68 were com-
pleted by Northern Ontario physicians and allied healthcare 
professionals, for a response rate of 14.5%. Of these 68, 20 

had to be excluded due to profession-specific low response 
rates (13 were specialists and 7 were allied healthcare pro-
fessionals). In total, 48 respondents were part of our data 
analysis. 

Demographics 

Of the 468 invitations, 420 were primary care physicians 
(206 were male and 214 were female). Among the total 
included respondents, 22 (46%) were male, 26 (54%) were 
female. The age of respondents was equally distributed 
(Fig. 1). Respondents’ geographic location varied vastly, 
representing the true demographics of Northern Ontario. 

Knowledge 

We found that 75% of respondents correctly identified high 
urine volume as a critical factor in preventing stone recur-
rence (Fig. 2). The choice of diuretic was identified correctly 
by 49% of respondents. Seventy percent of respondents were 
aware of associated comorbidities that increase the likeli-
hood of stone formation. Only 7% of respondents correctly 
identified the stone type that recurs most frequently. The 
importance of salt restriction was correctly identified by only 
half of respondents (Fig. 3). We found that 63% of respon-
dents recognized that the timing of the detailed workup of the 
kidney stone formation is important in prevention. Overall, 
70% of respondents answered in concordance with best 
practice guidelines in at least half of the questions (Fig. 4).

Attitudes 

Most respondents lacked confidence regarding commonly 
recommended cost-effective therapies in the prevention 
of recurrent kidney stones, including restriction of sodium 
intake, animal protein and dietary oxalate (Fig. 5, Fig. 6). 
Respondents displayed confidence in the importance of 
both fluid intake and stone analysis. We found that 49% 
of respondents showed uncertainty in at least half of the 
questions.

Practice patterns 

Most respondents agree with lifestyle modification, before 
considering drug therapy in the prevention of stones. Sixty-
nine percent of respondents agree that normal calcium 
intake should be maintained in stone disease patients. A 
little over half of respondents (56%) negated the importance 
of animal protein restriction (Fig. 7). Twenty-seven percent 
of respondents recommended stone analysis with each stone 
retrieved, while 57% reported to complete stone analysis 
on patients who suffer from multiple stones. Only 20% of 
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Fig. 1. Age distribution of respondents.
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respondents agreed with fluid intake guidelines. A total of 
43% of respondents’ answers agreed with best practice 
guidelines in over half of the questions in the practice pat-
terns domain.

Discussion 

Knowledge, attitudes, and adherence to guidelines have been 
reviewed in numerous medical conditions. Despite evidence-
based recommendations from professional organizations, 
preventive services have shown to be delivered at low rates. 
Unfortunately, measures to improve preventive service deliv-
ery have not demonstrated optimal results.7-10 The results of 
our study mirror this recurrent literature finding. 

Respondents demonstrated a reasonable level of knowl-
edge regarding kidney stone prevention, but did not appear 
to effectively apply this knowledge in clinical practice. 
Although 70% of respondents were aware of preventive 
measures, only 43% applied their knowledge effectively in 
clinical practice (Fig. 7). Reasons for the lack of application 
are unknown, but the treatment gap is clearly demonstrated 
in this study. 

An increase in fluid intake remains the strongest recom-
mendation in stone prevention.12 A randomized clinical trial 
showed that stones recurred in only 12 (12%) of the 99 
patients who maintained a urine volume of about 2.6 L/day 
over 5 years, whereas stones recurred in 27 (27%) of the 
100 patients in the control group, whose urine volume was 

about 1.2 L/day (p = 0.008). The experimental group showed 
a greater duration between recurrences than in the control 
group (38.7 vs. 25.1 months; p = 0.016).13 Current literature 
suggests that patients should increase their fluid intake with a 
goal of maintaining a urine volume of 2 to 3 L per day (Table 
1).12 Only 20% of respondents advocate a urine output of 2 
to 3 L per day for their kidney stone patients.

Uric acid stones, although not common, recur frequent-
ly.14 Most respondents (93%) failed to identify the high rate 
of recurrence with such stones. Detailed medical evalua-
tion and prophylaxis were not considered cost-effective in 
patients who form stones less than once every 3 years. We 
found that 63% of respondents showed consistency with 
this practice.15

The attitudes of most respondents concerning the role 
of dietary oxalate, salt intake, and cranberry juice in stone 
prevention did not parallel current evidence-based litera-
ture. Oxalate plays an integral role in calcium stone for-
mation. Foods rich in oxalate include spinach, cranber-
ries, chocolate, and tea. The concentration of oxalate is 
considerably lower than the concentration of calcium in 
urine. Thus, changes in oxalate concentration have a greater 
impact than changes in calcium concentration on the rela-
tive supersaturation of calcium oxalate crystals. The rate of 
change in supersaturation is 23 times greater for increases in 
oxalate than for comparable increases in calcium.16 Current 
guidelines suggest a moderate consumption of oxalate-rich 
foods.17

Question: What is the most important inhibitor of
stone formation?
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Fig. 2. Illustration of knowledge regarding high urine volume.
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Fig. 3. Illustration regarding knowledge of salt intake.



Restricting sodium intake is important in stone preven-
tion, as a resulting reduction in renal excretion of sodium 
reduces renal excretion of calcium thereby rendering urine 
less lithogenic.13 Further, urinary sodium excretion increases 
the saturation of monosodium urate, acting as a nidus for 
calcium crystallization.18 Canadian guidelines advocate for 
a reduced sodium diet of less than 2300 mg daily.17

Cranberry juice significantly alters key urinary risk factors 
by decreasing urinary excretion of oxalate and phosphate 
and increasing citrate excretion, an inhibitor of calcium 
stone formation. There is a decrease in the relative super-
saturation of calcium oxalate, which tends to be substantially 
lower than that induced by water alone.19

Animal protein intake influences the likelihood of cal-
cium stone formation. Ingested animal protein generates an 
acid load increasing urinary calcium excretion and reducing 
the excretion of citrate, an inhibitor of calcium stones.20-23

The Canadian Urological Association (CUA) guidelines rec-
ommend reduced animal protein intake to stone formers 
(Table 1).17 In contrast to current recommendations, over 
half of respondents (57%) did not advocate protein restric-
tion to patients. 

The CUA advocates that all kidney stone patients undergo 
a limited metabolic evaluation to rule out systemic disease. 
A metabolic evaluation for all stone patients should include 
blood studies (sodium, potassium, chloride, bicarbonate, 
creatinine, calcium, albumin, uric acid and phosphate), a 
urinalysis and a stone analysis.17 Over half of respondents 
(57%) complete stone analysis for patients who have expe-
rienced multiple stones. 

A moderate dietary calcium intake (1 g/day) is reasonable 
for patients.17 A low-calcium diet is strongly discouraged as 
it permits greater oxalate absorption, leading to hyperoxal-

uria.13 While intake of dietary calcium appears to decrease 
the risk of symptomatic kidney stones, consumption of sup-
plemental calcium may increase risk.24 Most respondents 
(69%) advocated normal calcium intake to stone patients. 

As outlined, many medical associations and international 
researchers have described the role of preventive medicine 
in stone disease. Our study showed an adequate level of 
knowledge of primary care provider respondents. However, 
despite sufficient knowledge, their attitudes lack confidence 
and practice patterns are generally not consistent with cur-
rent best practice guidelines. 

Our study has its limitations, including a low response 
rate, introducing the possibility of biases. Nevertheless, to 
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Attitudes Surrounding Kidney Stone
Preventative Management
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Fig. 5. Illustration of attitudes toward preventative kidney stone measures.
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Fig. 4. Respondent scores on knowledge and practice pattern sections.

Table 1. General measures to prevent recurrence of stones
• Increase fluid intake to produce 2 to 3 L of urine daily13

• Reduce salt ingestion (<2300 mg sodium daily)17

• Reduce animal protein intake (no more than 2 meals daily with 
less than 6 to 8 ounces per day)17

• Moderate calcium intake (1000 to 1200 mg/day)17

• Moderate consumption of high-oxalate content foods (i.e., 
spinach, strawberries, nuts, rhubarb, dark chocolate, cocoa, 
brewed tea) with limited vitamin C intake to <1000 mg daily17

• Increase intake of citrate-rich fluids (i.e., lemons, orange juice)17
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our knowledge this is the first study to assess the practices 
of Northern Ontario primary care providers regarding kidney 
stone prevention.

Conclusion 

We found that most primary care physicians knew about 
appropriate preventive measures; however, they did not 
always apply this knowledge effectively in clinical prac-
tice. Low rates of preventive service delivery have been 
demonstrated in many areas of medicine; our results concur 
with this conclusion. Efforts to improve guideline adher-
ence to date have been unsuccessful. Methods to improve 
confidence around stone prevention in the primary care 
setting should be further explored. Future studies involving 
a larger sample size may lead to information sharing and 
collaborative care among healthcare providers, translating 
into better quality of care and cost-savings to the patient and 
the healthcare system. 
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Appendix: Kidney Stone Recurrence Management (cont’d)

KNOWLEDGE: Below are a series of questions aimed at assessing your knowledge surrounding management of kidney stone 
recurrence. 

What is the most important inhibitor of stone formation?
 Normal urinary citrate concentration
 Urinary pyrophosphates
 High urine volume
 Low urinary calcium
 Urinary glycoproteins

Of the following, which type of stone recurs most frequently?
 Calcium stones
 Oxalate stones
 Uric acid stones
 Struvite stones

After occurrence of kidney stones, when would you consider detailed work-up to prevent stone recurrence?
 After passage of initial stone
 If stone recurs within 7 years
 If stone recurs within 5 years
 If stone recurs within 3 years
 If stone recurs within 10 years

All of the following general measures are useful in the prevention of recurrent kidney stones, EXCEPT:
 Increase fluid intake to maintain urine output of 2-3L/day
 Decrease animal protein intake
 Decrease calcium intake
 Decrease dietary oxalate
 Restrict salt intake

All of the following factors increase the risk of stone formation, EXCEPT:
 Family history of kidney stones
 Gastric bypass
 Obesity
 Medullary sponge kidney
 Type 1 diabetes mellitus

Which of the following diuretics is the least helpful in controlling urinary calcium excretion in patients with hypercalciuria?
 Amiloride
 Chlorthalidone
 Furosemide
 Hydrochlorothiazide
 Spironolactone

Thank you for completing the questionnaire. Please provide any comments/suggestions regarding the survey.
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Appendix: Kidney Stone Recurrence Management (cont’d)

PRACTICE PATTERNS: The following questions are to assess the practice patterns and the answers to these questions should reflect 
what you do in your daily practice, to prevent recurrence of kidney stones.

What do you recommend about fluid intake in patients who suffer from kidney stone disease?
 Drink 8 glasses of water a day
 Drink liquids 2-3L/day, irrespective of type
 Drink enough liquids, so that the urine output is approximately 2-3L/day
 Drink plenty of liquids throughout the day, but especially at night, so that the individuals have to urinate at least once during the night
 Other, please specify: ____________________

What are your recommendations about protein intake in patients who suffer from kidney stone disease?
 Restrict total protein intake
 Restrict animal protein intake
 Restrict vegetable protein intake
 Protein restriction is not important
 Other, please specify ____________________

What are your recommendations about calcium intake in patients who suffer from kidney stone disease?
 Restrict calcium intake
 Maintain normal calcium intake
 Increase calcium intake - add calcium supplements - calcium carbonate
 Increase dietary calcium
 Other, please specify ____________________

What are your practices with regards to stone analysis in prevention of kidney stones?
 Complete stone analysis with patients for each stone that is retrieved
 Complete stone analysis only with patients who have suffered from multiple stones
 Complete stone analysis only if the patient has positive risk factors for kidney stones
 Stone analysis is not a routine practice of mine

After the initial presentation of a calcium oxalate stone, I would prescribe _________________ to help with prevention of stone recurrence:
 Amiloride
 Chlorthalidone
 Furosemide
 Hydrochlorothiazide
 None of the above, I prefer adjusting lifestyle habits
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Appendix: Kidney Stone Recurrence Management (cont’d)

ATTITUDES: Below is a list of statements that are to assess your attitudes surrounding the management of recurrent kidney stones. 

Strongly 
Disagree

Disagree
Neither 

Agree nor 
Disagree

Agree
Strongly 

Agree

I feel that it is important to maintain normal calcium intake is an effective 
way to prevent stone formation.

    

I have confidence that decreasing dietary oxalate (i.e. spinach, chocolate) 
is an efficient method in reducing risk of stone recurrence.

    

Increasing fluid intake is a measure I promote to all patients at risk of 
kidney stone recurrence.

    

I believe that restricting salt intake reduces urinary calcium thus 
preventing recurrent stones.

    

I believe that cranberry juice intake is a worthwhile treatment option for 
patients who are at risk of stone recurrence.

    

I trust that decreasing intake of animal protein is an efficacious treatment 
option in those at risk for stone recurrence.

    

I believe stone analysis is important in prevention of recurrent kidney 
stones.

    

Medical management to prevent recurrent kidney stones is cost effective, 
even after the passage of a single stone.

    
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Appendix: Kidney Stone Recurrence Management (cont’d)

KNOWLEDGE: Below are a series of questions aimed at assessing your knowledge surrounding management of kidney stone 
recurrence. 

What is the most important inhibitor of stone formation?
 Normal urinary citrate concentration
 Urinary pyrophosphates
 High urine volume
 Low urinary calcium
 Urinary glycoproteins

Of the following, which type of stone recurs most frequently?
 Calcium stones
 Oxalate stones
 Uric acid stones
 Struvite stones

After occurrence of kidney stones, when would you consider detailed work-up to prevent stone recurrence?
 After passage of initial stone
 If stone recurs within 7 years
 If stone recurs within 5 years
 If stone recurs within 3 years
 If stone recurs within 10 years

All of the following general measures are useful in the prevention of recurrent kidney stones, EXCEPT:
 Increase fluid intake to maintain urine output of 2-3L/day
 Decrease animal protein intake
 Decrease calcium intake
 Decrease dietary oxalate
 Restrict salt intake

All of the following factors increase the risk of stone formation, EXCEPT:
 Family history of kidney stones
 Gastric bypass
 Obesity
 Medullary sponge kidney
 Type 1 diabetes mellitus

Which of the following diuretics is the least helpful in controlling urinary calcium excretion in patients with hypercalciuria?
 Amiloride
 Chlorthalidone
 Furosemide
 Hydrochlorothiazide
 Spironolactone

Thank you for completing the questionnaire. Please provide any comments/suggestions regarding the survey.




