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Abstract Kidney stones represent a common condition

characterized by significant morbidity and economic costs.

The epidemiology of kidney stones is not completely

understood and may vary substantially based on geographic,

socioeconomic and clinical factors; the present study aims at

defining the prevalence and diagnostic patterns of kidney

stones in a cohort representative of the general population in

Florence, Italy. A sample of 1,543 adult subjects, all Cau-

casians, was randomly selected from a population of over

25,000 subjects followed by 22 general practitioners (GPs).

Subjects were administered a questionnaire requesting the

patient’s age and sex, any history of kidney stones and/or

colics and the prescription of kidney ultrasound (US)

examination. GPs data-bases were also interrogated. Crude

and adjusted prevalence proportions and ratios (PRs) with

corresponding 95 % confidence intervals (CIs) were com-

puted. Furthermore, the association between the practice

pattern of each physician with respect to US prescription and

the prevalence of kidney stones was investigated. The overall

prevalence of kidney stones was 7.5 % (95 % confidence

interval 6.2, 8.9 %), increasing with age until 55–60 years

and then decreasing. About 50 % reported recurrent disease.

There were no significant differences in prevalence among

males and females. GPs who tended to prescribe more US

examinations were more likely to have more patients with

kidney stones (adjusted PR 1.80, 95 % CI 1.11, 2.94;

p = 0.020). The present study confirms both the high prev-

alence and the regional variability of kidney stones. Practice

patterns may be involved in such variability.
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Introduction

Nephrolithiasis is a common disease, typically occurring

between 30 and 60 years of age [1, 2]. Among the disor-

ders of the urinary tract, kidney stones are a major cause of

morbidity. Idiopathic calcium nephrolithiasis, which con-

stitutes 70–85 % of all stones, emerged as a health problem

in western countries at the beginning of the 20th century.

Indeed, the prevalence of nephrolithiasis is very frequent

ranging from 4 to 20 % in different studies and countries

[3, 4]. In a population study in Italy, the reported preva-

lence in the 80’s was 6 % [5]. In the majority of patients,

the symptoms and the consequences are not life threaten-

ing, but stones in the urinary tract are a major cause of

morbidity, hospitalisation and days lost from work [6]. In

Italy for example, the number of patients receiving hospital

treatment has greatly increased between 1988 and 1993,

from 60,000 to 80,000 per year [7].

These statistics are outdated and often derived from

hospital data. However, this condition similar to other

complex diseases is very much influenced by environmental
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and dietary factors which have changed dramatically in the

last few decades (global warming, increasing use of

industrial foods, increased intake of calories and protein,

etc.). On the other hand, hospital-based statistics grasp only

the clinically significant episodes requiring in-hospital

treatments so that (probably) the majority of asymptomatic

stone cases or those treated in the general practitioner (GP)

office are missed.

A precise knowledge of the prevalence of stone disease

in the general population should be very important, how-

ever, for a number of reasons: (1) obtaining a precise figure

of the incidence of the disease, which unfortunately is

based on only very rough estimates, needs, as a pre-

requisite, the cross-sectional investigation of a certain

cohort to be sure that the new stones are truly the incident

rather than the prevalent ones; (2) a better understanding of

the relationship between environmental and dietary factors

and the stone disease; (3) the exact estimation of social and

medical costs of the disease.

This study describes results on the prevalence of renal

stones in a group of GP practices in Florence.

Methods

Study design

In the period January–May 2011, 22 GPs in Florence

were enrolled in the study and instructed to administer a

questionnaire to a sample of their Caucasian patients

C18 years by January 1st, 2011 (1,543 subjects out of

over 25 thousands) randomly chosen from GP’s lists. In

Italy, all citizens receive a free health insurance from the

National Health System. To this aim all are included in

the list of patients of GPs of their own choice. Thus,

drawing participants from the GP’s lists is like drawing

them directly from the community. The questionnaire

included information regarding the patient’s age and

sex, a history of kidney stones and/or colics and the

prescription of kidney ultrasound (US) examinations. The

interrogation of GPs databases allowed to collect fur-

ther data and to verify the questionnaire self-reported

informations.

Definitions

The presence of kidney stones was defined by a question-

naire with a reported history of kidney stones based on a

positive US exam and/or symptoms (colics, stones expul-

sion). Of these patients, those who never experienced

symptoms were defined as asymptomatic stone formers.

Subjects who had had more than one episode of kidney

stones were classified as recurrent stone formers.

Data about US renal prescription were obtained for the

previous 3 years.

Physicians were categorized as ‘‘high US prescriber’’ or

‘‘low US prescriber’’ based on the cut-off represented by

the median value (corresponding to 29 %) of the patients

being prescribed a US examination.

Statistics

We computed the prevalence and exact 95 % confidence

interval (CI) of kidney stones for the overall sample and for

each category of age and reported their overall values

globally and separately for males and females. Further-

more, we analyzed the relationship between the prevalence

of kidney stones and age (modelled as a restricted cubic

spline with knots at the 25th, 50th and 75th percentile of

the distribution), sex and the interaction between age and

sex.

We evaluated the relationship between the prevalence of

kidney stones and the prescription of kidney US by com-

puting the prevalence of kidney stones in high and low US

prescribers as well as the prevalence ratio (PR). This

measure of effect is preferable to the odds ratio for its

better interpretability and other favourable statistical

properties [8]. The model was further adjusted for age and

sex.

The statistical testing was done with the Fisher’s exact

test for crude 2 9 2 tables and with a log-binomial

regression model to estimate the adjusted PRs, using the

GLIMMIX procedure [9].

A p \ 0.05 was regarded as statistically significant.

All the analyses were carried out with SAS 9.3 (Cary,

NC, USA).

Sample size

The size of a simple random sample from the general

population in Florence (with a total population of 367,500

subjects) was estimated with the following formula:

n ¼
z2

a
2
Npq

d2ðN � 1Þ þ z2
a
2
pq

h i

where N is the total number of subjects in the population,

p is the prevalence of subjects with kidney stones, q is the

prevalence of subjects without kidney stones, d is

the accepted tolerance on the estimated prevalence, a is the

type I error and za/2 is the Z value for a given value of a.

With a type I error of 0.05 and an expected prevalence of

subjects with kidney stones of 6 % and a 20 % tolerance,

the estimated sample size would be of 1,498 subjects.

Patients were randomly chosen from each GP list by

random number tables.
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Results

All 1,543 subjects were investigated, mean age 52.9 ±

19.9 years, Male to Female ratio 0.79. The overall preva-

lence of stone disease (either current or previous) was

7.5 % (95 % CI 6.2, 8.9 %) (115 cases). The prevalence of

the disease in males was higher than in females (8.5 vs.

6.6 %, respectively); however, the difference was not sta-

tistically significant (PR 1.29, 95 % CI 0.91, 1.84;

p = 0.172). The prevalence of kidney stones in each age

category is shown in Table 1. Stone disease showed an

increase in prevalence until the 60’s and then a decrease.

In the regression models with presence of kidney stones

as dependent variable, the overall test for the interaction

terms between age and sex was not significant. Further-

more, the main effect of sex was not significant and it did

not show any confounding effect on the relationship

between stone disease and age, so it was removed from the

model together with the interaction terms. The relationship

between kidney stones and age was significant (p \ 0.001)

(Fig. 1).

Fifty percent (58 cases) of stone patients had a recurrent

disease, and 18 (15.7 % of stone formers) had asymp-

tomatic stones. However, since only 28 % (405 subjects) of

non stone formers had undergone kidney US as opposed to

81 % of stone formers, the prevalence of nephrolithiasis in

this general population could be higher. Assuming that

randomly performed US is capable of detecting all

asymptomatic stones, the prevalence of asymptomatic

stones in the general population would be 4.4 %. Consid-

ering that the prevalence of symptomatic stone disease was

6.3 %, the global prevalence of stone in this general pop-

ulation could be estimated around 10.5 %.

Restricting the analysis to subjects who reported no US

exam in the previous three years (n = 1,039), the preva-

lence of kidney stones was 2.1 %. This figure may repre-

sent an indirect estimate of the 3 years incidence of

symptomatic stones.

The mean number of patients per GP was 70 (range

55–80). The mean number of total and symtpomatic stone

formers per GP was 5 (range 0–12) and 1 (range 0–5),

respectively.

The prevalence of the stone condition in each practice

was highly variable, from less than 2 % to [16 % (Fig. 2).

US prescription among GPs was also highly variable

(Fig. 3). Among high US prescribers (i.e., physicians who

tended to prescribe more US examinations to their patients)

the prevalence of stone disease was significantly higher

when compared with low US prescribers (9.8 vs. 5.2 %; PR

1.89, 95 % CI 1.30, 2.73; p \ 0.001). Adjustment for

patients’ age and sex did not change the findings substan-

tially (PR 1.80, 95 % CI 1.11, 2.94; p = 0.020).

Discussion

The present study shows that the prevalence of the renal

stone condition in the general population older than 18 yrs is

approximately 7.5 %, a higher figure than previously

reported prevalence in Italy [5]. In a different, though con-

temporary setting, in a large general Northern Italian popu-

lation C40 years [10], the self-reported prevalence of renal

stones was 12.4 % (unpublished) higher than the prevalence

observed in subjects 40 years old or more of the present

cohort (8.8 %, p \ 0.001). The difference in prevalence may

be due to more rigorous criteria for the definition of stone

episodes in the present study. A previous study in North Italy

found an incidence of stones comparable with other western

European countries [11]. Notwithstanding the prevalence of

the disease seems to be definitely higher than in the past in

Italy. This data confirms an increasing trend of stones for the

Italian population [12].

The prevalence of asymptomatic stones can be estimated

in 4.4 %, lower than in a recent study from an American

cohort of potential kidney donors (10 %) [13]. The higher

prevalence in the latter can be explained by both, a more

accurate radiological diagnosis and the higher prevalence

of renal stones in the United States [3].

That approximately 50 % of stone formers have a

recurrent condition is a well-known notion since, provided

that the follow up is sufficiently long, a large percentage of

renal stone patients recurs [14].

Table 1 Prevalence of stone disease by sex and age category

Enrolled

subjects

Stone

disease

Recurrent stone

diseasea

Males

\30 97 1 (1.0 %) 1 (100 %)

30–39 97 3 (3.1 %) 2 (66.7 %)

40–49 139 11 (7.9 %) 6 (54.6 %)

50–59 100 15 (15.0 %) 7 (46.7 %)

60–69 94 16 (17.0 %) 8 (50.0 %)

70–79 101 7 (6.9 %) 5 (71.4 %)

C80 51 5 (9.8 %) 0 (0.00 %)

Females

\30 108 6 (5.3 %) 1 (20.0 %)

30–39 134 9 (6.7 %) 5 (55.6 %)

40–49 135 7 (5.2 %) 2 (28.6 %)

50–59 133 13 (9. 8 %) 7 (53.9 %)

60–69 119 8 (6.7 %) 4 (50.0 %)

70–79 124 9 (7.3 %) 6 (66.7 %)

C80 110 5 (4.6 %) 2 (40.0 %)

a The percentage refers to the proportion of recurrence among stone

formers
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Whereas the increasing prevalence of the renal stone

condition in the 4th and 5th decades observed in this study

was expected because of both cumulative cases and the

known increasing incidence of the disease [4], the note-

worthy decrease in subjects older than 70 years is puzzling.

We may advance two possible explanations. The first is

that we are observing the long tide of the changes in

nutritional behaviours favouring nephrolithiasis which

occurred in our population too in those who were teenagers

in the 60–70s [15], while people older than 70 was not

affected by these changes. The second is that people older

than 70 years are the ‘‘healthy survivors’’ of a population

Fig. 1 Prevalence ratio for

stone disease associated with

age. Solid line represents the

prevalence ratio (30 years as the

reference value); dotted lines
represent 95 % confidence

interval; horizontal line
represents a prevalence ratio

of 1

Fig. 2 Differences in stone

disease prevalence among

physicians. Each bar represents

the proportion of patients with

stone disease for each physician

Fig. 3 Differences in US

prescription among physicians

Each bar represents the

proportion of patients with US

for each physician
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in which, according to recent studies [16, 17], the stone

formers seem to have a higher cardiovascular risk than

non-stone formers.

Interestingly, our data confirm what have been described

by others [18], i.e. a trend toward equal overall prevalence

between genders possibly because of nutritional changes in

females.

The analysis of data of single GPs disclosed a positive

relationship between prevalence of stone formers and use

of US imaging. The interpretation of this datum is double

faced. With the limitation that the questionnaire did not

investigate the temporal relationship, if any, between

stone episodes and the US request, it is self-evident that

stone episodes (i.e. colics, gross hematuria) often lead to

requesting US. So, the higher the number of stone

patients, the higher the demand for US. On the other hand,

a systematic use of abdominal US may disclose stones that

have not yet given any manifestation. Our data would

support the hypothesis of US prescription leading to

diagnosis of stone disease as opposed to that of patients

with stones being prescribed US more often, since the

prescription of US in stone-negative patients followed by

high US prescribing GPs was substantially higher when

compared with stone-negative patients followed by low

US prescribing GPs (48.5 vs. 19.9 %; p \ 0.001). If one

would hypothesize that the number of US prescriptions be

driven by stone patients, one would expect that the

number of US exams in stone-negative patients be com-

parable. Instead, these differences suggest different poli-

cies among GPs in requesting US (Fig. 3) and a different

proportion of subjects with stone disease as a conse-

quence. However, none of these explanations fully eluci-

date our data. It is interesting to note that the prevalence

of the disease was dramatically different among GPs,

ranging from less than 2 % to values higher than 16 %.

These differences are so huge that they cannot be

explained by different policies in prescribing US, or by

different age profile of patients in each practice. Certainly,

numbers of investigated subjects per doctor were low, so

that a type 2 error cannot be ruled out. Furthermore,

possible familial clusters of the disease could occur in

some specific GP cohort. However, as previously

observed, the study discloses very different policies

between GPs in asking for US. Since the practices were

all in the Florence area where imaging investigations, and

specifically US are freely available in Hospitals of the

National Health Service, the highly variable demand by

doctors of US deals with their specific diagnostic styles.

This unexpected issue is of potential great interest and

needs further research.

The study has a number of limitations. The relatively

small case population does not provide deeper insights into

the data analysis in reference to some aspects of the disease

(recurrent cases, gender effect, etc.). The precise preva-

lence can only be estimated since not all subjects per-

formed an US. Furthermore, the diagnostic performance of

US in detecting urinary stones is suboptimal [19]. Thus, the

prevalence of the renal stone condition could be even

higher than the estimated one. Although self-reported

episodes were verified by the GPs, not all episodes were

recorded in the GPs’ data-bases or had a clinical docu-

mentation. Thus the study is largely based on self reports

and is retrospective. This is one more reason for which the

prevalence estimation is not precise and it explains why it

was not possible to investigate the prevalence according to

the chemical nature of stones and analyse data in reference

to this aspect. Furthermore, the accuracy of US for diag-

nosing small kidney stones is fairly low, another element

that might have led us to understimate the true prevalence

of this condition.

In our study, one GP had the highest rate of US pre-

scription and also a very low prevalence of patients with

stones. It is difficult to explain such an inconsistency;

however, the analysis should not be biased by this outlier

since the rate of US prescription has been analyzed as a

dichotomous variable (e.g., above or below the median US

prescription for the GP population).

In conclusion, the present study confirms the high

prevalence of the renal stone disease in an urban Italian

population, supporting the idea that its prevalence has

increased over the last decades particularly in females. The

study also discloses different policies between GPs in the

diagnostic use of US.

Acknowledgments GEA Firenze (GEneral Practitioners Associ-

ated) study group: Alcaro M. M., Alessandra E., Artini M., Baglioni

S., Bargellini N., Bonito C., Cerri E., Colucci M., Croppi E., De Logu

M., Deponte Conti R., Fabbri G., Fabiano S., Giovannini G., Lapini

V., Panza B., Pianorsi F., Picchiani F., Pini C., Pistocchi M.D.,Rav-

enni F., Rosati F., Simoni C., Vallone A., Valsangiacomo G.,Verrone

C., Volpi M.

References

1. Trinchieri A (2006) Epidemiological trends in urolithiasis:

impact on our health care systems. Urol Res 34:151–156

2. Monk RD (1996) Clinical approach to adults. Semin Nephrol

16:375–388

3. Ramello A, Vitale C, Marangella M (2000) Epidemiology of

nephrolithiasis. J Nephrol 13(Suppl 3):S45–S50

4. Stamatelou KK, Francis ME, Jones CA, Nyberg LM, Curhan GC

(2003) Time trends in reported prevalence of kidney stones in the

United States: 1976–1994. Kidney Int 63:1817–1823

5. Stellato D, Cirillo M, Panarelli P, Laurenzi M, De Santo NG

(2003) Calciuria ed urolitiasi: dati prospettici su popolazione.

Studio di Gubbio. Studio di Gubbio. G Ital Nefrol S-23:S42

6. Shuster J, Scheaffer RL (1984) Economic impact of kidney

stones in white male adults. Urology 24:327–331

Urol Res (2012) 40:517–522 521

123



7. Statistiche della Sanità, Roma, ISTAT, 1992–1995. Available

from URL http://www3.istat.it

8. Barros AJ, Hirakata VN (2003) Alternatives for logistic regres-

sion in cross-sectional studies: an empirical comparison of

models that directly estimate the prevalence ratio. BMC Med Res

Methodol 3:21

9. Spiegelman D, Hertzmark E (2005) Easy SAS calculations for

risk or prevalence ratios and differences. Am J Epidemiol

162:199–200

10. Gambaro G, Yabarek T, Graziani MS, Gemelli A, Abaterusso C,

Frigo AC et al (2010) Prevalence of CKD in North-Eastern Italy:

results of the INCIPE study and comparison with NHANES. Clin

J Am Soc Nephrol 5:1946–1953

11. Borghi L, Ferretti PP, Elia GF, Amato F, Melloni E, Trapassi

MR, Novarini A (1990) Epidemiological study of urinary tract

stones in a northern Italian city. Br J Urol 65:231–235

12. Trinchieri A, Coppi F, Montanari E, Del Nero A, Zanetti G,

Pisani E (2000) Increase in the prevalence of symptomatic

upper urinary tract stones during the last ten years. Eur Urol

37:23–25

13. Lorenz EC, Lieske JC, Vrtiska TJ, Krambeck AE, Li X, Bergs-

tralh EJ et al (2011) Clinical characteristics of potential kidney

donors with asymptomatic kidney stones. Nephrol Dial Trans-

plant 26:2695–2700

14. Gambaro G, Reis-Santos JM, Rao N (2004) Nephrolithiasis: why

doesn’t our ‘‘learning’’ progress? Eur Urol 45:547–556

15. Robertson WG (1987) Diet and calcium stones. Miner Electrolyte

Metab 13:228–234

16. Rule AD, Roger VL, Melton LJ 3rd, Bergstralh EJ, Li X, Peyser

PA et al (2010) Kidney stones associate with increased risk for

myocardial infarction. J Am Soc Nephrol 21:1641–1644

17. Domingos F, Serra A (2011) Nephrolithiasis is associated with an

increased prevalence of cardiovascular disease. Nephrol Dial

Transplant 26:864–868

18. Scales CD Jr, Curtis LH, Norris RD, Springhart WP, Sur RL,

Schulman KA et al (2007) Changing gender prevalence of stone

disease. J Urol 177:979–982
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