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Abstract

Objective—To evaluate trends in the incidence of kidney stones and characteristics associated 

with changes in the incidence rate over 3 decades.

Patients and methods—Adult stone formers in Olmsted County, Minnesota from January 1, 

1984 to December 31, 2012 were validated and characterized by age, sex, stone composition, and 

imaging modality. The incidence of kidney stones per 100,000 person-years was estimated. 

Characteristics associated with changes in the incidence rate over time were assessed using 

Poisson regression models.

Results—There were 3224 confirmed symptomatic (stone seen), 606 suspected symptomatic (no 

seen stone), and 617 incidental asymptomatic kidney stone formers. The incidence of confirmed 

symptomatic kidney stone formers increased from 1984 to 2012 in men (145 to 299/100,000 

person-years; incidence rate ratio per 5 years: 1.14, P<.001) and in women (51 to 217/100,000 

person-years; incidence rate ratio per 5 years: 1.29, P<.001). Overall, the incidence of suspected 

symptomatic kidney stones did not change, but asymptomatic kidney stones increased. Utilization 

of computed tomography for confirmed symptomatic stones increased from 1.8% in 1984 to 77% 

in 2012; there was a corresponding higher increased incidence of symptomatic small stones 
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(≤3mm) than larger stones (>3mm). Confirmed symptomatic kidney stones with documented 

spontaneous passage also increased. The incidence of kidney stones with unknown composition 

increased more than stones with known composition.

Conclusion—The incidence of both symptomatic and asymptomatic kidney stones has increased 

dramatically. The increased utilization of computed tomography during this period may also have 

improved stone detection and contributed to the increased kidney stone incidence.
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Introduction

Kidney stones are a common, painful condition responsible for substantial health problems 

and economic costs to society. In addition to painful recurrence, kidney stone disease is a 

risk factor for bone fracture,1 cardiovascular disease,2–4 and chronic kidney disease.5, 6 

Increasing evidence suggests that the incidence and prevalence of kidney stones is steadily 

increasing across the world,7, 8 especially among adolescence9, 10 and women.11–15 The 

factors responsible for the increased burden of kidney stones in the general population have 

not yet been identified. Prior studies have relied on diagnostic codes or survey questions to 

identify stone formers, and thus lack chart validation and clinical details, including how 

stones were diagnosed or whether they were causing symptoms. Granular details lacking in 

previous studies include stone composition, size, and location have also been lacking in prior 

studies.

Validation of stone formers is needed to clarify whether changes in the incidence of kidney 

stones are due to diagnostic factors (such as better detection of stones with improvements in 

imaging technology) or a true increase in stones. Identifying the type of stone formers 

associated with the highest increase in stone incidence could also provide insights into the 

underlying factors leading to an increase in incidence of kidney stones. Thus, we performed 

a population-based study of incident (first-time) stone formers in Olmsted County from 1984 

to 2012. Our objectives were to describe trends in the incidence of kidney and bladder stones 

and identify any characteristics of their presentation that have changed over this time period.

Methods

Study sample

After institutional review board approval, first-time kidney or bladder stone formers who 

were residents of Olmsted County, Minnesota and who first presented for medical care 

(office, emergency room, or hospital) from January 1, 1984 to December 31, 2012 were 

identified using International Classification of Disease (ICD)-9 codes 592, 594, and 274.11 

and the infrastructure of the Rochester Epidemiology Project,16, 17 as previously detailed.18 

The comprehensive medical records of newly coded stone formers were reviewed in a 

random order by trained abstractors. These coded stone formers were categorized into four 

mutually exclusive groups in the following order. First, confirmed symptomatic kidney stone 

formers who were defined by the presence of both symptoms (pain or gross hematuria) and a 

Kittanamongkolchai et al. Page 2

Mayo Clin Proc. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



documented stone (seen after being voided or seen on imaging to be obstructing the ureter). 

Second, suspected kidney stone formers who had characteristic symptoms (pain or gross 

hematuria) that were clinically attributed to a stone, but confirmation was lacking (i.e., 

imaging was deferred and the patient did not report actually seeing a voided a stone). Third, 

asymptomatic stone formers had a non-obstructing kidney stone detected incidentally on an 

imaging study done for non-stone-related purposes. Fourth, bladder stone formers only had 

stones in the bladder as documented by cystoscopy or imaging. Stone formers were excluded 

if their first stone event was prior to 1984 or to migration into Olmsted County, if they were 

less than 18 years of age at their first stone event, or they had no stone but some other 

diagnosis for their symptoms on chart review (such as musculoskeletal back pain).

Stone disease characteristics

Clinical characteristics were detailed only for the confirmed symptomatic kidney stone 

formers based on medical records at the time of the first stone event, including use of 

computed tomography (CT) for diagnosis. Diameter of the symptomatic stone was 

determined from radiology reports. If diameter was not reported, the radiographic images 

were re-examined to determine stone diameter (longest axis). If radiographic images were 

not available for review, the stone was considered ≤3 mm if described as “tiny” or “very 

small” on the report. Location of a symptomatic stone on imaging was classified as renal 

pelvis or lower pole, ureteropelvic junction, ureter, and ureterovesical junction. Infected 

stones were identified by a urinary tract infection attributed to the kidney stone with a 

concurrent urine pH >7.0, or if struvite was confirmed on stone analysis. Stone composition 

by infrared spectroscopy (if available) was categorized into mutually exclusive groups of 

majority calcium oxalate monohydrate (COM), majority calcium oxalate dihydrate (COD), 

majority hydroxyapatite, any uric acid, any brushite, or any struvite as previously described.
18 We identified whether the stone event was reported to have resolved with a voided stone 

seen after spontaneous passage.

Statistical analyses

Incidence rates were determined by the first episode and not by any recurrent episodes. Age 

and sex-specific incidence rates (per 100,000 person years of risk) were calculated for each 

year by dividing the number of stone formers (corrected for the sampling fraction) by the 

estimated Olmsted County adult population as determined by the United States decennial 

censuses (corrected for the sampling fraction).19, 20 These rates were then standardized to 

the age-sex-distribution for the 2010 US census. Incidence rates for confirmed symptomatic 

kidney stones, suspected symptomatic kidney stones, asymptomatic kidney stones, and 

bladder stones were assessed overall and by sex. Incidence rates in confirmed symptomatic 

stone formers were also assessed in subgroups of age (18–39, 40–59, ≥60 years), stone 

composition, CT scan use, stone diameter ≤ 3mm, stone location on imaging, voided stone 

seen after spontaneous passage, and infected stones. Poisson regression was used to estimate 

the change in incidence rates over time. The relative change in incidence rates were reported 

as incidence rate ratios (IRR) per 5 years and were used for all statistical comparisons. 

Incidence rates in 1984 and in 2012 were also calculated based on the regression models. 

This allowed estimation of the absolute change in incidence rate between these two time 

points. Loess smoother plots with a span of 0.7 were used to graphically display changes in 
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the incidence rate over time. Comparisons between incident stone former types were 

evaluated using the χ2 test for categorical variables and the ANOVA F test for continuous 

variables. Statistical analysis was performed using SAS®,version 9.4 and R 3.2.3.

Results

Characteristics of kidney stone formers

From 1984 to 2012, 10,514 adults residing in Olmsted County first received ICD-9 codes for 

kidney or bladder stones. A random sample of 7,253 charts were manually reviewed (Figure 

1). There were 3,224 confirmed symptomatic kidney stone events, 606 suspected 

symptomatic kidney stone events, 617 asymptomatic kidney stones incidentally detected, 

and 181 bladder stones. Table 1 contains detailed characteristics of these incident stone 

formers. Confirmed symptomatic stone formers and suspected symptomatic stone formers 

had similar characteristics. Asymptomatic stone formers were older and more likely to be 

female, while bladder stone formers were much older and mostly men (P<.001 for all).

Trends in stone incidence

Figure 2A, B and Table 2 show trends in the age and sex-adjusted incidence rate from 1984 

to 2012 for stone formers. For confirmed symptomatic kidney stone formers, the age-

adjusted increase in incidence rate per 5 years was higher in women than men (IRR: 1.29 vs. 

1.14, P<.001 for interaction). Because men started at a higher incidence rate in 1984, the 

absolute increase in incidence rate by 2012 was similar (154/100,000 person years in men 

and 166/100,000 person years in women). In men, the relative increase in incidence rate per 

5 years was lower and then higher for ages 18–39 y to 40–59 y to ≥60 y (IRR: 1.19 vs. 1.11 

vs. 1.15, P<.001 for group level interaction) In women the relative increase in incidence rate 

per 5 years was higher and then lower for ages 18–39 y to 40–59 y to ≥60 y (1.28 vs. 1.33 

vs. 1.26, P=.003 for group level interaction). Because women ages ≥60 y started at a lower 

incidence rate in 1984, the absolute increase in incidence rate by 2012 was higher for ages 

18–39 y (190/100,000 person years) and for ages 40–59 y (180/100,000 person years) than 

for ages ≥60 y (107/100,000 person years). The incidence of suspected symptomatic kidney 

stones was stable over time, while asymptomatic kidney stones increased over. Bladder 

stones were relatively rare, mostly seen in men, and the incidence decreased over time 

(Supplemental Figure 1).

Trends in incidence of confirmed symptomatic kidney stone subgroups

Table 3 contains trends for age and sex adjusted incidence rates of subgroups of confirmed 

symptomatic kidney stone formers. CT was utilized to diagnose symptomatic kidney stones 

for 1.8% (95% CI: 0.0–5.2%) in 1984, but increased to 77% (95%CI: 69–85%) by 2012 

(Figure 2C and D). A stone ≤3 mm was detected in only 8% when CT was not utilized, but 

in 38% when CT was utilized (P<.001). The relative increase in incidence rate per 5 years 

was higher for symptomatic kidney stones ≤3 mm than >3mm (IRR: 1.58 vs 1.11, P<.001 

for interaction) (Figure 2E and F). The incidence rates for all symptomatic stone locations 

on imaging showed a relative increase over time. With a higher incidence rate in 1984, the 

absolute increase in incidence rate was largest with the ureter and ureterovesical junction 

stone locations by 2012. The incidence rate of a seen voided stone (spontaneous passage) 
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increased over time. Infected stones were more common in women than men, and also 

increased over this time period (Supplemental Figure 2).

Stone composition was obtained in 50% of confirmed symptomatic kidney stone formers. 

COM was the most common composition (64%), followed by hydroxyapatite (19%), COD 

(11%), and uric acid (5%) (see Table 1). Other stone compositions were too rare to be 

meaningfully studied. Table 3 shows the trends in the incidence for different stone 

compositions. The incidence rate showed a relative increase over time for kidney stones of 

unknown composition compared to known composition (IRR: 1.28 vs 1.10, P<.001 for 

interaction). Among stones with known composition, COM and hydroxyapatite stone 

incidence rates increased over time, whereas COD and uric acid stone incidence rates did 

not. The absolute increase in incidence rate was largest with stones of unknown 

composition.

Discussion

In this population based study, the incidence of kidney stones increased dramatically in both 

adult men and women from 1984 to 2012, with the largest absolute increase occurring in 

younger women. The incidence of suspected symptomatic kidney stones (diagnosed with 

symptoms and without imaging) did not increase but the incidence of asymptomatic kidney 

stones (diagnosed with imaging and without symptoms) did increase. The use of CT to 

diagnose stones increased substantially over the study period and may have increased 

detection of both symptomatic and asymptomatic kidney stones. The confirmed 

symptomatic kidney stones whose absolute change increased the most were characterized by 

small stones (≥3 mm), stones of unknown composition, and stones obstructing at the ureter 

or ureterovesical junction. These stones of unknown composition are often small distal 

ureteral stones (difficult to detect or distinguish from phleboliths with non-CT imaging) that 

spontaneously pass18 and are less likely to be captured for composition analysis.

We previously reported that the incidence of confirmed symptomatic kidney stones has 

recently increased among children, particularly adolescent girls.10, 11 Prior code-based 

studies suggested that the incidence of stone disease was increasing more in women than 

men.11–15 We observed that women ages 18–39 y had the highest absolute increase in the 

incidence of confirmed symptomatic kidney stones. Suspected symptomatic kidney stones 

did increase slightly in women, but not in men. The largest sex differences were observed in 

bladder stones, with more occurring in men due to prostatic obstruction,21 and infection 

stones, occurring more often in women due to recurrent urinary tract infections.22 Both these 

type of stone were relatively uncommon.

Improved detection of symptomatic and asymptomatic stones with modern imaging 

modalities (including the increased utilization of CT scans) may have caused a detection 

bias that has contributed to an increase in the kidney stone incidence. Imaging technology 

such as ultrasound and plain radiography were more widely used historically, but are known 

to be inferior for detecting kidney stones compared to CT scan.23, 24 One hypothesis is that 

these stone missed without CT scan would previously have been suspected stones, but there 

was no proportional decline in suspected symptomatic stones with the increase confirmed 
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symptomatic stones. Thus, past patients with small symptomatic kidney stones that resolved 

with spontaneous passage may have gone undiagnosed or had a non-specific diagnosis such 

as back or flank pain. Concerns regarding radiation from CT scans have prompted calls for 

more widespread use of ultrasound rather than CT to diagnose kidney stones.25,26 A trade-

off may be that more small distal ureteral stones are likely to go undiagnosed, particularly if 

they are not causing hydronephrosis.

The two most common types of calcium stones (COM and hydroxyapatite) have increased 

over time. Hypercalciuria is a shared risk factor of both calcium oxalate and hydroxyapatite 

stones. Dietary components known to be associated with increase urinary calcium excretion 

such as high salt, high animal protein and sucrose intake27–29 are increasingly consumed.
30–32 Insulin resistance, associated with the ever rising obesity epidemic, can also increase 

intestinal absorption and urinary excretion of calcium.33 Notably, hydroxyapatite stones are 

more common among young women,34 the demographic group with the highest increase in 

the incidence rate of kidney stones.

There are some potential limitations to our study. The population is predominantly white 

which may limit generalizability; whites are known to have a higher risk of kidney stones 

than other race groups in the United States.35 Incidence rates of kidney stones may vary 

regionally and be higher in regions with warmer weather than Minnesota. Urine chemistries 

and dietary surveys were not available for study as these are not routinely obtained among 

first time stone formers. Finally, it is difficult to separate out detection bias from true 

increases in kidney stone burden since there has been a progressive increase in the use of 

more accurate imaging modalities for diagnosing stones from 1984 to 2012.

Conclusion

An increase in the incidence of kidney stones has occurred in both adult men and women 

over the past three decades. The increase has been particularly notable in young adult 

women and with COM and hydroxyapatite stones. However, use of better imaging 

modalities (particularly CT imaging) over time may have caused a detection bias that has 

contributed to the perceived increase in the burden of kidney stone disease. In other words, 

we may be now diagnosing more symptomatic and asymptomatic kidney stones that would 

have gone undiagnosed in the past.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Acronyms

ICD International Classification of Disease

CT computed tomography

COM calcium oxalate monohydrate

COD calcium oxalate dihydrate

SD standard deviation
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Figure 1. 
Validation and classification of stone formers. A random sample (due to funding and time 

constraints) of first-time coded stone formers underwent a detailed chart review. Stone 

formers were categorized according to the following hierarchy: confirmed symptomatic 

stone formers, suspected symptomatic stone formers, asymptomatic stone formers, and 

bladder only stone formers.
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Figure 2. 
A and B. Trends in the incidence of kidney stone formers (confirmed symptomatic, 

suspected symptomatic, and asymptomatic) from 1984 to 2012 in Olmsted County, 

Minnesota among A) men and B) women.
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Figure 3. 
Trends in the incidence of confirmed symptomatic kidney stone formers from 1984 to 2012 

in Olmsted County, Minnesota among (A) men and (B) women diagnosed by CT scan 

(CT=computed tomography).
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Figure 4. 
Trends in the incidence of confirmed symptomatic kidney stone formers from 1984 to 2012 

in Olmsted County, Minnesota among (A) men and (B) women with stone diameter of less 

than 3 mm.
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