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INTRODUCTION

The prevalence of urolithiasis varies between 2% and 20% world-
wide, and seems to depend on the geographic location and so-
cioeconomic characteristics of different populations (1,2). The
incidence of urolithiasis in Korea has progressively increased,
as has the incidence in other developed countries (3-5). De-
spite the complexity of the etiology of urolithiasis, intrinsic and
environmental factors contribute to increased urolithiasis, and
improvements in diagnostic procedures increase observation
of these stones. ‘Westernization’ of diets and sedentary lifestyles
are factors that contribute to obesity and the metabolic syndrome
(6-8). Obesity increases urinary excretion of metabolites that
promote crystallization and urine acidity, and it contributes to
an increase in calcium oxalate lithogenesis (9). Both hyperten-
sion and diabetes mellitus are also associated with significant
changes in urinary chemistry, which affect the crystallization of
various stone-forming salts (10). Epidemiological data suggest
that a link exists between hyperlipidemia and urine metabolic
profiles and stone composition (11). Thus, we hypothesized that
urinary composition and lithogenic risk in patients with uroli-
thiasis might have changed over time along with these clinico-
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Urolithiasis is common and is becoming more prevalent worldwide. This study assessed the
chronological trends in clinical and urinary metabolic features over 20 years in Korean
urolithiasis patients. We performed a retrospective analysis of 4,076 patients treated at our
clinic from 1996 to 2015. Urinary metabolic data and stone analysis data were available for
1,421 and 723 patients (34.9% and 17.7%), respectively. Patients were categorized into 4
groups according to the date of initial diagnosis: group 1 (1996-2000, n = 897), group 2
(2001-2005, n = 1,018), group 3 (2006-2010, n = 1,043), and group 4 (2011-2015,

n = 1,118). Incidental detection of uric acid renal stones has become more prevalent in the
past 10 years, accompanied by an increase in body mass index and age at diagnosis.
Similarly, the prevalence of diabetes mellitus and of hypertension increased from one
group to the next throughout the study period. Levels of 24-hour urinary excretion of
sodium, calcium, uric acid, and oxalate have decreased significantly over the study period.
The incidence of urinary metabolic abnormalities also showed an identical tendency. The
proportion of stones composed of uric acid increased over the study period. In conclusion,
incidental detection of uric acid renal stones has become more prevalent in Korea in the
past 20 years. Urinary excretion of lithogenic constituents and the incidence of urinary
metabolic abnormalities have decreased significantly over this period.
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pathological variables. Understanding these chronological trends
is important to enable the development of appropriate public-
health strategies for stone prevention. We therefore determined
the levels of urinary lithogenic risk in patients attending our
clinic over the past 20 years. To our knowledge, only one previ-
ous study has evaluated the long-term trends of urinary litho-
genic risk in patients with urolithiasis in Korea; this study by
Kim et al. (12) involved a retrospective analysis of metabolic as-
sessments in 619 patients with calcium stone former over a pe-
riod of 14 years.

The present study was designed to assess the chronological
trends of clinical and metabolic features over 20 years in Korean
patients with urolithiasis. Patients were categorized into 4 groups
according to the date of the initial diagnosis, and measurements
of clinicometabolic characteristics and stone composition were
compared.

MATERIALS AND METHODS
Study population

The study involved a retrospective analysis of 4,076 consecutive
patients with a first-time stone episode, who were diagnosed
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and treated between 1996 and 2015 at our institution. Data were
collected on stone history, body mass index (BMI), metabolic
evaluation (including serum and 24-hour urine chemistry), and
radiographic imaging of the urinary tract. Urinary stone forma-
tion was diagnosed by radiological modalities such as abdomi-
nal radiography, ultrasonography, and noncontrast computer-
ized tomography. Exclusion criteria consisted of any of the fol-
lowing factors: urinary bladder stone, urethral stone, or stag-
horn calculi; pediatric patients (younger than 16 years); incom-
plete 24-hour urine collection (creatinine < 17 mg/kg per 24
hoursinmen and < 13 mg/kg per 24 hours in women); impaired
renal function or the presence of a single kidney; urological mal-
formation; urinary tract obstruction; or metabolic disease that
could affect calcium and bone metabolism.

Measurement and definition of parameters

Urinary metabolic data were available in 1,421 patients (34.9%
of the total cohort), and stone analysis data were available in
723 patients (17.7% of the total cohort). Medications that could
affect serum and 24-hour urine chemistry results were discon-
tinued at least 2 weeks before complete metabolic evaluation.
The metabolic evaluation was performed at least 4 weeks after
completion of stone management. Urinary metabolic abnor-
malities were classified by using the definitions of Lifshitz et al.
(13) and Norman (14). Specific metabolic evaluation was indi-
cated in high-risk stone formers including early onset of uroli-
thiasis, familial stone formation, uric acid or brushite-contain-
ing stones, solitary kidney, anatomical abnormalities, and met-
abolic disease that could affect calcium and bone metabolism
according to guidelines (1,14). In addition, metabolic evalua-
tion was also performed even first stone formers without above
stone forming risk. In this cases, the decision to perform the
metabolic evaluation was made entirely by the patients. Stone

samples were sent for analysis of composition by Fourier-trans-
form infrared spectrometry (Green Cross, Yongin, Korea).

Statistical analysis

Patients were categorized into 4 groups according to the date of
initial diagnosis, as shown in Table 1. Differences in urine vari-
ables between groups were assessed by the Kruskal-Wallis test.
Categorical variables were compared by o test or Fisher’s exact
test if appropriate. All statistical analyses were performed using
SPSS ver. 21.0 software (IBM, Armonk, NY, USA). All tests were
performed with 2-tailed analyses and P < 0.05 was considered
statistically significant.

Ethics statement

The study was carried out in agreement with the applicable laws
and regulations, good clinical practices, and ethical principles
as described in the Declaration of Helsinki. The Institutional
Review Board of Chungbuk National University approved this
study protocol (Approval number: 2011-04-004). Informed con-
sent was waived by the board.

RESULTS

Chronological trends in clinical features over the study
period of 20 years

Patient demographics of the study population (n = 4,076) are
detailed in Table 1. Statistical analysis indicated significant dif-
ferences between the means of BMI and age in the different
groups, and both sets of values increased as time progressed.
Similarly, the prevalence of diabetes mellitus and of hyperten-
sion increased from one group to the next throughout the study
period. The male:female ratio and prevalence of family history
of urolithiasis did not differ between the groups. The prevalence

Table 1. Chronological trends of clinical features of patients with urolithiasis diagnosed over 20 years

Parameters Group 1 Group 2 Group 3 Group 4 Pvalue
Diagnosis (year range) 1996-2000 2001-2005 2006-2010 2011-2015
No. of patients 897 1,018 1,043 1,118
Metabolic evaluation 617 (68.8) 144 (14.1) 374 (35.9) 286 (25.6)
Stone analysis 85 (9.5) 132 (13.0) 273 (26.2) 233 (20.8) -
Age, yr 436 £ 129 445 £ 135 48,7 £ 139 50.3 £ 141 < 0.001*
BMI, kg/m? 237+ 3.0 23.9 + 31 242 + 33 244 + 3.3 <0.001*
Gender 0.512f
Male 591 (65.9) 660 (64.8) 666 (63.9) 702 (62.8)
Female 306 (34.1) 358 (35.2) 377 (36.1) 416 (37.2)
Familial stone history 126 (14.0) 167 (16.4) 175 (16.8) 192 (17.2) 0.2471
Hypertension 139 (15.5) 195 (19.2) 221 21.2) 304 (27.2) <0.001"
Diabetes mellitus 61 (6.8) 74 (7.3) 86 (8.2) 113 (10.1) 0.030f
Renal stone 100 (11.1) 115(11.3) 189 (18.1) 174 (15.6) <0.001"
Incidental stone 61 (6.8) 74.(7.3) 151 (14.5) 115 (10.3) < 0.001"

Continuous data are shown as the mean = SD or number (%) of patients.
BMI = body mass index, SD = standard deviation.

*Pvalues were obtained from Kruskal-Wallis tests; ' values were obtained from Fisher's exact tests.
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Fig. 1. Annual levels of urinary stone-forming constituents in patients with urolithiasis over 20 years. Mean 24-hour urinary excretion of calcium (A), sodium (B), uric acid (C),
oxalate (D), and citrate (E) (error bars represent 95% Cls) and the incidence of urinary metabolic abnormalities, hypercaliuria (F), hypernatriuria (G), hyperuricosuria (H), hyper-

oxaluria (I), and hypocitraturia (J).
Cl = confidence interval.
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Table 2. Chronological trends in urinary metabolic features (24-hour urine constituents and 24-hour urine metabolic abnormalities) of urolithiasis patients diagnosed over 20

years

Parameters Group 1 Group 2 Group 3 Group 4 Pvalue

Diagnosis (year range) 1996-2000 2001-2005 2006-2010 2011-2015

No. of patients 617 144 374 286

24-hour urine constituents
Calcium, mg/day 200.0 (140.0-272.0) 217.5 (134.0-277.5) 162.0 (110.0-231.0) 148.0 (98.0-216.0) <0.001*
Sodium, mg/day 194.0 (150.0-258.8) 197.5 (150.5-263.0) 178.5 (135.0-232.0) 161.0 (117.0-216.0) <0.001*
Uric acid, mg/day 643.0 (506.5-780.0) 630.0 (499.0-760.8) 611.0 (455.3-745.9) 536.5 (414.0-703.3) <0.001*
Oxalate, mg/day 24.5 (15.8-35.0) 32.1 (22.1-561.7) 15.0 (11.0-20.2) 21.7 (15.0-30.0) < 0.001*
Citrate, mg/day 341.7 (207.0-499.3) 353.9 (239.5-537.8) 332.5(218.0-489.8) 347.5 (209.1-489.1) 0.508*
Magnesium, pg/day 88.5(68.3-111.7) 100.0 (81.7-120.0) 92.0 (71.0-110.5) 86.0 (63.0-111.3) <0.001*
Volume, mL/day 1, 800 0(1,400.0-2,200.0) 1, 800 0(1,445.0-2,202.5) 1, 800 0(1,490.0-2,100.0) 1, 780 0(1,440.0-2,030.0) 0.665
Urine, pH .0 (5.5-7.0) .5(5.0-6.5) .5(5.0-6.5) .5(5.0-6.5) 0.489*

Metabolic abnormalities*
Hypercalciuria 202 (33.0) 9(33.8) 76 (20.3) 53 (18.5) < 0.001*
Hypernatriuria 289 (46.8) 0 (48.6) 144 (38.5) 84 (29.4) < 0.001*
Hyperuricosuria 181 (29.5) 37 (25.5) 92 (24.5) 59 (20.6) 0.033"
Hyperoxaluria 73 (12.4) 1(28.5) 0(2.7) 24 (8.4) <0.001"
Hypocitraturia 405 (68.5) 6 (66.7) 262 (70.0) 195 (68.2) 0.888"

The data are shown as median (IQR) or number (%) of patients.
IQR = interquartile range.

*Pvalues were obtained from Kruskal-Wallis tests; TP values were obtained from Fisher’s exact tests; *Hypercalciuria was defined as excretion of > 300 mg/day in men and
> 250 mg/day in women, hypernatriuria was defined as excretion of > 200 mg/day, hyperuricosuria was defined as excretion of > 800 mg in men and > 750 mg in women,
hyperoxaluria was defined as excretion of > 45 mg/day, hypocitraturia was defined as excretion of < 450 mg/day. Analysis of 24-hour urine constituents was available for

1,421 patients (34.9% of the total cohort).

of renal stones and incidental stones showed overall increases
from the first to the last time period.

Chronological trends in urinary metabolic features over
the study period of 20 years

Urinary metabolic profile data and the prevalence of urinary
metabolic abnormalities for patients in each year of the study
period are shown in Fig. 1, and for patients in each 5-year peri-
od are shown in Table 2. Differences between mean values of
24-hour urine constituents, or between proportions of patients
with metabolic abnormalities, across the 4 groups were deter-
mined by statistical analyses. Significant differences were seen
in 24-hour urinary excretion of sodium, calcium, uric acid, mag-
nesium, and oxalate between the groups, which corresponded

https://doi.org/10.3346/jkms.2017.32.9.1496

to observations of reduced excretion across the study period.
Similar patterns of decreased prevalence of the urinary meta-
bolic abnormalities hypernatriuria, hyperuricosuria, hypercal-
ciuria, and hyperoxaluria were also observed. By contrast, 24-
hour urinary citrate excretion, urine volume and pH did not
differ between the groups (all P > 0.05).

Chronological trends in stone composition over the study
period of 20 years

Analysis of stone composition was available for 723 patients
(17.7% of the total cohort). The proportions of calcium oxalate
and calcium phosphate stones decreased, whereas the propor-
tion of uric acid stones increased with time (P = 0.015) (Table 3).

http://jkms.org 1499



JKMS

Kang HW, et al. = Chronological Trends in Korean Urolithiasis Patients

Table 3. Chronological trends of stone composition in patients with urolithiasis diag-
nosed over 20 years

Parameters Group 1 Group 2 Group 3 Group 4
Diagnosis (year range)  1996-2000 2001-2005 2006-2010 2011-2015
No. of patients 85 132 273 233
Stone composition
Calcium oxalate 75@87.2) 102(76.7) 210(76.9) 161 (69.4)
Uric acid 4.(4.7) 17 (12.8) 47 (17.2) 51(22.0)
Calcium phosphate 7(8.1) 12 (9.0) 12 (4.4) 16 (6.9)
Mixed stone or etc. 0(0.0) 2(1.5) 4(1.5) 4(1.7)

Values are presented as number (%) of patients. P values were obtained from Fisher’s
exact tests (P = 0.015), Analysis of stone composition was available for 723 patients
(17.7% of the total cohort).

DISCUSSION

The present study assessed the chronological trends in clinical
and metabolic features in Korean urolithiasis patients over a pe-
riod of 20 years. In summary, BMI and age at diagnosis increas-
ed, whereas urinary excretion of lithogenic constituents and the
incidence of urinary metabolic abnormalities decreased over
the study period.

The prevalence and incidence of urolithiasis has been report-
ed to depend on the geographic locations and socioeconomic
characteristics of different populations (15). The incidence of
urolithiasis in Korea has progressively increased, in a manner
similar to that seen in other developed countries (3,16,17). A
nationwide population-based study reported that the annual
incidence of urolithiasis in Korea was 457 per 100,000 popula-
tion in 2009, which was higher than that of Iran (145.1 per 100,000
population) and Japan (134.0 per 100,000 population), but low-
er than a range of values (from 0.5% to 1.5%) in western coun-
tries (3,4,18). Possible explanations for rise in the prevalence of
urolithiasis in Korea include improvements in diagnostic pro-
cedures in the past 20 years, thereby increasing the detection of
urolithiasis so that stones are now diagnosed earlier, often at
the stage of asymptomatic calculi (19). In addition, Korea has a
mandatory National Health Insurance system that includes bi-
annual health checkups, free of charge. Because this healthcare
plan covers almost everyone in the country (accounting for 97%
of the population), nephrolithiasis is frequently detected (20).
Increasing industrialization and Westernization of lifestyles in
Korea contributes to the prevalence and incidence of urinary
stones. Westernization of diets and increasingly sedentary life-
styles have coincided with a rise in obesity and components of
the metabolic syndrome, such as hypertension, dyslipidemia,
and diabetes mellitus (7,21). The epidemiological link between
obesity and urolithiasis has been confirmed (22). Obesity affects
urinary homeostasis through changes that promote stone for-
mation, such as reduction in urinary pH, and increases in uri-
nary excretion of calcium and uric acid (23). The metabolic syn-
drome, commonly associated with obesity, results in altered re-

1500  http://jkms.org

nal acid-base metabolism, leading to low urine pH and a risk of
uric acid stone disease (24). The age-adjusted prevalence of the
metabolic syndrome in Korea has increased significantly, from
24.9% in 1998, to 29.2% in 2001, 30.4% in 2005, and 31.3% in 2007
(6). In agreement with the findings of an epidemiological study,
our results showed increasing BMI and prevalence of the meta-
bolic syndrome (indicated by hypertension and diabetes melli-
tus) in the past 2 decades. As a result of increasing levels of risk
factors for urolithiasis, such as old age, high BMI, and the meta-
bolic syndrome, urinary lithogenic constituents are also expect-
ed to rise. Surprisingly, our results showed the opposite trend;
urinary excretion of lithogenic constituents and the incidence
of urinary metabolic abnormalities decreased significantly in
the past decade. Our observation that incidentally detected uric
acid renal stones have become more prevalent in recent years
suggests that the increasing incidence of urolithiasis in Korea
might be the result of frequent health-checkup imaging rather
than increasing urinary lithogenic risk. The lack of similar re-
ports of chronological trends of urinary metabolic features in
urolithiasis patients makes it difficult to definitively interpret
our results. Notably, over the past 2 decades, public-health mass-
media campaigns have promoted a wide variety of health be-
haviors, including changes in dietary habits (such as the adop-
tion of low-salt diets, increasing consumption of fruit and vege-
tables, and reducing dietary fat, animal protein, and cholester-
ol-rich food) and lifestyle modification (including the promo-
tion of physical activity and weight control) (7,25-27). Dietary
modification and weight control might lead to correction of ab-
normal urine-metabolite levels. Another factor to consider is
that stone composition seems to have changed during the study
period. In our groups, the proportions of calcium oxalate and
calcium phosphate stones decreased, whereas the proportion
of uric acid stones increased with time. Further research is now
needed to confirm our observations and to determine the causes
of these changes.

Limitations of this study include its retrospective design, which
may have introduced sampling bias. Another concern is that
metabolic analysis and stone analysis were performed only in
selected patients who were considered likely to benefit from a
metabolic evaluation, and this sample would not, therefore, rep-
resent the general population. However, despite these limita-
tions, this is one of the first studies reporting the chronological
trends of urinary lithogenic risk in Korean patients with uroli-
thiasis. Our results provide important information that can be
used to establish appropriate public-health strategies for stone
prevention.

In conclusion, incidentally detected uric acid renal stones
have become increasingly prevalent in the past 20 years, where-
as urinary excretion of lithogenic constituents and the incidence
of urinary metabolic abnormalities have undergone significant
reductions. Better understanding of the chronological trends of
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clinical and metabolic features is critical to establish appropri-
ate public-health strategies for stone prevention.
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