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The prevalence and incidence of nephrolithiasis is reported to be increasing
across the world. Herein, we review information regarding stone incidence
and prevalence from a global perspective. A literature search using PubMed
and Ovid was performed to identify peer-reviewed journal articles containing
information on the incidence and prevalence of kidney stones. Key words
used included kidney stone prevalence, incidence, and epidemiology. Data
were collected from the identified literature and sorted by demographic
factors and time period. A total of 75 articles were identified containing
kidney stone—related incidence or prevalence data from 20 countries;

34 provided suitable information for review. Data regarding overall preva-
lence or incidence for more than a single time period were found for 7 coun-
tries (incidence data for 4 countries; prevalence data for 5 countries). These
included 5 European countries (Italy, Germany, Scotland, Spain, and Sweden),
Japan, and the United States. The body of evidence suggests that the inci-
dence and prevalence of kidney stones is increasing globally. These increases
are seen across sex, race, and age. Changes in dietary practices may be

a key driving force. In addition, global warming may influence these trends.
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across the world. This article reviews information regarding stone incidence

T he prevalence and incidence of nephrolithiasis is reported to be increasing
and prevalence from a global perspective.

Methods

A literature search using PubMed and Ovid was performed to identify peer-
reviewed journal articles containing information on the incidence and prevalence
of kidney stones. Key words used included kidney stone prevalence incidence, and
epidemiology. Data were collected from the identified literature and then sorted
by demographic factors and time period.

Results
A total of 75 articles were identified containing kidney stone-related incidence or
prevalence data from 20 countries; 34 articles provided suitable information for
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review. Data regarding overall preva-
lence or incidence for more than a
single time period were found for 7
countries (incidence data for 4 coun-
tries; prevalence data for 5 countries).
These included 5 European countries
(Italy, Germany, Scotland, Spain, and
Sweden), Japan, and the United States.

Prevalence

In the United States, overall stone
prevalence has doubled since the
1964-1972 time period, and appears
to have stabilized since the early
1980s." Other countries with docu-
mented increases in prevalence in-
clude Germany, Spain, and Italy.*”’
Regional reports from Milan, Italy,
also document an increased preva-
lence.® Only Scotland had a slight de-
crease in prevalence from 3.83% in
1977 to 3.5% in 1987%" (Table 1 and
Table 2).

Countries or regions reporting
prevalence rates for 1 year only
included Iceland; Buenos Aires, Ar-
gentina; Thebes, Greece; Northeast
Thailand; Seoul, Korea; Balearic
Islands, Spain; Hellin, Spain; Taiwan,
China; and Eastern Tennessee
(Table 3).%1-1°

In countries reporting prevalence
rates in the 1980s and 1990s, the
nonweighted, average global preva-
lence was 3.25% in the 1980s and
5.64% in the 1990s.>7*° The highest
prevalence rates across all reports were
for uranium workers in eastern Ten-
nessee (18.5%) and adults in Northeast
Thailand (16.9%) (Table 3).'>"

Incidence

In the United States, overall incidence
increased during 1971 to 1978."%° In
the year 2000, an incidence of 1116
per 100,000 was reported for 18- to
64-year-old employees covered by
2 large insurance carriers.”’ This
incidence is significantly higher than
those from the aforementioned peri-
ods. Studies performed in Rochester,
MN, showed a steady incidence

Table 1

Reported Kidney Stone Prevalence by Country and Year

Country Year Population Prevalence
United States 1964-1972 All 2.62%
1976-1980 All 3.8%
1982 All 5.4%
1988-1994 All 5.2%
Italy 1983 All 1.17%
1993-1994 All 1.72%
Scotland 1977 All 3.83%
1987 All 3.5%
Spain 1977 All 0.1%
1979 All 3.0%
1984 All 4.16%
1987 All 2.0%
1991 All 10.0%
Turkey 1989 All 14.8%
Table 2
Reported Kidney Stone Incidence by Country and Year
Incidence
Country Year Population (Affected Individuals/100,000)
United States 1971 All 122
1977 All 208
1978 All 164
2000 Age 18-65y 116
Germany 1979 Age >14y 120
2000 Age >14y 720
Japan 1965 All 54.2
1971 All 58.6
1975 All 56.4
1980 All 55.7
1985 All 62
1990 All 58.4
1995 All 68.9
2005 All 114.3
Spain 1977 All 810
1980 All 500
1984 All 270
Sweden 1954 All 130
1969 All 200
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Table 3

Reported Regional Kidney Stone Prevalence Rates
per Country and Year

Region Year Population Prevalence
Buenos Aires, Argentina 1998 Age =19y 5.14%
1998 All 3.96%
Thebes, Greece 2005 Age = 14y 15.2%
Iceland 1991 All 3.9%
Milan, Italy 1986 Age =25y 5.9%
1998 Age = 25y 9.0%
Northeast Thailand 1997 Age 17-80 y 16.9%
Seoul, Korea 1998 Age 40-79 y 5.0%
Balearic Islands, Spain 1990 All 14.3%
Hellin, Spain 1996 All 0.26%
Taiwan, China 2002 All 9.6%
Eastern Tennessee 1986 Uranium-exposed 18.5%
workers
Table 4
Reported Regional Kidney Stone Incidence Rates
per Country and Year
Incidence
Region Year Population (Affected Individuals/100,000)
Tajima, Japan 1991 All 141
1993 All 93
Rochester, MN 1950-1954 All 58.7
1955-1959 All 58.4
1960-1964 All 70.3
1965-1969 All 63.4
1970-1974 All 73.4
1970 All 98.7
1980 All 116.5
1990 All 117.1
2000 All 85.1
Seoul, Korea 1998 40-79 y 900
Granada, Spain 1982 All 240
Tudela, Spain 1990 All 510
Marina Alta, Spain 1990 All 280
Saragossa, Spain 2002 All 350
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increase from the 1950s through 1990,
with a drop somewhat in 2000.%***

In Japan, the incidence of
nephrolithiasis has doubled over a
40-year time period, both in men and
women. These increases were most
prominent in the last 10 to 20 years,
with rates among men increasing
sharply since the 1990s, and rates
among women increasing more grad-
ually since the 1980s.%4-2°

Countries or regions reporting inci-
dence rates for only 1 year include
Seoul, Korea, and 4 Spanish cities
(Granada, Tudela, Marina Alta,
Saragossa)*'® (Table 4).

Sex and Age

Iran, Japan, and the United States
had stone incidence reports stratified
by age*?~*** (Figures 1-3). Incidence
rates reported by age group consis-
tently show a rise-and-fall pattern as
a population ages. Age at peak inci-
dence was similar among these 3
countries: Age at peak incidence was
similar among these 3 countries,
ranging from 40 to 49 years, except
for Japanese women for whom the
peak incidence occurred between
ages 50 to 59 years. The actual inci-
dence rate was similar for men age
40 to 49 years in the United States
and Japan but lower in Iran.

Stone prevalence increased with
increasing age in Germany, Iceland,
Iran, Italy, Greece, Turkey, and the
United States (Figures 4-10), although
there is a sharp decrease in prevalence
in Italians, age > 60 years, living in
Milan*>" 12142 (Figyre 11). In Korea,
prevalence rates decreased as men aged,
but increased in women and peaked
at age 60 to 69 years'® (Figure 12). In
the United States, a study during the
1976 through 1980 time period showed
that prevalence rates decreased in
women over age 59 and men over age
69, but by 1991 prevalence rates con-
tinued increasing as the population got
older among all age groups® (Figure 10).

More men form stones than
women. The sex ratios range from
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Figure 1. 2005 Iran kidney stone incidence by age group. A rise-and-fall pattern is observed for reported incidence
rates in Iran during 2005. Peak incidence is observed in the 40- to 49-year-old age group.
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Figure 2. Japan kidney stone incidence by age group. Incidence data reported for Japanese men (A) and women (B)
show a consistent rise-and-fall pattern in every year of reporting. Male peak incidence occurs between ages 40 and
49 years, whereas female peak incidence occurs between ages 50 and 59 years. One can also observe an increase
in incidence over time in both men and women.

27,28

2.5:1 in Japan to 1.15:1 in Iran.
However, there are age ranges in
some countries where this ratio is re-
versed. This occurrence was reported
for 14- to 24-year-olds in Germany,
21- to 30-year-olds in Milan, Italy,
60- to 79-year-olds in Korea, 20- to
29-year-olds in the United States, and
3 age groups in Greece (age < 20, age
30 to 39 years, and age 50 to 59
years).>”#1*+1¢ Although women demon-
strated higher prevalence rates in these
instances, the difference between men
and women was minimal.

Race

Data comparing stone disease differ-
ences between races within one coun-
try were available only for the United
States.” Prevalence and incidence
rates were highest for whites, fol-
lowed by Hispanics, blacks, and
Asians (Figure 13). Of interest, stone
disease rates have nearly doubled in
US blacks in the 60- to 74-year old
age group when comparing the 1976
through 1980 and 1988 through 1994
time periods (Figure 14). White men
have the highest kidney stone inci-
dence rate whereas Asian women have
the lowest rate (Figure 13). Within in-
dividual races, men still have a higher
disease burden when compared with
women from the same race.

Radiographic Studies

Three studies published between
1991 and 2003 examined asympto-
matic stone prevalence rates by
performing ultrasonography on
randomly selected subjects.?' The
stone rates in asymptomatic sub-
jects were 3.0%, 2.1%, and 2.0%
in Pakistan, Denmark, and Japan,
respectively.

Discussion and Conclusions

Our review demonstrates that there
has been an increase in the preva-
lence and incidence of kidney stones
in the United States and other parts
of the world. The cause of these
changes is unclear. Kidney stone
formation is usually due to genetic
and environmental factors. Although
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Figure 3. 1986 United States kidney stone incidence by age group. A rise-and-fall pattern is observed for reported
incidence rates in the United States during 1986. Peak incidence is observed between ages 45 and 49 years.
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Figure 4. Germany kidney stone prevalence by age group. An increasing prevalence is observed for Germans as they

age. This trend is observed in both 1979 and 2001.

genetic factors influence stone risk,
changes in the gene pool occur at a
slow rate. Therefore, it is unlikely to
be the driving force for these trends.
Environmental factors are also varied
and complex, but their influence is
more apparent as changes in these
factors occur over much shorter in-
tervals. We believe that changes in 2
of the most important environmental
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factors—diet and climate—have the
most significant impact on these
trends.

There is historical evidence of the
influence of diet on stone formation.
The first documented increase in stone
disease occurred during the 16th cen-
tury when European Stein-Schneiders
(stone cutters) found that their ser-
vices were more in demand.’? During
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this period, there were improvements
in food production and corn became
a popular food staple.? The increased
consumption of starchy foods derived
from corn promoted obesity, cur-
rently a known risk factor for stone
formation.>*?*

The impact of agricultural modern-
ization remains today, and is reflected
by the epidemic in obesity seen in
many countries, especially the United
States. The prevalence of obesity has
been tracked in the United States
since 1960. Obesity in adults has risen
from 14.6% in the 1971 through 1974
time period to 35.2% in the 2005
through 2006 time period.>® More-
over, a similar trend is present for
children, with 11% to 17.8% being in
the overweight category in the 2005
through 2006 time period.>* The con-
sumption of fast foods and high fruc-
tose corn syrup preparations has been
thought to promote this epidemic. In
the United States alone, the percent-
age of meals coming from fast-food
eateries or restaurants rose from 9.6%
to 23.5% during the timeframe of
1977 to 1996.%° These dietary changes
have also been reported in many
other countries including China,
India, Egypt, Russia, and the Philip-
pines.**?? High fructose consumption
has been demonstrated to be a risk fac-
tor for stone formation.*°

Other dietary risk factors for stone
formation have been identified. There
is strong evidence that diminished
fluid and calcium consumption are
risk factors."**** Increased oxalate
consumption has also been demon-
strated to promote stone forma-
tion.*>*® Epidemiologic studies have
demonstrated that increased sodium
and animal protein intake have an
equivocal impact on stone risk.
However, a randomized prospective
dietary intervention study demon-
strated that reduction of sodium and
animal protein and maintenance of
normal dietary calcium intake
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Figure 5. 1996 Iceland kidney stone prevalence by age group. An increasing prevalence is observed in Iceland as
the population ages. This trend is observed in both men and women.
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Figure 6. 2005 Iran kidney stone prevalence by age group. Prevalence increases with increasing age among Iran’s
population up until age 50 to 59 years, after which it remains stable.

strate an increased intake of sodium
and sodium-rich foods in certain
cohorts.”

attenuates stone activity in recurrent
hypercalciuric stone formers.” There
is evidence that the consumption of

There is evidence that the consumption of animal protein has increased in
a number of countries, paralleling the acceleration of stone disease. There
are also studies that demonstrate an increased intake of sodium and sodium-
rich foods in certain cohorts.

animal protein has increased in a
number of countries, paralleling the
acceleration of stone disease.’®?
There are also studies that demon-

Global climate change is another
environmental factor that affects
stone disease rates. For many years
the concept of global warming has

been debated, and today it is more ac-
cepted as a legitimate phenomenon.
The general consensus is that average
global temperatures have increased.*
In addition, studies have documented
the association between increased
environmental temperatures and
increased kidney stone rates.** Two
recent studies have shown the tempo-
ral relationship between exposure to
high temperatures and the subsequent
development of kidney stones. Evans
and Costabile® compared the time of
arrival of US soldiers to Kuwait and
the time to development of acute
renal colic at a US military hospital.
Doumerc and colleagues® recorded
temperature and number of renal
colic admissions at a French tertiary
care center between 2002 and 2004.
These 2 studies reported time delays
between exposure to higher tempera-
tures and clinical manifestation of
symptoms of 93 days and 2 months,
respectively. Imaging studies to
identify stones prior to exposure to
warmer temperatures were not done
in these studies. Furthermore, epi-
demiologic studies in the United
States have shown that regions with
higher average temperatures have the
highest stone rates.**** The correla-
tion between increased environmental
temperature and increased number of
stone events supports the conclusion
that global warming has an impact
on the development of stones. This
has been recently addressed in a study
by Brikowski and associates.*” They
examined how global warming alters
regional distribution of kidney stones
using a modeling technique. They
predicted that, based on the effects
of global warming, the percentage of
people living in areas designated as
high risk for kidney stone formation
would increase from 40% in 2000 to
56% by 2050, and up to 70% by 2095.
This would result in a significant
“climate-related” increase in kidney
stone events.
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Figure 7. 1993 Italian kidney stone prevalence by age

group. An increasing prevalence with increasing age is
observed in Italy for both men and women.
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Figure 8. 2006 Thebes, Greece, kidney stone prevalence

by age group. An increasing prevalence is observed with
increasing age among those living in Thebes for both men
and women.

Prevalence (%)

50
45
40 —
35
30
25
20
15
10
S_
0 ~—

—— All
—eo— Men
—=— Women

<20 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90+

Age (y)

Figure 9. 1989 Turkey kidney stone prevalence by age

group. An increasing prevalence of kidney stones is ob-
served as the population ages.
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Figure 10. US kidney stone prevalence by age group. In
1978, prevalence in US men and women demonstrates a
rise-and-fall pattern as the population ages, with peak 14

prevalence occurring between age 60 and 69 years in men,
and between age 50 and 59 in women. In 1991, prevalence 12 - 1978 Men
continues increasing with advancing age in men, although 1991 Men
remaining stable in women age > 59 years. 10 —=— 1978 Women
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Figure 11. Milan, Italy, kidney stone prevalence by age
group. An increasing prevalence is observed with increas-

ing age among those living in Milan, but a prevalence 25
decrease occurs after age > 60 years.
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Figure 12. 1998 Korea kidney stone prevalence by age
group. Korean men demonstrated a decrease in stone 10 -
prevalence with increasing age. Korean women demon-
strated a rise-and-fall pattern, with peak incidence occur- All
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Figure 13. US kidney stone prevalence rates by race. Data
for kidney stone prevalence rates show rates being lowest
in Asian women (A) and highest in white men (B). CPS,
Cancer Prevention Study; NHANES, National Health and
Nutrition Examination Survey.

Figure 14. US kidney stone prevalence by race and age
group. An increasing prevalence with increasing age is
observed in US white and black men for both reporting
periods. Prevalence has nearly doubled for black men in
the 60- to 74-year-old age group between the 2 time
periods.
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Our review demonstrated that there
were decreases in stone prevalence
among older age groups. This could
be due to differences in sampling
methods or subjects with stones dying
at a younger age. The latter is cer-
tainly plausible as kidney stone for-
mation has been linked to a number
of medical comorbidities including
obesity, diabetes mellitus, hyperten-
sion, chronic kidney disease, and
cardiovascular problems.>**%3-5¢

The body of evidence suggests
that the incidence and prevalence of
kidney stones is increasing globally.
These increases are seen across sex,
race, and age. Changes in dietary
practices may be a key driving force.
In addition, global warming may in-
fluence these trends. ]
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Main Points

e Overall stone prevalence has doubled in the United States since the 1964 through 1972 time period, although it appears to have
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