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Abstract To clarify the association between regional
variations in urolithiasis incidence and nutrition intake, we
evaluated associated data from Japanese national surveys.
The incidence of urolithiasis in 12 regions of Japan was
calculated from 2005 patient data obtained from 430 hos-
pitals (n = 92,797). Nutrition intake data were obtained
from the National Health and Nutrition Survey. We
examined the association between urolithiasis incidence
and average intake of various types of food or nutrients by
region. Continuing surveys in Japan reveal fixed variations
in urolithiasis incidence among geographic regions. The
national average of patients with urolithiasis was estimated
as 203.1 per 100,000 citizens. Regarding food, intake of
fruit correlated negatively with the incidence of urolithiasis
(r = —0.721, p = 0.008), while intake of eggs (r = 0.537,
p = 0.072) and sugar (r = 0.475, p = 0.119) tended to
positively correlate with incidence. Regarding nutrients,
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intake of potassium (r = —0.500, p = 0.098), vitamin K
(r = —0.562, p =0.057), and pantothenic acid (r =
—0.560, p = 0.058) tended to negatively correlate with
incidence. The incidence of urolithiasis is higher in geo-
graphic areas with populations having low fruit and high
sugar intake.

Keywords Urolithiasis - Urinary tract stone - Etiology -
Nutrition - Nephrolithiasis

Introduction

Urolithiasis is a common nephrologic disorder whose
prevalence is increasing, likely due to lifestyle factors,
including diet and obesity. Because urolithiasis is a com-
plex disease, an understanding of the epidemiology, par-
ticularly of the interactions among different factors, may
help lead to measures that reduce the risk of stone forma-
tion. Diet plays an important role in the pathogenesis of
urolithiasis, and changes in dietary habits have likely
contributed to the substantial increases in urolithiasis
observed over the past several decades [1-3]. Although
previous studies focusing on the effect of dietary measures
(e.g., low animal protein, low sodium, high fluid, high
fiber, or low calcium diets) on risk factors for stone
recurrence in idiopathic calcium urolithiasis have been
conducted [4, 5], studies on the relationship between the
intake of specific foods and incidence of urolithiasis based
on large-scale epidemiological information are lacking.
National surveys in Japan conducted in 1955, 1965, 1975
[6], 1985 [7], 1995 [8, 9], and 2005 [10] have demonstrated
changes in the profile and incidence of urolithiasis among
the Japanese population. We conducted the sixth national
survey of urolithiasis in cooperation with the Japanese
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Society on Urolithiasis Research and the Japanese Urolog-
ical Association in 2005 to evaluate chronological trends of
urolithiasis in Japan [10]. These surveys all revealed that the
incidence of urolithiasis differs by region and that regions
with high or low incidence are fixed. However, previous
studies did not investigate the association between food

Total number of patients

Hospitals were classified into seven strata according to
the number of beds (1-99, 100-199, 200-299, 300-399,
400-499, 500-999, and over 1,000 inpatient beds), and the
numbers of patients were separately estimated for each
stratum of hospital. The total number of patients was
estimated using the following formula [10]:

B ZZ:] (Number of patients reported in ith stratum) x (total number of beds in enrolled ith — stratum hospitals)
N Total number of beds in respondent ith — stratum hospitals

intake and incidence of urolithiasis by region. In the present
study, we evaluated urolithiasis incidence and nutrition data
for each of 12 predefined geographic regions using infor-
mation obtained from the aforementioned Japanese national
surveys to clarify the association between regional varia-
tions in urolithiasis incidence and nutrition intake.

Methods
Urolithiasis incidence by each region

We calculated the incidence of urolithiasis for each of 12
regions (Hokkaido, Tohoku, North Kanto, South Kanto,
Hokuriku, Tokai, North Kinki, South Kinki, Chugoku,
Shikoku, North Kyushu, and South Kyushu, Fig. 1a) using
data derived from the 2005 Japanese national survey [10].
The methods used in this study have been described pre-
viously [10]. Briefly, to estimate the total number of Jap-
anese patients with urolithiasis, the national survey
enrolled all 1,218 hospitals approved by the Japanese
Urological Association in 2004. Among the 1,218 eligible
hospitals, questionnaires were mailed in December 2004 to
702 institutions that had agreed to participate in the
investigation. Final responses were obtained by June 2006
from 430 institutions (35.3 % of the 1,218 eligible hospi-
tals). Data obtained from all patients diagnosed as having
urolithiasis by urologists in the year 2005 were separately
analyzed by each region (n = 92,797 patients at 430 hos-
pitals). The mailed questionnaire asked the respondent
hospitals to report on all patient visits during the year 2005
that resulted in a diagnosis of urolithiasis. The diagnostic
criteria for urolithiasis consisted of radiographic or ultr-
asonographic confirmation or clinical diagnosis by urolo-
gists. Patients with only a history of stone passage (no
stones in 2005) were excluded from the study to arrive at
an estimate of incidence.

@ Springer

Incidence of urolithiasis (upper urinary tract stones) was
then calculated for each of the 12 geographic regions. Our
estimate of the annual incidence did not include patients
with stones who visited only private physicians or hospitals
that were not approved by the Japanese Urological Asso-
ciation; the 1965-1995 national surveys of urolithiasis in
Japan used similar data [6-9].

In addition to the survey, we investigated calculus
components of urolithiasis patients by each region (a total
of 8,877 stones from 174 hospitals).

Nutrition intake by each region

To obtain nutritional data for each of the 12 regions, we
used data from the National Health and Nutrition Survey,
an examination of national health and nutrition conducted
by the Japanese Ministry of Health, Labour and Welfare in
2002 to improve the health of Japanese citizens [11]. The
2002 survey, which obtained the cooperation of 11,491
people, was conducted by nutritionists and registered
dietitians. Briefly, subjects of the survey were members of
randomly sampled households. Researchers distributed a
questionnaire on nutrition status to each household and
explained the purpose of the survey and how to complete it.
Subjects gauged the amounts of food consumed during the
day using scales and filled out the questionnaire based on
this information. The nutrition survey was conducted on
one day in November 2002, and the data were separated by
the 12 previously mentioned regions of residence.

We examined the average nutrition intake of various
types of foods or nutrients by region. Food groups were
classified according to the 2002 National Health and
Nutrition Survey (animal food, vegetable food, potatoes,
sugar, legumes, nuts and seeds, vegetables, fruits, mush-
rooms, algae, seafood, meat, eggs, milk, fats, confection-
ery, beverages, and seasoning) [11]. Nutrient intake was
classified using the standard tables of food composition in
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Fig. 1 Geographic regions of Japan and the national trend of urolithiasis incidence. Geographic regions of Japan (a) and the national trend of
urolithiasis incidence in each region in 1975 (b) [6], 1985 (c) [7], and 2005 (d) compared to the national average of 100

Japan (total energy, protein, lipid, carbohydrate, salt,
potassium, calcium, magnesium, phosphorus, iron, zinc,
copper, vitamins A, C, D, E, K, Bl, B2, B6, and B12,
niacin, folic acid, pantothenic acid, cholesterol, and dietary
fiber) [12].

Association between urolithiasis incidence
and nutrition

We examined the association between urolithiasis inci-
dence and nutrition intake data for each region. The asso-
ciation between stone composition and nutritional data was
also examined. We then analyzed the association among
the incidence rate of each region with the nutritional intake,
including both food and nutrients. Regression lines and
correlation coefficients were evaluated using SAS version
8.2 (SAS Institute Inc., Cary, NC, USA).

Results
Urolithiasis incidence by each region

The coverage ratio of this survey was 36.7 % of inpatient
beds among enrolled hospitals (185,042 beds in respondent
hospitals/504,752 beds in enrolled hospitals). The esti-
mated number of patients with urolithiasis, including both
those with first and recurrent episodes in 2005, was
259,491. In 2005, the Japanese population was
127,767,994; thus, the national average of the number of
patients with urolithiasis per 100,000 individuals was
203.1. The distribution of annual incidence per 100,000
individuals in each of the 12 regions as compared to the
national average is shown in Table 1. The ratios compared
with the total national average (203.1 per 100,000 popu-
lation) are 112.5, 77.8, 54.6, 85.5, 122.1, 118.6, 106.2,
132.1, 123.7,96.9, 93.9 and 163.9 % in Hokkaido, Tohoku,
North Kanto, South Kanto, Hokuriku, Tokai, North Kinki,
South Kinki, Chugoku, Shikoku, North Kyushu and South
Kyushu, respectively. The association of incidences for

men and women was correlated in all 12 regions
(r=0942,p =46 x 1076). The incidence of urolithiasis
was higher in South Kyushu, South Kinki, and Chugoku
and lower in Tohoku, North Kanto, and South Kanto
compared with the national average.

The national trend of urolithiasis incidence from 1975 to
2005 is shown in Fig. 1. Data for 2005 (Fig. 1d) were
compared with data for 1975 (Fig. 1b) and 1985 (Fig. 1c¢),
and the relative incidence was shown to be lower in To-
hoku and Kanto but higher in Kinki and Chugoku for all
reports. The relative incidence in Hokkaido in 1985 and
that in Kyushu in 2005 was higher than in 1975.

Association between food type and incidence
of urolithiasis

We analyzed the association between urolithiasis incidence
and data from the 2002 National Health and Nutrition
Survey for each region (as collected by the Japanese
Ministry of Health, Labour and Welfare). The intakes of
total, animal food, and vegetable food were not correlated
by region with the incidence of urolithiasis (Table 2).
Intake of fruit correlated negatively with the incidence of
urolithiasis (r = —0.72, p = 0.008), while intake of eggs
(r =0.537, p = 0.072) and sugar (r = 0.475, p = 0.119)
tended to be positively correlated with incidence. The
intake of the other foods, including cereals, rice and wheat,
vegetables, seafood (including fish), and meat, showed no
correlation with the incidence of urolithiasis. The associ-
ation of consumption of sugar, fruit, and eggs with the
incidence of urolithiasis is shown by scatter diagrams in
Fig. 2a—c.

Association between nutrients and incidence
of urolithiasis

Table 3 shows the association between nutrient intake and
incidence of urolithiasis by region. Total energy was not
related to the incidence of urolithiasis by region. Intake of
protein, lipid, or carbohydrate, as well as proportions of fat,
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Table 1 Annual incidence (per 100,000) of urolithiasis (upper urinary tract stones) for each of the 12 regions in Japan, in 2005
Hokkaido Tohoku North  South  Hokuriku Tokai North  South  Chugoku Shikoku North South Total for
Kanto  Kanto Kinki  Kinki Kyushu Kyushu Japan
Male 3229 208.8 158.0 2533 3624 3553 309.7 3945 3785 289.8 283.6 493.1 295.5
Female 143.1 110.7 64.9 93.6 1408 128.8 128.0 1512 1343 113.2 107.4 188.3 116.2
Total 228.6 157.9 1109 1737 2479 2409 2157 2683 2513 196.9 190.6 332.8 203.1
Ratio®  112.5 77.8 54.6 855 1221 118.6 1062  132.1  123.7 96.9 93.9 163.9 100.0
(%)
? Compared with the total national average (203.1 per 100,000 population)
:;l‘:::ei fﬁ(s)fioggzo;ngntilg SIS National average® (g/day) r value p value 95 % CI
incidence of urolithiasis by each a1 4mount 2,042.0 0246 0.440 ~0.92, 0.43
resion Animal food 3719 —0416 0179 —2.67,057
Vegetable food 1,670.1 —0.081 0.802 —0.75, 0.60
Cereals 460.5 0.156 0.627 —1.79, 2.83
Rice and processed products 353.6 0.284 0.371 —0.89, 2.17
Wheat and processed products 98.0 —0.354 0.258 —4.97, 1.49
Potatoes 62.5 0.010 0.974 —5.27,5.43
Sugar and sweeteners 72 0.475 0.119 —8.87, 66.74
Legumes 58.9 0.288 0.364 —245,6.11
Nuts and seeds 2.3 —0.273 0.391 —80.96, 34.50
Vegetables 269.7 —0.377 0.227 —3.18, 0.85
Green and yellow vegetables 88.9 —0.166 0.606 —7.50, 4.60
Other vegetables 156.9 —0.298 0.346 —5.22,2.01
Fruits 124.3 —0.721 0.008 —5.94, —1.14
Mushrooms 14.9 0.051 0.875 —15.14, 17.50
Algae 14.6 0.001 0.998 —15.35, 15.38
Seafood” 88.2 —0.434 0.159 —7.32,1.38
Meat 77.5 0.094 0.771 —5.45,7.14
Egg 36.5 0.537 0.072 —0.95, 18.84
Milk 168.5 —0.453 0.139 —3.41, 0.55
95 % CI 95 % confidence Fats 10.9 —0.167 0.605 —60.89, 37.32
interval Confectionery 26.5 0372 0234 —14.39, 3.96
* Data from the National Health g0 00 531.6 0.140  0.665 ~0.57, 0.86
and Nutrition Survey [11] : .
Seasoning spices 87.5 —0.244 0.444 —9.25, 4.38

® Including fish

carbohydrate, and animal protein, to total energy input
showed no correlation with incidence. Intake of potassium
(r = —0.500, p=0.098), vitamin K (r=0.562,
p = 0.057), and pantothenic acid (r = —0.560, p = 0.058)
tended to be negatively correlated with incidence, whereas
all nutrients showed no significant correlation. Association
analyses between the nutrients (potassium, vitamin K, and
pantothenic acid) and the incidence of urolithiasis are
shown by scatter diagrams in Fig. 2d—f.

@ Springer

Association between stone components and nutritional
data

The ratios of uric acid stone patients from an infrared
analysis of the composition of 8,877 upper urinary tract
stones is 4.5 % in total for Japan (5.4, 2.7, 3.5, 3.5, 3.8, 3.1,
5.7, 5.2, 4.1, 21.4, 4.2 and 5.1 % in Hokkaido, Tohoku,
North Kanto, South Kanto, Hokuriku, Tokai, North Kinki,
South Kinki, Chugoku, Shikoku, North Kyushu and South
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Fig. 2 Association analysis of nutritional data with the incidence of
urolithiasis and stone composition. Association analysis of food type
(a—c) and nutrient (d-f) with the incidence of urolithiasis. a Sugar,

Kyusyu, respectively). The findings revealed that the rel-
ative content of uric acid in stones was higher in Hokkaido,
Shikoku, and North Kinki, whereas that the relative content
of calcium was higher in North Kanto, Hokuriku, Tokai,
and North Kyushu. Using this composition data, we then
examined the association between stone components and
nutritional data. Intake of potatoes, vegetables, and con-
fectionery correlated positively with the content of calcium
in stones (r = 0.676, p = 0.016; » = 0.614, p = 0.034;
r = 0.692, p = 0.013, respectively) and negatively with
that of uric acid in stones (r = —0.637, p = 0.026; r =
—0.628, p = 0.029; r = —0.715, p = 0.009, respectively).

Discussion

Geographic differences in urolithiasis occurrence have
been previously reported [13—15]. Variations in the fre-
quency of urolithiasis in geographically diverse regions
could be caused by various factors such as lifestyle,
nutrition, climate [16], or race, but definitive answers
remain elusive. The major ethnicity in all areas of Japan is
Japanese; therefore, ethnicity was not considered to influ-
ence the incidence of urolithiasis in the present study. An
epidemiological investigation has shown that the incidence
of urolithiasis over the past 40 years has escalated, in

Vitamin K (ug/day)

Pantothenic Acid (mg/day)

b fruits, ¢ egg, d potassium, e vitamin K, and f pantothenic acid.
Asterisk indicates the incidence of urolithiasis (per 100,000
population)

Japan, with the increasing adoption of a European-style
diet [17]. Our study focused on regional differences in diet
and examined the relationship between diet and the inci-
dence of urolithiasis in 12 different regions. We also
identified a wide variety of dietary factors that impacted
urolithiasis incidence.

We investigated the total population, including both
men and women. However, no distinction was made
between men and women in the analyses because the
incidences of stones in men and women in each region
were correlated, and the nutrition survey was according to
household, with no breakdown by gender.

Our results show that intake of fruit correlated nega-
tively with the incidence of urolithiasis, while intake of
eggs and sugar tended to be positively correlated with
incidence (Table 2). However, the total amount of animal
food and other foods consumed, such as cereals, vegetable,
seafood, and meat, revealed no correlation with the inci-
dence of urolithiasis. Intake of the nutrients (potassium,
vitamin K, and pantothenic acid) tended to be negatively
correlated with incidence (Table 3). In general, since
91.8 % of urolithiasis consists of calcium oxalate and/or
calcium phosphate in Japan [10], the incidence of urolith-
iasis reflects the incidence of stones composed of calcium.
An inverse relationship occurs between renal potassium
and calcium excretion, which highlights the role of
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Table 3 Association analysis between classified nutrient intake and the incidence of urolithiasis by each region

National average® Unit/day r value p value 95 % CI
Total energy 1,930 kcal —0.389 0.212 1.39, 0.35
Protein 72.2 g —0.404 0.193 —27.00, 6.21
Animal protein 39.0 g —0.430 0.163 —38.00, 7.36
Lipid 54.4 g —-0.272 0.392 —21.42,9.15
Animal lipid 27.2 g —0.186 0.563 —34.92, 20.15
Carbohydrate 271.2 g —0.223 0.486 —7.27, 3.70
Salt 11.4 g —0.434 0.159 113.40, 21.37
Potassium 2,389 mg —0.500 0.098 0.58, 0.06
Calcium 546 mg —0.154 0.632 —1.75, 1.12
Magnesium 259 mg —-0.297 0.348 —5.22,2.02
Phosphorus 1,040 mg —0.424 0.169 —1.58, 0.32
Iron 8.1 mg 0.036 0911 —99.28, 110.05
Zinc 8.5 mg 0.162 0.614 —119.41, 192.13
Copper 1.23 mg —0.249 0.435 —1048.41, 487.48
Vitamin A 939 HngRE —0.025 0.939 —0.67, 0.62
Vitamin D 8.2 ng —0.328 0.298 —38.57, 13.11
Vitamin E 8.2 mgo-TE —-0.413 0.182 —187.12, 40.63
Vitamin K 260 ue —0.562 0.057 —2.30, 0.04
Vitamin B1 0.87 mg —0.395 0.204 —1634.06, 395.66
Vitamin B2 1.21 mg —0.404 0.193 —1683.51, 386.08
Niacin 14.8 mgNE —0.533 0.075 —116.85, 6.61
Vitamin B6 1.17 mg —0.538 0.071 —1592.20, 79.65
Vitamin B12 7.4 ne —0.250 0.434 —68.23, 31.67
Folic Acid 308 ne —-0.411 0.184 —4.44, 0.98
Pantothenic acid 5.66 mg —0.560 0.058 —309.48, 6.40
Vitamin C 101 mg —0.481 0.114 —15.24, 1.90
Cholesterol 338 mg 0.200 0.533 —1.50, 2.72
Dietary fiber 14.2 g —0.399 0.199 —65.85, 15.60
Soluble 3.4 g —0.461 0.131 —263.46, 39.72
Insoluble 10.9 g —0.363 0.246 —84.98, 24.46
The ratio to total energy input
Fat energy 25.1 % -0.167 0.605 —49.32, 30.25
Carbohydrate 59.8 % 0.233 0.466 —24.23, 49.18
Animal protein 523 % —0.375 0.229 —49.79, 13.45

95 % CI 95 % confidence interval, RE retinol equivalent, o-TE alpha-tocopherol equivalent, NE niacin equivalent

4 Data from the National Health and Nutrition Survey [11]

potassium-rich foods, such as vegetables and fruits, in the
prevention of stone formation [11]. Dietary potassium
restriction can increase urolithiasis. Hypokalemia stimu-
lates tubular citrate reabsorption, thereby decreasing uri-
nary excretion of citrate, an important inhibitor of calcium
oxalate stone formation. Food potassium accompanies
organic anions such as citrate, which leads to the metab-
olism of bicarbonates. Thus, consumption of potassium-
containing foods such as fruits and vegetables represents an
alkali load that increases the urinary excretion of citrate.
The European Association of Urology Guidelines on
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Urolithiasis [18] recommends that fruit and vegetable
intake should be encouraged because of the beneficial
effects of fiber. In addition, the alkaline content of a veg-
etarian diet also gives rise to a desirable increase in urinary
pH [19]. Indeed, our survey results support this recom-
mendation: in the present study, vegetable consumption
correlated negatively with uric acid ratio and positively
with the proportion of calcium stones. For vitamin K,
although it has been reported that reduced activity of renal
vitamin K-dependent gamma-glutamyl carboxylase was
observed in calcium oxalate calculi patients [20], the
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significance of vitamin K and pantothenic acid intake for
prevention of urolithiasis remains unclear based on our
findings.

The incidence of urolithiasis in Hokkaido, a colder,
Northern region of Japan, has been shown to be consis-
tently higher than the national average. Nutritionally, fruit
and potassium (114.9 g/day and 2,303 mg/day, respec-
tively) consumption in this region is lower than the national
average (124.3 g/day and 2,389 mg/day). These nutritional
factors may influence the incidence of urolithiasis. Egg and
sugar consumption were also suggested to be associated
with urolithiasis, confirming that a high protein diet is
crucial for stone formation. The impact of carbohydrate on
stone formation was previously shown in Japan, with the
over-consumption of carbohydrates possibly leading to
urolithiasis [21].

Epidemiological and metabolic studies have implicated
the intake of various nutrients in the etiology of urolithia-
sis, including high consumption of animal protein [22, 23]
and fructose [24]. Evidence exists that consumption of
animal protein is closely related to the prevalence of uro-
lithiasis in a given population. High consumption of animal
protein has been consistently associated with an increase in
urinary calcium excretion, with a reduction in both urinary
pH and citrate excretion, and with metabolic changes that
are considered risk factors for calcium oxalate stone for-
mation [25-27].

This study also compared the incidence of urolithiasis
with the regional average consumption of nutrients and
found that while the variation in nutrient intake per person
is large, the variation in average consumption between
regions is small. For example, the average and standard
deviation of protein, lipid, and carbohydrate intake in
individuals ~ was 722 £24.8, 544 +24.8, and
271.2 £+ 88.4 g, respectively, whereas the average and
standard deviation of protein, lipid, and carbohydrate
intake among regions was 72.4 £ 2.2, 53.6 £ 2.6, and
273.2 £ 7.2 g, respectively. Although this study examined
the relationship between diet and incidence by region, the
variation of these factors in individual patients has not been
sufficiently considered. Thus, we are unable to conclu-
sively demonstrate the variation in nutrient consumption
that actually causes urolithiasis in individuals.

This study does not consider changes in urolithiasis
incidence over time or compare incidences between
countries. National surveys in Japan have shown increases
in the incidence of urolithiasis over time, and these
increases are assumed to be caused by nutritional factors,
diagnostic progress, or aging of the overall population [10].
The average national nutritional status in Japan has also
changed from 1965 to 2002. However, nutritional differ-
ences among regions cannot explain the increase in uro-
lithiasis. One of the limitations of the present survey is the

inability to detect regional changes in nutritional status
over time.

The composition of urine is influenced by dietary intake,
and several dietary factors have been proposed for modi-
fying the risk of urolithiasis. Taylor et al. [28] reported that
consumption of a dietary approaches to stop hypertension
(DASH)-style diet, which is high in fruits and vegetables,
moderate in low-fat dairy products, and low in animal
protein, was associated with a marked decrease in the risk
of kidney stone incidence in three distinct cohorts.
A DASH-style diet may reduce stone risk by increasing
urinary volume and citrate content [29]. Furthermore,
urolithiasis may be associated with a diagnosis of sub-
clinical carotid atherosclerosis [30].

Food characteristics may also influence local variations
in urolithiasis incidence. Since dietary factors play an
important role in kidney stone formation, dietary modifi-
cation can also influence the risk of stone recurrence. Thus,
results of epidemiologic studies implicating a relationship
among various nutrients and stone incidence can be applied
in the clinical setting with the goal of reducing the likeli-
hood of stone formation. Nevertheless, randomized trial
data are lacking for most dietary interventions. Dietary
interventions and subsequent evaluations of therapeutic
efficacy should be based on results of multiple 24 h urine
collection and a prospective study for stone recurrence;
therefore, further research is necessary to make definitive
recommendations for dietary modification.

Conclusions

The incidence of urolithiasis is higher in geographic areas
where populations have a low fruit and high sugar intake.
These data are useful as a basis for investigating risk and
nutritional factors associated with urolithiasis.
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