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Higher serum phosphorus levels are associated with mortality and
cardiovascular events, both in healthy individuals and those with
chronic kidney disease. Owing to the increasing westernization of
eating habits, a decrease in rice consumption and an increase in
the intake of bread and noodle products were observed in Japan.
This cross-sectional study investigated the influence of staple
food (rice, bread, and noodle) consumption patterns on the serum
levels of phosphorus and phosphate-regulating factors in 103
healthy young participants. Fasting blood and 24-h urine samples
were collected; data about dietary habits were collected using a
brief-type self-administered diet history questionnaire. Cluster
analysis was conducted to assess subgroups classified according
to staple food consumption patterns. Serum levels of phosphorus
and phosphate-regulating factors did not significantly differ
between subgroups classified based on the frequency of rice or
bread consumption. However, the serum levels of phosphorus
and fibroblast growth factor 23 were more significantly elevated
in the higher than in the lower noodle consumption frequency
subgroup. Cluster analysis defined three clusters, and the serum
phosphorus levels in the high-noodle cluster were significantly
higher than that in the high-bread and high-rice clusters. A high
consumption of noodles was associated with elevated serum
phosphorus levels. The trial was registered in the University
Hospital Medical Information Network (UMIN) Center system (The
name of the trial register: Hidekazu Arai, and UMIN accession
number: UMIN000034352).
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yperphosphatemia promotes arterial sclerosis and is
associated with an increased risk of cardiovascular disease.('?
Hyperphosphatemia affects individuals with chronic renal failure.
In several epidemiological studies, high serum phosphorus levels in
patients with chronic renal failure were independently associated
with mortality and cardiovascular events.®™ Interestingly, a similar
association has been observed in participants with normal renal
function who had serum phosphorus levels within the reference
limits,®” which indicates that the dietary intake of phosphorus
must be controlled both in healthy individuals and those with
kidney disease. Thus, the factors influencing serum phosphorus
levels in healthy individuals must be explored.®
In Japan, rice is the major staple food (carbohydrate source),
and it has a lower phosphorus content than breads and noodles.®
In recent years, a decrease in rice consumption and an increase in
the intake of bread and noodle products were observed in Japanese
diets, which are significantly attributed to the westernization of
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eating habits and the growing market for instant and fast food.!?
Recent studies conducted in the US and Germany have revealed
that breads are an important source of dietary phosphorus,
although these foods are more likely to contain relatively low
amount of phosphorus.!? In several Asian countries, noodles are
one of the staple food items.!» Chinese yellow alkaline noodles
contain a phosphorus-containing food additive, which is used as
an alkalizing agent.!¥ Instant noodles have additional phosphorus-
containing food additives, which are used as thickeners, moistur-
izing agents, and colorants.'® Furthermore, cereal processed foods
may contain a phosphorus-containing modified starch.('® Phos-
phorus in food additives exists as inorganic molecules and is more
bioavailable than organic phosphorus occurring naturally.7-'® In
terms of characteristics, the Japanese steamed rice is cooked only
with water without the addition of condiment or soup. Diets
containing a high proportion of breads and noodles as the staple
food instead of rice may be associated with greater intake of
phosphorus, particularly food additive phosphate; however, the
influence of these dietary habits on phosphorus intake and phos-
phate metabolism is not well characterized. Thus, this study aimed
to evaluate the association between staple food consumption
patterns as well as the levels of serum phosphorus and phosphate-
regulating factors in a healthy young adult population.

Materials and Methods

Participants. A total of 109 healthy participants from the
University of Shizuoka and the Yamagata Prefectural Yonezawa
University of Nutrition Sciences were enrolled. All participants
underwent physical measurements, blood sampling, and 24-h
urine collection and were found to have normal renal function. Six
participants had incomplete 24-h urine collection, and the ratio of
24-h urinary excretion of creatinine to the expected creatinine
excretion in these participants, as calculated using Joossens and
Geboers equations,'” was <0.6. Therefore, they were excluded
from the analysis. Finally, 103 participants were included in the
analysis (20 men, 83 women; age range: 19-25 years). The clinical
and biological characteristics of the participants are summarized
in Table 1. All participants provided a written informed consent;
the study protocol was approved by the Ethics Committee of the
University of Shizuoka. The study protocol was in accordance
with the Declaration of Helsinki.
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Table 1. Characteristics of study participants
All subjects (n = 103)

Age (years) 209+1.3
Gender (% females) 80.6 (n = 83)
Height (cm) 161+8
Body weight (kg) 544+7.4
BMI (kg/m?) 209+2.1
Blood
Urea nitrogen (mmol/L) 4.1+1.0
Creatinine (umol/L) 61.9+10.6
Calcium (mmol/L) 2.35+0.07
Phosphorus (mmol/L) 1.29+0.16
iPTH (pg/ml) 34+9
1,25(0H),VD; (pg/ml) 60.7 £ 16.0
iFGF-23 (pg/ml) 49.6+41.4
cFGF-23 (RU/ml) 15.4+13.5
Urine
Creatinine (g/day) 1.16 +0.31
Urea nitrogen (g/day) 7+3
Sodium (g/day) 2.83+0.99
Potassium (g/day) 1.43 +£0.53
Calcium (g/day) 0.10 £ 0.06
Phosphorus (g/day) 0.61+0.18
CCr (ml/min) 127 £ 23
Diet
Rice (9/1,000 kcal) 207 £ 76
Bread (g/1,000 kcal) 17 £17
Noodle (g/1,000 kcal) 26 +23
Protein (% Energy) 13.8+2.5
Fat (% Energy) 27.3+5.8
Carbohydrate (% Energy) 59.0+7.6
Sodium (mg/1,000 kcal) 1,972 + 421
Potassium (mg/1,000 kcal) 1,157 + 296
Calcium (mg/1,000 kcal) 243 +78
Phosphorus (mg/1,000 kcal) 500 + 85

Data presented as % or mean + SD. BMI, body mass index; iPTH, intact
parathyroid hormone; 1,25(0H),VD;, 1a,25-dihydroxyvitamin D;; iFGF-
23, intact fibroblast growth factor 23; cFGF-23, C-terminal fibroblast
growth factor 23; CCr, creatinine clearance.

Protocol. The participants underwent four examinations within
a 1-week period, which were as follows: (1) collection of fasting
blood samples in the morning, (2) 24-h urine collection, (3)
anthropometric measurements, and (4) questionnaires about
habitual diet (brief-type self-administered diet history questionnaire:
BDHQ). The participants were instructed to follow their normal
routine during the study period with no restrictions with respect to
physical activity or dietary intake.

Anthropometric measurements and biochemical blood
parameters. After measuring the body weight and height of
each participant, body mass index (BMI) and body surface area
(BSA) were calculated using the following formulas: BMI = body
weight (kg)/body height (m)?, and BSA = body weight®#** (kg) x
body height®* (cm) x 0.007184. Blood samples were collected
in vacuum blood collection tubes and were centrifuged (4°C,
3,000 rpm, 10 min) immediately. The serum samples were sepa-
rated and stored at —80°C until further processing. Serum levels
of creatinine were measured by enzymatic method, urea nitrogen
by ultraviolet absorption spectrophotometry, calcium and phos-
phorus by colorimetric method, intact parathyroid hormone
(iPTH) by electro chemiluminescence immunoassay, and 10,25-
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dihydroxyvitamin D; [1,25(OH),VD;] by radioimmunoassay.
These serum chemistry measurements were conducted by the
analysis company, SRL Inc. (Tokyo, Japan). The serum intact
fibroblast growth factor-23 (iFGF-23) and C-terminal fibroblast
growth factor-23 (cFGF-23) levels were assessed using an FGF-23
enzyme-linked immunosorbent assay (ELISA) Kit (KAINOS
Laboratories, Inc. Tokyo, Japan) and a Human FGF-23 (C-Term)
ELISA Kit (Quidel, San Diego, CA), respectively, according to
the manufacturer’s instructions.

24-h urine collection. The participants were instructed to
discard the first morning void and to collect all urine during the
subsequent 24 h, including the first void in the next morning. After
weighing the total volume of urine obtained from each individual,
the samples were collected in the vessels for storage at —80°C until
further processing. Urinary levels of creatinine and phosphorus
were measured by enzymatic method, urea nitrogen by ultraviolet
absorption spectrophotometry, sodium and potassium by electrode
method, and calcium by colorimetric method. These urine
chemistry measurements were conducted by the analysis com-
pany, BML Inc. (Tokyo, Japan). Creatinine clearance (CCr) was
calculated using the following formula: CCr (ml/min) = [urine
creatinine (mg/dl) x urine volume (ml/min)/serum creatinine
(mg/dl)] x 1.73/BSA (m?).

BDHQ. Habitual diet during the preceding month was as-
sessed using the BDHQ.*?) The BDHQ includes questions about
general dietary behavior and major cooking methods, frequency
and amount of intake of five alcoholic beverages, and frequency of
consumption of 50 selected food and nonalcoholic beverage items.
The dietary intakes of energy, nutrients, and 55 foods from the
BDHQ, which was based primarily on the Standard Tables of
Food Composition in Japan,® were calculated using a commercial
computer algorithm. The intake of macronutrients was expressed
as percentage of the total energy intake. The intake of micronutri-
ents and foods was energy-adjusted using the energy density
model and was expressed as density (g or mg per 1,000 kcal
energy intake). The BDHQ had a satisfactory ranking ability for the
energy-adjusted intakes of several nutrients and food groups.®®"

Subgroup analyses based on the consumption frequency
and pattern. To evaluate the association between staple food
consumption pattern as well as serum levels of phosphorus and
phosphate-regulating factors, the participants were categorized
based on the consumption frequency of rice, bread, and noodle.
The BDHQ comprised questions about the average amount of rice
consumed per day (did not eat, <1 bowl, 1 bowl, 2 bowls, 3 bowls,
4 bowls, 5 bowls, 6—7 bowls, and >8 bowls) and consumption
frequency of breads (including white bread and Japanese bread
with a sweet filling), Chinese noodles (including instant products),
Japanese wheat noodles (including instant products), and
Buckwheat noodles (including instant products) (did not eat, <1
time/week, 1 time/week, 2-3 times/week, 4-6 times/week, 1
time/day, and >2 times/day). The participants were categorized
into three or two subgroups based on the consumption frequency
of rice (<1 bowl, 2 bowls, and >3 bowls), bread, and noodles
(<2 and >2 times/week). In the analysis of noodle intake, Chinese
noodles, Japanese wheat noodles, and buckwheat noodles were
considered as a single entity. BDHQ also comprised questions
about the frequency of spaghetti/macaroni consumption. However,
the intake of spaghetti/macaroni in our study population was too
low to define it as a separate staple food category from noodles.
Furthermore, in Japan, spaghetti/macaroni may be frequently
consumed not only as a staple food but also as a side dish such
as salad and soup; thus, spaghetti/macaroni was excluded from
the analysis.

For further analysis, cluster analysis was performed to
categorize participants based on staple food consumption patterns.
The amount of rice, bread, and noodle intakes (g/1,000 kcal) were
standardized to z-scores before cluster analysis to obtain equal
weights when distances were calculated. Initially, the Ward’s
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Table 2. Characteristics of the participants disaggregated by the frequency of rice consumption

Consumption frequency

Rice <1 bowl/day 2 bowl/day >3 bowl/day P
Rice (g9/1,000 kcal) 109 (94, 131) 178 (164, 206) 256 (228, 298) <0.001
Bread (9/1,000 kcal) 18 (4, 47) 20 (5, 34) 7 (4, 15) 0.005
Noodle (g/1,000 kcal) 32 (14, 60) 17 (12, 32) 17 (9, 28) 0.040
n (103) 22 34 47
Gender (% females) 90.9 (n = 20) 85.3 (n =29) 72.3 (n = 34)
BMI (kg/m?) 21.2 (19.9, 23.2) 20.2 (19.3, 20.9) 20.4 (19.5, 22.2) 0.100
Blood
Urea nitrogen (mmol/L) 4.0 (3.2,4.8) 3.8 (3.5, 4.6) 4.1 (3.5, 4.9) 0.828
Creatinine (umol/L) 59.2 (53.0, 67.2) 59.2 (54.8, 65.4) 61.0 (54.8, 71.6) 0.430
Calcium (mmol/L) 2.35 (2.27, 2.40) 2.35(2.32, 2.40) 2.40 (2.32, 2.42) 0.108
Phosphorus (mmol/L) 1.26 +0.16 1.29+0.16 1.26 +£0.13 0.737
iPTH (pg/ml) 35 (29, 42) 34 (28, 38) 35 (27, 40) 0.673
1,25(0H),VD; (pg/ml) 55.8 (43.6, 77.1) 55.8 (48.3, 70.2) 61.2 (49.8, 69.2) 0.779
iFGF-23 (pg/ml) 40.3 (31.3, 62.2) 38.2 (32.7, 54.9) 46.8 (31.4, 58.7) 0.728
cFGF-23 (RU/ml) 16.2 (9.0, 23.4) 11.6 (7.3, 16.1) 12.0 (7.8, 17.9) 0.153
Urine
Creatinine (g/day) 1.06 (0.96, 1.22) 1.01 (0.86, 1.16) 1.13(0.99, 1.15) 0.030
Urea nitrogen (g/day) 7 (5, 8) 7 (5, 9) 7 (6, 8) 0.768
Sodium (g/day) 282+1.14 2.92+0.94 2.78 +0.97 0.814
Potassium (g/day) 1.49 (0.95, 1.79) 1.31(1.05, 1.65) 1.42 (1.02, 1.87) 0.809
Calcium (g/day) 0.10 (0.04, 0.12) 0.12 (0.07, 0.16) 0.09 (0.06, 0.13) 0.101
Phosphorus (g/day) 0.58 (0.45, 0.68) 0.52 (0.48, 0.74) 0.59 (0.50, 0.76) 0.391
CCr (ml/min) 129 + 31 122 +19 129 + 21 0.353
Diet
Protein (% Energy) 14.6 (12.5, 17.1) 13.5(11.7, 15.4) 12.9 (11.9, 14.3) 0.085
Fat (% Energy) 33.7 (27.7, 35.4) 27.9 (25.2, 31.0) 24.2 (21.1, 27.9) <0.001
Carbohydrate (% Energy) 53.5+9.6 58.0£6.1 62.3+5.7 <0.001"#5
Sodium (mg/1,000 kcal) 2,353 +492 1,985 + 319 1,784 + 323 <0.001%+8
Potassium (mg/1,000 kcal) 1,263 +313 1,182 + 293 1,089 + 278 0.061
Calcium (mg/1,000 kcal) 255 (215, 308) 260 (205, 310) 210 (157, 268) 0.021
Phosphorus (mg/1,000 kcal) 504 (456, 624) 521 (461, 567) 463 (425, 516) 0.015

Data presented as mean +SD or median (25th-75th interquartile range). BMI, body mass index; iPTH, intact parathyroid hormone;
1,25(0H),VD;, 1a,25-dihydroxyvitamin Ds; iFGF-23, intact fibroblast growth factor 23; cFGF-23, C-terminal fibroblast growth factor 23.
"Tukey's post-hoc test, p<0.05, <1 bowl/day vs 2 bowl/day. *Tukey’s post-hoc test, p<0.05, <1 bowl/day vs >3 bowl/day. $Tukey's post-hoc test,

p<0.05, 2 bowl/day vs >3 bowl/day.

method using the squared Euclidean distance was used to establish
the tree diagram, which was used to choose the number of clusters.
The participants were then categorized via K-means cluster
analysis.

Statistical analysis. The baseline and dietary characteristics
of the study participants were presented as mean + SD. Differences
in sex with respect to serum levels of phosphorus and phosphate-
regulating factors [iPTH, 1,25(OH),VD;, iFGF-23, and cFGF-23]
were assessed using the independent Student’s ¢ test and Mann—
Whitney U test for normally and non-normally distributed
variables, respectively. In the subgroup analyses based on the
frequency of consumption of various staple food items and the
staple food consumption pattern, data about all continuous
variables were tested for normal distribution using the Shapiro—
Wilk test. Data about normally distributed variables were presented
as mean £ SD, and between-group differences were assessed
using the parametric one-way analysis of variance (parametric
ANOVA), followed by Tukey’s post-hoc test or Student’s 7 test.
The Kruskal-Wallis ANOVA or Mann—Whitney U test was used
to assess between-group differences with respect to non-normally
distributed variables even in one subgroup, and the data were
presented as median (25th—75th interquartile range). All analyses,
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including cluster analysis, were only repeated on women due to
the small number of male participants. All statistical analyses were
performed using the Statistical Package for the Social Sciences
software ver. 22.0 for Windows (IBM SPSS, Inc., Chicago, IL). P
values <0.05 were considered indicative of statistical significance.

Results

Characteristics of the participants. The characteristics of
the participants are summarized in Table 1. The study population
comprised 103 participants (mean age: 20.9 years); among them,
80.6% were women, and 87.4% had an ideal body weight
(18.5<BMI<25 kg/m?). The mean serum phosphorus level was
1.29 mmol/L; approximately 10.7% of the participants had serum
phosphorus levels above the reference levels (0.81-1.45 mmol/L),
and none had serum phosphorus levels below the normal limits.
We assessed the differences in sex with respect to serum levels
of phosphorus and phosphate-regulating factors because sex was
not distributed equally. The serum levels of phosphorus, iPTH,
1,25(0OH),VD,, iFGF-23, and cFGF-23 were not significantly
different between male and female participants (data not shown).
The mean 24-h urinary phosphorus excretion was 0.61 g/day. The
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Table 3. Characteristics of the participants disaggregated by the frequency of bread consumption

Consumption frequency

Bread <2 times/week >2 times/week P
Rice (9/1,000 kcal) 233+ 80 182 + 62 0.001
Bread (g/1,000 kcal) 5@3,7) 28 (18, 38) <0.001
Noodle (g/1,000 kcal) 23 (11, 34) 15 (10, 33) 0.138
n (103) 51 52
Gender (% females) 88.2 (n = 45) 73.1(n =38)
BMI (kg/m?) 20.4 (19.1, 21.8) 20.6 (19.5, 22.2) 0.520
Blood
Urea nitrogen (mmol/L) 4.0 (3.3, 5.0) 3.9 (3.5, 4.6) 0.851
Creatinine (umol/L) 61.0 (53.9, 66.3) 59.2 (54.8, 68.1) 0.979
Calcium (mmol/L) 2.37 £0.07 2.35+0.07 0.646
Phosphorus (mmol/L) 1.29+0.16 1.26 +0.13 0.188
iPTH (pg/ml) 35 (28, 40) 34 (27, 40) 0.450
1,25(0H),VD; (pg/ml) 65.0 (51.2, 69.7) 54.3 (47.7, 74.3) 0.192
iFGF-23 (pg/ml) 47.9 (33.9, 59.4) 40.1 (31.3, 54.7) 0.227
cFGF-23 (RU/ml) 13.1 (8.8, 19.9) 11.6 (7.8, 18.4) 0.382
Urine
Creatinine (g/day) 1.02 (0.90, 1.18) 1.13 (0.95, 1.53) 0.036
Urea nitrogen (g/day) 7 (5, 8) 7 (6, 9) 0.080
Sodium (g/day) 2.92 +1.00 2.74 +0.99 0.330
Potassium (g/day) 1.41 (1.06, 1.68) 1.45 (1.02, 1.84) 0.747
Calcium (g/day) 0.10 (0.05, 0.14) 0.11 (0.06, 0.14) 0.642
Phosphorus (g/day) 0.53 (0.45, 0.68) 0.61 (0.51, 0.80) 0.027
CCr (ml/min) 122 +£23 132 + 22 0.038
Diet
Protein (% Energy) 13.0 (11.5, 15.2) 13.8 (12.2, 15.1) 0.166
Fat (% Energy) 26.3+6.6 28.2+4.38 0.096
Carbohydrate (% Energy) 60.2 + 8.6 57.8+6.4 0.102
Sodium (mg/1,000 kcal) 1,955 (1,655, 2,252) 1,911 (1,660, 2,214) 0.553
Potassium (mg/1,000 kcal) 1,097 (907, 1,264) 1,153 (974, 1,422) 0.227
Calcium (mg/1,000 kcal) 222 (169, 274) 245 (181, 311) 0.156
Phosphorus (mg/1,000 kcal) 490 + 89 509 + 82 0.270

Data presented as mean + SD or median (25th-75th interquartile range). BMI, body mass index; iPTH, intact
parathyroid hormone; 1,25(0H),VD;, 1a,25-dihydroxyvitamin Ds; iFGF-23, intact fibroblast growth factor 23;

cFGF-23, C-terminal fibroblast growth factor 23.

mean phosphorus intake estimated from the BDHQ was 500 mg/
1,000 kcal.

Association between the frequency of rice consumption
and phosphate metabolism. We compared the characteristics
of the participants between subgroups classified according to the
frequency of rice consumption (<1, 2, and >3 bowls/day, Table 2).
No significant difference was observed among the three subgroups
in terms of serum levels of phosphorus or phosphate-regulating
factors and 24-h urinary phosphorus excretion. Similar results
were observed among female participants (Supplemental Table 1*).
Bread intake significantly differed among the three subgroups
(Kruskal-Wallis ANOVA, p = 0.005); the subgroup who consumed
>3 bowls of rice per day had the lowest bread intake. In addition,
the intake of noodles differed significantly among the three
subgroups (Kruskal-Wallis ANOVA, p = 0.040); the subgroup
who consumed <1 bowl of rice per day had the highest noodle
intake. Moreover, the percentage of energy intake from fats and
intakes of sodium and phosphorus differed significantly among
the three subgroups (Kruskal-Wallis ANOVA, p<0.001, parametric
ANOVA, p<0.001, and Kruskal-Wallis ANOVA, p=0.015,
respectively), and the subgroup who consumed >3 bowl of rice per
day had the lowest intake. These associations were also observed
among female participants (Supplemental Table 1%).

*See online. https://doi.org/10.3164/jcbn.20-23
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Association between the frequency of bread consump-
tion and phosphate metabolism. We compared the charac-
teristics of the participants between subgroups classified according
to the frequency of bread consumption (<2 and >2 times/week,
Table 3). The serum levels of phosphorus and phosphate-
regulating factors did not differ between these two subgroups. The
subgroup with a higher frequency of bread consumption had a
significant increase in 24-h urinary phosphorus excretion
compared with the subgroup with a lower frequency of bread
consumption (Mann—Whitney U test, p=0.027); however,
this difference was not observed among female participants
(Supplemental Table 2%).

Association between the frequency of consumption of
noodle and phosphorus metabolism. We compared the char-
acteristics of the participants between subgroups classified
according to the frequency of noodle consumption (<2 times/week
and >2 times/week, Table 4). Serum phosphorus levels in the
higher noodle consumption frequency subgroup were significantly
higher than those in the lower noodle consumption frequency
subgroup (Student’s ¢ test, p = 0.049). In addition, serum levels of
iFGF-23 and cFGF-23 were significantly higher in the higher
noodle consumption frequency subgroup than in the lower noodle
consumption frequency subgroup (Mann—Whitney U'test, p = 0.013
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Table 4. Characteristics of the participants disaggregated by the frequency of noodle consumption

Consumption frequency

Noodle <2 times/week >2 times/week P
Rice (9/1,000 kcal) 214 +77 196 + 72 0.243
Bread (g/1,000 kcal) 15 (6, 32) 7 (3, 22) 0.028
Noodle (g/1,000 kcal) 12 (7, 18) 37 (27, 56) <0.001
n (103) 63 40
Gender (% females) 87.3 (n =55) 70.0 (n = 28)
BMI (kg/m?) 20.3 (19.3, 21.7) 20.7 (19.7, 22.7) 0.304
Blood
Urea nitrogen (mmol/L) 40+09 43+1.1 0.261
Creatinine (umol/L) 59.2 (54.8, 66.3) 61.9 (53.9, 71.6) 0.496
Calcium (mmol/L) 2.35+0.07 2.35+0.07 0.992
Phosphorus (mmol/L) 1.26 +£0.13 1.32+0.16 0.049
iPTH (pg/ml) 34 (28, 40) 36 (28, 40) 0.836
1,25(0H),VD; (pg/ml) 59.8 + 16.0 62.0 + 16.1 0.499
iFGF-23 (pg/ml) 39.3 (28.3, 54.6) 48.9 (36.8, 60.9) 0.013
cFGF-23 (RU/ml) 11.0 (7.4, 16.0) 15.7 (10.4, 22.1) 0.008
Urine
Creatinine (g/day) 1.05 (0.89, 1.23) 1.15 (1.01, 1.50) 0.012
Urea nitrogen (g/day) 7 (5, 8) 7 (6, 9) 0.248
Sodium (g/day) 2.65+0.94 3.13+1.01 0.020
Potassium (g/day) 1.30 (1.02, 1.67) 1.51 (1.07, 1.84) 0.159
Calcium (g/day) 0.10 (0.06, 0.14) 0.10 (0.06, 0.14) 0.946
Phosphorus (g/day) 0.58 (0.46, 0.68) 0.60 (0.50, 0.78) 0.144
CCr (ml/min) 124 + 21 132+ 25 0.075
Diet
Protein (% Energy) 13.4 (11.7, 15.0) 13.4 (12.1, 15.3) 0.645
Fat (% Energy) 27.2+6.0 27.3+55 0.937
Carbohydrate (% Energy) 59.1+£8.1 58.9+7.0 0.893
Sodium (mg/1,000 kcal) 1,862 + 378 2,145 + 432 0.001
Potassium (mg/1,000 kcal) 1,130 (966, 1,307) 1,092 (929, 1,397) 0.612
Calcium (mg/1,000 kcal) 248 + 83 235+70 0.429
Phosphorus (mg/1,000 kcal) 500 + 89 499 + 81 0.953

Data presented as mean + SD or median (25th-75th interquartile range). BMI, body mass index; iPTH, intact
parathyroid hormone; 1,25(0H),VD;, 1a,25-dihydroxyvitamin Ds; iFGF-23, intact fibroblast growth factor 23;

cFGF-23, C-terminal fibroblast growth factor 23.

and p = 0.008, respectively). Although 24-h urinary phosphorus
excretion was not significantly different between these two sub-
groups, the 24-h urinary sodium excretion was significantly higher
in the subgroup with a higher frequency of noodle consumption
(Student’s ¢ test, p =0.020). Similar results were observed in
female participants (Supplemental Table 3%).

Association between staple food consumption pattern
and phosphorus metabolism. The tree diagram established
using the Ward’s method of cluster analysis indicated that the
three clusters were the most appropriate groupings. We then
categorized the participants into three subgroups via K-means
clustering analysis using the amount of rice, bread, and noodle
intake (g/1,000 kcal) and compared the characteristics of the
participants between these subgroups (Table 5). Clusters 1, 2, and
3 had a significantly higher intake of noodle, bread, and rice than
the other clusters. Clusters 1, 2, and 3 were labeled high-noodle,
high-bread, and high-rice clusters, respectively. The high-noodle
cluster had a significant increase in serum phosphorus levels
compared with the high-bread and high-rice clusters (parametric
ANOVA, p =0.036; Tukey’s post-hoc test, high-noodle vs high-
bread, p = 0.034; Tukey’s post-hoc test, high-noodle vs high-rice,
p =0.043). The cluster analysis and comparison of female partici-
pants only did not substantially change these results (serum

*See online. https://doi.org/10.3164/jcbn.20-23
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phosphorus levels in the high-noodle cluster vs high-bread or
high-rice cluster; Tukey’s post-hoc test, p = 0.020 and p = 0.053,
respectively, Supplemental Table 4*). The serum levels of
phosphate-regulating factors and 24-h urinary phosphorus excre-
tion was not significantly different between these three subgroups.
The 24-h urinary sodium excretion was significantly higher in the
high-noodle cluster than in the high-bread cluster in only female
participants (Tukey’s post-hoc test, p=10.036, Supplemental
Table 4*). The percentage of energy intake from fats differed
significantly among the three subgroups (parametric ANOVA,
p = 0.013); the high-rice cluster had the lowest.

Discussion

Serum phosphorus levels of >1.26 mmol/L, even if within
the normal limit, may be a risk factor for coronary artery
atherosclerosis in healthy young adults.®?® A previous study
including 441 young Japanese women (aged 18-22 years) reported
mean (£ SD) serum phosphorus levels of 1.29 + 0.13 mmol/L,®®
which is similar to the levels reported in our study population
(1.29 £ 0.16 mmol/L). Furthermore, 53.4% of the participants in
the present study had serum phosphorus levels of >1.26 mmol/L,
and these high levels were associated with a high consumption
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Table 5. Characteristics of the participants disaggregated by the staple food consumption pattern using cluster analysis

Staple food consumption pattern  Cluster 1: high-noodle Cluster 2: high-bread Cluster 3: high-rice p
Rice (g9/1,000 kcal) 155 + 83 147 +37 241 + 66 <0.001*%8
Bread (9/1,000 kcal) 3 (0, 10) 37 (32, 47) 7 (4, 15) <0.001
Noodle (g/1,000 kcal) 84 (72, 92) 18 (10, 33) 17 (9, 28) <0.001
n (103) 10 28 65
Gender (% females) 100 (n = 10) 79 (n = 22) 78 (n =51)
BMI (kg/m?) 21.0 (20.1, 23.4) 20.7 (19.6, 21.9) 20.3 (19.2, 22.0) 0.426
Blood
Urea nitrogen (mmol/L) 43+1.3 3.9+0.8 42+1.0 0.378
Creatinine (umol/L) 57.7 (49.7, 65.0) 58.3 (52.6, 66.1) 61.9 (55.3, 68.1) 0.128
Calcium (mmol/L) 2.38+0.08 2.34 +0.07 2.36 +0.07 0.372
Phosphorus (mmol/L) 1.39+0.17 1.25+0.15 1.27 £0.14 0.036"*
iPTH (pg/ml) 31 (27, 39) 34 (28, 40) 35 (28, 40) 0.706
1,25(0H),VD; (pg/ml) 56.5+17.7 59.3+17.4 61.9+15.2 0.532
iFGF-23 (pg/ml) 44.6 (34.9, 60.4) 40.1 (30.4, 58.5) 45,5 (31.8, 58.8) 0.691
cFGF-23 (RU/ml) 12.9 (11.7, 27.0) 14.3 (10.1, 19.4) 11.7 (7.4, 17.9) 0.246
Urine
Creatinine (g/day) 1.02 (0.95, 1.21) 1.06 (0.88, 1.45) 1.11 (0.95, 1.30) 0.769
Urea nitrogen (g/day) 6 (5, 8) 8(5,9) 7 (6, 8) 0.556
Sodium (g/day) 3.12+1.34 2.59 +0.99 2.89+0.93 0.254
Potassium (g/day) 1.52 (1.10, 1.79) 1.41 (1.05, 1.75) 1.42 (1.02, 1.70) 0.890
Calcium (g/day) 0.11(0.04, 0.13) 0.09 (0.05, 0.14) 0.11 (0.06, 0.14) 0.522
Phosphorus (g/day) 0.51(0.46, 0.61) 0.60 (0.47, 0.78) 0.59 (0.48, 0.71) 0.373
CCr (ml/min) 130+ 35 131+24 125+ 20 0.454
Diet
Protein (% Energy) 15.4(12.8, 17.1) 13.7 (11.9, 15.2) 13.2(11.7, 14.6) 0.092
Fat (% Energy) 28.7+7.4 29.7 +5.2 26.0+5.5 0.0135
Carbohydrate (% Energy) 56.0+9.2 56.4+7.1 60.5+7.2 0.0245
Sodium (mg/1,000 kcal) 2,513 +483 2,015+ 317 1,870 + 388 <0.001"#
Potassium (mg/1,000 kcal) 1,335 (1,096, 1,449) 1,102 (1,001, 1,435) 1,098 (902, 1,285) 0.118
Calcium (mg/1,000 kcal) 292 (192, 330) 261 (194, 304) 221 (167, 279) 0.142
Phosphorus (mg/1,000 kcal) 551 +93 507 + 87 489 + 81 0.085

Data presented as mean +SD or median (25th-75th interquartile range). BMI, body mass index; iPTH, intact parathyroid hormone;
1,25(0H),VD;, 1a,25-dihydroxyvitamin Ds; iFGF-23, intact fibroblast growth factor 23; cFGF-23, C-terminal fibroblast growth factor 23.
Tukey's post-hoc test, p<0.05, high-noodle vs high-bread. *Tukey’s post-hoc test, p<0.05, high-noodle vs high-rice. STukey’s post-hoc test,

p<0.05, high-bread vs high-rice.

of noodles.

Kemi ef al.®» examined the association between mineral meta-
bolism and habitual consumption of two types of dairy products,
mainly including natural phosphate (milk and cheese, excluding
processed cheese) and phosphate additives (processed cheese). A
higher consumption of processed cheese was associated with a
higher mean serum parathyroid hormone concentrations, whereas
the effects of milk and cheese consumption on serum parathyroid
hormone concentrations were contradictory. Karp et al.!'” investi-
gated the acute effects of dietary phosphorus from different
food sources on bioavailability. Despite the similar amount of
phosphorus intake, urinary phosphate excretion in the supplement
session in which the main phosphorus sources were inorganic
phosphate was higher than that in the grain session in which the
main phosphorus sources were oatmeal porridge and non-
fermented rye bread. These results indicate that the effect of food
including phosphate additives on the mineral metabolism differs
from that of foods containing natural phosphorus. A randomized
controlled trial of patients with end-stage renal disease showed
that nutritional care emphasized via education about avoiding
foods with phosphorus additives led to a significant decrease in
serum phosphorus levels after 3 months compared with regular
nutritional care.®

Y. Saito et al.

Moore et al.®® determined the dietary intake of foods mainly
containing organic phosphorus (without phosphate additives) and
those containing inorganic phosphorus (processed food with
phosphate additives) using dietary intake data from the National
Health and Nutrition Examination Survey 2003—2006. Moreover,
they evaluated the association between the source of dietary
phosphorus intake and serum phosphorus levels. Results showed
that cereal and grain products containing inorganic phosphate
additives (including ready-to-eat cereals, quick breads, cakes,
cookies, crackers, and tortilla) significantly increase serum phos-
phorus concentration, even though it is consumed less frequently
than foods without phosphate additives. Inorganic phosphates are
primarily incorporated into cereal products, which are used as
quality improvers for certain types of noodles to enhance texture,
appearance, and flavor. By modifying starch gelatinization and
acting as a chelating agent, phosphates effectively improve dough
processing behaviors and noodle structure and inhibit the discolor-
ation of fresh noodles.?”?® Furthermore, instant noodles have
additional phosphorus-containing food additives, which are used
as thickeners, moisturizing agents, and colorants.!> A survey of
the ingredient and nutrition labels of commercially available
processed food in Indonesia showed that 77% of cereals and cereal
products (including instant noodle) had phosphate-based food
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additive.®

In the present study, high noodle consumption was associated
with elevated serum phosphorus levels but not with 24-h urinary
phosphorus excretion. A possible reason for this could be that
urinary phosphorus excretion reflects the short-term phosphorus
intake state, whereas fasting serum phosphorus levels reflect the
long-term phosphorus intake state. We previously observed that
24-h urinary phosphorus excretion reflected phosphorus intake
over a single day and that morning fasting serum phosphorus
levels were not responsive to changes in the total amount of
dietary phosphorus intake in the previous day.C?

Foley et al.®® showed that serum phosphorus levels >1.26
mmol/L in young adults, even if within the normal limits, may
be a risk factor for coronary artery atherosclerosis. In this study,
the mean serum phosphorus level in the high-noodle cluster was
1.39 mmol/L. Furthermore, in our study, the frequent consump-
tion of noodles was associated with habitual high sodium intake.
High sodium intake is a well-known risk factor for hyper-
tension.®'*» A high consumption of instant noodles is associated
with a higher risk of various cardiovascular risk factors.(+39
Collectively, these results indicate that the frequent consumption
of noodles may increase cardiovascular risk in an additive manner.

Our study had some limitations. First, the study cohort was
relatively small. Second, data about dietary habits were obtained
using the BDHQ, which can be affected by reporting bias. Finally,
this was a cross-sectional study; thus, causality cannot be examined.
Further studies must be conducted to determine if the habitual con-
sumption pattern of staple food affects serum phosphorus levels.

In conclusion, a high consumption of noodles was associated
with elevated serum phosphorus levels. However, further studies
must be performed to determine whether this relationship is causal.

References

1 Cozzolino M, Brancaccio D, Gallieni M, Slatopolsky E. Pathogenesis of
vascular calcification in chronic kidney disease. Kidney Int 2005; 68: 429—
436.

2 Shuto E, Taketani Y, Tanaka R, et al. Dietary phosphorus acutely impairs
endothelial function. J Am Soc Nephrol 2009; 20: 1504—1512.

3 Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM.
Mineral metabolism, mortality, and morbidity in maintenance hemodialysis. J
Am Soc Nephrol 2004; 15: 2208-2218.

4 Stevens LA, Djurdjev O, Cardew S, Cameron EC, Levin A. Calcium,
phosphate, and parathyroid hormone levels in combination and as a function
of dialysis duration predict mortality: evidence for the complexity of the
association between mineral metabolism and outcomes. J Am Soc Nephrol
2004; 15: 770-779.

5 Slinin Y, Foley RN, Collins AJ. Calcium, phosphorus, parathyroid hormone,
and cardiovascular disease in hemodialysis patients: the USRDS waves 1, 3,
and 4 study. J Am Soc Nephrol 2005; 16: 1788-1793.

6 Tonelli M, Sacks F, Pfeffer M, Gao Z, Curhan G; Cholesterol And Recurrent
Events Trial Investigators. Relation between serum phosphate level and
cardiovascular event rate in people with coronary disease. Circulation 2005;
112: 2627-2633.

7 Dhingra R, Sullivan LM, Fox CS, et al. Relations of serum phosphorus and
calcium levels to the incidence of cardiovascular disease in the community.
Arch Intern Med 2007, 167: 879-885.

8 de Boer IH, Rue TC, Kestenbaum B. Serum phosphorus concentrations in the
third National Health and Nutrition Examination Survey (NHANES IIT). Am J
Kidney Dis 2009; 53: 399-407.

9 Standard Tables of Food Composition in Japan -2015- (Seventh Revised
Edition). Tokyo, Japan: Ministry of Education, Culture, Sports, Science and
Technology.  https://www.mext.go.jp/en/policy/science technology/policy/
title01/detail01/1374030.htm Accessed 18 Feb 2020.

10 The National Health and Nutrition Survey in Japan, 2017. Ministry of Health,
Labour and Welfare of Japan. https://www.mhlw.go.jp/content/000451755.pdf
Accessed 18 Feb 2020.

11 McClure ST, Chang AR, Selvin E, Rebholz CM, Appel LJ. Dietary sources

84

Author Contributions

The authors’ contributions to manuscript were as follows:
conceptualization, MS, TY, HK, and HA; methodology, MS and
HA; investigation, YS, MS, YN, and HA; formal analysis, Y'S and
YN; writing-original draft, YS; writing-review & editing, MS,
TY, HK, and HA; funding acquisition, MS; supervision, HA.

Acknowledgments

This work was supported by the Grant-in-Aid for Young
Scientists (B) (grant number: 26750046) from the Japan Society
for the Promotion of Science. The authors would like to thank

Enago (www.enago.jp) for the English language review.

Abbreviations

ANOVA analysis of variance

BDHQ brief-type self-administered diet history question-
naire

BMI body mass index

BSA body surface area

CCr creatinine clearance

cFGF-23 C-terminal fibroblast growth factor-23

ELISA enzyme-linked immunosorbent assay

iFGF-23 intact fibroblast growth factor-23

iPTH intact parathyroid hormone

1,25(OH),VD; 10,25-dihydroxyvitamin D;
Conflict of Interest

No potential conflicts of interest were disclosed.

of phosphorus among adults in the United States: results from NHANES
2001-2014. Nutrients 2017; 9. pii: E95.

12 Trautvetter U, Ditscheid B, Jahreis G, Glei M. Habitual intakes, food sources
and excretions of phosphorus and calcium in three German study collectives.
Nutrients 2018; 10. pii: E171.

13 He Z, Xia X, Zhang Y. Breeding noodle wheat in China. In: Hou GG, ed.
Asian Noodles: Science, Technology, and Processing. NJ: John Wiley &
Sons, Inc., 2010; 1-23.

14 Corke HE, Bhattacharya M. Wheat products: 1. Noodles. In: Ang CYW, Liu
KS, Huang YW, eds. Asian Foods: Science and Technology. PA: Technomic
Publishing, 1999; 43-70.

15 Codex Alimentarius Commission. Codex Standard for Instant Noodles,
CODEX STAN 249-2006. http://www.fao.org/input/download/standards/
10658/CXS_249e.pdf Accessed 18 Feb 2020.

16 Calvo MS, Moshfegh AJ, Tucker KL. Assessing the health impact of
phosphorus in the food supply: issues and considerations. Adv Nutr 2014; 5:
104-113.

17 Karp HJ, Vaihia KP, Kidrkkdinen MU, Niemistd MJ, Lamberg-Allardt CJ.
Acute effects of different phosphorus sources on calcium and bone metabo-
lism in young women: a whole-foods approach. Calcif Tissue Int 2007; 80:
251-258.

18 St-Jules DE, Jagannathan R, Gutekunst L, Kalantar-Zadeh K, Sevick MA.
Examining the proportion of dietary phosphorus from plants, animals, and
food additives excreted in urine. J Ren Nutr 2017; 27: 78-83.

19 Joossens JV, Geboers J. Monitoring salt intake of the population:
methodological considerations. In: de Backer GG, Pedoe HT, Ducimetiere P,
eds. Surveillance of the Dietary Habits of the Population with Regard to
Cardiovascular Diseases. EURO Nut Report 2. Wageningen: Department of
Human Nutrition, Agricultural University, 1984; 61-71.

20 Kobayashi S, Murakami K, Sasaki S, et al. Comparison of relative validity of
food group intakes estimated by comprehensive and brief-type self-admin-
istered diet history questionnaires against 16 d dietary records in Japanese
adults. Public Health Nutr 2011; 14: 1200-1211.

21 Kobayashi S, Honda S, Murakami K, e al. Both comprehensive and brief

doi: 10.3164/jcbn.20-23
©2021 JCBN



22

23

24

25

26

27

28

29

30

self-administered diet history questionnaires satisfactorily rank nutrient
intakes in Japanese adults. J Epidemiol 2012; 22: 151-159.

Foley RN, Collins AJ, Herzog CA, Ishani A, Kalra PA. Serum phosphorus
levels associate with coronary atherosclerosis in young adults. J Am Soc
Nephrol 2009; 20: 397-404.

Ito S, Ishida H, Uenishi K, Murakami K, Sasaki S. The relationship between
habitual dietary phosphorus and calcium intake, and bone mineral density in
young Japanese women: a cross-sectional study. Asia Pac J Clin Nutr 2011;
20: 411-417.

Kemi VE, Rita HJ, Kérkkédinen MU, et al. Habitual high phosphorus intakes
and foods with phosphate additives negatively affect serum parathyroid
hormone concentration: a cross-sectional study on healthy premenopausal
women. Public Health Nutr 2009; 12: 1885-1892.

Sullivan C, Sayre SS, Leon JB, ef al. Effect of food additives on hyperphos-
phatemia among patients with end-stage renal disease: a randomized con-
trolled trial. JAMA 2009; 301: 629—635.

Moore LW, Nolte JV, Gaber AO, Suki WN. Association of dietary phosphate
and serum phosphorus concentration by levels of kidney function. Am J Clin
Nutr 2015; 102: 444453,

Fu BX. Asian noodles: history, classification, raw materials, and processing.
Food Res Int 2008; 41: 888-902.

Wang L, Hou GG, Hsu YH, Zhou L. Effect of phosphate salts on the Korean
non-fried instant noodle quality. J Cereal Sci 2011; 54: 506-512.

Anggraeni D, Andarwulan N, Adawiyah DR. Phosphorus contents of
processed food in Indonesia. Asian J Chem 2017;29: 1771-1778.

Sakuma M, Morimoto Y, Suzuki Y, ef al. Availability of 24-h urine collec-

Y. Saito et al.

31

32

33

34

35

36

tion method on dietary phosphorus intake estimation. J Clin Biochem Nutr
2017; 60: 125-129.

Cook NR, Cutler JA, Obarzanek E, et al. Long term effects of dietary sodium
reduction on cardiovascular disease outcomes: observational follow-up of the
trials of hypertension prevention (TOHP). BMJ 2007; 334: 885-888.

He FJ, MacGregor GA. A comprehensive review on salt and health and
current experience of worldwide salt reduction programmes. J Hum
Hypertens 2009; 23: 363-384.

Jackson SL, Cogswell ME, Zhao L, et al. Association between urinary
sodium and potassium excretion and blood pressure among adults in the
United States: National Health and Nutrition Examination Survey, 2014.
Circulation 2018; 137: 237-246.

Arai K, Maeda E, Iwata T, Tanaka O, Murata K, Sakamoto M. Impact of
dietary behaviors on dyslipidemia in Japanese male workers. Ann Trans! Med
Epidemiol 2014; 1: 1003.

Shin HJ, Cho E, Lee HJ, et al. Instant noodle intake and dietary patterns are
associated with distinct cardiometabolic risk factors in Korea. J Nutr 2014;
144: 1247-1255.

Huh IS, Kim H, Jo HK, ef al. Instant noodle consumption is associated with
cardiometabolic risk factors among college students in Seoul. Nutr Res Pract
2017; 11: 232-239.

This is an open access article distributed under the terms of the
@ @@@ Creative Commons Attribution-NonCommercial-NoDerivatives
BY NC ND

License (http://creativecommons.org/licenses/by-nc-nd/4.0/).

J. Clin. Biochem. Nutr. | January 2021 | vol. 68 | no. 1 | 85
©2021 JCBN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


