PROGNOSIS AFTER ER FOR SUBMUCOSAL CRC

Cases with recurrence after ER for submucosal CRC

Table 4.
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A, yascending colon; C, cecum; F, female; IM

well-differentiated adenocarcinoma.

, intramucosa; M, male; mod, moderately differentiated adenocarcinoma: por, poorly differentiated adenocarcinoma; R, rectum; S, sigmoid colon; SM, submucosa; well,
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Table 5. Relationship between the depfh of submucosal inva-
sion and positive rate of vertical margin in each macroscopic
type of submucosal CRC

Macroscopic type

Depth of submucosal
Protruded type Superficial type

invasion (pm)

n=286 n=82
~1000 7.1% (11/156) 2.9% (2/68)
1001~2000 10.2% (6/59) 8.3% (1/12)
2001~3000 14.7% (5/34) 0% (0/7)
3001~4000 18.8% (3/16)
4001~ 9.5% (2/21) 0% (0/2)
Total 9.4% (27/286) 3.7% (3/82)

CRC, colorectal carcinoma.

Table 6. Relationship between vertical margin and recurrence
in endoscopically resected submucosal CRC without additional
surgical resection

Vertical margin Recurrence Total
Positive Negative

Positive 13.2) 31 (96.8) 32 (100)

Negative 9 (2.5) 347 (97.5) 356 (100)

There were no intramucosal recurrent cases.
CRC, colorectal carcinoma.

{

macroscopic type (protruded or superficial type) in the 368
cases in which the depth of submucosal invasion was
reported (Table 5). The overall positive rate of vertical
margin was 8.2% (30/368), and the positive rate of protruded
and superficial type lesions was 9.4% (27/286) and 3.7%
(3/82), respectively. There were no significant differences
between each macroscopic type. The positive rate of vertical
margin of the protruded and superficial type lesions with
submucosal invasion =1000 pm was 7.1% (11/156) and 2.9%
(2/68), respectively. The positive rate of vertical margin of the
protruded and superficial type lesions with submucosal inva-
sion >1000 um was 6.2% (16/259) and 4.8% (1/21), respec-
tively. With regard to the relationship between vertical
margin-and recurrence, the recurrence rate for the vertical
margin-positive cases was 3.1% (1/32) and that for the verti-
cal margin-negative cases was 2.5% (9/356). There were no
significant differences between the values for these two
groups (Table 6).

DISCUSSION

This multi-institution questionnaire survey had several limi-
tations. Owing to the retrospective-examination model, the
average follow-up period was 38.7 months, and a central
review was not carried out on the pathological specimens.
However, valuable data were obtained by analyzing the prog-
noses of non-surgical submucosal CRC cases after ER, which
were provided by multiple institutions. Our data showed that
all non-surgical submucosal CRC cases with recurrence after

© 2011 The Authors
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ER did not satisfy the curative conditions according to the
Guidelines for Colorectal Cancer Treatment, 1st Edition by
JSCCR.! As the curative conditions after ER for submucosal
CRC stated in the currently used Guidelines for Colorectal
Cancer Treatment, 2nd Edition by JSCCR, 2009° (a factor of
budding grade was added to the curative condition of the 1st
Edition) were derived from examinations of the cases in
which surgical resection was accompanied by LN metastasis,
micrometastasis was not taken into consideration. Clinical
- verification of the curative conditions can be proved by the
prognosis of the non-surgical submucosal CRC cases after
ER. However, as these results were obtained on the basis of
the histopathological diagnosis in different institutions, we
presumed that a certain amount of scattering existed among
the data from different institutions.

ER is a therapeutic technique as well as an important
diagnostic method that can be used as the total incisional
biopsy. Complete resection of the lesions, including vertical
margin-negative, is indispensable for curative conditions
after ER for submucosal CRC. Currently, among the factors
in the curative conditions, only the depth of submucosal inva-
sion can be diagnosed prior to the surgical operation. LN
metastasis of submucosal CRC with invasion depth deeper
than 1500 pm and 2000 pm was not observed under certain
conditions when the histological grade at the deepest inva-
sive portion was taken into consideration.® Our data showed
that the incidence of the histopathological vertical margin-
positive was 8.2%, and there was no significant relationship
between the vertical margin-positive and recurrence. This
result may show that there is a difference between the histo-
logically vertical margin-positive and submucosal residual
tumors on the colorectal wall. To avoid local recurrence after
ER, it is important to observe an ulcer in detail using
colonoscopy. A previous report has described that residual
tumors caused by incomplete ER have a higher growth
potential than tumors before ER.” Therefore, to avoid a
potential disadvantage to the patients, the preoperative diag-
nosis must be carried out precisely, and an appropriate
therapy must be selected.

Regarding surveillance for non-surgical submucosal CRC
cases after ER, the results obtained in this study revealed that
distant metastasis or death due to primary disease within
3 years after ER was observed in 89% of the patients
showing recurrence. Therefore, surveillance must be strictly
carried out for 3 years after ER for submucosal CRC with
non-curative condition. The examinations conducted in other
institutions revealed that in many cases, recurrence took
place within 5 years after ER.3% Currently, there is no con-
sensus as to the ideal surveillance method and period after
ER for submucosal CRC.

This unstable questionnaire survey had several limitations.
However, the current status regarding the mid-term progno-
sis after ER for submucosal CRC without additional surgical
operation in Japan is not available. To investigate curative
condition after ER for submucosal CRC and the appropriate
interval between surveillances, a long-term prognosis survey
from a large number of cases must be analyzed in the near
future.

S OKA ET AL.

CONCLUSION

This questionnaire survey was conducted in institutions affili-
ated with the Colorectal Endoscopic Resection Standardiza-
tion Implementation Working Group in JSCCR. The results
obtained by analysis of the prognosis of the non-surgical
submucosal CRC cases after ER proved that there is no risk
of recurrence, and that surveillance could be carried out
without additional surgical resection when the lesions satis-
fied the curative conditions after ER for submucosal CRC
according to the Guidelines for Colorectal Cancer Treat-
ment, 1st Edition by JSCCR,! and recurrence was observed
within 3 years after ER.
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Impact of insulin resistance, insulin and adiponectin on
kidney stones in the Japanese population
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Objectives: It has been reported that kidney stones are linked to metabolic syndrome (MetS), which is characterized by
insulin resistance. The aim of the present study was to examine the association of insulin resistance, insulin and adiponec-
tin with kidney stones in a Japanese population.

Methods: From February 2007 to March 2008, 1036 (529 men and 507 women) apparently healthy Japanese subjects,
aged 35-79 years, were analyzed. Weight, height, waist circumference and blood pressure were measured. Overnight
fasting blood was collected to measure insulin and adiponectin levels. Homeostasis model assessment of insulin resis-
tance (HOMA-IR) was calculated to assess insulin resistance. Logistic regression analysis was used to estimate the odds
ratio (OR} and 95% confidence intervals for a self-reported history of kidney stones across tertiles of HOMA-IR, insulin and
adiponectin.

Results: Ofthe participants, 84 men (15.6%) and 35 women (6.9%) had a history of kidney stones. Age, body mass index,
waist circumference, systolic and diastolic blood pressures, HOMA-IR and insulin were significantly higher in women with
than in women without kidney stones. There was no difference in adiponectin level between subjects with and without a
history of kidney stones in either sex. Furthermore, a significant positive trend was observed in the age-adjusted OR for a
history of kidney stones across insulin tertiles (P-value for trend = 0.04) in women.

Caonclusions: For Japanese women, HOMA-IR and insulin are associated with a history of kidney stones. The findings
suggest that MetS components could increase the risk of kidney stones through subclinical hyperinsulinemia and insulin

resistance.

Key words: adiponectin, insulin, insulin resistance, kidney stone, metabolic syndrome.

introduction

Kidney stones are a common urological problem with a
lifetime prevalence of approximately 10% in men and
5-6% in women, and their prevalence has been increasing
in many developed countries.'” In Japan, as in other
countries, the age-standardized annual incidence of first-
episode upper urinary tract stones was 81.3 per 100 000
men and 29.5 per 100 000 women in 1965, and it rose
steadily to reach 165.1 per 100000 men and 65.1 per
100 000 women in 2005.* Around the same period, a rapid
increase in the prevalence of obesity in Asian countries -
including Japan, where obesity traditionally had not been
common — was reported.’ Furthermore, 24.4% of middle-
aged Japanese men and 12.1% of middle-aged Japanese
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women appeared to have metabolic syndrome (MetS) in
2006.5

Kidney stone disease has been linked to the major MetS
components, including obesity, hypertension and diabetes
mellitus (DM), in several epidemiological studies.'® A
positive relationship between a self-reported history of
kidney stones and the number of MetS components has also
been observed in a cross-sectional analysis.!! MetS is char-
acterized by high insulin resistance and compensatory
hyperinsulinemia.'* Based on this evidence, high insulin
resistance and hyperinsulinemia might raise the risk for
kidney stone formation. In contrast, adiponectin might
protect against the development of kidney stones, because it
is the most abundantly circulating adipokine showing an
mverse association with adiposity and body mass index
(BMI)_B

Given the rapid increase in the prevalence or incidence of
kidney stones and the prevalence of MetS in many nations,
it is important to clarify the relationships between kidney
stones and MetS. However, the associations of insulin resis-
tance, insulin and adiponectin with kidney stones have not
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been reported. In the present study, associations of MetS
components, insulin resistance assessed by homeostasis
model assessment of insulin resistance (HOMA-IR), insulin
and adiponectin with a self-reported history of kidney
stones were investigated in an apparently healthy Japanese
population.

Methods
Study population

All procedures of the present study were approved by the
Nagoya City University Instiutional Review Board.
Okazaki City, which is located in the central area of Japan,
had a population of 374 358 (189 200 men and 185 158
women) on 1 January 2008. From February 2007 to March
2008, 38920 people (21717 men and 17 203 women)
visited the Okazaki City Medical Association Public Health
Center for a comprehensive health examination. A consent
form and a questionnaire for the present study were ran-
domly sent to 3852 inhabitants aged 35-79 years before
their medical check-up. An answer to the questionnaire
survey was received from 1112 respondents (566 men and
546 women). Participants who did not complete the ques-
tions on medical history of kidney stone disease (4 men and
2 women) and those who did not undergo blood examina-
tions (33 men and 37 women) were excluded. The remaining
1036 participants (529 men and 507 women) were analyzed
in the present study. Written informed consent was obtained
from all participants.

Anthropometrics and biochemistry

Bodyweight (kg), height (cm) and waist circurnference (cm)
were measured to the nearest 0.1 kg and 0.1 cm, respec-
tively. BMI was calculated as the weight in kilograms/height
in meters squared. Blood pressure (BP; mmHg) was mea-
sured in the morning after 10 min of rest in the sitting
position. Overnight fasting venous blood samples were col-
lected in the morning. After serum was separated, glucose,
triglyceride, total cholesterol, high-density lipoprotein
(HDL) cholesterol and uric acid levels were immediately
measured with a Hitachi autoanalyzer model 7700 (Hitachi
Medical, Tokyo, Japan). Serum insulin was measured by a
chemiluminescence enzyme immunoassay kit (FUJIREBIO,
Tokyo, Japan). Blood was collected in plasma tubes and
stored at —80°C until analysis of adiponectin levels. The
concentrations of plasma adiponectin were measured using
commercially available ELISA kits (Otsuka Pharmaceutical,
Tokyo, Japan). HOMA-IR! was used to assess insulin resis-
tance. The HOMA-IR value was calculated as fasting insulin
(LWU/mL) X fasting glucose (mmol/L) / 405.1

Components of MetS were diagnosed using the Evaluate
Diagnostic Standards for MetS in Japan,” and participants
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were classified as patients with MetS if they had central
obesity (waist circumference =85 cm in men, =90 ¢m in
women) and two or more of the three following components:
(i) high BP (=130 mmHg systolic and/or =85 mmHg dias-
tolic or self-reported antihypertensive medication use); (ii)
high triglyceride level (=150 mg/dL or self-reported anti-
high triglyceride medication use) or low HDL-cholesterol
(<40 mg/dL. or self-reported anti-low HDIL-cholesterol
medication wuse); and (iii) fasting hyperglycemia
(=110 mg/dL or self-reported diabetic medication use).

Ouestionnaire

The subjects’ medical histories were obtained by a self-
administered questionnaire that was partially supported and
reconfirmed by a personal interview with a trained exam-
iner. Participants who responded “‘yes” to the question
“Have you ever had kidney stone disease?” were defined as
having had an episode of kidney stones. Age at first kidney
stone or family history of kidney stones was not ascertained.
History of and medication for hypertension, DM and dys-
lipidemia were also self-reported. In women, menopausal
status was also checked.

Statistical analysis

All data were analyzed by sex. The demographic variables
were calculated and tabulated between subjects with and
without a self-reported history of kidney stones. Categorical
variables were compared using the y*-test or Fisher’s exact
test, and mean values of continuous variables were com-
pared between groups using Student’s r-test. Pearson’s cor-
relation coefficients were calculated between two variables.
Based on HOMA-IR, insulin and adiponectin, participants
were grouped into tertiles. The Mantel-Haenszel %*-test was
used to check trends in the prevalence of self-reported
history of kidney stones across HOMA-IR, insulin and adi-
ponectin tertiles. Age-adjusted odds ratios (OR) and 95%
confidence intervals (CI) for a self-reported history of
kidney stones across HOMA-IR, insulin and adiponectin
tertiles were estimated using logistic regression analysis. To
test linear trends across HOMA-IR, insulin and adiponectin
tertiles, the median of each tertile was used as a continuous
variable. Because the distributions of HOMA-IR, insulin
and adiponectin were skewed, log-transformed HOMA-IR,
insulin and adiponectin were used and subsequently back-
transformed for interpretation of the results. All statistical
analyses were carried out using the Statistical Analysis
System, version 9.1 (SAS Institute, Cary, NC, USA), and
significance was defined as P < 0.05.

&%

Hasylis

e

Of the participants, 84 men (15.6%) and 35 women (6.9%)
had a history of kidney stones. In men, there were no
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significant differences between subjects with and without a
history of kidney stones (Table 1). In contrast to men, age,
BMI, waist circumference, systolic and diastolic BP,
HOMA-IR and insulin were significantly higher in women
with than in women without a history of kidney stones
(Table 2). On the other hand, adiponectin was no different
between the two groups of either sex (Tables 1,2).
The prevalence of overweight, obese, hypertension, DM,
dyslipidemia or MetS was no different between the two
groups in men (Table 1). In contrast to men, the prevalence
of obesity and MetS in women tended to be higher in the
kidney stone group (P=0.06 and 0.07, respectively:
Table 2). Postmenopausal status was significantly more fre-
quent in women with a history of kidney stones (P = 0.02:
Table 2).

Figure | shows scatter plots with the r-value for corre-
lation coeflicients between natural logarithm (In) HOMA-
IR, In (insulin), In (adiponectin) and age (Fig. la—c), BMI
(Fig. 1d-1), waist circumference (Fig. 1g-i) and systolic BP
(Fig. 1j-1) by sex. In both sexes, HOMA-IR and insulin
were correlated positively with BMI, waist circumference
and systolic BP. In contrast, adiponectin was correlated
negatively with BMI and waist circumference in both

€5 2010 The Japanese Urological Association

sexes. The r-values for correlation coefficients between In
(HOMA-IR), In (insulin), In (adiponectin), and age
(Fig. 1a—c), In (adiponectin) and systolic BP (Fig. 11) were
low.

In each of the HOMA-IR tertiles, the prevalence of self-
reported history of kidney stones and age-adjusted OR
(95% CI) are shown in Table 3. In men, the prevalence and
age-adjusted OR for history of kidney stones were not
different across HOMA-IR tertiles. Although upper
HOMA-IR tertiles had the highest prevalence of self-
reported history of kidney stones and the highest age-
adjusted OR in women, no significant trend was found
(P-value for trend = 0.09 and 0.14, respectively: Table 3 &
Fig. 2a). Table 4 shows the prevalence of self-reported
history of kidney stones and age-adjusted OR (95% CI)
across insulin tertiles. In women, significant positive trends
were observed for the prevalence of self-reported history of
kidney stones and age-adjusted OR across insulin tertiles
(P-value for trend = 0.03 and 0.04, respectively: Table 4 &
Fig. 2b). In each of the adiponectin tertiles, no significant
trends were observed for the prevalence and age-adjusted
OR for a history of kidney stones in either sex (Table 5 &
Fig. 2¢).
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Discussion

The present study was carried out to explore associations
between MetS components and a history of kidney stones in
an apparently healthy Japanese population with a smaller
BMI than Caucasians and Africans. Positive associations of
obesity estimated by BMI and waist circumference, systolic
BP and diastolic BP with a history of kidney stones were
found in Japanese women.

Previous epidemiological studies also showed that the
effect of obesity, hypertension and DM on kidney stones was
present predominantly in women.*'*'¢" The Health Profes-
sionals Follow-up Study (HPES) and the Nurses’ Health
Study (NHS) I and II showed that the relative risk for a
patient with kidney stones who weighs more than 100.0 kg
vs a patient with kidney stones who weighs less than 68.2 kg
was 1.44 (95% CI, 1.11-1.86) in men, 1.89 (95% CI, 1.52~
2.36) in older women and 1.92 (95% CI, 1.59-2.31) in
younger women.® BMI and waist circumference were also
associated with stone formation, predominantly in women
rather than in men in the prospective studies.® Another
study mvolving approximately 6000 patients with urinary
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stone disease showed that obesity (men> 120 kg,
women > 100 kg) was more prevalent among female
patients than male patients (3.8% of men and 12.6% of
women); furthermore, the mean number of stone episodes
was significantly higher in women over 100 kg than in
women under 85 kg (2.93 vs 3.38), but not in men."” The
Third National Health and Nutrition Examination Survey
showed that stone formers had a 69% increase in self-
reported hypertension compared with non-stone formers
among women, but not among men.'¢ Diabetes was associ-
ated with prevalent stone disease in both sexes and an
increased risk of incident kidney stone formation in women
in the HPFS and the NHS."

The mechanism of sex differences for the effect of
obesity, hypertension and DM on kidney stone disease is
uncertain. BMI was associated positively with urinary
oxalate excretion in both sexes, but this relationship per-
sisted only in women after adjusting for urinary phosphate
and uric acid excretion.’® In fact, the urinary excretion of
lithogenic factors depending on body size was also different
in the two sexes. In the present study, MetS components did
not differ between male subjects with or without kidney

© 2010 The Japanese Urological Association
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stone history, due in part to the small number of subjects. Primarily, the basis for sex differences in kidney stone
With an increased number of study subjects, the differences formation is unclear, though kidney stones are more
might reach significance in men. However, impacts of Mets common in men than women. Some hormonal factors might
components on kidoey stone formation in men would not be be involved. In the present study, women with a history of
greater than those in women. kidney stone formation were older than women without a
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Fig. 2 Age-adjusted odds ratio for a self-reported history of
kidney stones across tertiles of (a) homeostasis model assess-
ment of insulin resistance {(HOMA-IR)}, (b) insulin and (c) adi-
ponectin. (&), Men; (@), women.

history of kidney stone formation, and postmenopausal
status was significantly more frequent in women with a
history of kidney stone formation. Estrogen, which reduces
urinary excretion of calcium, is considered a protective
factor for kidney stone formation.'® Therefore, menopause
could be a risk for kidney stone formation by increasing
urinary calcium excretion in women.?*?! However, no inde-
pendent association was observed between menopause or
postmenopausal hormone use and the risk of kidney stone
formation.”” In the present study, data regarding postmeno-
pausal hormone use were lacking; however, only approxi-
mately 5% of postmenopausal Japanese women have been
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reported to take hormone replacement therapy.” Because
age at the first onset of kidney stone was not surveyed in the
present study, we could not examine these issues accurately.

Relationships of insulin resistance as assessed by
HOMA-IR and insulin with history of kidney stone forma-
tion were also identified in the present study; HOMA-IR and
insulin were significantly higher in women with a history of
kidney stone formation, but not in men. Furthermore, the
age-adjusted OR for history of kidney stone formation
showed a positive trend across insulin tertiles (P-value for
trend = 0.04: Table 4 & Fig. 2b) in women. Although the
age-adjusted OR of women with a self-reported history of
kidney stones increased across HOMA-IR tertiles, the
P-value for the trend did not reach significance (P-value for
trend = 0.14: Table 3 & Fig. 2a). In the present study, the
“gold standard” for assessment of insulin resistance, the
glucose clamp method, was not used,? and diabetic patients
were not excluded. HOMA-IR might not be appropriate for
assessing insulin resistance in advanced diabetic patients,
because HOMA-IR relies on the product of fasting glucose
and insulin. Therefore, HOMA-IR as a parameter of insulin
resistance could have affected the results of the present
study. However, many previous studies have shown that
HOMA-IR has a close correlation with the insulin resistance
measured using the glucose clamp method in patients with
or without DM, 1425

The mechanism of hyperinsulinemia and insulin resis-
tance on kidney stone formation has been described. High
insulin resistance and hyperinsulinemia could contribute to
the development of calcium stones by lowering urinary
citrate  excretion” or increasing urinary calcium
excretion.”®* In both sexes, HOMA-IR and insulin were
positively correlated with BMI, waist circamference, and
systolic and diastolic BP in the present study (Fig. 1)
However, the prevalence of self-reported hypertension, DM
and dyslipidemia was not associated with kidney stones in
either sex, due in part to the small number of patients.

In contrast, adiponectin was not different between sub-
jects with and without a history of kidney stones in either
sex, though we might have expected adiponectin to show a
negative relationship with kidney stones. In both sexes, adi-
ponectin was negatively correlated with BMI and waist cir-
cumference in the present study (Fig. 1). However, r-values
for correlation coefficients between In (adiponectin) and
obesity estimated by BMI and waist circumference were
lower than those between In (HOMA-IR), In (insulin) and
obesity in both sexes (Fig. 1). Therefore, the effect of adi-
ponectin on kidney stones through obesity could not be
detected. In the present study, the participants were appar-
ently healthy; larger numbers of subjects with hypoadi-
ponectinemia are needed to correctly evaluate the effect of
adiponectin on kidney stone disease.

The limitations of the present study are as follows. First,
a history of kidney stones by self-reported questionnaire is

© 2010 The Japanese Urological Association
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susceptible to recall bias. However, a self-reported history of
kidney stones was validated in a previous study.’’ Second,
the present study was limited by several absent data. Kidney
stones form in response to environmental and/or metabolic
risk factors, such as diet and fluid intake. The traditional
Japanese diet has changed remarkably to a Western-style
diet rich in animal fat and dairy foods in the post-World War
11 era.*? Therefore, diet is an essential variable to investigate
the risk for kidney stones in a prospective study. Because the
present study was cross-sectional, adjustment for dietary
factors that might alter the development of kidney stones
could not be carried out. Data on kidney stone composition
were also lacking; however, both calcium oxalate and
calcium phosphate stones accounted for over 90% of all
kidney stones in Japanese patients in 2005. No urinalysis
data were available. Thus, whether HOMA-IR, insulin and
adiponectin affect urinary pH and calcium excretion was not
determined in the present study.

© 2010 The Japanese Urological Association

In Japanese women, a history of kidney stones was posi-
tively associated with obesity, high BP, HOMA-IR and
insulin, and there was a significant positive trend in age-
adjusted OR for a history of kidney stones across insulin
tertiles. The present result suggests that MetS components
could increase the risk of kidney stones through subclinical
hyperinsulinemia or insulin resistance in Japanese women,
Because of the cross-sectional design of the present study, the
risk of hyperinsulinemia and insulin resistance for kidney
stone formation needs to be confirmed in a prospective study.
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Associations of apolipoprotein A5 (APOAS), glucokinase (GCK)
and glucokinase regulatory protein (GCKR) polymorphisms and
lifestyle factors with the risk of dyslipidemia and dysglycemia
in Japanese - a cross-sectional data from the J-MICC Study
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Abstract. This study examined the associations of the APOAS5 T-1131C (rs662799), G553T (Cys185Gly, rs2075291), GCK
G-30A (151799884), GCKR A/G at intron 16 (rs780094) and T1403C (Leud46Pro, 1s1260326) polymorphisms with serum
lipid and glucose levels in Japanese, considering lifestyle factors. Study subjects were 2,191 participants (aged 35-69 years,
1,159 males) enrolled in the Japan Multi-Institutional Collaborative Cohort (J-MICC) Study. Dyslipidemia was defined as
fasting serum triglycerides (FTG) > 150 mg/dl and/or HDL-cholesterol (HDL-C) < 40 mg/dl, while dysglycemia was as
fasting blood sugar (FBS)> 110 mg/dl. When those with APOAS5 -1131 7/T or 553 G/G were defined as references, those with
APOAS -1131 T/C, C/C or 553 G/T, T/T demonstrated significantly elevated risk of dyslipidemia (age- and sex-adjusted odds
ratio: 1.77 [95% confidence interval:1.39-2.27], 3.35 [2.41-4.65], 2.23 [1.64-3.02] and 13.78 [3.44-55.18], respectively).
Evaluation of FTG, HDL-C or FBS levels according to the genotype revealed that FTG and HDL-C levels were significantly
associated withthe APOA5T-1131C and G553T polymorphisms, FTG with the GCKR rs780094 and rs1260326 polymorphisms,
and FBS with the GCKR rs780094 and rs1260326 polymorphisms. Moreover, a significant positive interaction between
APOAS 553 G/T+I/T genotypes and fat intake > 25% of total energy for the risk of dyslipidemia was observed. Our cross-
sectional study confirmed the essential roles of the polymorphisms of the APOA5, GCK and GCKR in the lipid or glucose
metabolism disorders, and suggested the importance of fat intake control in the individualized prevention of dyslipidemia.

Key words: APOAS, GCK(R), Single nucleotide polymorphisms, Dyslipidemia, Dysglycemia

IN THE RECENT DECADES, sedentary lifestyles
became more and more common, and lifestyle-related

diseases including coronary heart disease (CHD) or
cerebrovascular diseases still remain as one of the big-
gest threats of deaths for humans both in developed and
developing countries. Numbers of studies established
that disruptions in the controls of lipid profiles and blood
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glucose levels increase the risk of these diseases [1, 2].
Recent genome-wide association studies (GWAS)
revealed that GCK and GCKR are potential loci for
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modulating serum triglyceride or fasting serum glu-
cose levels [3]. Among these loci, GCK G-30A
(rs1799884), GCKR A/G at intron 16 (rs780094) and
T1403C (Leud46Pro, rs1260326) polymorphisms have
been well investigated [4, 5]. The association between
polymorphisms in GCK and GCKR genes with the risk
of type II diabetes is also reported [6, 7]. Meanwhile,
two single nucleotide polymorphisms (SNPs) in the
APOAS gene, APOAS T-1131C (1s662799) or APOAS
G553T (rs2075291) polymorphisms, are shown to
modulate the lipid profiles in Japanese or Chinese sub-
jects [8-10]. While a considerable number of studies
have demonstrated significant changes in lipid pro-
files according to the APOAS5 T-1131C genotype, how-
ever, there are still few reports about the influence of
APOAS G553T polymorphism on the lipid profiles or
blood glucose levels. Besides, there exist no studies
ever that investigated the gene-environment interaction
between these polymorphisms in APOAS, GCK and
GCKR genes and lifestyle factors on the risk of lipid or
glucose metabolism disorders.

[n 2005, we launched the Japan Multi-Institutional
Collaborative Cohort (J-MICC) Study, a large genome
cohort study to confirm and detect gene-environment
interactions in lifestyle related diseases, mainly cancer,
which is supported by a research grant for Scientific
Research on Special Priority Areas of Cancer from
the Japanese Ministry of Education, Culture, Sports,
Science and Technology [11].

In this study, we examined the associations of the
polymorphism in GCK, GCKR and APOAS5 genes with
. the lipid profiles and blood glucose levels, considering
lifestyle factors, in a large Japanese sample using the
cross-sectional data of the J-MICC Study.

Subjects and Methods

Study subjects

Subjects were participants of J-MICC Study, in
which voluntarily enrolled participants aged 35-69
years from 10 areas of Japan provided their blood and
their lifestyle data based on the questionnaire after
informed consent [11]. The study is expected to enroll
100,000 participants throughout Japan and follow up
the participants until the year 2025. Among the 60,000
participants already enrolled, 4,519 subjects were arbi-
trarily selected, which consisted of about 500 subjects
from each area, and genotyping of 108 selected poly-
morphisms were conducted for these subjects [12].

From these 4,519 subjects, 2,120 were excluded due to
lack of serum laboratory data, 332 were due to taking
meals within 6 hours before the blood drawings, and 37
were due to the implausible values of estimated energy
intake (< 1,000 kcal/day or > 4,000 kcal/day), leaving
2,030 subjects eligible for the analyses. Informed con-
sent was obtained from all the subjects and the study
protocol was approved by the Ethics Committees of
Nagoya University School of Medicine and the other
participating institutions. .
Samples and diagnostic criteria

The fasting serum triglycerides (FTG), HDL-
cholesterol (HDL-C) and fasting blood sugar (FBS)
levels were measured using their serum samples, which
was routinely conducted as health check-ups or done
for research in participating institutions. The diagnos-
tic criterion for dyslipidemia is FTG > 150 mg/dl and/
or HDL-C < 40 mg/dl, and that for dysglycemia is FBS
> 110 mg/dl. We adopted these criteria based on the
metabolic syndrome criteria defined by Japan Society
for the Study of Obesity (JASSO) [13], because it is
widely and practically used in Japan, and has been
shown to be predictable of CHD as other world’s rep-
resentative criteria like NCEP-ATP 111, AHA/NHLBI
or IDF criteria [14].

Evaluation of lifestyle exposure

Lifestyle exposures were evaluated with a self-ad-
ministered questionnaire checked by trained staffs.
The questionnaire included items on smoking status,
alcohol consumption and food consumption. Smoking
status was classified as current, former or never, and
level of exposure was evaluated in pack-years. Former
smokers were defined as people who had quitted smok-
ing for at least 1 year. Alcohol consumption of each
type of beverage was determined by average number
of drinks per day, and then converted into the Japanese
sake unit; ‘gou’ (180 ml), which is equivalent to 23g
of ethanol. Intakes of energy and macronutrients were
estimated based on responses to a food frequency ques-
tionnaire (FFQ), whose validity and reproducibility to
estimate nutrient intakes have been well tested and con-
firmed [15-18]. The correlation coefficients between
the FFQ and 3-day food records were 0.49 for energy,
0.61 for Y%energy from fat and 0.86 for %eenergy from
carbohydrate in men. The corresponding figures in
women were 0.44, 0.48 and 0.66 [16].
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Genotyping of polymorphisms

DNA was extracted from buffy coat with a BioRobot
M48 Workstation (QIAGEN Group, Tokyo). The geno-
typing of APOAS, GCK and GCKR polymorphisms
was conducted by the RIKEN institute using multiplex
polymerase chain reaction-based Invader assay (Third
Wave Technologies, Madison, WI) as described previ-
ously [19]. The genotype distributions of all the 108
polymorphisms examined in this cross-sectional study
are shown in the recently published data [12].

Statistical analysis

Logistic regression analysis was performed for esti-
mating age- and sex-adjusted odds ratios (aORs) and
95% confidence intervals (CIs) for dyslipidemia or dys-
glycemia by genotype. Gene-environment interactions
were assessed by the logistic model, which included
a multiplicative interaction term as well as variables
for each genotype, age, sex, and smoking and drink-
ing habits. The average levels of lipid profiles (FTG
and HDL-C) and FBS according to genotype were pre-
sented as means + standard deviations (SD). The lev-
els of lipid profiles and FBS according to genotype
were tested by the analysis of covariance (ANCOVA)
adjusting for age, sex, smoking and drinking behaviors.
Age adjustments in the analyses were done with ages
regarded as continuous variables. Accordance with
the Hardy-Weinberg’s equilibrium, which indicates an
absence of discrepancy between genotype and allele
frequencies, was checked using the ¥ test. Haplotype
analysis using genotypes in two loci was calculated by
the ‘haplologit’ command of STATA adjusted for age
and sex based on the EM algorhythm [20]. The linkage
disequilibrium (LD) between the polymorphisms in two
loci (D’ and #°) was estimated by the “pwld’ command
of STATA. In assessing gene-environment interaction,
mdicator variables were used to delineate each single
exposure (each of gene and environment) and doubly-
exposed (both gene and environment) categories to fit
the logistic model. The interaction was calculated as
the degree of departure from multiplicity of effects as
is represented by the beta-coefficient of the doubly-ex-
posed indicator variable, the exponential form (= ORs
for interaction) and the significance level (= P-value)
of which were described as the main results for it. We
adopted the criteria adjusted by Bonferroni’s correction
for the P-values in the analyses conducted under confir-
matory contexts (i.e., in calculating the aORs of APOAS,
GCK and GCKR polymorphisms [single SNPs] for dys-

lipidemia and dysglycemia: practically, we adopted
the significance levels of P-values less than 0.0025 for
these analyses which derive from 0.05 / 5 [number of
single SNPs] * 2 [homozygous minor & heterozygous]
* 2 [dyslipidemia & dysglycemial); P-values less than
0.05 were considered as significant in the other analy-
ses. All the calculations were done using the STATA
version 10 (Stata Corp, College Station, TX).

Results

Characteristics of the subjects and allele frequency of
the APOAS, GCK and GCKR polymorphisms

The characteristics of the subjects are summa-
rized in Table 1. The mean age + standard deviation
was 55.3 = 8.9 years, and the females were 45.6% in
the whole subjects. The genotype frequencies were
43 4% in T'T, 44.2% in T/C, and 12.4% in C/C for the
APOAS T-1131C polymorphism, which was in Hardy-
Weinberg’s equilibrium (-7/31C allele = 0.345, y* =
0.893, P = 0.345), 88.1% in G/G, 11.4% in G/T, and
0.5% in 7/T for the APOAS G553T polymorphism (in
Hardy-Weinberg’s equilibrium; 5537 allele = 0.062,
=0.736, P = 0.391), 68.4% in G/G, 28.6% in A/G, and
3.0% in A/A for the GCK G-30A (1rs1799884) polymor-
phism (in Hardy-Weinberg’s equilibrium; -304 allele =
0.173, x> < 0.001, P = 0.983), 29.1% in 4/4, 49.2% in
A/G, and 21.8% in G/G for the GCKR 15780094 A/G
polymorphism (in Hardy-Weinberg’s equilibrium; G
allele = 0.464, x== 0.268, P = 0.603), and 29.3% in
/T, 494% in T/C, and 21.3% in C/C for the GCKR
rs1260326 T1403C (Leud446Pro) polymorphism (in
Hardy-Weinberg’s equilibrium; /403C allele = 0.460,
x? = 0.059, P = 0.807). The allele frequencies were
similar to those among the genotyped 4,519 subjects;
0.345 for APOAS -1131C, 0.069 for APOAS 5537,
0.189 for GCK -30A4, 0.449 for GCKR G, and 0.445 for
GCKR 1403C [12].

APOAS, GCK and GCKR polymorphisms, lipid pro-
files and bload glucose levels
When those with APOAS -1131 T/T or APOAS 353

G/G were defined as references, those with APOAS
-1131 T/C, C/C or APOAS5 553 G/T, T/T demonstrated
significantly elevated ORs for dyslipidemia with the
aOR of 1.77 (95%CI 1.39-2.27), 3.35 (2.41-4.63),
2.23 (1.64-3.02) and 13.78 (3.44-55.18), respectively.
When those with GCKR rs780094 A4/4 or GCKR
rs1260326 7/T were defined as references, those with



Hishida

Table 1 Characteristics of the study subjects.

et al.

Characteristics n 3/[1%11605 IE‘ eZm9a2l§ n 3 2%130
Age 553+ 89 352+88 553+89
Energy intake (kcal/day) 1,935.0 + 354.1 1,561.8+ 2239 1,764.9 + 354.4
Fat intake (energy%) 19.7+53 26.0+6.0 226+64
Carbohydrate intake (energy%) 574+6.6 559+£5.0 56.7+6.0
Alcohol intake (g/day) 253+289 37+£118 1544252
Fasting TG (mg/dl) 129.1 + 88.7 94.6 £ 58.2 1134+ 78.2
HDL-cholesterol (mg/dl) 59.4+ 158 69.1 =157 63.8 % 16.5
Fasting blood sugar (mg/dl) 102.0+ 19.8 955+ 177 99.1+19.1
Hbaic (%)* 5.30+0.61 5.23 +£0.50 527 +0.57
Dyslipidemia 313 (28.3%) 118 (12.8%) 431 (21.2%)
Dysglycemia 210 (19.0%) 73 (7.9%) 283 (13.9%)
Smoking

Never 320 (29.0%) 853 (92.2%) 1,173 (57.8%)

Former 488 (44.2%) 27 (2.9%) 515 (25.4%)

Current 297 (26.9%) 45 (4.9%) 342 (16.8%)

The plus-minus values indicate means + SDs.

“The data for Hb A1c Were available in 1,459 subjects (832 males and 627 females).

GCKR 15780094 G/G or GCKR 151260326 C/C dem-
onstrated decreased ORs for dyslipidemia with the
aOR of 0.64 (95%CI 0.47-0.88) and 0.64 (0.47-0.88),
respectively, although the P-values were insignificant
after adjustment for multiple comparisons (Table 2).
Haplotype analysis of the APOAS5 polymorphisms in
these two loci (APOAS5 T-1131C and APOAS G533T)
revealed that the C-G haplotype and the C-T haplotype
was significantly associated with the increased risk of
dyslipidemia with the OR of 1.59 (95%CI 1.35-1.87)
and 2.66 (2.02-3.50), respectively. We also assessed
the LD between these two loci (4P0OAS T-1131C and
APOAS5 G3553T), which revealed that D’ = 1.00 and
¥ =0.13. Haplotype analysis of the GCKR polymor-
phisms in these two loci (GCKR 15780094 and GCKR
rs1260326) revealed that G-C haplotype was signifi-
cantly associated with the reduced risk of dyslipidemia
with the OR of 0.88 (95%CI 0.81-0.95). We also esti-
mated the LD between these two loci (GCKR rs780094
and GCKR rs1260326), which revealed that D’ = (.97
and 2 = 0.92. As for glucose metabolism, those with
APOAS -1131 C/C demonstrated an elevated OR for
dysglycemia with the aOR of 1.52 (95%CI 1.03-2.25)
relative to those with APOAS -1131 T/T, although the
P-values were insignificant after adjustment for mul-
tiple comparisons (Table 3). Evaluation of each com-
ponent of lipid profiles or blood glucose levels accord-
ing to the genotypes revealed that the FTG and HDL-C
levels were significantly associated with APOAS -1131

or 553 polymorphisms (P < 0.001 for all, ANCOVA),
while the blood glucose levels were significantly asso-
ciated with the APOAS -1131, GCKR rs780094 and
1s1260326 polymorphisms (P = 0.006, P = 0.019 and
P =0.003, respectively) (Table 4). HbAlc levels were
not significantly different according to the genotypes
(data not shown). As this study was held in 10 institu-
tions, we also conducted the analyses adjusted for insti-
tutions, the results of which were not substantially dif-
ferent from the unadjusted results.

Gene-environment interaction between lifestyle fac-
tors and polymorphisms of APOA3S, GCK and GCKR

Next we evaluated the gene-environment interac-
tions between APOAS, GCK and GCKR polymor-
phisms and lifestyle factors including dietary factors
and smoking behavior on the risk of dyslipidemia or
dysglycemia. Dietary factors consist of intakes of
energy, fat, carbohydrate and alcohol. A significant
positive interaction on the risk of dyslipidemia was
observed between APOAS 553 G/T+T/T genotypes and
fat intake > 23% of energy, with the OR for interaction
of 3.03 (95% CI1 1.59-3.74, P = 0.001), while signifi-
cant negative interactions of APOAS -1131 T/C+C/C
genotypes with intakes of carbohydrate was observed,
and a marginally significant negative interaction was
observed between APOAS 553 G/T+T/T genotypes and
carbohydrate mtake (Table 3). As for GCK and GCKR
polymorphisms, we found a significant positive inter-
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Table 2 Adjusted odds ratios (aORs) and 95% confidence intervals (95% Cls) of APOAS5, GCK and GCKR polymorphisms for

dyslipidemia.
Genotype Dyslipidemia Noo-  opx  osycrx px aORT  95% CIf pt
lyslipidemia
APOAS rs662799 (T-1131C)
r 132 749 1 referent - 1 referent -
c 211 687 1.77 1.39-2.27 <0.001 1.86 1.45-239  <0.001
c/C 88 163 335 241465 <0.001 3.51 2.52-4.89  <0.001
T/C+ C/C 299 850 2.06 1.63-2.60 <0.001 2.16 1.71-274  <0.001
APOAS5 rs2075291 (G553T)
GG 346 1,443 1 referent - 1 referent -
G/T 78 153 223 1.64-3.02 <0.001 2.28 1.68-3.11  <0.001
T 7 3 1378 3.44-35.18 <0.001 1444  3.58-58.35 <0.001
G+ 1T/ 85 156 241 1.79-3.24 <0.001 247 1.83-3.34  <0.001
GCK rs1799884 (G-30A)
G/G 299 1,089 1 referent - 1 referent -
G/4 116 465 091 0.72-1.16 0466 093  0.72-1.18 0.538
A/A 16 45 127  0.71-228 0421 136  0.75-247 0.309
GCKR 15780094 (A/G at intron 16)
A4 145 445 1 referent - 1 referent -
G/4 207 791 0.81 0.63-1.04  0.095 0.82  0.64-1.05 0.116
G/G 79 363 064  047-0.88 0.005 0.65 047-0.88 0.006
GCKR rs1260326 (Leu446Pro, T1403C)

T 146 449 1 referent - 1 referent -
/C 208 795 0.81 0.64-1.04 0.100 0.82  0.64-1.05 0.108
c/C 77 355 064  047-0.88 0.006 064 047-0.88 0.006

*Adjusted for age and sex; significance level: P < 0.0025 (adjusted for multiple comparisons).
TAdjusted for age, sex, and smoking and drinking behaviors; significance level: P < 0.0025.

Table 3 Adjusted odds ratios (aORs) and 95% confidence intervals (95% Cls) of APOAS, GCK and GCKR polymorphisms for

dysglycemia.
Genotype Dysglycemia dy Sg;’g(; mia 2OR* 95% CI* P* aORT  95% CIf bl

APOAS 15662799 (T-1131C)

T 114 767 1 referent - 1 referent -

7 126 772 1.11 0.84-1.46 0.479 .10 0.83-145 0.503

c/C 43 208 1.52 1.03-2.25 0.037 1.51 1.02-2.24  0.039
APOAS5 12075291 (G553T)

G/G 257 1,532 1 referent - 1 referent -

G/T 25 206 0.69 0.44-1.07 0.101 0.68 044-1.07 0.0%

T 1 9 0.92 0.11-7.69 0.941 092 0.11-765 0938
GCK 151799884 (G-30A)

G/G 193 1,195 1 referent - 1 referent -

G/A 80 501 0.96 0.72-1.27 0.756 0.96 0.72-1.28 0.788

A4 10 51 1.18 0.59-2.37 0.644 1.19  0.59-240  0.625
GCKR 15780094 (A/G at intron 16)

AA 76 514 1 referent - | referent -

G/A 136 862 1.11 0.82-1.51 0.491 .11 0.82-1.51  0.312

GG 71 371 126 0.88-1.79 0.211 125 0.87-1.78 0.225
GCKR rs1260326 (Leud46Pro, T1403C)

T 72 523 1 referent - 1 referent -

C 142 861 126 0.93-1.72 0.138 126  092-1.71  0.148

c/C 69 363 1.35 0.94-1.95 0.102 134 093-1.93 0.111

*Adjusted for age and sex: significance level: P < 0.0025 (adjusted for multiple comparisons).
TAdjusted for age, sex. and smoking and drinking behaviors; significance level: P < 0.0025.
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Table 4 Lipid profiles and serum glucose levels according to genotypes of APOAS, GCK and GCKR.

Genotype n FTG (mg/dl) P* HDL-C (mg/dl)  P* FBS (mg/dl) P*
APOAS 15662799 (T-1131C)
T 881 98.4+55.3 65.5+16.3 97.9+16.5
7c 898 117.1£79.3 <0.001 63.5+16.7 <0.001 99.6+20.3 0.006
ce 251 152.7+118.2 58.8+15.0 101.4+22.7
APOAS 152075291 (G553T)
G/G 1,789 108.9+71.4 64.3+16.4 99.2+194
G/T 231 140.3+102.4 <0.001 60.7£16.6 <0.001 98.5£17.7 0.771
T 10 290.3+207.6 49.2+13.6 94.5+10.4
GCK 151799884 (G-30A)
G/G 1,388 114.9+81.6 63.3+:16.2 98.8+20.3
G/A 581 109.2+71.4 0410 65.1£17.0 0.132 99.4+16.4 0.285
A4 61 118.1+60.2 63.1+15.2 101.8+16.1
GCKR 15780094 (A/G at intron 16)
A4 590 119.8+75.1 64.0+16.4 97.2+17.4
G/A 998 111.7+80.0 0.055 64.0£16.5 0.741 99.4+20.8 0.019
G/G 442 108.6+78.0 63.0£16.1 100.6+17.1
GCKR 151260326 (Leud46Pro, T1403C) )
T 595 119.2+73.5 63.9£16.6 96.9+16.0
7 1,003 112.2+80.7 0.060 64.1£16.5 0.771 99.8+21.2 0.003
c/C 432 108.1+£78.3 62.9£16.1 100.4+21.2

*P values of analysis of covariance (ANCOVA) adjusting for age, sex, smoking and drinking behaviors.
FTG: fasting triglycerides; HDL-C: HDL cholesterol; FBS: fasting blood sugar.

action between GCKR rs780094 A/4 genotype and low
carbohydrate intake (OR for interaction = 1.73; 95%
CI 1.06-2.84, P = 0.030) on the risk of dyslipidemia
(Table 6). We also investigated all the interactions
between APOAS, GCK and GCKR polymorphisms and
the selected lifestyle factors on the risk of dysglycemia,
which resulted in insignificant interactions. The anal-~
yses adjusting for the institutions did not substantially
alter the unadjusted ORs, either.

Discussion

In this study, we found significant associations of
APOAS T-1131C and APOAS G553T polymorphisms
with the risk of dyslipidemia, serum TG and HDL-C
levels, together with the significant associations of
GCK and GCKR polymorphisms with fasting serum
glucose levels. In addition, we observed the significant
association of APOAS5 T-1131C polymorphism with the
risk of dysglycemia.

The associations of 4POAS5 T-1131C polymorphism
and lipid metabolism disorders have already been
reported by several groups [8, 21, 22], and our study
confirmed the influence of this APOA45 T-1131C poly-
morphism on the risk of dyslipidemia. Meanwhile, few

reports have been made about the association between
APOAS5 G553T polymorphism and the risk of dyslipi-
demia to date [9, 10] Our study revealed that the influ-
ence of this APOAS G553 T polymorphism on the gene-
sis of lipid disorder is remarkably strong, even stronger
than the APOAS T-1131C polymorphism, although the
minor allele frequency is rather lower than the APOAS
T-1131C polymorphism in Japanese. The possible asso-
ciation of APOAS T-1131C with the risk of dysglyce-
mia 1s also in line with the observation in other studies,
suggesting the influence of this polymorphism also on
glucose metabolism [23, 24]. The possible influence of
fat intake on the risk of dyslipidemia through the mod-
ulation of insulin sensitivity and other related pathways
has been already discussed [25, 26], and the present
study results added the novel evidence that genetic fac-
tors involved in lipid metabolism also play important
roles in this fat intake-induced dyslipidemia.

The associations of GCK and GCKR polymorphisms
with glucose metabolism disorders have been also well
described [27, 28], and our study results were in line
with these previous findings, underscoring the mmpor-
tance of these associations. We also observed a possi-
ble risk reduction of dyslipidemia in those with GCKR
rs780094 G/G genotype or GCKR rs1260326 C/C gen-
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Table 5 Effects of APOAS polymorphisms on the risk of dyslipidemia: interactions with dietary intakes and smoking.

APOAS5 T-1131C APOAS GS53T
GenOtypc r C+C/C P interaction GG G+ 17T P interaction
Calorie intake (kcal/day)
< standard body weight * 30
dyslipidemia 58 135 0.969 151 42 0.229
non-dyslipidemia 331 396 658 69
aOR (95%CT) 1 2.05 (1.45-2.90) 1 2.93(1.90-4.54)
> standard body weight * 30
dyslipidemia 74 164 195 43
non-dyslipidemia 418 454 785 87
aOR (95%CI) 097 (0.67-1.42)  2.01 (1.43-2.82) 1.03(0.81-1.32)  2.10(1.38-3.20)
Fat intake (energy%)
<25
dyslipidemia 110 230 0.183 286 54 0.001
non-dyslipidemia 496 557 948 105
aOR (95%CI) 1 1.89 (1.46-2.46) 1 1.75(1.22-2.51)
=25
dyslipidemia 22 69 60 31
non-dyslipidemia 253 293 495 51
aOR (95%CT) 0.57(0.35-0.93)  1.59(1.11-2.28) 0.58 (0.42-0.80)  2.13(1.26-3.59)
Carbohydrate intake (energy%)
<60
dyslipidemia 77 208 0.016 223 62 0.073
non-dyslipidemia 534 586 1,016 104
aOR (95%CI) 1 2.54 (1.89-3.40) 1 290 (2.03-4.15)
>60
dyslipidemia 55 91 123 23
non-dyslipidemia 215 264 427 52
aOR (95%CI) 1.45(0.98-2.14)  2.02(1.43-2.86) 1.08 (0.84-1.40)  1.74 (1.03-2.93)
Alcohol intake (g/day)
<23
dyslipidemia 72 203 0.754 213 62 0.256
non-dyslipidemia 585 679 1,141 123
aOR (95%CI) 1 2.45(1.82-3.29) 1 2.82(2.00-3.99)
>23
dyslipidemia 60 96 133 23
non-dyslipidemia 164 171 302 33
aOR (95%CI) 2.03(1.37-3.03)  3.20(2.23-4.60) 1.63(1.24-2.13)  2.64 (1.50-4.63)
Smoking status
Non-smoker
dyslipidemia 81 226 0.118 241 66 0.605
non-dyslipidemia 636 745 1,238 143
aOR (95%CI) 1 2.41(1.82-3.18) 1 2.42(1.74-3.37)
Current smoker
dyslipidemia 51 73 105 19
non-dyslipidemia 113 105 205 13

aOR (95%CI)

2.61 (1.72-3.95)

4.12(2.79-6.07)

1.93 (1.45-2.57)

5.82(2.80-12.07)

aOR: Adjusted Odds Ratio (adjusted for age and sex);
95% CI: 95% confidence interval.
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Table 6 Effects of GCKR polymorphisms on the risk of dyslipidemia: interactions with dietary intakes.

GCKR 15780094 GCKR 151260326
Genotype G/A+G/G A/A Pipteraction I/C+ C/C r Pinteraction
Fat intake (energy%) '
<25
dyslipidemia 224 116 0.750 224 116 0.561
non-dyslipidemia 750 303 746 307
aOR (95%CI) 1 1.26 (0.97-1.64) 1 1.29 (0.99-1.68)
>25
dyslipidemia 62 29 61 30
non-dyslipidemia 404 142 404 142
aOR (95%CI) 0.72 (0.52-1.00)  1.06 (0.68-1.66) 0.73 (0.53-1.02)  1.03 (0.66-1.62)
Carbohydrate intake (energy%)
=60
dyslipidemia 100 46 0.030 98 43 0.070
non-dyslipidemia 327 152 326 153
aOR (95%CI) 1 0.92 (0.62-1.38) 1 0.98 (0.66-1.46)
<60
dyslipidemia 186 99 187 98
non-dyslipidemia 827 293 824 296
aOR (95%CI) 0.86 (0.65-1.14)  1.38(0.99-1.92) 0.89 (0.67-1.18)  1.37 (0.98-1.91)

aOR: Adjusted Odds Ratio (adjusted for age and sex),
95% CI: 95% confidence interval.

otype as shown in Table 2, which seems to be explained
by the reduction in serum TG levels observed in Table
4. This is in the similar direction to the previous study
results that revealed higher serum TG levels in those
with GCKR rs780094 7/T [29] or GCKR rs1260326
/T genotype [5], although the P-values were insignifi-
cant after adjustment for multiple comparisons.

Our examination of the gene-environment interac-
tion revealed a positive interaction between APOAS
G553T polymorphism and fat intake, while negative
interactions between APOAS polymorphisms and car-
bohydrate intake were also observed. We speculate
these results would indicate that if those with APOAS
G553T high risk genotypes (APOAS5 553 G/T and 7/7)
take higher amount of fat, the risk of dyslipidenua
increases much more than in those with the low risk
genotype. The possible negative (inverse) interaction
between APOAS G553T polymorphism and carbohy-
drate intake observed would be just the reflection of
this effect of fat intake. The statistically significant
inverse interaction between APOAS T-1131C polymor-
phism and carbohydrate intake would also be explained
as the reflection of the theoretically possible interac-
tion between the APOAS T-1131C polymorphisms and
fat intake as suggested by our study results. The sig-

nificant interaction observed between GCKR rs780094
A/4 genotype and low carbohydrate intake on the risk
of dyslipidemia might also be the reflection of the pos-
sible positive interaction between these GCKR gen-
otypes and high fat intake although not indicated by
the data on Table 6. While a considerable number of
studies have demonstrated that higher fat intake is one
of the unfavorable risk factors for atherosclerosis or
cardiovascular diseases in humans [30, 31] and some
studies have demonstrated the influence of GCKR and
APOAS polymorphisms on the postprandial serum TG
[32], no previous large population-based observational
study seem to have clarified the interaction of these
polymorphisms and daily nutrient intakes on the serum
TG levels. Our findings would add a novel evidence
of genetic predisposition to dyslipidemia induced by
high fat intake. These results would possibly provide
clues for the establishment of personalized prevention
of lipid disorders in the near future.

Consideration of the biological aspects of 4APOAS5,
GCK and GCKR polymorphisms is as follows. APOAS
interaction with heparan sulfate proteoglycans (HSPGs)
is shown to facilitate apoC-II activation of lipopro-
tein lipase (LPL), resulting in accelerated triacylglyc-
erol hydrolysis [33]. The APOAS T-1131C and G553T
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polymorphisms are located in the promoter region and
the translated region of APOAS, respectively, and thus
the APOAS T-1131C polymorphism is thought to mod-
ulate the expression of APOAS, while APOAS5 G553T
polymorphism is speculated to affect the function of
APOAS35 by the substitution of Cys for Gly [10]. As
for GCK and GCKR, GCKR normally exists in the
nucleus suppressing the GCK function by binding to
GCK in the fast, postabsorptive phase, and when a car-
bohydrate containing meal comes during the ingestive
or postprandial phase, the GCKR-GCK interaction is
loosened, thus allowing GCK to bind glucose, adopt
the catalytically active closed form, and exit from the
nucleus to generate glucose-6-phosphate for glycogen
synthesis and glycolysis [34]. The GCKR rs1260326
and rs780094 polymorphisms are located in the coding
region (Leu/Pro at codon 446) and intron 16 of GCKR
respectively, and these two SNPs are in strong linkage
disequilibrium, thus making it difficult to determine
which SNP is responsible for the functional change of
GCKR at present [5].

Consideration of the technical aspects is as fol-
lows. In this study 431 subjects with dyslipidemia /
1,599 subjects without dyslipidemia, and 283 subjects
with dysglycemia / 1,747 subjects without dysglyce-
mia were enrolled. The statistical power for 431 cases /
1,599 non-cases is more than 99% when a genotype fre-
quency among the controls is between 20% and 80%,
and more than 85% when a genotype frequency among
the controls is between 10% and 90% under the same
conditions. Moreover, the power for the Wald-test
to detect the interaction with the magnitude of effect
observed between APOAS 553 G/T+T/T genotypes and
fat intake > 25% of energy on the risk of dyslipidemia
(OR = 3.03, standard error = 0.99) resulted in more
than 90% (92.2%), based on the power function for-
mula of Wald-test for interaction [35, 36]. Similarly,
the power for the interaction between APOAS5 -1131 7/
C+C/C genotypes and carbohydrate intake > 60% of
energy on the risk of dyslipidemia (OR = 0.55, stan-
dard error = 0.14) resulted in more than 60% (67.7%),
and that for the interaction between GCKR rs780094
A/A genotype and carbohydrate intake < 60% of energy
on the risk of dyslipidemia (OR = 1.73, standard error
= (.44) resulted in more than 50% (58.3%). The sta-
tistical power for this sample can be considered strong
enough if we examine the association between one
exposure (gene or environment) and the outcome (dis-
ease). When we consider examining gene-environ-

ment interaction, the power for this sample is con-
sidered sufficient to detect the interaction between
APOAS 553 G/T+T/T genotypes and fat intake > 25%
of energy on the risk of dyslipidemia. Additional stud-
ies might be required, however, to confirm the other
two interactions observed (those between APOAS
-1131 7/C+C/C genotypes and carbohydrate intake >
60% of energy, and between GCKR rs780094 A/A gen-
otype and carbohydrate intake < 60% of energy on the
risk of dyslipidemia). We adopted the criteria adjusted
by Bonferroni’s correction for the p-values only in the
analyses conducted under confirmatory contexts (i.e.,
in calculating the aORs of APOAS, GCK and GCKR
polymorphisms [single SNPs] for dyslipidemia and
dysglycemia in Table 2 & Table 3). Considering that
there are a number of criticisms suggesting that cor-
rection of multiple comparisons by Bonferroni proce-
dures is sometimes too conservative [37, 38], and the
wide use of Bonferroni procedures may even be aggra-
vating the tendency of researchers not to present non-
significant results because presentation of more tests
with nonsignificant results may make previously ‘sig-
nificant’ results ‘nonsignificant’ under Bonferroni pro-
cedures [39], our judgment may well be justifiable.

In conclusion, our cross-sectional study revealed the
essential roles of the polymorphisms of the APOAS,
GCK and GCKR in the dysregulations of lipid profiles
and blood glucose levels in Japanese, and subsequent
combined analyses with lifestyle factors suggested
the importance of the gene-environment interaction
between the APOAS / GCKR polymorphisms and
dietary intake in the individualized prevention of these
lipid metabolism disorders. Further investigations are
also expected to confirm these interactions,
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