Early Detection of Superficial SCC by NBI

and the GI tract.”"> We previously reported that NBI was useful for
identifying HNSCC atan early stage.® Watanabe et al'!” also reported
the usefulness of NBI rhinolaryngovideoscopy for the diagnosis of
HNSCC. Yoshida et al'® reported that NBI improves the accuracy of
magnifying WLI in the assessment of ESCC.

However, the diagnostic yield of NBI in the early detection of
superficial SCC has not been investigated. We conducted a prospec-
tive randormized study to directly compare WLI and NBI in the early
diagnosis of SCC in the H&N region and the esophagus among high-
risk patients.

Study Rationale

Because ESCC patients frequently develop multiple intraesophageal SCC
and second primary HNSCC synchronously and metachronously,*'*** they
provide a good cancer screening model. Whereas massively invasive SCC is
easy to detect by endoscope, superficial cancer has been difficult. Furthermore,
detection of high-grade intraepithelial neoplasia (HGIN) is clinically impor-
tant because HGINs have the potential to become malignant invasive can-
cers.2»** Therefore, in this study, we targeted only macroscopic superficial
cancer including HGIN that appeared as slightly elevated lesions lower than 5
mm, flat lesions, and lesions with a shallow depression. Lesions with an
apparent elevation greater than 5 mm or those with apparent deeper ulceration
were not evaluated.

The primary analysis of this study wasa comparison of the detection rates
of superficial cancer (HGIN, carcinoma in situ, and microinvasive SCC) using
WLI and NBL The secondary analysis was a comparison of the diagnostic
accuracy (sensitivity and specificity) of the two imaging methods, size of the
lesion detected, and the examination time. To evaluate diagnostic accu-
racy, we used the histologic diagnosis from a biopsy specimen as the gold
standard diagnosis.

Study Populations

The protocol and consent form for this study were approved by the
institutional review board at each participating institution, and written in-
formed consent was obtained from all patients. The inclusion criteria were
histologically confirmed present or previous ESCC and an age of 20 years or
older. Although this study included patients with advanced ESCC, we evalu-
ated only concomitant superficial cancer but not primary advanced cancer.
Patients who had been previously treated for ESCC by endoscopic mucosal
resection were included, because their esophagus was preserved with minimal
damage. Patients with prior chemotherapy, radiotherapy, chemoradiother-
apy, or surgical resection for ESCC or HNSCC were excluded, because their
esophagus or pharynx was removed or too damaged to evaluate. Patients
referred from another hospital with newly diagnosed ESCCwere also included
because they required more detailed examination (Fig 1) . The endoscopists
were blinded to the endoscopic information. Patients with esophageal stric-
ture, esophageal varices, or allergy to lugol dye solution were excluded.

Study Design

Patients were randomly assigned to receive primary WLI or primary
NBI To investigate whether a lesion detected by primary imaging could be
identified subsequently by the other type of imaging, or whether a lesion
missed by primary imaging could be identified subsequently by the other type
of imaging, we performed both imaging methods in a back-to-back fashion so
that primary WLI was followed by NBI and primary NBI was followed by WLL
To avoid affecting the first imaging results, the report of the first examination
was completed before the second imaging was started.

To improve the quality of the reporting in the diagnostic accuracy study,
we complied with the Standards for Reporting of Diagnostic Accuracy
(STARD) initiative.”® We set WLI as reference standard and NBJ as index test.

Random assignment was performed in each case by an investigator using
a computer-aided system on Medical Research Support Web site (Kyoto,

www.jco.org

Fig 1. CONSORT diagram; overview of the study design. NBI, narmow band imaging.

Japan). This Web site was available only to the study participants. Using a
minimization algorithm, the selection of the primary examination was bal-
anced with respect to five stratification variables: institution, age (< 60 and
= 60 years), sex, alcohol consumption, and smoking habit.

Calculation of the Sample Size

For the purposes of this study, we set the probability for error () to .05
with a power 0f 0.80 (reflecting a 3 exror of .2). Because there are no published
comparative studies of NBI in ESCC patients, we estimated that the NBI
system would increase the detection yield for superficial cancer by at least
threefold compared with conventional WLI This resulted in a calculated
sample size of 250 patients (125 per group). Finally, we recruited an additional
50 patients in anticipation of instances of ineligibility or withdrawal during the
examination because of discomfort (25 per group).

Endoscopic Examination

We used the same magnifying endoscope, with the capability for 80 times
optical magnification (GIF-Q240Z, Olympus Medical Systems, Tokyo, Japan)
for both WLI and NBI. The two imaging methods can be performed in a same
video-endoscopy system (EVIS LUCERA system, Olympus Medical Systems,
Tokyo, Japan). The details of the NBI system have been published else-
where.!»?27 To maintain the quality of the endoscopic images, we used the
same liquid-crystal color display for both imaging methods. Before the study
started, all the participating endoscopists were trained using a central review of
demonstrable NBI images of superficial squamous lesions (13 neoplasias and
seven non-neoplastic lesions).

All endoscopic observations were made according to the protocol. Dur-
ing the first imaging, all parts of the oropharynx and hypopharynx were
evaluated. The nasopharynx was not included the examination. After the first
imaging was completed, an assistant physician immediately recorded the re-
sults on the case record form (CRF). After completion of the firstimaging CRF,
the second imaging of the oropharynx and hypopharynx was performed and
the results were recorded on the CRF.

Next, all parts of the esophagus were evaluated using the sameimaging as
used for the H&N region. The endoscope was inserted to gain a view from the
cervical esophagus to the esophagogastric junction, and the results were re-
corded on the CRF. The second imaging was performed on withdrawal of the
endoscope, and the results were recorded on the CRE. During the procedure,
we measured the examination time from start to finish of each imaging at each
site. These procedure times included the evaluation of the lesion but not the
biopsy procedure. The findings obtained by lugol chromoendoscopy are not
included in this study.
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Endoscopic Evaluation of Superficial Cancers

In this study, the real-time on-site diagnosis was evaluated because mak-
ing an accurate diagnosis during an examination is clinically more important
than a retrospective evaluation using a stored database. On WL, if the lesion
showed both a reddish color with uneven surface and disappearance of the
vascular network pattern (Fig 2A), we diagnosed it as endoscopically suspected
“superficial cancer.” On NBI, if the lesion exhibited a well-demarcated brown-
ish area as well as irregular microvascular patterns (Fig 2B), we diagnosed it as
endoscopically suspected “superficial cancer.” Details of these findings have
been described previously.”® If the lesion did not show these characteristics,
the lesion was diagnosed as “non-cancer.” Mucosal abnormalities were re~
corded with regard to endoscopic diagnosis, location, and size of the lesion.

Fig 2. Superficial cancer in the head and neck region and esophagus. (A} White
light imaging (WLI) shows a small reddish area (arrows) in the posterior wall of
the hypopharynx. {B) Magnifying WLI shows a slightly reddish area with tiny
microdots. {C} Narrow band imaging {NBI) shows a well-demarcated brownish
area {arrows) in the posterior wall of the hypopharynx. (D} Magnifying NBI shows
many tiny dots in the brownish area. This lesion was diagnosed histologically as
squamous cell carcinoma in situ. (E) WLI shows a slightly reddish and depressed
lesion (arrows) in the esophagus, although it is difficult to detect by WL alone. (F)
Magnifying WLI shows a slightly reddish area with an irregular microvascular
pattern. (G) NBI shows a well-demarcated brownish area (arrows). (H) Magnifying
NBI shows many tiny dots in the brownish area. This lesion was diagnosed
histologically as high-grade intraepithelial cancer.

1568  © 2010 by American Society of Clinical Oncology

Pathologic Evaluation

Biopsy specimens were taken from each lesion after the completion of
both types of imaging. Histologic evaluation was performed by central review
by four experienced pathologists (H.S., A.O., T.S., and H.-W.) who were
blinded to the recorded endoscopic assessment. Histologic diagnoses were
made according to WHO criteria®® and were classified into two groups. One
group included superficial cancers and the other group included non-cancers
such as parakeratosis and inflammation. Microinvasion was estimated by the
subepithelial invasion. The final pathologic diagnosis was made by the agree-
ment of three of the four pathologists.

Statistical Analysis
The absolute and relative frequencies for qualitative variables were cal-
culated for each group. Statistical analysis was performed using SPSS version

Table 1. Characteristics of Patients

Primary Primary
WLI NBI
{n = 162) {n = 158}
Characteristic No. % No. % P

Smoking habit
No. of smokers 145 90 142 90 1.00
Smoking duration, years

Median 37 40
Range 1-61 5-61 A4
No. of packs per day
Median 1 1
Range 0.05-4 0.125-4 .64
No. of packs per year
Median 41 42
Range
- Esophageal c:
:/Noiof

Abbreviations: WL, white light imaging; NBI, narrow band imaging; EMR, en-
doscopic mucosal resection.
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17 software (SPSS, Chicago, IL). The continuous variables are expressed as
medians and ranges. Continuous data were compared using the Mann-
Whitney U test. Pearson’s x” test or Fisher’s exact test was used to analyze
categoric data to compare proportions. All P values were two-tailed, and a P
value of < .05 was considered significant.

Between March 2005 and December 2005, 333 patients were enrolled
onto this study (Fig 1). Twelve patients did not meet the inclusion
criteria, and one was registered twice, so the remaining 320 patients
were randomly assigned correctly into two groups: (1) 162 patients
who underwent primary WLI followed by NBI, and (2) 158 pa-
tients who were examined by primary NBI followed by WLL

The characteristics of the two groups are listed in Table 1. The
two groups did not differ significantly in age, sex, alcohol consump-
tion, smoking habits, or history of esophageal cancer treatment. In
both groups, approximately 70% of the patients had newly diagnosed
ESCC. Sixty-three (39%) patients in the primary WLI group and 71
(45%) patients in the primary NBI group had advanced ESCC deeper
than the submucosal layer.

Table 2 provides the distribution of histologically confirmed
superficial cancers. The total numbers of superficial cancer in the
H&N region and the esophagus were 28 and 212, respectively. Total
numbers of histologically confirmed non-cancer were 36 and 38 in
each region. In all patients, superficial cancers were detected in 8% (26

of 320) in the H&N region and in 38% (121 of 320) in the esophagus.
Multiple cancers were found in 0.6% of the patients in the H&N
region and in 12% in the esophagus. The number of patients with
superficial cancer, total number of superficial cancers, and their sizes
and distribution did not differ between the two groups.

The diagnostic yields for superficial cancer using primary WLI
and primary NBI detection are summarized in Table 3. The total
numbers of superficial cancers detected by primary imaging differed
between the two groups. In the H&N region, primary NBI detected all
(100%; 15 of 15) of the superficial cancers, but primary WLI detected
only one lesion (8%; 1 of 13). In the esophagus, only 58 (55%) lesions
were detected by primary WLI, whereas 104 (97%) lesions were de-
tected by primary NBIL. All these differences were statistically signifi-
cant (P < .001). The detection rate was significantly higher with
primary NBI than with primary WLI, even for smalllesions (< 10 mm
in diameter) in both the H&N region (P < .001) and the esophagus
(P = .03).

In the back-to-back analysis, secondary NBI after primary WLI
significantly increased the detection rate in both the H&N region
(8% v 77%; P < .001) and esophagus (55% v 95%; P < .001; Appen-
dix Table Al, online only). In contrast, secondary WLI after NBI
significantly decreased the detection rate (Appendix Table Al). More-
over, 16 (57%) superficial cancers in the H&N region and 48 (23%)
superficial cancers in the esophagus were detected only by NBI (Ap-
pendix Table A2, online only). In contrast, no lesion was detected only

Table 2. Distribution of Histologically Confirmed Superficial Cancer According to Lesion in the Head and Neck Region and the Esophagus

Primary WLI Primary NBI
n = 162) {n = 158}
Variable No. % 95% Cl No. % 95% Cl P

“it o Microinvasive ¢
Esophagus

No. of patients 58 36 28.4 t0 43.2 63 40 32.21047.6 . .49

No. of lesions per patient
1 39 24 17.4 t0 30.7 43 27 20.3t034.2 > 989
=2 19 12 6.7 t0 16.7 20 13 7.41017.9

Total No. of superficial cancers 105 107

Size threshold, mm
<10 18 18 91
1120 21 19
=21 66 70

Histologic diagnosis
High-grade intraepithelial neoplasia or carcinoma in situ 73 84 186
Microinvasive cancer 32 23

Abbreviations: WLI, white light imaging; NB{, narrow band imaging.
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Table 3. Diagnostic Yield of Primary WLI and Primary NBI for Detection of Superficial Cancer in the Head and Neck Region and the Esophagus

Primary WLI Primary NBI
n=162) {n = 158)
Variable No. % 95% ClI P

Esophégus

95% Cl No. %

No. of superficial cancers 58/105 55 45,2 t0 65.0 104/107 97 92.0t0 99.4 1 <.,001
Size of superficial cancer, mm
<10 7/18 39 17.3t064.3 17/18 94 72.7 10 99.9 .03
11-20 7/21 33 14.6 t0 67.0 18/19 95 74.01t0 99.9 .02
=21 44/66 67 54.0t077.8 69/70 99 92.310 100 <.005

o

Abbreviations: WLI, white light imaging; NBI, narrow band imaging.

by WLI, except one lesion of > 20 mm in the esophagus. No lesions
were undetected by both WLI and NBI in either region.

Table 4 summarizes the diagnostic performance of primary WLI
and primary NBI for detecting superficial cancer. The sensitivity of
primary NBI was significantly higher than that of primary WLIin both
the H&N region (100% v7.7%; P < .001) and the esophagus (97.2% v
55.2%; P < .001). Accuracy was also significantly higher for primary
NBI than for primary WLI in both regions (85.7% v 62.9%, P = .02
and 88.9% v 56.5%, P < .001, respectively). Specificity was not signif-
icantly different in the two regions (P = .28 and P = .33, respectively).
The positive predictive value did not differ between the two imaging
techniques, but the negative predictive value was significantly higher
for primary NBI than for primary WLI in both the H&N region
(P = .02) and the esophagus (P <<.002).

The median procedure times of primary WLI and primary NBI
for the H&N region were 120 seconds (range, 34 to 275 seconds) and
162 seconds (range, 30 to 525 seconds), respectively. Those for the
esophagus were 95 seconds (range, 30 to 360 seconds) and 135 seconds
(range, 30 to 616 seconds), respectively. These differences were statis-
tically significant (P <.001). The procedure times in the secondary

imaging in the back-to-back experiments also differed significantly
between WLI and NBI in both regions (Appendix Table A3, online
only). There were no serious adverse events related to examination
with either procedure. All patients tolerated both procedures well.

This study clearly demonstrates that NBI is a more sensitive method
for detecting and diagnosing superficial SCC in the H&N region and

the esophagus. According to the concept of “field cancerization,”*®

patients with ESCC or HNSCC are at high risk for the development of
multiple SCCs. In the clinical context, the early detection strategy for
superficial SCC is the same between patients at high risk and those at
risk because of heavy drinking, smoking, or aldehyde dehydrogenase 2
deficiency.”*?* In addition, detection technique should not only be
sensitive but should also be easily applicable. From this perspective,
NBI is easily applied with a modicum of experience and will have a
rapid learning curve compared with WLL Thus, NBI is the ideal
method for effectively detecting superficial SCC.

Table 4. Diagnostic Performance of Primary WLI and Primary NBI Observation for Detection of Superficial Cancer in the Head and Neck Region and
the Esophagus

Primary WLI
Variable No. %

95% Cli

Primary NBI

95% Cli P

i E;obhégus h

Sensitivity 58/106 55.2 45.2 t0 65.0
Specificity 12/19 63.2 38.4 10 83.7
Accuracy 70/124 56.5 47.3 10 65.3
PPV 58/65 839.2 79.1t095.6
NPV 12/59 20.3 11.0t032.8

104/107 97.2 92.0t0 99.4 <.001
8/19 421 20.310 66.5 .33

112/126 88.9 82.1t693.8 <.001

104/115 80.4 86.3 10 85.1 .80
8/11 72.8 3910 94 <.002

Abbreviations: WLI, white light imaging; NBI, narrow band imaging; PPV, positive predictive value; NPV, negative predictive value,
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Detecting cancer at an early stage is an optimal strategy for
preventing the development of advanced cancer and improving
survival. Furthermore, early detection uses a minimally invasive
treatment (eg, endoscopic resection) with curative intent.>**% [n
fact, in our study, 75% (21 of 28) of the superficial HNSCCs were
completely removed by endoscopic resection or biopsy alone,
while early detection of HNSCC had been quite difficult. These
results provide us with new diagnostic and treatment strategies for
ESCC patients, because the risk of development of HNSCC after
esophagectomy is quite high.*!

As the criteria for diagnosing superficial SCC by NBI, we used
two endoscopic findings: a well-demarcated brownish area and an
irregular microvascular pattern.” Using only these two findings, the
sensitivity of primary NBI for the diagnosis of superficial SCC was
100% in the H&N region and 97.2% in the esophagus. The diagnostic
accuracy was nearly 90%. These results indicate that these NBI find-
ings are quite useful for the accurate diagnosis of superficial SCC.

Lugol chromoendoscopy is useful for the detection of superficial
ESCC.*® However, the administration of Iugol solution is time-
consuming, and accurate diagnosis by lugol chromoendoscopy is dif-
ficult* because the staining pattern shows wide variations.” This
increases the incidence of false-positive lesions and leads to unneces-
sary biopsies. In contrast, NBI is easily manipulated and shows high
sensitivity. Thus, NBI could reduce the number of unnecessary biop-
sies and shorten examination time. Furthermore, lugol chromoendos-
copy is more invasive than both WLI and NBI, and WL is still the gold
standard for cancer screening. Therefore, we did not compare the
diagnostic yield of NBI and lugol chromoendoscopy, and we used
‘WLI as the standard reference to compared the diagnostic yield of WLI
and NBIL

NBI required a significantly longer examination time than WL
This might be related to the high detection rate and more frequent
time spent in magnification during NBI, because if the lesions were
not seen by WLI, no magnification was performed. The actual time
difference between NBI and WLI was only 20 to 42 seconds. This is
clinically acceptable, because the important time issue is not that NBI
takes slightly longer than WLI, but rather that endoscopists spend
more time in the careful observation of high-risk patients.

In this study, ESCC patients referred from another hospital were
included. Even if the biopsies were previously done, the earlier biopsy
sites were healed by the time of this study and were not generally
detectable by either imaging method. Therefore, we thought that it
was not a confounding factor.

The same endoscopists performed both imaging procedures in
this study, whereas the endoscopists ideaily should be separated and
blinded to each imaging procedure. However, it was clinically impos-
sible to change and blind the endoscopists during this series of exam-

inations. Purthermore, the result produced with NBI first followed by
WLI might underestimate the benefit of NBI because NBI is more
sensitive than WLI. However, the detection and diagnosis of superfi-
cial SCC by NBI was significantly better than that using WLI in both
the H&N region and the esophagus, regardless of whether NBI was
primary or secondary. These results indicate that NBI should be the
standard examination.

Significant detection results seen in this study were all achieved
without the newest generation high-definition endoscope. If we use
the newest high-definition endoscope with NBI, the rates of detection
might increase compared with those found in this study. Furthermore,
the endoscopy system used in this study and in most Asian countries
was different from those used in North America and Europe.”%”
However, we previously reported that even the nonmagnifying laryn-
goscope based on same system as that used in North America and
Europe could dramatically improve the visualization of both the
brownish area and irregular microvascular patterns.” Therefore, we
believe that differences in the system are no longer as important as
careful observation by NBL :

In conclusion, NBI combined with magnifying endoscopy signif-
icantly improved the detection rates for SCC with quite high sensitiv-
ity, and this new image-enhanced technology can be applied easily in
clinical practice. Furthermore, early detection facilitates the potential
of minimally invasive treatment, such as endoscopic resection or par-
tial surgical resection.
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The incidence of colorectal cancer israpidly increasing in Japan.
This trend has been suggested to be caused by an increasing fat in-
take as a result of the Westernized diet among Japanese. We inves-
tigated whether dietary instruction optimizing the fat energy ratio
suppresses the recurrence of colorectal tumors. The subjects, 373
men and women, were the participants in a randomized clinical
trial of colorectal cancer prophylaxis. At entry, each participant
completed a 3-consecutive-day food record on which dietary in-
struction was given to restrict fat energy ratio to 18-22%. Data
obtained before and after the intervention were examined by co-
hort analysis. The primary endpoint was the presence or absence
of colorectal tumor(s) at colonoscopy after 4 yr. Unexpectedly, the
recurrence of tumor increased as the subjects reduced their fat in-
take. The lowest tumor recurrence among the men was observed in
the group with 23.8-26.4% fat energy ratio after the intervention.
Furthermore, in men, the risk of tumors decreased significantly as
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the intake of linoleic acids per body weight increased. For women,
similar trends were observed. These results suggest that extreme
fat restriction is highly likely to promote the recurrence of col-
orectal tumors, which may be partly attributable to linoleic acid
deficiency.

INTRODUCTION

Over the last several decades, the Japanese dietary habit has
changed considerably. According to the National Nutrition Sur-
vey in Japan, fat intake, of animal fat in particular, has been in-
creasing remarkably since around 1960. As compared to 1946,
when the first National Nutrition Survey was conducted, fat
intake had increased threefold by 1970 and even fourfold by
1995. Animal fat intake in 1995 was 4.6 times greater than that
in 1955, At the same time, the disease structure in the Japanese
population has been greatly changing, too. The incidence and
mortality of colorectal cancer have been increasing rapidly (1,2),
which resulted in colorectal cancer gaining the leading position
in terms of cancer mortality among Japanese women in 2003
(1). It appears that the increase in colorectal cancer incidence
followed the increase of fat intake with about a 20-yr lag (3).
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Nakaji et al. (4) reported a significant correlation between fat
intake and colon cancer in their cross-sectional analysis. Also,
the incidence of colorectal cancer among Japanese migrants
to Hawaii was, as their fat intake increased, reported to have
increased much rapidly compared with that in Japanese people
in Japan (5). On the other hand, Howe et al. (6) performed
a meta-analysis of 13 case-control studies from all over the
world. Their analysis suggested that there was no association
between intakes of total fat or saturated fatty acids (SFA) and
colorectal cancer (6). The second expert report issued by the
World Cancer Research Fund and American Institute for Cancer
Research listed only animal fat as a risk factor among fats,
although judging it as “limited evidence” for its causal relation
to colorectal cancer (7).

However, as far as Japanese studies are concetned, several re-
centresults have suggested an association between fat intake and
colorectal cancer. According to The Japan Public Health Center-
based Prospective Study, the Western dietary pattern character-
ized by high intake of fat and meat was positively associated
with colon cancer risk in women (8). Also, the Japan Collab-
orative Cohort Study indicated positive association of chicken
and egg consumption with colon cancer (9).

A few clinical trials examining the preventive effects of fat-
restricting dietary intervention on colorectal cancer have been
reported (10-12). However, with regard to the Japanese, whose
fat intake has been rapidly increasing, no such trials have ever
been reported. Furthermore, most of the epidemiological stud-
ies on colorectal cancer (13—16) applied the Semi-Quantitative
Food Frequency Questionnaire (FFQ). Thus far, no study has
applied a 3-day diet record (DR) to all the subjects for this pur-
pose. Since 3-day DR is based on actual intakes, it is considered
to give better estimates of absolute amount of intakes for energy
and fats than an FFQ (17). In addition, due to a large variety
of the Japanese diet, FFQ might lack many food items actually
consumed by Japanese subjects.

In this study applying a 3-day DR for dietary assessment,
we investigated whether dietary instruction optimizing the fat
intake could suppress the recurrence of colorectal tumors. The
subjects were recruited to participate in a randomized clinical
trial of colorectal cancer prophylaxis by administration of wheat
bran and/or Lactobacillus casei performed at the Osaka Medical
Center for Cancer and Cardiovascular Diseases (18).

SUBJECTS AND METHODS

Study Design and Population

The subjects were the participants of a randomized clinical
trial of colorectal cancer prophylaxis by administration of wheat
bran and/or a Lactobacillus casei preparation (18). The details
of this study were previously reported (19). In brief, the subjects
were 406 men and women aged 40 to 65 yr who had had at least
two colorectal tumors (adenomas and/or early cancers) removed
endoscopically within 3 mo before recruitment. Excluded were
subjects with other malignant tumors, a history of intestinal or

gastric resection (except appendectomy), familial adenomatous
polyposis, and severe illness.

The subjects were randomly allocated into 4 groups to receive
wheat bran, Lacfobacillus casei preparation, both, or neither.
Each subject received dietary instruction individually so that his
or her fat intake would constitute 18-22% of the total energy
intake.

The subjects were recruited at the Osaka Medical Center
for Cancer and Cardiovascular Diseases between June 1993 and
September 1997. The study protocol was approved by the Ethics
Committee of this institution. All the subjects gave written in-
formed consent.

Colonoscopy

Total colonoscopy for observation was performed 2 and 4 yr
after the start of the regimen. All polyps discovered by this pro-
cedure were resected and examined histologically. The primary
endpoint was the presence or absence of colorectal tumor(s)
after 4 yr.

Dietary Assessment

Dietary assessments were conducted by means of a 3-day
DR at entry, at 3 mo, and at 4 yr after the start of the interven-
tion. Trained dietitians interviewed each subject individually for
about 1 h to assess and record the contents of his or her meals.
In principle, male participants were accompanied by a family
member. Intakes of energy and nutrients were calculated using
the Food Composition Database developed by the Osaka Med-
ical Center for Cancer and Cardiovascular Diseases (19). The
intake of wheat bran biscuit was included in dietary assessment
after 3 mo and after 4 yr. Intakes of other health foods including
food supplements were excluded from the assessment. Intake
amounts of energy and nutrients before and after the interven-
tion were represented by the mean values of 3 days at entry and
those after 3 mo, respectively.

Dietary Intervention

The core of the dietary instruction was to optimize the fat
intake of the subjects. Based on the results of the dietary survey
at eniry, each subject was advised on the selection of food items,
food preparation methods, and so forth so that the energy from
fat would constitute 18-22% of total energy intake. We recom-
mended reducing both animal and vegetable fats equally. Those
whose fat intake was too low were instructed to increase it. Di-
etary instruction was given during the interview immediately
after the dietary survey at entry followed by additional com-
ments and an individually calculated diet assessment sent by
post. Compliance with the instructions was evaluated at dietary
checkup 3 mo after the start of the intervention. If necessary, in-
struction was given again at that time. Furthermore, the subjects
were encouraged to adhere to their dietary instruction by means
of written dietary information handed over at the follow-up visit
after 1 yr and sent by post after 2 yr.
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Other Variables

Colonoscopic findings in the past, height, past medical his-
tory, medication history, and family history of the subjects were
recorded at entry. Body weight was measured at entry and at
each consultation. Subjects’ information about drinking, smok-
ing, physical activity, and use of health foods and/or supplements
was recorded during the initial interview by the dietitian.

Statistical Analysis

Drinking and smoking status were represented by baseline
values. Body weight was represented by baseline value (before)
and the measurement after 3 mo (after). Crude nutrients were
used in ¢-tests for intake of nutrients. For analysis of the rate
of subjects in each category of fat energy ratio before and after
the intervention, x? test was used. Before relative risk analysis,
nutrients were adjusted for total energy intake using the residual
method (20). Energy and nutrient intakes were analyzed for men
and women separately. Statistical significance was established
at P < 0.05 for the 2-tailed test. Men were equally divided into
quintiles, and women were divided into tertiles based on height,
body weight, body mass index [(BMI); weight (kg)/height (m)?],
and energy and nutrient intakes. On the basis of unconditional
logistic regression models, the lowest quintile/tertile was taken
as the reference in estimating the relative risk as the odds ra-
tio (OR) adjusted for age, BMI (<18.5, 18.5-25, and >25),
amount of alcohol consumption (never, <23 g/day, and >23
g/day), current smoking status (smoker or nonsmoker), physi-
cal activity level (light or moderate), and randomization group.
Linear trends in logistic regression analysis were evaluated us-
ing medians of each quintile/tertile. SPSS statistical analysis
software version 15 (SPSS, Inc., Chicago, IL) was used.

RESULTS

The initial dietary survey was conducted between June 1993
and April 1998. Colonoscopy after 4 yr was completed in Febru-
ary 2002. Among 406 subjects who participated in the initial di-
etary survey, 373 subjects completed colonoscopic examination
after 4 yr as well as dietary assessment/instruction after 3 mo.

Table 1 shows the baseline characteristics of the subjects
consisting of 305 men and 68 women; approximately 80% were
men. More than 80% of both sexes had low levels of physical ac-
tivity. By colonoscopy after 4 yr, recurrence of colorectal tumors
was diagnosed in 53.1% of men and 47.1% of women; that is,
51.7%~52.0% of subjects overall. Virtually all cases were pre-
cancerous lesions, including adenoma and intramucosal cancer,
and only one case of colorectal cancer was diagnosed as ade-
noma with severe dysplasia. Elevated risk of colorectal cancer
was associated with higher values of age, body weight, and
height; whereas no significant correlation was found between
the colorectal cancer risk and physical activity, drinking, or
smoking.

For the data analysis after intervention, mean values of 3 days
at 3 mo were used throughout. An alternative analysis using

TABLE 1
Baseline characteristics of subjects

Men (rn = 305) Women (n = 68)

Age (yr)* 548+ 6.1 563463
Height (cm)® 166.5 + 6.0 153.4 +4.5
Body weight (kg)® 654+94 538 £6.7
Body mass index (kg/m?)®  23.9 2.6 229+2.8
Physical activity”

Light 256 (83.9) 55 (80.9)

Moderate 49 (16.1) 13 (19.1)
Current smokers? 151 (49.5) 12 (17.6)
Alcohol intake?

Never 41 (13.4) 46 (67.6)

<23.0 g/day 112 (36.7) 17 (25.0)

>23.0 g/day 152 (49.8) 5(7.4)

2Values are means + SD.
bValues are number; values in parentheses are percent.

mean values of 6 days, 3 days each at 3 mo and at 4 yr was
also performed with the similar but somewhat obscured results
(data not shown). The number of subjects with fat energy ratio
of 18-22% increased significantly from 97 (26.0%) at baseline
to 112 (30.0%) after the intervention (P = 0.01) as shown in
Fig. 1. Among the subjects with the highest fat energy ratio
at baseline (>22%), the risk of developing colorectal tumors
increased substantially in the subjects who reduced the ratio after
the intervention. When the subjects with unchanged fat energy
ratio (>22%) after the intervention was taken as reference, OR
of those with the ratio reduced to 18-22% was 2.16 and OR of
those with the ratio reduced to <18% was 4.45.

Energy and major nutrient intakes before and after the inter-
vention are shown in Table 2. In both men and women, the intake
of dietary fiber was significantly increased after the intervention.
In men, the intakes of energy, total fat, carbohydrate, calcium,
iron, and vitamin C were significantly decreased; whereas in
women, significant decreases were found in energy and carbo-
hydrate intakes.

Table 3 and 4 show energy and energy-adjusted nutrient in- -
takes at baseline in relation to tumor recurrence for men and
women, respectively. A significant decrease in OR was found
only in the third quintile for linoleic acid (LA) intake per body
weight in men [OR = 0.36, 95% confidence interval (CI) =
0.17-0.771.

Energy and energy-adjusted nutrient intakes after the inter-
vention in relation to tumor recurrence for men is shown in Table
5. OR decreased significantly in the fourth quintile, with fat en-
ergy ratio of 23.8-26.4% compared with the lowest quintile (OR
= 0.23, 95% CI = 0.11-0.50). As for total fat, OR in the fourth
quintile showed a significant decrease. Furthermore, OR de-
creased significantly in the fifth quintile for saturated fatty acids
(SFA) and in the fourth and fifth quintiles for monounsaturated
fatty acids (MUFA). For polyunsaturated fatty acids (PUFA), a



Downloaded By: [Ishikawa, Hidekil At: 07:56 24 January 2010

FAT RESTRICTION AND THE RECURRENCE OF COLORECTAL TUMORS 157

Before After”
(n=373) (=373) OR(3%CD®
138 1

>22% 223 49 199 0.72(0.36, 1.43)
~ 12 0.62(0.17,2.20)
60 2.16(1.14,4.09)
18-22% 97 29 112 1.93(0.84, 4.43)
23 2.65(0.99, 7.09)

X 25 4.45(1.64, 12.08)
< 18% 53 19 62 3.32(1.11,9.94)
18 0.93(0.34, 2.56)

FIG. 1. Number of subjects at before and after dietary intervention according to fat energy ratio (%) (<18%, 18-22%, or >22%) in 373 subjects (305 men and
68 women) “. a: Statistical significance is as follows: *, P < 0.01 vs. before, b: Odds ratios (OR) adjusted for age, body mass index, physical activity, alcohol use,
current smoking status and randomization group, with 95% confidences intervals (Cls) in parentheses. ’

significant decreasing trend was observed (P for trend = 0.04).
Also for LA intake, a significant decreasing trend in OR was
observed (P for trend = 0.02), with significantly lower risk in
the highest quintile (OR = 0.42, 95% CI = 0.19-0.89). The
greatest risk reduction in terms of fatty acid intakes per body
weight was observed in LA, For LA intake per body weight, the
second (OR = 0.38, 95% CI = 0.18-0.80), the fourth (OR =
0.46, 95% CI = 0.21-0.97), and the fifth (OR = 0.36, 95%
CI = 0.17-0.78) quintiles had significantly decreased ORs, all
of which were less than half compared with the lowest quintile.

Table 6 shows energy and energy-adjusted nutrient intakes
after the intervention in relation to tumor recurrence for women.
Significant decreases in OR were found in the highest tertile of
SFA (OR = 0.17,95% CI = 0.04-0.75) and MUFA (OR = 0.12,
95% CI = 0.02-0.60). For linolenic acid (ALA), a significant
decreasing trend in OR was observed (P for trend = 0.03). As for
LA, ORs for LA intake per body weight in the 2 highest tertiles

decreased to less than half, although not significant, compared
with the lowest tertile.

At 3 mo after the start of intervention, the mean value and
SD of LA intake were 9.5 + 2.9 g for men and 8.7 +: 2.6 g
for women; 25.7% of the subjects overall had fat intakes of
less than 7.5 g. Furthermore, no association was found between
tumor recurrence risk and eicosapentaenoic acid (EPA), docos-
apentaenoic acid (DPA), or docosahexaenoic acid (DHA) in
both men and women. In both sexes, strong correlations were
found between LA and SFA, MUFA, PUFA, or ALA (r = (0.53,
0.75, 0.96, and 0.91, respectively, P < 0.01 for men; r = 0.62,
0.73, 0.92, and 0.92, respectively, P < 0.01, for women).

DISCUSSION

This study revealed that the relative risk of recurrence of
colorectal tumor after 4 yr was higher in subjects who reduced
their fat energy ratio.

TABLE 2
Energy and nutrient intakes of subjects before and after dietary intervention?

Men (n = 305)

Women (n = 68)

Before After Before After

Energy (kcal/day) 2,171 + 371 2,078 £ 344* 1,770 £ 307 1,708 + 230*
Protein (g/day) 859+ 16.5 84.1 + 15.6 725+ 148 713+ 11.1
Total fat (g/day) 5534154 51.8 & 14.3* 49.6 +12.2 48.0 + 10.7
Fat energy ratio (%) 23.0£52 224+ 459 253 +4.7 253442
Carbohydrate (g/day) 278 4 65 267 & 55** 250 4 51 239 4 38**
Total fiber (g/day) 15.0+£ 4.0 15.6 & 4.5* 16.1+4.5 17.1 +44*
Calcium (mg/day) 636 + 225 603 £ 211* 699 4 290 681 216
Iron (mg/day) 11.5+2.8 11.0+2.9* 109 4+ 3.1 10.8 +2.5
Carotenoids (ug/day) 2,809 + 1,607 2,715 £ 1,831 3,231 + 1,727 3,075 4 1,433
Vitamin C (mg/day) 126 £ 60 119 4 60** 150 4 64 145 £ 60

“Values are means = SD. Statistical significance is as follows: *, P < 0.05, **, P < 0.01 vs. before.
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TABLE 3
Odds ratios (ORs) and 95% confidence intervals (Cls) for tumor recurrence according to quintiles of energy and energy-adjusted
nutrient intakes before dietary intervention in men

1 (low; n = 61) 2 (n = 61) 3(n =61 4 (n = 61) 5 (high; n = 61) P*¢
Energy intake (kcal/day)? 1,277-1,880 1,880-2,062 2,062-2,246 2,246-2,454 2,454-3,855
No. of cases 35 27 33 29 38
OR (95% CI)* 1.0 0.59 (0.28-1.23) 0.89 (0.43-1.84) 0.64 (0.30-1.35) 1.15 (0.54-2.44) 0.73
Fat energy ratio (%)° 10.1-18.6 18.6-21.6 21.6-24.2 24.2-27.0 27.0-49.5
No. of cases 35 28 36 30 33
OR (95% CI)* 1.0 0.66 (0.32-1.37) 1.18 (0.56—2.48) 0.83 (0.40-1.74) 0.97 (0.47-2.04) 0.89
Total fat (g/day)” 6.4-43.5 43.5-50.2 50.2-56.0 56.0-64.4 64.4-119.5
No. of cases 35 26 38 36 27
OR (95% CI)* 1.0 0.58 (0.28-1.20) 1.41 (0.67-2.97) 1.32(0.62-2.81) 0.63 (0.30-1.32) 0.93
Saturated fatty acids (g/day)? 0.2-10.6 10.6-12.9 12.9-15.1 15.1-17.6 17.6-28.0
No. of cases 35 33 32 27 35
OR (95% CI)° 1.0 0.90 (0.43-1.87) 0.91 (0.44-1.89) 0.61 (0.30-1.28) 1.17 (0.55-2.46) 0.86
Monounsaturated fatty acids 0.0-14.1 14.1-17.1 17.1-19.8 19.8-23.1 23.1-57.3
(g/day)®
No. of cases 34 34 32 30 32
OR (95% CI)* 1.0 1.05 (0.50-2.17) 0.97 (0.47-2.00) 0.81 (0.39-1.68) 0.96 (0.46-2.01) 0.41
Polyunsaturated fatty acids 4,3-10.9 10.9-12.6 12.6-14.3 14.3-16.2 16.2-30.2
(g/day)®
No. of cases 33 33 33 30 33
OR (95% CI)* 1.0 1.03 (0.50-2.14) 1.09 (0.53-2.24) 0.96 (0.46-2.01) 1.03 (0.50-2.14) 0.99
Linolenic acids (g/day)? 0.1-1.3 1.3-1.5 1.5-1.9 1.9-23 2340
No. of cases 35 30 38 32 27
OR (95% CI)¢ 1.0 0.69 (0.33-1.42) 1.27 (0.61-2.66) 0.87 (0.42-1.81) 0.58 (0.28-1.22) 0.43
Linoleic acids (g/day)” 3.0-7.8 7.8-9.3 9.3-10.5 10.5-12.0 12.0-26.4
No. of cases 34 36 32 29 31
OR (95% CI)* 1.0 1.17 (0.56-2.47) 0.95 (0.46-1.97) 0.75 (0.36-1.57) 0.87 (0.42-1.82) 0.24
Linoleic acids per body weight 61-117 117-144 144-171 171-201 201-336
(mg/kg/day)®
No. of cases 37 39 22 34 30
OR (95% CI)* 1.0 1.22 (0.58-2.57) 0.36 (0.17-0.77) 0.88 (0.42-1.88) 0.71 (0.33-1.51) 0.45

“Test for linear trend.
bValues in parentheses are range.

°OR adjusted for age, body mass index, physical activity, alcohol use, current smoking status, and randomization group, with 95% CI in

parentheses.

Around the period of this study, the Recommended Dietary
Allowance (RDA) of fat energy ratio for the Japanese was 20—
25% (21). Since we inferred that lower fat intakes would be
more beneficial for a high-risk group for colorectal cancer, we
took the lowest value of the RDA with 2% margins on both sides
and determined our target fat energy ratio of 18-22%. In fact,
risk reduction was observed in groups with higher fat energy
ratio.

According to the Dietary Reference Intakes of the United
States and Canada, based on the results of intervention studies,
fat energy ratio of at least 20% is recommended to maintain
normal levels of serum lipids such as HDL cholesterol (22). In an

intervention study reducing fat energy ratio to 20%, McKeown-
Eyssen et al, (10) reported a significant risk reduction (relative
risk = 0.6; 95% CI = 0.4-0.9) in the male subjects with the
highest fat energy ratio.

Two previous intervention trials have reported no effect of fat
restriction on the risk of colorectal tumor recurrence (11,12,23).
Compared with those studies, our study was clearly different in
that the subjects had a relatively low fat energy ratio at baseline,
that is, 23.0% and 25.3% for men and women, respectively. The
average fat energy ratio of the Japanese population, even after
a rapid increase, is reported to be about 25% (24), which is
substantially lower than that of Western people. Besides, our
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Odds ratios (ORs) and 95% confidence intervals (CIs) for tumor recurrence according to tertiles of energy and energy-adjusted

nutrient intakes before dietary intervention in women

1 (low; n =22) 2(n=23) 3 (high; (n = 23) pé

Energy intake (kcal/day)? 851-1,646 1,646-1,864 1,864-2,462

No. of cases 10 11 11

OR (95% CI)* 1.0 0.77 (0.20-2.98) 0.61 (0.15-2.58) 0.17
Fat energy ratio (%)? 15.5-23.2 23.2-27.7 27.7-36.1

No. of cases 10 i1 11

OR (95% CI)* 1.0 1.13(0.31-4.10) 1.09 (0.27-4.30) 0.55
Total fat (g/day)® 35.9-52.7 52.7-59.1 59.1-78.3

No. of cases 10 11 11

OR (95% CI)* 1.0 0.92 (0.25-3.42) 0.88 (0.22-3.49) 0.19
Saturated fatty acids (g/day)? 9.1-13.9 13.9-17.1 17.1-22.8

No. of cases 11 14 7

OR (95% CI)* 1.0 1.87 (0.48-7.29) 0.24 (0.05-1.14) 0.63
Monounsaturated fatty acids (g/day)? 11.8-17.6 17.6-21.6 21.6-28.7

No. of cases 10 12 10

OR (95% CI)* 1.0 1.06 (0.28-3.97) 0.76 (0.19-2.99) 0.40
Polyunsaturated fatty acids (g/day)? 8.6-12.8 12.8-14.8 14.8-23.4

No. of cases 9 12 11

OR (95% CI)* 1.0 2.29 (0.54-9.64) 1.13 (0.29-4.44) 0.91
Linolenic acids (g/day)” 1.0-1.5 1.5-2.0 2.0-3.6

No. of cases 9 9 14

OR (95% CI)* 1.0 1.19 (0.30-4.75) 2.24 (0.58-8.62) 0.21
Linoleic acids (g/day)? 5.0-9.3 9.3-11.4 11.4-19.2

No. of cases 9 13 10

OR (95% CI)* 1.0 2.88 (0.69-11.97) 0.82 (0.20-3.29) 0.23
Linoleic acids per body weight (mg/kg/day)? 62-154 154-193 193-358

No. of cases 10 13 9

OR (95% CI)* 1.0 1.39 (0.38-5.14) 0.40 (0.09-1.82) 0.52

“Test for linear trend.
bValues in parentheses are range.

“OR adjusted for age, body mass index, physical activity, alcohol use, current smoking status, and randomization group, with 95% CI in

parentheses.

subjects had an even slightly lower energy intake and fat energy
ratio compared with those of the overall Japanese population
according to the National Nutrition Survey in 1999, conducted
during this study period (24). This might be explained by our
subjects’ background; many of them had low levels of physical
activity and probably had reduced their fat and meat intake after
having been diagnosed with multiple colorectal tumors. There-
fore, it is possible that restricting fat in subjects with originally
low fat intakes made its harmful effect more evident. It should
be noted that this study, as well as other clinical trials with
fat restriction discussed here (11,12,22,23), has examined risk
of recurrence among the high-risk group for colorectal cancer,
namely, the patients who previously underwent multiple tumor
resection. Therefore, our results should be interpreted with cau-
tion when discussing the initial development of tumors in the
general population.

As to the question which specific fatty acid(s) might be in-
volved in it, LA is suspected since we observed the clearest
trend of increasing risk as LA intake decreased. With regard
to the daily requirement of LA, Collins et al. (25) investigated
patients with total parenteral nutrition, who were at risk of LA
deficiency, and reported the need for at least 7.5 g/day for adult
men. In our study, 25.7% of the subjects did not reach such lev-
els of LA intake. On the other hand, some Japanese researchers
have linked excessive LA intake to inflammatory bowel disease,
atopy, and asthma, creating such a situation in Japan that food
manufacturers have reduced LA content in their oil products
(26). Partly because of this situation, it is possible that Japanese
people are nowadays easily at risk of LA deficiency. Tuyus et al.
(27) reported that LA consistently decreased the risk of colon
and rectal cancer in their case-control study in which LA in-
take among the cases was as low as in our study. In contrast, 3
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TABLE 5§
Odds ratios (ORs) and 95% confidence intervals (CIs) for tumor recurrence according to quintiles of energy and energy-adjusted
nutrient intakes after dietary intervention in men

1{ow;n=61) 2(n==61) 3(n=061 4(n=61) 5 (high;n=61) P¢
Energy intake (kcal/day)” 1,107-1,806 1,806-1,972 1,972-2,148 2,148-2,342 2,342-3,240
No. of cases 31 34 31 28 38
OR (95% CI)* 1.0 1.20 (0.58-2.47) 0.99 (0.48-2.05) 0.80(0.39-1.64) 1.53(0.72-3.21) 0.44
Fat energy ratio (%)” 8.8-18.1 18.1-20.9 20.9-23.8 23.83-26.4 26.4-37.9
No. of cases 40 38 35 20 29
OR (95% CI)* 1.0 0.88 (0.41-1.85) 0.67 (0.32~1.41) 0.23 (0.11-0.50) 0.47 (0.22-0.98) 0.22
Total fat (g/day)” 12.8-40.6 40.6-46.7 46.7-53.2 53.2-58.9 58.9-89.0
No. of cases 39 39 33 21 30
OR (95% CD° 1.0 0.97 (0.46-2.04) 0.62 (0.30-1.30) 0.27 (0.13-0.59) 0.50 (0.24-1.05) 0.08
Saturated fatty acids (g/day)? 3.1-10.2 10.2-11.8 11.8-13.4 13.4-15.9 15.9-29.7
No. of cases 40 34 30 34 24
OR (95% CI)* 1.0 0.70 (0.33-1.49) 0.53 (0.25-1.13) 0.70 (0.33-1.47) 0.36 (0.17-0.75) 0.05
Monounsaturated fatty acids 2.0-12.7 12.7-15.3 15.3-18.0 18.0-21.0 21.0-35.1
(g/day)®
No. of cases 38 41 31 25 27
OR (95% CI)° 1.0 1.22 (0.57-2.59) 0.60 (0.29-1.26) 0.41 (0.19-0.86) 0.47 (0.22-0.99) 0.11
Polyunsaturated fatty acids 4.8-9.9 9.9-11.7 11.7-13.0 13.0-15.2 15.2-26.3
(g/day)?
No. of cases 37 38 33 29 25
OR (95% CI)° 1.0 1.13 (0.54-2.37) 0.80 (0.39-1.67) 0.63 (0.30-1.31) 0.48 (0.23-1.02) 0.04
Linolenic acids (g/day)? 0.1-1.1 1.1-14 1.4-1.7 1.7-2.1 2.1-4.7
No. of cases 37 28 40 30 27
OR (95% CI)* 1.0 0.58 (0.28-1.21) 1.31(0.61-2.80) 0.68 (0.33-1.42) 0.55 (0.26-1.16) 0.46
Linoleic acids (g/day)” 2.0-7.0 7.0-8.4 8.4-9.6 9.6-11.3 11.3-20.7
No. of cases 40 35 31 30 26
OR (95% CI)¢ 1.0 0.75 (0.35-1.61) 0.54 (0.26-1.15) 0.56 (0.26-1.12) 0.42 (0.19-0.89) 0.02
Linoleic acids per body weight 32-107 107-128 128-151 151-181 181-337
(mg/kg/day)®
No. of cases 43 29 32 31 27
OR (95% CI)* 1.0 0.38 (0.18-0.80) 0.49 (0.23-1.05) 0.46 (0.21-0.97) 0.36 (0.17-0.78) 0.18

“Test for linear trend.
bValues in parentheses are range.

¢OR adjusted for age, body mass index, physical activity, alcohol use, current smoking status, and randomization group, with 95% CI in

parentheses.

other case-control studies (28-30) and a cohort study (31) did
not show such trends regarding LA in particular or n-6PUFA in
general. In those studies, LA intake in the subjects was much
higher than in our subjects, suggesting no concern regarding LA
deficiency.

In addition, there is another factor in relation to the increased
risk in the subjects who reduced their fat energy ratio. In one
study, a possible role of stress in the development of tumors was
suggested (32). If so, radical alteration of diet in our subjects
might have given them stress, which promoted to some extent
the recurrence of colorectal tumors.

Furthermore, the outcome of dietary instruction was not sat-
isfactory; less than a half of the subjects met our target fat energy

ratio of 18-22%. This could be explained as follows. First, the
intake of hidden fat contained in meat or fish might not have
changed, as subjects had no grasp of it. One study reported that
the awareness of subjects regarding fat did not necessarily af-
fect contents of their diet (33). Second, during the time of this
study, little information for consumers was available regarding
fat content of food items because very few products had fat con-
tent labeling (34). Third, our dietary instruction focused on fat
restriction, whereas attention to increased intakes of protein and
carbohydrate to substitute fat might have been insufficient. As a
consequence, our subjects might have reduced the whole intake
amount of diet, which affected optimization of fat energy ratio
negatively.
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Odds ratios (ORs) and 95% confidence intervals (Cls) for tumor recurrence according to tertiles of energy and energy-adjusted
nutrient intakes after dietary intervention in women

1 (low; n = 22) 2(n=23) 3 (high; n = 23) pPe

Energy intake (kcal/day)? 1,331-1,576 1,576-1,788 1,788-2,298

No. of cases 12 10 10

OR (95% CI)° 1.0 0.46 (0.11 - 1.86) 0.33 (0.08 - 1.38) 0.37
Fat energy ratio (%)” 15.0-22.2 22.2-27.3 27.3-37.1

No. of cases 14 11 7

OR (95% CI)* 1.0 0.86 (0.22-3.39) 0.27 (0.07-1.11) 0.23
Total fat (g/day)® 35.4-49.4 49.4-58.6 58.6-78.8

No. of cases 14 11 7

OR (95% CI)* 1.0 0.78 (0.20-3.07) 0.30 (0.08-1.21) 0.15
Saturated fatty acids (g/day)® 8.1-13.0 13.0-15.2 15.2-23.1

No. of cases 13 14 5

OR (95% CI)* 1.0 0.96 (0.26-3.60) 0.17 (0.04-0.75) 0.32
Monounsaturated fatty acids (g/day)? 10.5-17.0 17.0-19.9 19.9-29.0

No. of cases 15 10 7

OR (95% CI)¢ 1.0 0.30 (0.07-1.28) 0.12 (0.02-0.60) 0.21
Polyunsaturated fatty acids (g/day)” 6.3-12.1 12.1-14.0 14.0-20.4

No. of cases 11 13 8

OR (95% CI)¢ 1.0 1.84 (0.47-7.20) 0.38 (0.10-1.53) 0.77
Linolenic acids (g/day)? 0.7-1.6 1.6-1.9 1.9-2.6

No. of cases 12 10 10

OR (95% CI)* 1.0 0.84 (0.23-3.07) 0.68 (0.18-2.65) 0.03
Linoleic acids (g/day)® 5.0-8.9 8.9-10.5 10.5-16.0

No. of cases 12 12 8

OR (95% CI)* 1.0 1.74 (0.43-7.14) 0.39 (0.10-1.56) 0.73
Linoleic acids per body weight (mg/kg/day)” 77-132 132-178 178-316

No. of cases 14 10 8

OR (95% CI)* 1.0 0.40 (0.10-1.64) 0.24 (0.06~1.05) 0.31

“Test for linear trend.
bValues in parentheses are range.

°OR adjusted for age, body mass index, physical activity, alcohol use, current smoking status, and randomization group, with 95% CI in

parentheses.

There are several weak points in this study. First, our subjects
with a history of multiple tumors belonged to the high-risk
group, not representing the overall Japanese population.

Second, the primary endpoint was not strictly focused on
colorectal cancer but also included adenoma, which was actu-
ally observed in most of the cases. For this reason, our results
might not be directly applicable to colorectal cancer (carci-
noma). However, adenoma is widely accepted as the precur-
sor of cancer based on several findings: histologically, many
cases of early carcinoma were detected within adenoma; molec-
ular biologically, adenoma and carcinoma have largely com-
mon somatic gene mutations; and epidemiologically, risk fac-
tors for the development of adenoma and carcinoma were
shown to be common. Thus, we believe that the present study

with adenoma as the endpoint is in principle applicable to
carcinoma.

Third, this study was subsidiary to another clinical trial aim-
ing to assess the prophylactic effects of wheat bran and/or Lac-
tobacillus casei. To find out whether there was any confounding
effect of wheat bran or Lactobacillus casei, ORs were estimated
by applying a logistic regression model to each group sepa-
rately, showing no difference in the results. Fourth, there was no
control group without dietary instruction in this study. Fifth, the
sample size of women in this study is rather small. Therefore,
our results for women should be interpreted with caution. Sixth,
frequency of dietary survey during the 4-yr intervention period
was rather low. Since alternative analysis using mean values of
6 days at 3 mo and 4 yr led to the same conclusion, however, the
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low frequency of dietary survey is not considered to be a major
limitation.

On the other hand, the strong point of this study is the ap-
plication of a 3-day diet record. Its open-ended question system
enabled us to analyze a wide variety of food items reported
by the subjects, resulting in high validity of our dietary assess-
ment. Also, the 1-h dietary survey for each subject conducted
by a trained dietician ensured that the obtained data were highly
accurate. Since this study was performed in one hospital, the test
results including colonoscopic evaluation were considered to be
consistent. Moreover, the high rate of participation (86.7%) and
low dropout rate (4.5%) in this study would have provided less
bias in the results.

In conclusion, excessive fat restriction is highly likely to
have an undesirable effect in promoting the recurrence of col-
orectal tumors. According to our results, fat energy ratio of 20%
seems to form the turning point in substantially increasing the
risk; therefore, we suggest that dietary instruction to reduce fat
intake under this level should be defined as excessive fat re-
striction. Deficiencies in lipids, linoleic acid in particular, and
stress caused by dietary alteration might be responsible for this
outcome.
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Abstract

Background Metabolic syndrome (MetS) is an estab-
lished concept. However, it is characterized by a number of
different definitions as well as different cut-off points
(COPs) for waist circumference (WC) and different modes
for incorporating WC into the diagnostic criteria.
Methods Abdominal ultrasonography was performed in
2,333 subjects who also underwent comprehensive medical
examinations between April and July 2006. The odds ratios
for the number of MetS components were calculated by
taking central obesity status into account and considering

concurrent fatty liver as an independent variable. We .

compared the areas under the receiver operating charac-
teristic (ROC) curves for fatty liver and MetS using several
MetS criteria.
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Results Regardless of the WC criterion selected, we
observed a strong linear trend for an association (trend
P < 0.0001) between MetS and the number of componeats.
The odds ratio (OR) of subjects without central obesity but
with all three MetS components was 9.69 (95% confidence
interval 3.11-30.2) in men and 55.3 (6.34-483) in women.
The COP for the largest area under the curve in men and
women was >82 cm (OR 0.701) and >77 cm (OR 0.699),
respectively, when WC was considered as a component.
When WC distribution is taken into consideration, practical
and appropriate COPs should be >85 cm for men and
>80 cm for women.

Conclusion We suggest that a WC of >85 cm for men
and >80 cm for women would be optimal COPs for the
central obesity criteria in the Japanese population. In
addition, central obesity should be incorporated as a
component of MetS rather than an essential requirement for
the diagnosis of MetS.

Keywords Central obesity - Diagnostic criteria -
Metabolic syndrome - ROC curve

Introduction

The prevention of metabolic syndrome (MetS), for which
visceral fat accumulation and insulin resistance are con-
sidered upstream factors, has recently attracted the atten-
tion of the medical world as a useful approach to protect
against lifestyle-related diseases typified by arteriosclerotic
diseases [1-8]. Visceral fat accumulates for many reasons,
including hyperalimentation and inadequate exercise,
among others, and causes the abnormal functioning of fat
cells and excessive secretion of hormones that are involved
in various pathological conditions [9, [0]. Excessive

@ Springer
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secretion of these hormones is thought to act in combina-
tion with other factors to cause arteriosclerotic and other
serious diseases, such as renal failure, blindness, lower
limb amputation, cerebral apoplexy, cardiac arrest, and
cerebrovascular diseases. The progression of conditions,
from obesity into serious diseases, is sometimes referred as
the metabolic domino effect [11, 12], and includes fatty
liver disease.

Diagnostic criteria for MetS have been published by the
World Health Organization [13], American National Cho-
lesterol Education Programs, Adult Treatment Panel III
(NCEP-ATP IIl) [14], and International Diabetes Federa-
tion (IDF) [15] for Asian countries, including Japan [16]. In
Japan, the Examination Committee for Criteria of MetS
introduced diagnostic criteria for Japanese metabolic syn-
drome (JMetS) [16], which are similar to the ones defined
by IDF. The criteria essentially include central obesity and
several other components, such as hypertension, hyper-
glycemia, and abnormal lipid metabolism. In Japan, the
most prominent difference between the IDF and Exami-
nation Committee criteria for evaluating central obesity is
in the cut-off point (COP) for waist circumference (WC),
especially that for women: in all countries of the world,
with the exception of Japan, the COP for WC is larger for
men than that for women.

The relative newness of the MetS concept necessitates
that the diagnostic criteria be updated as and when needed.
The association between the diagnosis of MetS and
downstream diseases in the metabolic domino needs to be
addressed in prospective studies. In the study reported here,
we applied several criteria fo examine the association
between metabolic status and concurrent fatty liver, which
we used as a specific example of a disease in the metabolic
domino. Our aim was to identify preliminary criteria and
COPs for WC that can be used in diagnosing MetS.

Subjects and methods

. Height, weight, and WC were measured, and abdominal
ultrasonography was performed in 2,333 subjects (1,195
men and 1,138 women) of 2,428 subjects aged 40—
79 years. These subjects underwent comprehensive
medical examinations at the Kasugai City Medical Center
during a 3-month period between April and July 2006.
Patients receiving drug treatment(s) for liver diseases,
hypertension, diabetes mellitus, or hyperlipidemia were
excluded from the study. Height and weight were measured
using an automatic scale (Tanita BF-220). The WC was
measured in standing subjects with a tape measure placed
horizontally at the level of the navel while the subject was
gently exhaling. If the abdomen was protuberant and the
navel was deviated downwards, the tape measure was

@ Springer

placed at the midpoint level between the lower intercostal
border and the anterior superior iliac spine.

Fatty liver was diagnosed after discussion with medical
technologists (including ultrasound technicians), radiology
technologists, and physicians and by taking fatty liver
scores (as shown in Table 1) obtained at Kasugai City
Medical Center into consideration. These scores were
based on previous studies [17-20].

Blood pressure was measured on the right arm using a
mercury sphygmomanometer; the subject was in a lying
position and had rested for at least 5 min prior to the mea-
surement. Venous blood samples were collected in the
morning from subjects after a fasting period of 12 h. Tri-
glyceride (TG) and serum high-density lipoprotein choles-
terol (HDL-C) were measured by the direct enzymatic
method, and fasting plasma glucose (FPG) was measured by
the glucose oxidase method. Their concentrations were
measured using an automated analyzer (model 71708S;
Hitachi, Japan).

Current JMetS criteria require a central obesity (visceral
adipose tissue area >100 cm? or WC >85 cm for men and
>90 cm for women) and two or more of the following
three components: (1) high blood pressure, based on a
systolic blood pressure >130 mmHg and/or diastolic blood
pressure >85 mmHg; (2) hyperglycemia, based on FPG
>110 mg/dl; (3) abnormal lipid metabolism, based on TG
>150 mg/dl and/or HDL-C <40 mg/dl [16]. The Exami-
nation Committee for Criteria of MetS in Japan also
defined a “risk group for MetS” (yobi-gun) consisting of
people who have central obesity and one of the three
components listed above (high blood pressure, hypergly-
cemia, or abnormal lipid metabolism). In our study, as in
most epidemiological studies, only WC was considered in
our evaluation of central obesity; the visceral adipose tissue
area was not assessed.

Our primary aim was to identify and propose new MetS
criteria based on our results. Our suggested criteria (our
criterion 1) considers central obesity not to be an essential
requirement for MetS but as only one of the components of
MetS. Accordingly, we defined our patients as having MetS
when they demonstrated three or more components of

Table 1 Fatty liver score

Condition Points
Bright echo pattern Oorl
Hepatorenal or hepatosplenic contrast Oorlor2
Unclear vessels Qorl
Deep attenuation Oorlor2
Fatty bandless sign Qorl
Liver swelling Qorl

A total score of >3 points is considered to indicate faity liver
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MetS, regardless of their central obesity status. Similarly,
the risk group for MetS censisted of those individuals who
demonstrated two components.

Taking the number of MetS components listed above in
consideration, we first calculated the odds ratios of fatty
liver according to central obesity status in men and women
by logistic regression. We then constructed receiver oper-
ating characteristic (ROC) curves to assess the detecting
power of MetS criteria for concurrent fatty liver and cal-
culated the areas under the curve (AUC) for diagnostic
criteria. These procedures were repeated using the IDF
COP for WC in the Japanese population, i.e., >90 cm for
men and >80 cm for women (our criterion 2). We also
calculated the COP for the largest AUC and suggested an
optimal COP for men and women based on the study
results. Statistical analyses were performed using the SAS
system for Windows (release 9.1.3; SAS Institute, Cary,
NC), and the AUC value was obtained to refer to the
c statistic in PROC LOGISTIC ouiput, All statistical tests

Table 2 Criteria of metabolic syndrome and number of subjects

were two-sided, and a P value <0.05 was considered to be
significant. The study was approved by the ethics com-
mittee of Nagoya City University.

Results

Table 2 shows the number of subjects diagnosed with MetS
according to the JMetS criteria and our newly proposed
criteria, respectively. This diagnosis was based on the
number of MetS components, other than central obesity,
calculated by WC status in both men and women. Only
8.4% of the women satisfied the central obesity criterion of
JMetS, whereas 26.7% men satisfied the criterion. When
the COP for central obesity was changed to >80 cm,
36.6% of women satisfied the criterion. Among the 13 men
and six women who were newly diagnosed with MetS
based on our criteria using the same WC COP, seven men
(53.8%) and five women (83.3%) had fatty liver. The

Number of Criteria Our Number of patients Criteria Qur Number of patients
components® of IMetS criteria diagnosed with MetS of JMetS criteria diagnosed with MetS
Men

Waist circumference <85 cm

0 Normal Normal 391 (32.7%)
i Normal Normal 357 (29.9%)
2 Normal Risk MetS 115 (9.6%)
3 Normal MetS 13 (1.1%)
Total 876 (73.3%)

Waist circumference <90 cm
0 - Normal 453 (37.9%)
1 - Normal 457 (38.2%)
2 -~ Risk MetS 151 (12.6%)
3 - MetS 20 (1.7%)
Total 1,081 (90.5%)
Women

Waist circumference <90 cm
0 Normal Normal 603 (53.0%)
1 Normal Normal 357 (31.4%)
2 Normal Risk MetS 76 (6.7%)
3 Normal MetS 6 (0.5%)
Total 1,042 (91.6%)

Waist circumference <80 cm
0 - Normal 458 (40.2%)
1 - Normal 211 (18.5%)
2 - Risk MetS 49 (4.3%)
3 - MetS 4 (04%)
Total 722 (63.4%)

Waist circumference >85 cm

Normal Normal 93 (7.8%)
Risk MetS Risk MetS 152 (12.7%)
MetS MetS 61 (5.1%)
MetS MetS 13 (1.1%)

319 (26.7%)

Waist circumference >90 cin

- Normal 31 (2.6%)
- Risk MetS 52 (4.4%)
- MetS 25 (2.1%)
- MetS 6 (0.5%)

114 (9.5%)

Waist circumference >90 cm

Normal Normal 28 (2.5%)
Risk MetS Risk MetS 45 (4.0%)
MetS MetS 18 (1.6%)
MetS MetS 5 (0.4%)

96 (8.4%)

Waist circumference >80 cm

- Normal 173 (15.2%)
- Risk MetS 191 (16.8%)
- MetS 45 (4.0%)
- MetS 7 (0.6%)

416 (36.6%)

JMe1S Japanese metabolic syndrome, Risk MerS individuals with central obesity and one of three components (high blood pressure, hyperglycemia, or
abnormal lipid metabolisn), as defined by the Examination Committee for Criteria of MetS in Japan, MesS individuals with MetS

# Number of the components of MetS other than abdominal obesity
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prevalence of fatty liver was much higher than the total
prevalence of fatty liver in men and women, i.e., 27.1 and
16.5%, respectively.

Table 3 shows the characteristics of the subjects diag-
nosed with MetS based on the application of several cri-
teria. The prevalence of MetS using the JMetS criteria was
6.2% in men and 2.0% in women; based on our criteria
using the JMetS COP for central obesity, MétS prevalence
was 7.3 and 2.5%, respectively. When we applied the cri-
terion for >80 cm COP for central obesity in women using
our criteria, the prevalence of fatty liver increased to 4.9%.
Similarly, the application of the COP increased the

2

Table 3 Characteristics of the subjects by MetS status

prevalence among the MetS risk group to 21.1%, which
was close to that observed in men according to our criteria
which include the >85 cm COP for central obesity. Since
central obesity is an essential criterion for determining
JMetS or the JMetS risk group, the subjects in these cate-
gories are much more obese than those falling in the nor-
mal category. The difference in WC and BMI between
subjects in the MetS group and the normal group was
12.1 cm and 3.5 kg/m?, respectively, in men and 17.6 cm
and 5.7 kg/m? in women. When our criteria were used,
these differences decreased to 10.4 cm and 3.0 kglmz,
respectively, in men and 14.5 cm and 5.0 kg/m? in women.

Characteristics Men Women
Normal Risk MetS MetS Normal Risk MetS MetS
Criteria of IMetS (cut-off of WC) (85 cm) (90 cm)
Number (row%) 969 (81.1%) 152 (12.7%) 74 (6.2%) 1,070 (94.0%) 45 (4.0%) 23 (2.0%)
Fatty liver prevalence (%) 20.6% 46.1% 13.0% 14.5% 40.0% 65.2%
Age (years) 63.0 + 8.8 63.3 + 84 634 +79 61.6 £ 3.0 65.8 + 8.1 64.4 + 6.7
BMI (kg/m?) 223+ 24 258 +£24 258 +£2.5 217 £26 272 +£34 274 £ 3.1
WC (cm) 778 £ 64 89.6 =53 899 £ 49 765 + 7.5 95.0 £ 5.1 94.1 + 3.7
Systolic blood pressure (mmHg) 122.6 & 15.1 126.5 &+ 160 1362 + 124 1222 £ 170 132.0 + 138 1423 + 147
Diastolic blood pressure (mmHg) 719 £ 8.6 75.0 £ 89 79.9 £ 8.2 705 93 74.6 £ 83 793 + 70
Triglycerides (mg/dl) 114.3 4+ 708 142.7 + 716 196.2 + 150.0 97.5 £ 49.8 120.7 £ 52.7 204.5 £ 101.1
HDL-cholesteroi (mg/dl) 62.1 + 164 533 £ 12.6 519 + 148 722 4+ 171 64.7 + 143 54.1 + 136
Fasting glucose (mg/dl) 96.0 & 172 100.0 + 18.1 122.9 4+ 48.1 92.4 % 15.8 95.1 £ 135 117.3 £309
Our criteria 1 (cut-off of WC) (85 cm) (90 cm)
Number (row%) 841 (70.4%) 267 (22.3%) 87 (7.3%) 988 (86.8%) 121 (10.6%) 29 (2.5%)
Fatty liver prevalence (%) 17.6% 43.1% 70.1% 12.7% 35.5% 69.0%
Age (years) 62.7 £ 8.9 639 £ 8.1 64.2 + 8.0 61.3 + 8.0 64779 64.8 + 68
BMI (kg/m?) 222425 245+ 27 252426 217 £ 26 24.0 £ 3.7 26.7 + 32
WC (cm) 77.6 £ 6.6 849 £ 172 880 £ 6.7 764 £ 7.6 84.3 £ 10.1 90.9 £ 76
Systolic blood pressure (mmHg) 1205 & 14.1 130.8 &+ 159 137.1 £ 119 120.7 £ 163 137.2 £ 140 1439 + 144
Diastolic blood pressure (mmHg) 71.0+£ 83 76.1 £ 9.0 794 + 8.0 69.9 £ 9.1 76.8 + 8.7 799 £ 175
Triglycerides (mg/dl) 103.8 £+ 502 159.2 + 103.1 197.4 &+ 1409 91.2 + 40.2 152.1 £ 764 2077+ 924
HDL-cholesterol (mg/dl) 63.2 4 160 544 £ 150 503 + 148 73.0 + 16.8 633167 = 5524 140
Fasting glucose (mg/dl) 93.2 + 122 1053 £ 245 124.5 £ 450 91.2 + 139 1003 £ 216 1219 £ 332
Our criteria 2 {cut-off of WC) (90 cm) . (80 cm)
Number (row%) 941 (78.7%) 203 (17.0%) 51 (4.3%) 842 (714.0%) 240 (21.1%) 56 (4.9%)
Fatty liver prevalence (%) 19.6% 50.2% 74.5% 10.3% 27.9% 60.7%
Age (years) 62.8 £ 838 64.0 + 8.2 639+ 79 60.6 + 8.0 649 +72 64.6 &+ 7.7
BMI (kg/m?) 225+£25 243 £ 3.0 256 £33 213 +25 23.9 £ 3.1 254 %29
WC (cm) 78.6 £ 6.9 84.3 £ 8.2 88.8 + 8.6 75.0 £ 74 843+ 74 87.8 &k 66
Systolic blood pressure (mmHg) 1212 + 144 1334 £ 155 1382 £ 115 118.1 & 149 1355 £ 152 1431 £ 148
Diastolic blood pressure (mmHg) 715 + 84 76.9 + 9.1 802 +179 68.8 4 8.6 76.1 & 8.3 79.8 & 80
Triglycerides (mg/dl) 107.6 £ 530 172.0 + 1127 2112 +£ 1723 87.0 £ 36.5 1263 + 564 195.5 + 102.1
HDL-cholesterol (mg/d}) 62.2 £ 159 54.7 + 16.1 50.1 + 149 74.6 £ 166 64.2 &+ 157 56.4 £+ 133
Fasting glucose (mg/dl) 939 + 134 109.7 £ 28.2 131.1 & 499 90.8 + 144 95.4 £ 147 115.5 £30.7

Data are given as the mean = standard deviation (SD)

WC Waist circumference, BMI body mass index, HDL high-density lipoprotein
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