16.

17.

18.

19,

20.

21,

22

23.

24.

Okamoto K, et al. 23

from motor neurone disease in Sweden 1961-1990: the rela-
tive role of increased population life expectancy and environ-
mental factors. Acta Neurol Scand 1994;90:150-9.

Maasilta P, Jokelainen M, Loytonen M, Sabel CE, Gatrell
AC. Mortality from amyotrophic lateral sclerosis in Finland,
1986-1995. Acta Neurol Scand 2000;104:232-5

Traynor BJ, Codd MB, Corr B, Forde C, Frost E, Hardiman
0. Incidence and prevalence of ALS in Ireland, 1993-1997: a
population-based study. Neurology 1999,52:504-9.

Seljeseth YM, Vollset SE, Tysnes OB. Increasing mortality
from amyotrophic lateral sclerosis in Norway? Neurology
2000;55:1262-6.

Mandrioli J, Faglioni P, Merelli E, Sola P. The epidemiology
of ALS in Modena, ltaly. Neurol 2003,60:683-9.

Govoni V, Granieri E, Capone J, Manconi M, Casetta 1.
Incidence of amyotrophic lateral sclerosis in the local health
district of Ferrara, Italy, 1964-1998. Neuroepidemioly
2003;22:229-34.

Statistics and Information Department, Ministerd s
Secretariat. Vital statistics of Japan 1995-2001. The ministry
of Health, Labor and Welfare, Tokyo.

Statistics and Information Department. The notification on
the age-adjusted rate in Japan. Jpn J Public Health
1991;38:535. (in Japanese)

Obno Y. The survey on the frequency and distribution of the
intractable disease. Research Committee on Epidemiology of
Intractable Disease, The ministry of health and welfare of
Japan 1982; 43-55. Nagoya. (in Japancse)

Kriscenski-Perry E, Durham HD, Sheu S8, Figlewicz DA.

25,

26.

27,

28.

29.

30.

Synergistic effects of low level stressors in an oxidative
damage model of spinal motor neuron degeneration.
Amyotroph Lateral Scler Other Motor Neuren Disord
2002;3:151-7.

Nagai M. Fuchigami H, Nishina M, Sibazaki §, Kawamura T,
Ohno Y. Statistics of patients with intractable disease receiv-
ing financial aid for treatment iUse of the linked data indi-
vidually-. Research Committee on Epidemiology of
Intractable Disease, The ministry of Health, Labor and
Welfare of Japan 2002. (in Japanese)

Pinto AC, Evangelista T, Carvalho M, Alves MA, Sales Luis
ML. Respiratory assistance with a non-invasive ventilator
(Bipap) in MND/ALS patients: survival rates in a controlled
trial. J Neurol Sci. 1995;129(Suppl):19-26.

Kleopa KA, Sherman M, Neal B, Romano GJ, Heiman-
Patterson T. Bipap improves survival and rate of pulinonary
function decline in patients with ALS. J Neurol Sci
1999;164:82-8.

Aboussouan LS, Khan SU, Meeker DP, Stelmach K,
Mitsumoto H. Effect of noninvasive positive-pressure venti-
lation on survival in amyotrophic lateral sclerosis. Ann Intern
Med 1997;127:450-3.

Granieri E, Carreras M, Tola R, Paolino E, Tralli G, Elcopra
R et al. Motor neuron disease in the province of Ferrara,
Italy, in 1964-1982. Neurology 1988;38:1604-8,

Giagheddu M, Mascia V, Cannas A, Pirastru MI, Sanna F,
Rachele MG, et al. Amyotrophic lateral sclerosis in Sardinia,
Ttaly: an epidemiologic study. Acta Neurol Scand
1993;87:446-54.

— 484 —



Jouma! of Epidemiology

Vol. 15, No. 1 January 2005

Original Article

A Cross-Sectional Study of Primary Biliary Cirrhosis in Japan: Utilization of Clinical
Data When Patients Applied to Receive Public Financial Aid

Fumio Sakauchi,' Mitsuru Mori,' Mikio Zeniya,? and Gotaro Toda.®

BACKGROUND: There have not been many reports regarding primary biliary cirrhosis {(PBC) in Asia.
We conducted a cross-sectional study of PBC in Japan.

METHODS: In fiscal year 1999, 9,761 patients with symptornatic PBC were registered to receive public
tinancial aid from the Ministry of Hezlth, Labour and Welfare of Japan. For our cross-sectional study we
chose 5,805 patients whose clinical data had been written between 1299 and 2000, and statistically
analyzed the data, including sex, age, major symptoms, and laboratory data.

RESULTS: Qur study estimated that the male-to-female ratio was 1:8.0. The median ages of male and
temale patients were 59 and 60 years, respectively. The major symptoms and physical findings were as
" follows: pruritus 53.3%, jaundice 11.3%, xanthomas 5.8%, splenomegaly 38.1%, and esophageal
varices 19.1%. Antimitochondrial antibody (AMA) was positive in 86.6%, but its positive rate was lower
among Japanese patients than among those in western countries. IgM levels were higher among AMA-
positive patients than among AMA-negative patients. Regarding Sjogren's syndrome, rheumatoid arthri-
tis, chronic thyroiditis, and scleroderma, patients had lower frequencies of complrca!ed autoimmune dis-
eases than those in western countries.

CONCLUSIONS: The male-to-female ratio, frequencies by age group, symptoms and physical findings
among patients with PBC were consistent with previous reports in Japan and from cther countries.
However, positivity of AMA and the frequency of complicated autoimmune diseases were lower ameng

patients in Japan than among those In western countries.

J Epidemici 2005;15:24-28.

Key words: Liver Cirrhosis, Biliary; antimitochondrial antibody (AMA); Cross-Sectional Studies; public

financial aid.

Primary biliary cirrhosis (PBC) is a chronic cholestatic disorder
characterized by progressive, nonsuppurative inflammation and
destruction of small bile ducts, and the presence of antimitochon-
drial antibodies (AMA) in the sera. PBC is considered to be asso-
ciated with disturbances in both cellular and humoral immunity,
but the etiology is still uncertain. Although PBC has been
described in virtually all parts of the world,'? most of the epidemi-
ologic data have been derived from Europe,™ and there are not so
many reports from Asia.

In Japan symptomatic PBC was specified as one of "the
infractable diseases” from 1990. Patients with symptomatic PBC

who want to receive public financial aid from the Ministry of
Health, Labour and Welfare must sign agreements and write
applications. Then they are registered and can receive the public
financial aid. The recognition of patients with symptomatic PBC
is conducted by each prefecture. In 1999, the Ministry of Health,
Labour and Welfare permitted the use of clinical data from the
recognized patients with symptomatic PBC. Most prefectures, but
not all, provided clinical data to the research committee of
intractable hepatic diseases. Therefore, the data was also available
10 the research committee on the epidemiology of intractable dis-
eases.
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In the present study, we tried to elucidate the characteristics of
patients with PBC in Japan by utilization of the clinical data when
they applied to receive public financial aid, and compared the fea-
tures of the patients in Japan with those in other countries.

METHODS

In the fiscal year 1999, 9,761 prevalent cases with symptomatic
PBC were registered. For our cross-sectional study we used the
clinical data of 6,305 patients because not all prefectures provided
the data, and chose the cases of 5,805 patients whose clinical data
were written between 1999 and 2000; the data from residual cases
were not written during the time, for example written in 1998 or
before.

Patients whose conditions met one of the criteria below were
diagnosed as having PBC following the previous reports in
Japan.*?

1. Chronic non-suppurative destructive cholangitis (CNSDC) is
histologically observed and laboratory data do not contradict
PBC.

2. AMA is positive. CNSDC is not histologically observed but
histological findings are compatible with PBC.

3. Histological examination is not performed, but AMA is posi-
tive and clinical findings and course indicate PBC.

For the patients with symptomatic PBC, the following informa-
tion was collected from the records: sex, date of birth, date of
diagnosis, estimated onset time, symptoms and physical findings,
complicated autoimmune diseases, laboratory data including
serum levels of bilirubin, alkaline phosphatase (ALP), y -glutamyl
transpeptidase (¥ -GTP), total cholestero! (T-chole), IgM, and
AMA. We evaluated symptoms and physical findings, laboratory
data, and complicated antoimmune diseases according to sex. We
also examined the association of IgM levels with the positivity of
AMA. In the present study, frequencies of items in the clinical
data were analyzed, excluding "unclear” or blank spaces.

Statistical analysis was performed using SPSS® version 10.0
(SPSS Inc.). The chi-squared test was used for comparing the pro-
portions of two groups, and the Mann-Whitney test was used to
evaluate differences in clinical variables. P values less than 0.05
were considered to be statistically significant,

Table 1. Demographic characteristics of the patients with primary biliary cirrhosis.

both sexes males females
No. of patients 5,805 646 5,159
Age (year) mean *standard deviation 59+10.7 601118 59%10.5
median 60 62 59
relative frequency (%)
<19 years .1 0.6 0.1
20-29 0.6 0.6 0.6
30-39 2.8 33 28
40-49 15.8 13.8 16.1
50-59 304 24.1 311
60-69 3.1 351 340
70-79 14.3 15.7 13.7
80+ 1.7 2.8 1.6
total 100 100 100
Table 2. Symptoms and physical findings of the patients with primary biliary cirrhosis (%)."
both sexes males females p value'
Pruritus 53.3 (3,014/5,654) 57.5 (358/623) 52.8 (2,656/5,031) 0.03
Jaundice 11.3 (648/5,717) 154 (97/631) 10.8 (551/5,086) <(0.001
Xanthomas 5.8 (310/5,339) 6.4 (38/595) 5.7 (272/4,744) 0.58
Splenomegaly 38.1 (2,100/5,508) 37.8 (232/614) 38.2 (1,868/4,894) 0.89
Esophageal varices 19.1 (957/5,012) 17.3 (95/550) 19.3 (862/4,462) 0.27

* : Denominators are not equal because frequencies of items were analyzed, excluding "unclear” or blank spaces.

T : Chi-squared tests for males vs. females.
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Table 3. Laboratory findings of the patients with primary biliary cirrhosis.

females

males

both sexes

p value
<0.01"

n mean SD median

4,790
5,021

n mean SD median
597
643
629 5,

601
477

median

SD

mean

06
359

22
714.6
2260
2423
403.6

1.1
480.3
149.1
2153

446.7

0.7
406.5

2.1
595.9

1.3

537.7

0.6

364

22
702.4
246.4

1.1

486.8

5,387

Total bilirubin (mg/dL)

<0.01°

5,655

Alkaline phosphatase (ALP: TU/L})

<0.01

79
205

178
197
342

86 2921 3455

204
349.5

165.1
214.0

4450 4446

5,638

¥ -glutamyl transpeptidase (y -GTP: JU/L)

Total cholesterol {mg/dL)

<0.01"

4,857

71.6
316.0

204.1

426.8

230.0
395.2

5,458

<0.01

350

3,973

Immunoglobulin M (IgM: mg/dL)

<0.01’

86.1 (4,213/4,895)

90.9 (552/607)

86.6 (4,765/5,502)

Antimitochondrial antibody (AMA) positive (%)

*

: Mann-Whitney tests for males vs. females
T : Chi-squared test for males vs. females

SD: standard deviation

Primary Biliary Cirrhosis in Japan

RESULTS

Age and sex

Table 1 presents the demographic characteristics of the patients.
Of 5,805 patients, 646 (11%) were males, and 5,159 (89%) were
females, therefore the male-to-female ratio was approximately
1:8.0, showing a much greater frequency in females. The mean
and median ages of all patients were 59 and 60 years, respective-
ly. The median age appeared to be somewhat higher in males (62
years) than in females (59 years). The highest frequencies were in
the 60s for both sexes (35.1% for males and 34.0% for females,
respectively). We tried to estimate the age at the onset of the dis-
ease from the records, and found that the median age was 52
years (55 years for males, 52 years for females, respectively).

Symptoms and physical findings

Pruritis was present in 53.3%, jaundice in 11.3%, xanthomas in
5.8%, splenomegaly in 38.1%, and esophageal varices in 19.1%
of all patients (Table 2). Pruritus and jaundice were found signifi-
cantly more frequently among males than among females,

Laboratory data

Key laboratory data are summarized in Table 3. Levels of total
bilirubin, ALP, and y -GTP were significantly higher among
males than among females, whereas levels of T-Chole and IgM
were significantly higher among females than among males.
AMA was positive in 86.6% of all cases, and its positive rate was
significantly higher among males than among females (90.9% for
males, 86.1% for females, respectively). Table 4 shows a signifi-
cant association of IgM levels with the positivity of AMA, ie., a
higher IgM level, and a higher rate of AMA-positive patients (P
for trend <0.001).

Complicated autoimmune diseases

Complications such as Sjogren's syndrome, rheumatoid arthritis,
chronic thyreiditis, and scleroderma including CREST syndrome
{calcinosis, Raynaud's phenomenon, esophageal dysmotility, scle-
rodactyly, and telangiectases) were found in 13.5%, 7.3%, 4.4%,
and 2.0% of patients, respectively (Table 5). All these complicat-
ed diseases were found significantly more frequently among
females than among males.

DISCUSSION

The patients with PBC were characterized by a high proportion of
fermales, especially of middle age. It has been reported that 90%
10 95% of patients with PBC are females, with a median age at the
time of diagnosis in the early 50s.** ' In Japan, the Research
Committee on the Epidemiology of Intractable Diseases conduct-
ed two rounds of nationwide surveys of PBC.'"* These surveys
reported that the male-to-female ratio was 1:8.3-9.1, and that for
males the percentage of patients gradually increased from their
40s. reaching the highest frequency age group between 60 and 70
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Table 4. Association between serum IgM level and positivity of antimitochondrial
antibody {AMAY} among patients with primary biliary cirrhosis.
Immunoglobulin M (IgM: mg/dL)

-299 300-599 600-899 900+
AMA (+) 2430 (824) 1,456 (50.2) 540 (91.8) 332 (96.8)
AMA (-) 520 (17.6) 158 (9.8) 48 (8.2) 11 (3.2)
Parcentages in parentheses
P for trend <0.001

Table 5. Parcentages of patients with primary biliary cirrhosis complicated with selected autoimmupe diseases (%).”

both sexes males females p value'
Sjogren's syndrome 13.5 (683/5,041) 4.5 (25/555) 14,7 (638/4,486) <0.001
Rheumatoid arthritis 7.3 (390/5,373) 2.5 (15/596) 7.9 (37514777} <0.001
Chronic thyroiditis 4.4 (258/5,805) (.8 (5/646) 4.9 (253/5,159) <0.001
Scleroderma 2 (117/5,805) 0.6 (4/646) 2.2 (113/5,159) 0.011

* : Denominators are not equal because frequencies of items were analyzed, excluding "unclear” or blank spaces.

¥ : Chi-squared tests for males vs. females,

years old, while for females the former increased from their 30s
and the latter was between 50 and 60 years old. Regarding the
male-to-female ratio and age distributions of the highest frequen-
cies for both sexes, our results approximately agreed with the two
reports from the previous nationwide surveys. Inoue et al. also
reported that the male-to-female ratto was 1: 7.9, and the peak
incidence was in the 50s.”

It is still uncertain why females are more susceptible to autoim-
mune diseases, including PBC, than males, However, a sex-linked
genetic influence and hormonal effect for females is one possible
explanation."” Females are considered to have the higher absolute
number of CD4+ lymphocytes than males, and it is suggested that
cytokine secretion is enhanced in the presence of estrogen.™
Moreover, androgens have been found to suppress the activity of
autoimmune disease such as systemic lupus erythematosus in arni-
mal experiments.” Gonadal steroids are likely to play important
roles in modulating autoimmune diseases.

Pruritus, jaundice, and xanthomas are usually found in 55%,
10%, and less than 10% of the patients with PBC, respectively.'?
Our results for pruritus, jaundice and xanthomas were similar to
our theses values. The percentage of splenomegaly among
patients with PBC is reported to be 15%,? but in the present study
splenomegaly was observed in more patients than previously
reported. The recent progress of diagnostic imaging techniques
such as ultrasonography and computed tomography may be onc
possible explanation for this. Frequencics of jaundice and biliary
enzyme levels were higher among males than among females.
Further studies are required to clarify the association between sex
and jaundice and biliary enzymes levels.

In Western countries it has been reported that AMA in PBC
occurs in 90% to 95% of patients,*'* but the positivity of AMA

was lower (86.6% of total patients). This may be one of the rea-
sons that Japanese patients with PBC have lower frequency of
certain types of AMA (e.g. anti-PDC-E2} than Europeans.” More
precise laboratory examinations for various types of AMA might
resolve this issue.

Lacerda et al. reported that IgM levels were higher in AMA-
positive than AMA- negative patients.” Our results also showed
an association of a higher IgM level with a higher frequency of
AMA-positive patients.

It is reported that Sjogren's syndrome, rheumatoid arthritis, thy-
roid diseases, and scleroderma are found in 75%, 10% to 20%, up
to 15%, and 10% to 15% of patients with PBC, respectively.
Patients in the present study had lower frequencies of complicated
autoimmune diseases than those in western countries. Other stud-
ics in Japan have also reported lower complications of these dis-
eases,™” but the difference in frequency of complicated autoim-
mune diseases between Japanese and Western people have not
been clearly explained. Polymorphism of the human leukocyte
antigen (HLA}Y might be related to the difference in races.®* Our
study found a higher frequency of complicated autoimmune dis-
eases among fernales than among males. This fact also shows that
gonadal steroids are likely to play important roles in modulating
autoimmune diseases.

In conclusion, using established recorded data, we described
the clinical and biochemical features of PBC in Japan. The male-
to-female ratio, frequencies by age groups, symptoms and physi-
cal findings among paticnts with PBC were consistent with previ-
ous reports in Japan and from other countries. However, positivity
of AMA and the frequencies of associated autoimmune diseases
were lower among patients in Japan than among those in western
countries.
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Dietary Risk Factors for Inflammatory Bowel Disease
A Multicenter Case-Control Study in Japan
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the Research Committee on Inflammatory Bowel Disease in Japanjit

Abstract: To evaluate the role of dietary factors in the etiology of
inflammatory bowel disease (IBD), we conducted a multicenter hos-
pital-based case-control study in a Japanese population. Cases were
IBD patients aged 15 to 34 years {ulcerative colitis {UC) 111 patients;
Crohn’s disease (CD} 128 patients] within 3 years after diagnosis in
13 hospitals, One control subject was recruited for each case who was
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matched for sex, age, and hospital. A semiquantitative food fraquency
questionnaire was used to estimatlé: preillness intakes of food groups
and nutrients. All the available control subjects (n=219) were pooled,
and unconditional logistic models were applied to calculate odds ra-
tios (ORs). In the food groups, a higher consumption of sweets was
positively associated with UC risk [OR for the highest versus lowest
quartile, 2.86; 95% confidence interval (CI), 1.24 to 6.57], whereas
the consumption of sugars and sweeteners (OR, 2.12; 55% CI, 1.08 to
4.17), sweets (OR, 2.83; 95% CT, 1.38 to 5.83), fats and oils (OR,
2.64; 95% CI, 1.29 to 5.39), and fish and shellfish (OR, 2.41; 95% CI,
1.18-4.89) were positively associated with CD risk. In respect to nu-
trients, the intake of vitamin C (OR, 0.45; 95% CI, 0.21 to 0.99) was
negatively related to UC risk, while the intake of total fat (OR, 2.86;
95% CI, 1.39 to 5.90}, monounsaturated fatty acids (OR, 2.49; 95%
CI, 1.23 to 5.03) and polyunsaturated fatty acids (OR, 2.31; 95% CI,
112 to 4.79), vitamin E (OR, 3.23; 95% CI, 145 to 7.17), and n-3
(OR, 3.24; 95% CI, 1.52 to 6.88) and n-6 farty acids (OR, 2.57; 95%
CI, 1.24 to 5.32) was positively associated with CD risk. Afthough
this study suffers from the shortcoming of recall bias, which is inher-
ent in most retrospective studies (prospective studies are warranted to
confirm the associations between diet and [BD risk), the present find-
ings suggest the importance of dietary factors for IBD prevention.

Key Words: case-control study, Crohn's disease, diet, inflammatory
bowel disease, ulcerative colitis

(Inflamm Bowel Dis 2004;11:154-163)

he incidence of inflammatory bowel disease (IBD),

namely, ulcerative colitis (UC) and Crohn’s disease (CD),
is far lower in Japan than in Western Europe and North
America.! However, sucprisingly, the rate has been increasing
and the gap has become smaller over the past decade.® This
increasing incidence in Japan cannot be attributed to genetic
factors.>*

Potential environmental factors affecting IBD include
early appendectomy,” some nonsteroidal anti-inflammatory
drugs,® and dietary”™'° and smoking habits.'""'? Among these
factors, changes in the Japanese diet (e.g., taking in more Ffats
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and fast foods) may provide an explanation for the increasing
incidence of IBD>.'>1* The etiology of IBD is assumed to be the
dysregulated activation of the mucosa! immune system, which
may in part be related to dietary factors. For example, the re-
cent increase in the incidence of CD in Japan has been refated
to increased dietary fat intake, including n-6 fatty acids, which
are metabolized to immunomodulatory leukotrienes and pros-
taglandins."?

Epidemiologically, some case-contro! studies have sug-
gested that vegetables and fruit are protective factors,™® while
refined sugar”™'? and fat'® are risk factors for IBD. However, as
only a few studies'® have quantified nutrient or food intake
using a validated questionnaire, it is possible that there have
been inconsistent results,

Thus, we focused on preillness dietary risk factors for
IBD and assessed them in a case-control study in a Japanese
population, in which the incidence of IBD is rapidly growing,
using a food frequency questionnaire (FFQ).

MATERIALS AND METHODS

Study Subjects

We conducted this study in 13 hospitals from September
2000 to November 2001, using a self-administered question-
naire. To be eligible as cases for the present study, patients had
to have received diagnoses of UC or CD within the past 3 years
and to be 15 to 34 years old. We enrolled patients who pre-
sented to the participating hospitals when a coinvestigator was
available. The diagnostic criteria for UC and CD were in ac-
cordance with the criteria proposed by the Research Commit-
tee on Inflammatory Bowel Disease in Japan.'® To elucidate
the role of diet in IBD development, particularly that of dietary
fat, we focused on patients 15 to 34 years of age, because fat
intake is highest in this age group in the Japanese population.’

Control subjects, with a wide variety of clinical diag-
noses, were recruited from among other patients in the hospi-
tals. Patients with cancers (other than those of lymphohemato-
poietic tissues), chronic bowel disease, acute appendicitis, al-
lergic diseases, and anal fistulas were excluded. Patients with
the latter 3 diseases were excluded because we also attempted
to clarify the association of the history of these diseases with
IBD. We also excluded control subjects who had reported
symptoms of irritable bowel syndrome or anal fistula up to 5
years before the survey in the questionnaire. Study centers
were asked to provide one control subject for each case, match-
ing gender and age {within the same 5-year age group, as fol-
lows: 15-19, 20-24, 25-29, or 30-34 years).

Data Collection

A self-administered questionnaire was used to obtain in-
formation on demographic factors, medical history, lifestyle in
childhood, smoking and drinking babits, and dietary habits.
Participating investigators or supervised physicians distrib-
uted and collected the questionnaire, and unanswered ques-
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tions were filled in by interview. One of the authors (N.S.)
reviewed the questionnaire before data analysis occurred. The
reviewer was not blinded to the patient’s disease but checked
all unanswered questions irrespective of case-control status. If
unanswered questions were found, the questionnaire was re-
turned to the relevant participating investigator, The investiga-
tor or supervised doctors posed the unanswered questions to
the patient and completed the questionnaire. Unanswered
questions were completed in accord with the patient’s replies.

Subjects were asked to report their behavior and charac-
teristics 5 years before the time of the study. To facilitate the
recall of lifestyles, including dietary habits, 5 years before the
study, we inserted into the questionnaire some questions about
their familial and social backgrounds at that time.

The dietary component of the questionnaire inquired
about the average intake frequency of 97 items of Japanese
foods or dishes. This FFQ was specifically developed to esti-
mate the average daily intakes of nutrients and food groups.'®
Nutrient intakes were computed vsing the Japanese food com-
position tables'®?? with a supplemental database.?! The FFQ
was validated in a healthy Japanese population by referring to
16-day dietary records as a standard, and was proved to be
adequately valid for most of the nutrients and food groups.'®#**
The ranges of correlation coefficients between the FFQ and
dietary records were 0.16 to 0.83 (median, 0.57) for the food
groups and 0.42 to 0.83 (median, 0.58) for the nutrients under
study. Nutrient intake from supplements was not considered in
the present study.

Statistical Methods :

We compared the background characteristics of UC or
CD case patients with those of control subjects by the x? test or
the Mantel-Haenszel test.2* Odds ratios (ORs) and their $5%
confidence intervals (Cls) were computed to assess the
strength of the associations between the intake of selected food
groups or nutrients and the risk of UC or CD. In this analysis,
we pooled all the control subjects and compared them with
both UC and CD case patients to make the most of the data and
to obtain more stable estimates of ORs than those using only
the control subjects originally matched to cases of UC or CD.
Thus, we employed unconditional logistic regression analy-
sis>* to compute the ORs adjusted for age, gender, study area,
and other confounding covariates.

Energy-adjusted intakes of food groups or autrients
were calculated by the method of Willett and Stampfer.?*
Natural logarithms of food and nutrient intakes were used to
improve the normality of their distribution. The energy-
adjusted intake in control subjects was compared between gen-
ders, study areas, and education levels using the ¢ test or one-
way analysis of variance to describe the effect of these back-
ground factors.

With regard to each dietary vaviable, subjects were di-
vided into four groups according to the quartile of energy-
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adjusted intake in the distribution of control subjects. The
power calculation assuming linearly increasing or decreasing
risk showed that our study should have detected ORs of 3 or
0.33 in the highest quartile versus the lowest one, with statis-
tical significance (P < 0.05) with >80% probability (for UC
84%: for CD 88%).% The trend ofthe association was assessed
by assigning ordinal scores {i.e., 0, [, 2, or 3} to a single dietary
variable.?” All statistical analyses were performed by the Sta-
tistical Analysis System (SAS Institute, Cary, NC).2

Ethical Considerations

All of the participants provided written informed con-
sent, The Ethical Board of the Hyogo College of Medicine ap-
proved the protocol of this study.

RESULTS

By November 2001, 131 patients with UC, 160 patients
with CD, and 273 contro! subjects had been surveyed. The
number of patients who were approached during recruitment
for the study was not formally documented, but almost all of
the patients who were asked to participate completed the ques-
tionnaire. For 18 IBD case patients, matching control subjects
could not be set up.

We excluded 42 subjects (UC, 14 patients; CD, 10 pa-
tients; and control subjects, 18 subjects) outside the age range
{15 to 34 years). Six patients with UC and 22 patients with CD
were additionally excluded because they did not fulfil the eli-
gibility criteria for disease duration, and 36 control subjects
turned out to be ineligible because of their disease criteria or
previous symptoms. Furthermore, 3 UC cases, 2 CD cases, and
8 control subjects showed implausibly low or high values of
estimated energy intake {i.e., <800 or >5000 kcal/d) and were
therefore excluded from the analyses. Thus, 108 UC case pa-
tients, [ 26 CD case patients, and 21 control subjects remained
in the present study,

Of the patients with UC, 45.4% (n = 49) completed the
questionnaire within 1 year of diagrosis, 30.6% (n=33) in the
second year, and 24.1% (n = 26) in the third year. The corre-
sponding figures for CD patieats were 43.7% {n = 55), 30.2%
{n = 38), and 26.2% (n = 33), respectively. The numbers
of control subjects by clinical diagnosis were as follows: re-
spiratory diseases (n = 56, including 18 with a commen cold
and 11 with acute bronchitis); digestive diseases (n = 48, in-
cluding 15 with anal prolapses and 12 with gastritis); malig-
nant neoplasm of the lymphohematopoietic tissues (n = 16);
circulatory diseases (n = 15, including |1 with hemorrhoids);
infectious diseases (n = 14); injury (n = 11); orthopedic dis-
eases other than injury (n = 8); discases of the skin and subcu-
taneous tissue {n= 7}, genitourinary diseases (n = 6); and other
diagnoses (n = 30).

Table | presents the background characteristics of the
UC and CD case patients and the control subjects. Ages were
distributed similarly among the 3 groups, while the proportion
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of women was higher among the UC patients and slightly
lower among the CD patients than among the control sub-
jects. The distribution of the study areas showed some differ-
ences among the groups. UC patients tended to be less edu-
cated than control subjects. As expected,® current smoking was
negatively associated with UC. Current smokers accounted for
7.4% of UC cases compared to 29.9% of control subjects. We
treated the above-mentioned factors as confounding variables
and included them in the following multivariate analyses. The
strata specified in Table 1 were used in the logistic models.

Among control subjects, the energy-adjusted intake of
most nutrients, except for carbohydrates, was higher in women
than in men, as was the energy-adjusted consumption of most
food groups, excluding alcoholic beverages and rice. This isin
line with the findings from the National Nutrition Survey in
Japan.'” Study area and education level had much less impact
than gender but were still associated with dietary intake. Con-
trol subjects who had firished only high school or less showed
a lower intake of vitamin E, sugars and sweeteners, and veg-
etables. The energy-adjusted consumption of sugars and
sweeteners was high in the northern area of Japan (Hokkaido)
and low in the southern area {Kyushu and Okinawa}, while that
of green-yellow vegetables was high in the Kinki region but
low in Tokyo (data not shown).

The more frequent the consumption of sweets, the higher
the risk of UC (Table 2; trend £ = 0.012). Those patients in the
highest quartile of intake had a 3-fold higher risk than those in
the lowest quartile (OR, 2.86; 95% CI, 1.24 to 6.57). ORs for
the higher consumption of vegetables or fruit were smaller
than unity but did not reach statistical significance.

When the CD patients were compared with control sub-
jects (Table 3), we found an increasing trend in the risk of CD
with the increasing consumption of sugars and sweeteners,
sweets, fats and oils, and fish and shellfish (trend P < 0.05).
ORs for the highest quartile of intake versus the lowest were
2.12 (95% CI, 1.08 to 4.17) for sugars and sweeteners, 2.83
(95% CI, 1.38 to 5.83) for sweets, 2.64 (95% CI, 1.29 to 5.39)
for fats and oils, and 2.41 (95% CI, 1.18 to 4.89) for fish and
shellfish.

Table 4 summarizes the ORs for UC by daily nutrient
intake. ORs were smaller with a higher intake of vitamin C,
ORs for the second, third, and fourth quartiles were 0.46, 0.44,
and 0.45 (95% CL, 0.21 to 0.99; trend £ = 0.053), respectively.
For fat, monounsaturated fatty acids (MUFAs), polyunsatu-
rated fatty acids (PUFAs), cholesterol, and vitamin E, signifi-
cantly higher ORs were found in the second or top quartile of
intake. There was no dose-response relationship for either total
fat or different types of fat.

Fat intake was positively associated with the risk of CD,
with a clear dose-response relationship (Table 5). The risk was
about 3-fold greater in those in the highest quartile of intake,
ORs from the second to the highest quartile, were 1.31, 1.86, .
and 2.86 (95% CI, 1.39 to 5.90; trend P = 0.002), respectively.
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TABLE 1. Backqround Factors in UC Cases (n = 108), CD Cases (n = 126), and Controls (n = 211)

UC Cases CD Cases Controls P for Difference
N % N % N % UC versus Controls CD versus Controls
Age (yr)
15-19 30 27.8 30 238 43 204
20-24 24 222 41 325 63 29.9
25-29 3l 28.7 25 16.8 55 26.1 046 0.44
30-34 23 213 30 238 50 237
Gender
Men 56 519 91 722 135 64.0
Women 52 48.1 35 278 76 36.0 0.037 0.12
Study area
Hokkaido 7 6.5 2 1.6 9 43
Tohoku 25 23.1 17 3.5 43 20.4
Tokyo 22 20.4 69 54.8 78 37.0
Kanto 21 194 9 7.1 22 10.4 0.039 0.033
Kinki 21 19.4 16 12.7 39 18.5
Kyushu and Ckinawa i2 b1 13 10.3 20 9.5
Education
High school or less 39 36.1 44 352 69 32.7
Junior college or technical school 38 35.2 3i 248 51 24.2 0.076 0.57
College, university or more 31 28.7 50 40.0 91 43.1
Smoking habits
Nonsmokers 87 80.6 79 62.7 127 60.2
Ex-smokers 13 12.0 20 15.9 21 10.0 3.0x 107 0.11
Current smokers 8 74 27 214 63 29.9

UC: uleerative celitis; CD: Crohn's disease.

An increased risk was also found in relation to the higher in-
take of several types of fats. ORs for the top quartile of intake
relative to the bottom were 2,49 (95% CI, 1.23 to 5.03) for
MUFAs, 2.31 (95% CI, 1.12 to 4.79) for PUFAs, 3.24 (95%
CI, 1.52 to 6.88) for n-3 fatty acids, and 2.57 (95% CI 1.24-
5.32) for n-6 fatty acids. We also found an increasing trend in
risk with increasing the intake of vitamin E (OR for the highest
quartile 3.23; 95% CI, 1.45to 7.17; trend P = (1.005).

Pooling the control subjects may have influenced the
data. We therefore recalculated the ORs without pooling; that
is, by using only control subjects who were originally matched
to UC or CD case patients. Although the Cls were widened due
to lower numbers of control subjects, the major findings of our
study were not essentially altered in this reanalysis.

For UC patients, the OR for the highest versus lowest
quartite of sweet consumption was 2.82 (95% CI, 1.01 t0 7.92).
For CD patients, the corresponding ORs were 2.03 (35% CI,
0.96 to 4.33) for sugars and sweeteners, 3.38 (95% CI, 1.52t0
7.50) for sweets, 3.15 (95% CI, 1.45 to 6.80) for fats and oils,
and 2.44 (95% CI, 1.12 to 5.31) for fish and shellfish. Regard-
ing nutrient intake, the OR for UC (the top versus bottom quar-
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tile of intake)} was found to be 0.41 (95% CI, 0.16 to 1.05) for
vitamin C. The ORs for CD were 2.78 (95% CI, 1.24 to 6.22)
for total far, 2.81 (95% CI, 1.27 to 6.23) for MUFAs, 3.02
(95% CI, 1.36 t0 6.70) for PUFAs, 3.96 (95% CI, 1.63 t0 9.62)
for vitamin E, 3.75 (95% CI, 1.67 to 8.46) for n-3 fatty acids,
and 3.12 (95%°Cl, 1.37 to 7.07) for n-6 fatty acids.

DISCUSSION
In this case-control study, confections were associated
with an increased risk for both UC and CD. Higher intakes of
sugars and sweeteners, as well as of fats and oils, and fish and
shellfish were associated only with an increased risk of CD.
Regarding nutrient intake, vitamin C was related to a de-

" creased risk of UC. On the other hand, total fat and fat-related

nutrients, including MUFAs, PUFAs, vitamin E, and n-3 and
n-6 fatty acids, increased the risk for IBD, particularly for CD.

A substantial proportion of subjects were removed from
the analysis because they did not fulfill the eligibility criteria.
We focused on patients aged 15 to 34 years and left out sub-
jects who were outside this predefined age range. Therefore,
the resuftant ORs reflected the association of dietary intake
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TABLE 2. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Ulcerative Colitis According to Daily Intake of

Food Groups

Cut Points (g)* No. of Casest OR (95% CI}t Trend
ren
QUQ2 Q2Q3 Q3/Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 Q4 P
Potatoes 11.1 162 . 223 21 26 20 41 100 1.11(0.52-2.35) 0.68(0.30-1.50) 1.30(0.63-2.71) 0.63
Sugars and
sweeteners 2.5 32 43 33 17 30 28 1.00 0.39(0.18-0.84) 0.76(0.37-1.56) 0.71(0.35-1.45) 0.67
Confectioneries 3.0 6.8 120 12 22 31 43 1.00 1.66(0.71-392) 2.11{0.91-4.87) 2.86(1.24-6.57) 0012
Fats and oils 10.6 13.9 183 16 21 38 33 1.00 1.26(0.56-2.85) 2.15(1.02-4.54) 1.76(0.82-3.77) 0.074
Nuts and seeds 0.1 04 09 19 31 28 30 100 136(0.64-291) 120(0.56-2.58) 1.06(0.45-2.29) 0.93
Pulses 323 49.5 677 30 23 22 33 L00 060(0.29-1.27) 0.50 (0.24-1.05) 0.66(0.32-1.35) 0.25
Fish and
shellfish 26.1 42.0 648 21 20 31 36 1.00 0.84(D.38-1.85) 1.07(0.51-224) 1.21(0.57-2.56) 048
Meats and
poultry 548 72.9 946 22 23 31 32 100 093(0.44-197) 1.27(0.62-2.61) 1.35(0.66-2.74) 029
Eggs 13.6 28.4 430 19 32 26 31 1.00 1.57(0.74-331) 1.14(0.53-2.46) 1.22(0.56-2.65) 0.89
Mitk and dairy
products 543 1581 2598 23 24 28 33 1.00 0.71(0.33-1.56) 0.91(0.42-1.98) 0.79(0.36-1.73) 0.76
Vegetables 96.1 148.7 1972 24 30 25 29 100 0.93(0.44-1.97) 0.65(0.31-1.38) 0.75(0.35-1.62) 0.32
Fruits 299 685 1363 27 32 19 30 L00 0.88(0.43-1.79) 0.40(0.18-0.91) 0.62{0.29-1.32) 0.1l
Mushrooms 2.0 19 10.1 23 35 27 23 1.00 1.50(0.73-3.06) 0.87(0.41-1.82) 0.69(0.31-1.56) 0.18
Seaweeds 0.9 1.3 1.9 27 29 28 24 1.00 0.76(0.37-1.56) 0.71 (0.34-1.48) 0.58(0.27-1.22) 0.16
Alcoholic )
beverages 1.3 24 1600 33 30 26 19 1.00 0.91(0.46-1.80) 0.67(0.31-1.47) 0.64 (0.27-1.55) 0.28
Rice 4032 4878 6007 35 28 24 21 1.00 069(0.35-1.37) 0.58(0.28-1.19) 0.64(0.30-1.36) 0.18
Breads 5.0 1.0 227 18 25 32 33 100 0.93(0.42-2.03) 1.62(0.75-3.50) 1.46(0.68-3.13) 0.15
Noodles 61.5 1033 1448 24 31 20 33 100 1.29(0.63-2.64) 0.75(0.35-1.62) 1.31(0.64-2.69) 0.78
Green-yellow
vegetables 275 534 8§74 28 28 21 31 LOO 0.67(0.32-139) 0.42(0.19-0.93) 0.63(0.30-1.349) 0.18
Other vegetables  59.7 846 111.0 23 31 21 33 L.00 1.21(0.58-249) 0.59(0.27-1.28) 1.03(0.50-2.14) 0.69

*Adjusted to a mean energy intake of 2006 keal/d (8394 kJ/d),

{Cases were classified into 4 groups according to the quartile (Q1-Q4) of energy-adjusted intake among controls. Each group therefore had almost the same

number (52 for Q1 and 53 for Q2-Q4) of controls,
tAdjusted for age, sex, study area, education, and smoking habits.

with IBD risk in relatively young populations. The major find-
ings remained fundamentally unchanged even after including
subjects who had been omitted due to disease duration, disease
criteria, previous symptoms, or implausible values for esti-
mated energy intake, although the associations of dietary in-
take with IBD risk were somewhat attenuated in some cases
(data not shown).

Although we do not have data on regional differences
regarding the incidence or severity of IBD, dietary intake did

vary between study areas. To statistically adjust any potential -

confounding by area, we included the variable in the logistic
models. Moreover, all the significant ORs for the highest quar-
tile ofintake of food groups or nutrients changed by <10% with
this adjustment, indicating minimal effects from any regional
differences in dietary intake.

Previously suggested dietary risk factors for IBD in-

clucded high fat' and sugar®®*? intake, whereas protective fac-
g g p
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tors were the consumption of fruits and vegetables.?*~>! In our
study, fat and sugars were also shown to be risk factors for
IBD, particularly for CD.

The increase in CD incidence in Japan has been associ-
ated with the increased dietary fat intake. Our study also
showed positive associations of total fat, and n-3 and n-6 fatty
acids with risk for CD. The production of reactive oxygen spe-
cies from inflammatory cells, such as activated neutrophils,
may be altered by the plasma lipid status.’* Reactive oxygen
species produce various oxidant substances, such as lipid per-
oxides, and aggravate the disease.™

Diets containing high n-3 leng-chain PUFA levels have
been reported to ameliorate inflammation and mucosal dam-
age in an experimental model of UC in rats, and specific fatty
acid intake is expected to be a therapeutic medication *® How-
ever, our study may warn against such thoughts, especially for
CD. Increasing the intake of n-3 fatty acids by consuming oily
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TABLE 3. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Crohn’s Disease According to Daily Intake of

Food Groups

Cut Points (g)* No. of Casesf OR {95% CDt Trend
ren
QuQ2 QUQ3 Q3/Q4 Q1 QI Q3 Q4 Qt Q2 Q3 Q4 P
Potatoes 1.1 16.2 223 02427 31 44 100 0.96(0.48-1.93) 1.14(0.57-2.28) 1.69(0.85-3.35) 0.097
Sugars and
sweeteners 2.5 3.2 43 23 24 32 47 100 099(048-2.05) 137(068-2.76) 2.12(1.08-4.17) 0.014
Confectioneries 3.0 6.8 120 20 30 29 47 100 1.42(0.70-2.91) 144(0.69-3.01) 2.83(1.38-5.83) 0Q.005
Fats and oils 10.6 13.9 183 19 27 37 43 1.00 1.45(0.70-3.01) 2.13(1.05-4.33) 2.64(1.29-5.39) 0.004
Nuts and seeds 0.1 04 09 21 39 31 335 1.00 1.86(0.93-3.72) 1.56(0.77-3.18) 1.92¢0.94-391) 0.15
Pulses 323 49.5 67.7 32 30 26 38 100 0.88(0.45-1.72) 0.97(0.33-1.54) 1.23(0.63-2.40) 0.59
Fish and
shellfish 261 420 648 21 28 34 43 00 136(0.67-2.77) 1.52(0.75-3.08) 2.41(1.18-4.89) 0.015
Meats and
poultry 54.8 728 946 20 33 35 38 100 L.63(0.81-3.30) 1.61(0.79-3.26) 1.90(0.95-3.78) 0.10
Eggs 13.6 284 430 29 34 28 35 L00 1.21(0.63-234) 1.02(0.52-2.04) 1.42(0.72-2.83) 0.42
Milk and dairy
products 543 158.1 2598 39 38 24 25 1.00 0.50(0.48-1.70) 0.54(0.27-1.10) 0.50(0.24-1.05) 0.03!
Vegetables 96.1 1487 1972 24 49 20 33 100 2.19(1.144.22) 090(0.42-1.91) 1.55(0.76-3.17) 0.78
Fruits 29.9 68.5 1363 32 42 27 25 1.00 L.19(0.62-2.28) 0.77(0.38-1.59) 0.80(0.38-1.66) 0.33
Mushrooms 20 39 0.0 31 37 25 33 100 1.21(0.64-2.30) 0.84(0.42-1.67) 1.29(0.63-2.62) 0.76
Seaweeds 0.9 1.3 1.9 27 32 32 35 100 1.23(0.62-2.42) 1.33(0.67-2.65) 1.31(0.66-2.60) 043
Alccholic
beverages 1.3 24 1600 37 40 28 Z1 100 1.250.68-2.32) 0.73(036-1.48) 0.50(0.23-1.11) 0.094
Rice 403.2 4878 6007 43 28 22 33 1.00 058(0.30-1.10) 049 (0.24-097) 0.62(0.33-1.18) 0.12
Breads 5.0 11.0 227 25 24 42 35 1.00 1.00(0.49-2.02) 1.89(0.97-3.66) 1.49(0.76-2.91) 0.093
Noodles 61,5 1033 1448 29 35 25 37 100 1.19(0.62-2.29) 0.82(041-1.63) 1.37(0.71-2.66) 0.57
Green-yellow
vegetables 275 534 874 29 41 30 26 100 1.45(0.76-2.75) 1.13(0.56-2.26) 1.02(0.50-2.11) 0.84
Other vegetables 39.7 846 1110 17 42 35 32 1.00 248(1.22-5.03) 2.03(1.00-4.33) 2.07(0.984.37) 0.16

*Adjusted to a mean energy intake of 2006 kcal/d (8394 kl/d).

tCases were classified into 4 groups according to the quartile (Q1-Q4) of energy-adjusted intake among controls. Each group therefore had almost the same

number (52 for Q1 and 53 for Q2-Q4) of controls.
tAdusted for age, sex, study area, education, and smoking habits.

fish would necessarily increase fat intake as a whole. The cor-
relation between the intake of n-3 and n-6 fatty acids was as
high as 0.88 among the control subjects (energy-adjusted val-
ues), and the n-6/n-3 fatty acid ratios did not give any infor-
mation on IBD risk in our study. Some fish may have unknown
elements that affect the activity and the initiation of IBD. Be-
cause our questionnaire cannot estimate the intake of specific
kinds of fish, such effects could have been overlooked.

The intake of sugars and sweets increased the risk of IBD
in this study. These foods contain sucrose, which has been as-
sociated with IBD risk.33" Patients with CD had a higher di-
etary intake of sucrose and refined carbohydrates,’® although a
critical review of the literature on associations between the on-
set of CD and the intake of sugars or sugar-containing foods
concluded that inconsistent results have arisen due to the lack
of distinction between preillness intake and current intake.”’

© 2003 Lippincott Williams & Wilkins

Gastrointestinal permeability, assessed by the lactulose/man-
nitol ratio and sucrose excretion, is increased in patients with
CD.*® This phenomenon may be related to the intestinal disor-
der of CD, but small intestinal permeability is also increased in
some healthy spouses of patients with CD,3® who may share
some dietary habits with the patients. Therefore, the increased
permeability may be partially associated with environmental
factors, such as the inappropriate intake of sugars and sweets,
and may alter mucosal immune systems.

In our study, the higher consumption of vegetables and
fruits only slightly decreased the risk of UC, but a higher intake
of vitamin C, which is concentrated in these foods, showed sig-
nificantly lower ORs in UC patients. A relatively lower validity of
our FFQ for vegetables may have led to the discrepant results.

Vitamins C and E are well-known antioxidant sub-
stances.*® Circulating antioxidants are thought to prevent free
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TABLE 4. Odds Ratios (ORs) and 95% Confidence Intervals (Cls} for Ulcerative Colitis According to Daily Nutrient Intake

Cut Points (g)* No. of Casest

OR (95% CI)t

Trend
QuQr 2/Q3 Q3/Q4 Q1 Q2 Q3 Q4 Qi Q2 Q3 Q4 P
Protein {g) 616 . 68.1 742 16 22 31 39 1.00 0.88(0.37-2.09) 1.13(0.49-2.5%) 136{0.58-3.20) 031
Fat (g) 47.0 57.8 655 13 38 I8 39 100 240(1.07-536) 0.98(0.40-236) 2.34(1.02-539) 0.28
Carbohydrate (g) 254 275 300 35 210 33 19 100 056(0.28-1.15) 0.74(0.37-1.48) 0.66(0.31-141) 0.37
Calcium (mg) 320 448 592 23 25 30 30 1.00 0.83(0.38-1.81) 0.88(0.41-192) 0.73(0.33-1.64) 051
fron {mg) 7.0 8.4 95 [5 33 22 38 1.00 1.99(0.88-4.48) 0.91(0.39-2.15) [.64(0.72-3.77) 0.68
Potassium (mg) 1877 2192 2544 29 26 20 33 1.00 0.56(0.27-1.18) 0.38(0.17-0.84) 0.62(0.29-1.32) 0.18
Vitamin A (IU) 1477 2065 2715 25 28 23 32 100 0.88(0.42-1.83) 0.70(0.33-1.49) 0.90(0.44-1.87 0.69
Retinol (p:g) 2349 3416 4868 16 36 26 30 1.00 1.93(0.904.13) 135(0.62-2.96) 1.79(0.82-3.89) 0.34
Carotene {ug) 845 1357 2025 23 26 24 35 1.00 0.72(0.34-1.54) 0.61(0.28-1.34) 0.86(0.41-1.82) 0.73

Vitamin C (mg) 46 69 107 32 23 26 27 100 046(021-097) 0.44(0.21-0.92) 0.45(0.21-0.99) 0.053
SFA (g) 12.9 16.3 190 16 32 24 36 1.00 1.65(0.75-3.62) 1.21(0.52-2.80} 1.56(0.69-3.52) 0.51
MUFA (g) 16.9 21.0 244 10 39 26 33 1.00 3.33(143-7.77) 1.85(0.764.34) 2.61(1.10-6.22) 0.22
PUFA (g) 1.3 13.8 163 11 39 32 26 1.00 2.359(1.13-597) 207(0.87-4.90) 1.66(0.68-4.04) 0.72
Cholesterol {(mg) 191 270 347 13 39 23 33 1.00 2.65(1.20-5.86) 1.36(0.58-3.20) 1.61(0.69-3.74) 0.88
Vitamin E (mg) 6.3 7.6 88 13 39 22 34 100 279 (1.24-6.26) 1.15(0.48-2.76) 1.82(0.764.34) 082
Dietary fiber (g} 8.4 i0.1 126 26 25 32 25 1.00 0.70(0.34-1.46) 0.86(0.42-1.77) 0.53(0.24-1.15) 0.18

Magnesium (mg) 223 242 263 35 23 19 31 100 0.54(026-1.13) 0.33(0.15-0.71) 0.49(0.24-1.01) 0.029
Zine (ug) 7966 8879 523 21 33 25 29 100 0.97(0.44-2.14) 0.59(0.26-1.36) 0.79(0.35-181) 0.37
n-3 fatty acids (g) 2.1 2.7 32 13 33 31 31 100 1.92(0.85432) L.86 (0.82*;4.24 1.72 (0.75-3.96) 0.35
n-6 fatty acids (g) 9.0 10.9 129 12 34 35 27 1.00 2.14(0.934.92) 2.02(0.87-4.65) 1.62(0.68-3.84) 0.54
3.73 4.14 4,56 26 32 22 28 100 1.17(0.59-234) 0.96(0.46-1.99) 1.25(0.61-2.58) Q.68

n-6/n-3

SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.

*Adjusted to a mean energy intake of 2006 kcal/d (8394 kl/d}.

tCases were classified into 4 groups according to the quartile (Q1-Q4) of energy-adjusted intake among controls, Each group therefore had almost the same

number (52 for Q1 and 53 for Q2-Q4) of controls.
{Adjusted for age, sex, study area, education, and smoking habits.

radical-mediated tissue injury. The circulating vitamin C level
in IBD children was reported to be lower, although the vitamin
E level was higher than that in control subjects, suggesting that
there are changes in the circulating antioxidant defenses
against oxidant stress.*' On the other hand, plasma vitarin E
levels were lower in adult patients with IBD than in control
subjects with a lower intake of fruit and vegetables, as assessed
by an FFQ.** The values for plasma vitamin E levels in IBD
patients were inconsistent.

In the present study, vitamin C decreased UC risk, but
vitamin E was found to be a risk facter for CD. These results
may be related to their dietary sources, Vitamin C is contained
mainly in fruit and vegetables, while vitamin E is present in
vegetable oils or fatty foods.

Dietary factors were evaluated with a comprehensive
and validated FFQ in relation to the risk of [BD. We think that
there have only been a few such studies.'® Our case groups
reflect the typical gender and age composition of new 1BD
cases in Japan. The sex ratios in the nationwide registey* (UC
patients, 1.18; CD patients, 2.35) were comparable with those
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found in our series (1.09 and 2.56, respectively). The number
of patients peaked at ages 25 to 29 years for UC and 20 to 24
years for CD, in both the registry and the present study. To be
more representative of the spectrum of UC and CD patients,
however, further studies may need to be performed in a popu-
lation-based setting.

A potential weakness of our study was that the control sub-
jects were selected from among hospital patients. However, in a
case-control study based on case patients from selected hospitals,
a random sample of the general population does not necessarily
correspond to a random sample of the source population that
gives rise to the cases.** [t is appropriate to select control subjects
from among patients in the hospitals where the case patients were
identified, because referral patterns should be taken into ac-
count.** The major limitation for the use of hospital controt sub-
jects is that the exposure in question might be associated with the
control diseases.*® Therefore, we attempted to exclude control
subjects with conditions related to nutritional status, and to in-
clude patients with a variety of diagnoses as control subjects to
dilute any biasing effects of including a specific diagnosis.

© 2003 Lippincott Williams & Wilkins
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TABLE 5. Odds Ratios (ORs) and 959 Confidence Intervals (Cls) for Crohn's Disease According to Daily Nutrient Intake

Cut Points (g)* No. of Casest

OR (95% CDt

Trend
QUQ2 Q20Q3 Q3/Q4 Q1 Q2 Q3 Q4 QI Q2 Q3 Q4 P
Protein (g} 61.6 68.1 742 23 31 32 40 1.00 1.29(0.64-2.60) 1.34(0.65-2.74) 2.06 (0.99-4.28) 0.060
Fat (g} 47.0 57.8 655 20 27 33 46 1.00 1.31(0.63-2.73) 1.86(0.90-3.82) 2.86(1.39-5.90) 0.002
Carbohydrate (g) 254 275 W00 42 30 28 26 1.00 0.70(0.37-1.31) 0.63(0.32-1.23) 0.53(0.27-1.03) 0.061
Calcium (mg) 320 448 592 39 36 22 29 1.00 0.85(0.45-1.60) 0.53(0.26-1.06) 0.67(0.33-1.35) 0.14
[ron {mg) 7.0 8.4 95 23 34 33 36 1.00 1.43(0.71-2.85) 1.55(0.76-3.16) 1.86(0.88-3.90) 0.1l
Potassium {mg) 1877 2192 2544 38 37 24 27 1.00 0.94(0.50-1.74) 0.62(0.32-1.22) 0.72(0.36-1.44) 0.20
Vitamin A (IU} 1477 2065 2715 26 40 26 34 1.00 1.41(0.73-2.72) 1.02(0.51-2.06) 1.49(0.74-3.00) 0.45
Retinol {pg) 2149 3416 4868 29 38 29 30 1.00 1.20(0.63-2.30) 1.02(0.52-2.01) 1.05(0.54-2.06) 0.97
Carotene (pg) 845 1357 2025 25 40 25 36 100 1.59(0.81-3.12) 1.00(0.49-2.04) 1.65(0.83-3.45) 0.37
Vitamin C (mg) 46 69 107 30 37 34 25 1.00 1.12(0.58-2.14) 1.17(0.60-2.29) 0.87(0.42-182) 0.79
SFA(g) 12.9 16.3 190 27 35 28 36 1.00 1.32(0.68-2.59) 1.04(0.51-2.12) 1.46(0.71-299) 044
MUFA (g) 16.9 21.0 244 21 27 33 45 1.00 1.18(0.57-2.43) 1.79(0.87-3.67) 2.49(1.23-5.03) 0.005
PUFA (g) 11.3 13.8 163 2019 48 39 1.00 0.84(0.39-1.82) 2.93(1.45-5.94) 2.31(l1.12-4.79) 0.002
Cholesterol (mg} 191 270 347 25 33 30 33 1.09 1.33(0.68-2.462) 1.27{(0.63-2.56) 1.81(0.88-3.69) 0.14
Vitamin E (mg) 6.3 7.6 88 17 35 36 38 1.00 2.14(1.02-447) 2.89(1.35-6.18) 3.23(l.45-7.17) 0.005
Dietary fiber (g) 8.4 101 126 30 32 38 26 1.00 099(0.51-1.92) 1.28(0.66-2.47) 0.90(0.43-1.86) 098
Magnesium (mg) 223 242 263 43 26 27 30 100 0.56(0.29-1.08) 0.62(0.32-1.18) 0.72(0.36-143) 0.33
Zinc (ug) 7966 8879 9523 25 43 25 33 1.00 1.83(0.93-3.59) 0.94 (0.44-2.00) 1.28(0.61-2.68) 0.95
n-3 fatty acids (g) 2.1 2.7 32 17 29 39 41 1.00 1.75(0.83-3.69) 2.62(1.26-547) 3.24(1.52-6.38) 0.001
n-6 fatty acids (g) 9.0 10.9 129 19 22 44 41 100 1.09(0.51-2.35) 2.76(1.34-5.67y 2.57(1.24-5.32) 0.002
n-6/n-3 3.73 4.14 456 33 31 37 25 1.00 088(046-1.70) 1.10(0.58-2.07) 0.73(0.37-1.45) 0.55

SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.

*Adjusted to a mean energy intake of 2006 keal/d (8394 kJ/d).

tCases were classified into 4 groups according to the quartile (Q1-Q4) of energy-adjusted intake among controls. Each group therefore had almost the same

number (52 for Q1 and 53 for Q2-Q4) of controls.
tAdjusted for age, sex, study area, education, and smoking habits.

As we focused on patients in hospitals, we may have
involved patients with more severe IBD, although in Japan a
substantial proportion of the patients who visit a hospital are
not admitted. The dietary risk or protective factors in the
present study, therefore, may be related to rather severe IBD
and could differ from those in mild IBD.

This study suffers from the shortcoming of recall bias,
which is inherent in any retrospective study. It is very difficult
to determine whether the observed changes in food intake were
due to the disease and its related symptoms, or whether these
changes were primary events. We did our best to accurately
assess dietary intake before the anset of disease using a vali-
dated FFQ and, to facilitate the recall of lifestyles, including
dietary habits, 5 years previously, some reminder questions
were inserted into the questionnaire regarding familial and so-
cial background at that time. Nevertheless, it is difficult to as-
certain whether the questionnaire correctly gathered informa-
tion reflecting a time 5 years prior to the study. Prospective
studies are warranted to confirm the associations between diet
and IBD risk. However, in such low-incidence areas as Japan,

© 20035 Lippincott Williams & Wilkins

such studies are extremely challenging to perform. Hence, we
have initially conducted a case-control study.

The supplemental interviews by physicians to re-
duce missing data may have introduced some information
bias since they had knowledge of the patients’ disease. This
bias, however, would be minimal because <10% of sub-
jects underwent such interviews for <5% of the questions, on
average.

Another methodological issue may be that we included
patients with IBD within 3 years after receiving their diagno-
sis, which would have led to a larger recall bias.** Some pa-
tients may have undergone dietary education, and although we
asked about the preillness diet 5 years before the study, pa-
tients’ recall may have been influenced by their diet after the
onset of disease. We reanalyzed the data limiting the cases to
those patients who received a diagnosis of IBD within 1 year
(UC, 49 patients; CD, 55 patients), and the results were similar
to those derived from the whole data set (data not shown). Nev-
ertheless, studies including only more recent cases may be re-
quired to confirm our results.
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Some associations between dietary vaviables and IBD
risk may have been missed due to the relatively small number
of subjects. If the OR for the top quartile of intake compared
with the bottom quartile had been 2.5 or 0.4, this study would
have failed to detect significant associations with a 31% prob-
ability for UC or a 26% probability for CD.

Finally, the simultaneous examination of many food-
stuffs and nutrients may have produced some chance findings,
Consistencies of association between studies should be con-
sidered when interpreting the results of the present study.

In conclusion, our results indicated the importance of
dietary factors in the development of IBD. Deleterious effects
of fats and sugar were particularly stressed, whereas the pro-
tective effects of vitamin C on UC patients were suggested.
Our findings, especially if they are confirmed in further stud-
ies, might be useful for preventing the recurrence of IBD by
modifying a patient’s diet in remission periods.

ACKNOWLEDGMENT
The authors express their sincere gratitude to the members
of the two committees who participated in the present study.

REFERENCES

1. Yoshida Y, Murata Y. Inflammatory bowel disease in Japan: studies of
epidemiology and etiopathogenesis. Med Clin North Am. 1990;74:67-50.

2. Yang SK, Loftus EV Jr, Sandborn WJ. Epidemiology of inflammatory
bowel disease in Asia, fnflanmm Bowel Dis, 2001;7:260-270.

1. Tysk C, Lindberg E, Jamerot G, et al. Ulcerative colitis and Crohn's dis-
case in an unselected population of monozygotic and dizygotic twins: a
study ofheritability and the influence of smoking. Gur. 1988;29:990-996.

4, Orholm M, Munkholm P, Langholz E, et al. Familial oecurrence of in-
flammatory bowel disease, N Engl S Med. 1991;324:34-88.

5. Andersson RE, Olaison G, Tysk C, et al. Appendectomy and protection
against ulcerative colitis. ¥ Engl J Med, 2001;344:808-814.

6. Evans JM, McMahon AD, Murray FE, et al. Non-steroidal anti-
inflammatory drugs are associated with emergency admission to hospital
far colitis due to inflammatory bowel disease. Gut. 1997;40:619-622.

7. Persson PG, Ahlbom A, Hellers G. Diet and inflammatory bowel disease:
a case-control study. Epidemiclogy. 1992;3:47-32.

8. Russel MG, Engels LG, Muris JW, et al. Modem life in the épidemiology
of inflammatory bowel disease: a case-control study with special empha-
sis on nutritional factors. Eur S Gastroenterol Hepatol. 1998;10:243-249.

9. Matsui T, lida M, Fujishima M, et al. Increased sugar consumption in
Japanese patients with Crohn’s disease. Gastroenterol Jpn. 1990;25:271.

10. ReifS, Klein I, Lubin F, et al. Pre-iflness dietary factors in inflammatory
bowel disease. Gut. 1997;40:754-760.

L1. Cosnes J, Beaugerie L, Carbonnel F, et al. Smoking cessation and the
course of Crohn's disease: an intervention study. Gastroenterelogy. 2001;
120:1093-1099.

12. Lindberg E, Tysk C, Anderssen K, et al. Smoking and inftammatory
bowel disease: a case control study. Git. 1988;29:352-157.

13. Kitahora T, Utsunomiya T, Yokota A. Epidemiological study of ulcer-
ative colitis in Japan: incidence and familial occucrence: the Epidemiol-
ogy Group of the Research Comunittee of Inflaminatory Bowel Disease in
Tapan. J Gastroentersl. 1995.30(Suppl 8):5-8.

14. Shoda R, Matsueda K, Yamato S, et al. Epidemiologic analysis of Crohn
disease in Japan: increased dietary intake of n-6 polyunsaturated fatty ac-
ids and animal protein relates to the increased incidence of Crohn disease
in Japan. Am J Clin Nutr. 1996,63:741-745,

15. Hunter JO. Nutritional factors in inflammatory bowe! discase. EurJ Gas-
troenterol Hepatol. 1998;10:235-237,

162

20.

21

22

23

24,

25,

26.

27.

28.

29.

30.

31

32

33.

34,

35.

36.

I

38

39.

40,

. Morita N, Toki S, Hirohashi T, et al. Incidence and prevalence of inflam-

matory bowel disease in Japan: nationwide epidemiological survey during
the year 1981, J Gustroentersl. 1595,30:1-4.

. Nakamura M, Tajima S, Yoshiike N. Nutrient intake in Japanese adults:

from The National Nutrition Survey, 1995-99. f Nutr Sci Viteuninol (To-
kya). 2002;48:433-441.

. Wakai K, Egami I, Kato K, et al. A simple food frequency questiennaire

for Japanese diet: Part [. development of the questionnaire, and reproduc-
ibility and validity for food groups. S Epidemiol. 1999,3:216-226.

. Committee on Resources, Science Bureau of Japan. Standard Tables of

Food Composition in Japan. 4th ed. Tokyo, Japan: Printing Office, Min-
istry of Finance; 1983,

Committee on Resources, Science Bureau of Japan, Standard Tables of
Food Composition in Japan. 5th ed (for new foods). Fokyo, Japan: Print-
ing Office, Ministry of Finance; 1997.

Sasaki 5, Kobayashi M, Tsugane S. Development of substituted fatty acid
food composition table for the use in nutritional epidemiclogic studies for
Japanese populations: its methodological backgrounds and ihe evalua-
tion. S Epidemiol. 1999;9:190-207.

Egami [, Wakai K, Kato K, et al. A simple food frequency questionnaire
for Japanese diet: Part IL reproducibility and validity for nutrient intakes.
J Epidemiol. 1999;9:227-234.

Mantel N. Chi-square tests with one degree of freedom: extensions of the
Mantel-Haenszel procedure. J A Stat Assoe. 1963;58:69G-700.
Breslow NE, Day NE. Unconditional logistic regression for large strata.
tn: Davis W, ed. Statistical Methods in Cancer Research. Vol |. Lyon,
France: TARC; 1980:192-246.

Willett W, Stampfer MJ. Total energy intake: implications for epidemio-
logic analyses. Am J Epidemiol. 1986;124:17-27.

Breslow NE, Day NE. Design considerations. In: Heseltine E, ed. Statis-
tical Methods in Cancer Research. Vol 2. Lyon, France: FARC; 1987:272-
314,

Bruemmer B, White E, Vaughan TL, et al. Nutrient intake in relation to
bladder cancer among middle-aged men and women. Am J Epidemiol.
1996;144:485-495.

SAS Institute Inc. SAS/STAT User's Guide, Version 8. Cary, NC: SAS
Institute In¢; 1999.

Gilat T, Hacohen D, Lilos P, et al. Childhood factors in ulcerative colitis
and Crohn’s disease: an intemational cooperative study. Scand J Gastro-
enterol. 1987;22:1009-1024.

Persson PG, Ahlbom A, Hellers G. Diet and inflammatory bowel disease:
a case-contrel study. Epidemiology. 1992,3:47-52.

Kono S. Dietary and other risk factors of ulcerative colitis: a case-controt
study in Japan; Epidemiology Group of the Research Committee of En-
flammatory Bowel Disease in Japan. J Clin Gastroenterol. 1994;19:166—
171.

Levy E, Rizwan Y, Thibault L, et al. Altered lipid profile, lipoprotein
composition, and oxidant and antioxidant status in pediatric Crohn dis-
case, Am J Clin Nutr. 2000;71:807-815.

Wendland BE, Aghdassi E, Tam C, et al. Lipid peroxidation and plasma
antioxidant micronutrients in Crohn disease, Am J Clin Nuer, 2001;74;
259-264. ’

Nieto N, Torres MI, Rios A, ¢t al, Dietary polyunsaturated fatty acids
improve histological and biochemical alterations in rats with experimen-
tal ulcerative colins. J Meurr, 2002;132:11-19.

Gassull MA. Dietary fat intake and inflammatory bowel disease, Curr
Gastroenterol Rep. 2001;3:358-361.

Mahmud N, Weir DG. The urban diet and Crohn's disease: is there a
relationship? Eur J Castroenterol Hepatol, 2001;13:93-95,

Riordan AM, Ruxton CH, Hunter JO. A review of associations between
Crohn’s disease and consumption of sugars. Eur J Clin Nutr. 1998;52:
229~238.

Puspok A, Oberhuber G, Wyatt J, et al. Gastroduodenal permeability in
Crohn's disease, Eur J Clin fnvest. 1998;28:67-71.

Breslin NP, Nash C, Hilsden RJ, et al. [ntestinal permeability is increased
in a proportion of spouses of patients with Croha’s disease. Am J Gastro-
enterol. 2001,96:2934-2938. .

Riley SJ, Stoufter GA. Cardiology Grand Rounds from the University of

© 2005 Lippincott Williams & Wilkins

— 498 —



inflamm Bowel Dis » Volume 11, Number 2, February 2005

Dictary Risk Factors for 18D in jopan

North Carolina at Chapel Hiil: the antioxidant vitaming and coronary heart
disease; Part |. Basice science background and ¢linical observational stud-

ies. Am J Med Sci. 2002;324,314-320.

41. Hoffenberg EJ, Deutsch J, Smith S, et al. Circulating antioxidant concen-
trations in children with inflammatory bowel disease. A J Clin Nuir.

1997;65: 1482-1488.

42, D’Odorice A, Bortolan S, Cardin R, et al. Reduced plasma antioxidant
concentrations and increased oxidative DNA damage in inflammatory

bowel discase. Scand J Gastroenterol. 2001;36:1289-1294,

© 2005 Lippincor Williams & Wilkins

43,

44.

Ministry of Health, Labor, and Welfare of Japan. Results of basic analy-
sis. In: Nagai M, Fuchigami H, Nishina M, et al, eds. Statistics of Patients
with fntractable Diseases Receiving Financial Aid for Treatment, Vol |,
Tokyo, Japan: Research Comunittee on Epidemiclogy of Intractable Dis-
ease, Ministry of Health, Labor and Welfare, Japanese Government;
2000:130-135,160-165.

Rothman KJ, Greenland S, Case-control studies. In: Rothman KJ, Green-
land S, eds, Modern Epidemiology. 2nd ed. Philadelphia, PA: Lippincott-
Raven Publishers; 1998:93-114.

163

— 499 —



IR/ 5 BB S A R M A AL TR 3
£ E K O B2 T B B B
TR 1647 [0 4 4 - 43 JOLBF 20 4 05

AR
X

5|

2005438 31H 1T

HBE =

T 113-8421 MR # C X A i 2-1-1
IHXERFEFHHEFAE
BREFF. f{EILETF
HIEE:03-5802-1047 FAX:03-3812-1026

v




200400 540A (/TR

il

AN SN BRAEEASICRS <
R ENEER SRR AR S

Analysis of the Electronic Clinical Database of Patients
with Intractable Diseases Receiving Financial Aid for Treatment

mE KHFHEMR, KEET. CRETF. SR

Editors: Masaki Nagai MD
Akiko Ohta MD
Motoko Nishina
Satomi Shibazaki MD

B A5 BB E R MR AT R R S 3
FrE BB OEEICH T SIFFEIE
EEMEE WE #

Research Committee on Epidemiology of Intractable Diseases
Ministry of Health, Labour and Welfare, Japanese Government
(Chairman: Yutaka Inaba MD)

2005 £ 3 H
March, 2005



20 40 6560 A

il

ETANINLEBERAEBARIIED S
FeRBERMAERZGENEHRES

Analysis of the Electronic Clinical Database of Patients
with Intractable Diseases Receiving Financial Aid for Treatment

mie AHEH. KHARTF. CHREF. RHERX

Editors: Masaki Nagai MD
Akiko Ohta MD
Motoko Nishina
Satomi Shibazaki MD

BEFBRFMARBERBERA AT
FrE iR B OEFICBET U5
EEMREE WE #

Research Committee on Epidemiclogy of Intractable Diseases
Ministry of Health, Labour and Welfare, Japanese Government
(Chairman: Yutaka Inaba MD)

2005 £ 3 A
March, 2005



B AN SNTBREABEBAEICESL
BERBRFMAEERZHFRERERSTFITONT

p 111, 113, 15 IZ—EFBORH D ELZOT, ZEEIZOVWTIE
BmOEERZFAL TWWEIZEET RO BRBEOWZLET,



