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colitis. Background and Aim: The prevalence of ulcerative colitis (UC) is increasing steadily in

Japan. In Western countries, a bimodal distribution, with UC onset peaks in youth and
middle age, is observed, and smoking cessation is reported as a risk factor for UC.
However, there are few reports on a bimodal distribution of onset age among Japanese
patients. Therefore, the distribution of onset age and factors related to late onset (i.e. onset
at 50 years old or later) were investigated in UC patients in Japan.

Methods: A questionnaire survey of UC patients was conducted to investigate the distri-
bution of the age of onset and factors that may be related to UC onset in a Japanese
university hospital.

Results: Among 465 UC patients, 343 patients responded. In the distribution of onset age,
a large peak was seen in patients aged 10-20s, and small peaks were seen at age 40—44
years and then in 50-60s. In addition, the onset age was older in the UC patients diagnosed
in 2001 or later than in those diagnosed in 2000 or earlier. Late onset was more common
among the UC patients diagnosed in 2001 or later (vs 2000 or earlier: interaction odds
ratio =4.98, 95% CI: 2.21-11.25, P < 0.01) and among former smokers (vs never-smokers:
interaction odds ratio = 2.93, 95% CI: 1.40-6.14, P < 0.01) on multivariate analysis.
Conclusions: Similar to UC patients in Western countries, a bimodal distribution of onset
age was also observed in Japanese UC patients, and smoking cessation may partly con-
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tribute to the increase in late-onset UC patients in recent years in Japan.

Introduction

The prevalence and morbidity rates of inflammatory bowel disease
(IBD), such as ulcerative colitis (UC) and Crohn’s disease (CD),
are lower in Japan than in Western countries, but they are increas-
ing steadily.! Factors related to this are thought to include West-
ernization of the diet and other living habits in Asian countries.>?
Research in recent years has shown that genetic factors and various
environmental factors may also contribute to IBD onset.””

IBD is thought to occur more commonly in young people, but as
society ages, there are increases in the number of patients with
onset at older age and in the number of patients under long-term
observation, and elderly patients with IBD are encountered with
greater frequency. Older age at onset has been seen in UC in
particular in recent years, and it has been pointed out that, in
Western countries, the distribution of onset age has shown bimo-
dality, with onset at a young age and at a fairly old age.>™!

UC is increasing in many parts of the Asia-Pacific region and is
diagnosed at a slightly older age than in the West.>*!*"'* In Asia,
there is rarely a second incidence peak as in the West.>*!2
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Among the onset factors, smoking in particular is said to be an
important factor in the onset of UC and its clinical course in
Western countries and Asia-Pacific countries, and several case—
control studies and cohort studies have been reported.>™*!121315-1 In
Japan, on the other hand, very few reports have closely examined
the most recent prevalence and incidence rates and their genera-
tional changes.

Therefore, the distribution of onset age of UC, generational
changes in age at onset, and factors related to the onset age of UC
were investigated in the UC outpatients of our university hospital
in Fukuoka, Japan.

Methods

A questionnaire survey was distributed at the time of outpatient
visits and by mail to 465 UC patients seen as outpatients at our
hospital between April 2006 and March 2010. The subjects of the
present analysis were the 343 patients who responded. The diagno-
sis of UC was based on clinical, endoscopic, and histological
criteria. The protocol of this study was approved by thelnstitutional
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Review Board of Fukuoka University Chikushi Hospital. All par-
ticipants provided their written, informed consent to participate.

The questionnaire was administered with the aim of investigat-
ing onset factors, with question items limited to smoking habit,
alcohol consumption, and family history of IBD. Subjects were
divided into three groups by smoking habit before the diagnosis of
UC: never-smokers, former smokers, and current smokers. For the
former smokers, information about duration since they stopped
smoking, duration of past smoking, and the number of cigarettes
they smoked a day was obtained.

The duration of non-smoking since they stopped smoking
among former smokers was classified into three categories (1 year
or less, 1-9 years, and 10 years or more). Intensity of smoking was
measured by the Brinkman index (BI) (never-smokers, Bl = 1—
499, BI = 500-999, BI = 1000, or greater). The BI was determined
as the number of cigarettes per day multiplied by the number of
years smoking.”

The patients were similarly divided into three groups by alcohol
drinking habit before the diagnosis of UC: never-drinkers, former
drinkers, and current drinkers.

In the present study, UC patients were considered to have a
family history if they had a relative within the third degree of
kinship who had CD or UC.

The age at onset and clinical features were based mainly on the
individual clinical survey of their medical records. The distribution
of the age at onset was investigated for all subjects and for men and
women separately. Patients were divided into two date groups
according to onset (2000 or earlier and 2001 or later), and the
generational changes in age at onset and related factors were
compared between these two groups.

Comparisons were also made between the two groups of 20-49
years old and =50 years old. As 50 years of age showed a small
peak in the overall distribution of age at onset, 50 years of age was
used as a cut-off point. In addition, the correlations between
smoking habit and disease extent and severity, and the relation-
ships between age at onset and disease extent, severity, and course
(surgery and hospitalization rates) were investigated.

Statistical analysis. All statistical analyses were conducted
using the Statistical Analysis System (SAS) package (SAS Insti-
tute, Cary, NC, USA). In comparisons between groups, Student’s
t-test (for continuous variables) and the y? test (for categorical
variables) were used to compare the two groups. Unconditional
logistic regression was used to compute the odds ratios (ORs) and
their 95% confidence intervals (ClIs) with adjustments for
covariates. The dose-dependent trend was tested by evaluating the
regression coefficient when the categories were treated as equally
spaced numerical variables in the logistic regression model. Dif-
ferences were assessed with two-side tests, with an alpha level of
0.05.

Results

The clinical backgrounds of the subjects (n = 343) are shown in
Table 1. The distribution of age at onset in all patients is shown in
Figure 1. A large peak was seen in the 10-20s, and small peaks
were seen at age 40—44 years and then at age 50—64 years.
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Table 1 Clinical background of subjects (n = 343)
Sex (male : female) 173:170
Age at onset (year) 34.7+15.8
Mean year at onset 2001.7+7.6
Smoking status
Never-smoker 215 (62.7%)
Former smoker 74 (21.6%)
Current smoker 54 (15.7 %)
Drinking status
Never-drinker 218 (63.6%)
Former drinker 9(2.6%)
Current drinker 116 (33.8%)
Has family history 31(9.0%)

Each set of value represents the mean + SD or number (%).

Figure 1 also shows a comparison of male and female patients.
The mean (% standard deviation [SD]) age at onset of UC was
significantly higher in male patients than in female patients
(36.5 £ 16.0 years vs 32.8 £ 15.4 years, P = 0.03). There was also
a significant difference between men and women in the distribu-
tion of age at onset (P =0.04). The proportion of old patients
tended to be greater in male patients than in female patients
(22.0% vs 15.4%, P = 0.07).

Table 2 shows the generational changes in age at onset and
related factors in both groups. The mean year of onset was
2001.7 = 7.6 years; thus, the subjects were divided into two groups
according to onset (2000 or earlier and 2001 or later). The mean
(£ SD) age of onset was significantly younger in the 127 patients
diagnosed in 2000 or earlier than in the 216 UC patients diagnosed
in 2001 or later (30.8 + 12.1 years vs 36.9 + 17.2 years; P < 0.01).
In addition, the proportion of late-onset patients (= 50 years) was
significantly smaller in the patients diagnosed in 2000 or earlier
than in the patients diagnosed in 2001 or later (6.3% vs 25.9%,
P < 0.01). There was also a significant difference between the two
groups in the distribution of age at onset (P < 0.01). In the inves-
tigation of onset factors, the 2001 or later onset group had a
significantly larger proportion of smokers before onset than the
2000 or earlier onset group (P =0.03). No significant differences
were seen in alcohol consumption and family history.

Table 3 shows the cumulative effects of the interactions between
onset age and smoking status, drinking status, and family history
of UC at onset limited to adult UC patients (= 20 years). Even after
controlling for all factors in the table, the late-onset patients (= 50
years) were more common among the patients with onset in 2001
or later (interaction odds ratio [ORi] =4.98, 95% CI: 2.21-11.25,
P <0.01) and among former smokers (ORi =2.93, 95% CI: 1.40-
6.14, P <0.01) on multivariate analysis.

As shown in Table 4, compared with never-smokers, former
smokers were more common among late-onset adult UC patients
than early-onset adult patients even after controlling for sex (sex-
adjusted ORi=3.42, 95% CI: 1.69-6.93). In addition, former
smokers with longer years had higher ORi (vs never-smokers, 1
year or less: sex-adjusted ORi = 2.34, -—----- ; P for trend < 0.01).
Furthermore, the BI was positively associated with late onset (vs
never smokers, Bl =1-499: sex-adjusted ORi=2.55, 95% CIL:
1.19-5.47; BI = 500-999: sex-adjusted ORi = 8.02, 95% CI: 2.14—
30.10; BI =1000 or greater; sex-adjusted ORi =22.33, 95% CI:
2.33-214.43; P for trend < 0.01).
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Figure 1 Distribution of age at onset in all
subjects (n = 343). A large peak is seen in the
10-20s, and small peaks are seen at age
40-44 years and then at age 50-64 years.
Distribution of age at onset in men and
women (173 men, 170 women). The mean
age at onset is 36.5 = 16.0 years for men and 2.0%
32.8+15.4 vyears for women (P=0.03).
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Table 2 Comparison of distribution of age at onset and onset factors
by generation

Onset in 2000 Onset in 2001 P-value
or earlier or later
(n=127) (n=216)
Age at onset (year) 30.8+12.1 36.9+17.2 <0.01**
Men 49 (39.2%) 124 (56.9%) <0.01**
Distribution of age
at onset (year)
<10 1(0.8%) 0 (0%)
10-19 24 (18.9%) 40 (18.6%)
20-29 40 (31.5%) 50 (23.1%)
30-39 25 (19.7%) 40 (18.5%)
40-49 29 (22.8%) 30 (13.9%) <0.01**
50-59 6 (4.7%) 26 (12.0%)
60-69 2 (1.6%) 21 (9.7%)
70-79 0 (0%) 8(3.7%)
>80 0 (0%) 1(0.5%)
Proportion > 50 8 (6.3%) 56 (25.9%) <0.01**
Smoking status
before onset
Never-smoker 91 (71.7%) 124 (57.3%)
Former smoking 17 (13.3%) 57 (27.1%) 0.03*
Current smoker 19 (15.0%) 35 (16.2%)
Drinking status
before onset
Never-drinker 83 (65.4%) 135 (62.4%)
Former drinking 2 (1.6%) 8(3.2%) 0.65
Current drinker 42 (33.0%) 73 (34.4%)
Has family history 14 (11.0%) 17 (7.8%) 0.29

*P<0.05; **P<0.01.
Each set of value represents the mean + SD or number (%).
Student's t-test or %2 test.
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Although not shown in a table, the age at onset by smoking habit
was 31.2+14.7 years in never-smokers, 46.1 £13.9 years in
former smokers, and 32.7 + 15.1 years in current smokers. The age
at onset was thus significantly higher in former smokers
(P <0.01). There was no correlation between age at onset and
disease extent, severity, or course (surgery rate and hospitalization
rate), and there was no correlation between smoking habit and
disease extent or severity.

Discussion

The present study is the first large-scale report to show a bimodal
distribution of onset age and relationship with smoking cessation
in Japanese UC patients.

The mean age of onset in the years since 2001 was 36.9 years,
which is older than the age of onset in the years 2000 and earlier.
The results of a multivariate analysis of people with early onset
(2049 years) and people with late onset (= 50 years) showed that
the risk of onset after smoking cessation was about three times
higher in people with late onset. Moreover, the risk of onset at an
older age has increased fivefold since 2001, suggesting the possi-
bility that smoking cessation is a risk for late onset. When the BI
was high, the risk of late onset was also high, and there was a risk
of late onset even 10 years after smoking cessation.

On the other hand, the rate of current smokers did not differ
between the patients with onset in 2001 or later and those with
onset in 2000 or earlier (15.6% vs 12.8%). These findings suggest
that smoking cessation may partly contribute to an increase in
late-onset UC patients and to the bimodal distribution of the age at
onset in recent years in Japan. Moreover, these trends strengthened
with the later generational changes in this study.

In a survey of IBD patients in Japan by Asakura et al.,! the
prevalence of IBD was 63.6/100 000 persons for UC and 21.2/
100 000 persons for CD in 2005. These rates are lower than those
in Western countries, but they are increasing steadily. Fujimoto
et al.*' reported that the proportion of UC patients aged > 60 years
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Table 3 Comparison of smoking and drinking status and family history of adult patients at the diagnosis of ulcerative colitis according to the onset

age

Age category
Female
Male

Year of diagnosis
2000 or earlier
2001 or later

Smoking status
Never-smoker
Former smoker
Current smoker

Drinking status
Never-drinker
Former drinker
Current drinker

Family history of IBD
No
Yes

20-49 years old (n = 215)
109 (50.7 %)
106 (49.3%)

93 (43.3%)
122 (56.7%)

136 (63.3%)
45 (22.3%)
34 (14.4%)

136 (63.3%)
4(1.9%)
75 (34.9%)

196 (91.2%)
19 (9.4%)

50-89 years old (n = 64)

26 (40.6%)
38 (569.4%)

8(12.5%)
56 (87.5%)

26 (40.6%)
29 (46.9%)
9(12.5%)

35 (54.7%)
5(7.8%)
24 (37.5%)

58 (90.6 %)
6 (9.4%)

OR (95% CI)
1.00 (reference)
1.50 (0.85-2.65)

1.00 (reference)

5.34 (2.43-11.74)**

1.00 (reference)
3.27 (1.76-6.08)**
1.35 (0.566-3.27)

1.00 (reference)
4.86 (1.24-19.04)*
1.24 (0.69-2.25)

1.00 (reference)
0.94 (0.36-2.46)

Adjusted OR (95% CI)
1.00 (reference)
0.91 (0.45-1.80)

1.00 (reference)
4.98(2.21-11.25)**

1.00 (reference)
2.93 (1.40-6.14)**
1.22 (0.46-3.27)

1.00 (reference)
3.37(0.78-14.62)
1.00 (0.51-1.96)

1.00 (reference)
0.56 (0.20-1.57)

*P<0.05; **P<0.01.
Each set of value represents number (%).

95% Cl, 95% confidence interval; adjusted OR, odds ratio adjusted for factors in the table; OR, odds ratio.

Table 4 Cumulative effects of interaction between onset age and sex, smoking status, duration of quit smoking, Brinkman index at the onset of
ulcerative colitis risk: case-only analysis among adult never and former smokers

Factors Early onset adult UC patients, Late onset adult UC patients, Sex-adjusted ORi
20-49 years old (n=181) 50-89 years old (n = 55) (95% ClI)
Gender
Female 101 (50.8%) 24 (43.6%) 1.00 (reference)
Male 80 (44.2%) 31 (66.4%) 0.61 (0.33-1.13)
Smoking status
Never smokers 136 (75.1%) 26 (47.3%) 1.00 (reference)
Former smokers 45 (24.9%) 29 (62.7%) 3.42 (1.69-6.93)**
Duration of quit
smoking
Never smokers 136 (75.1%) 26 (47.3%) 1.00 (reference)
1 year or less 0 (5.5%) 6(10.9%) 3.20 (1.04-9.98)*
1-9 years 3(12.7%) 10 (18.2%) 2.34 (0.94-5.83)***
10 years or more 2 (6.6%) 13 (23.6%) 5.84 (2.23-15.31)**
P for trend < 0.01
Brinkman index (BI)
Never smokers 136 (75.1%) 26 (47.3%) 1.00 (reference)
1-499 39 (21.6%) 18 (32.7%) 2.55(1.19-5.47)*
500-999 5(2.8%) 7 (12.7%) 8.02 (2.14-30.10)**
1000 or greater 1(0.6%) 4 (7.3%) 22.33 (2.33-214.43)**

P for trend < 0.01

*P<0.05; **P<0.01; ***P<0.1.
Each set of value represents number(%).
95% Cl, 95% confidence interval; ORI, interaction odds ratio.

increased 6.5-fold from 1981 to 2000. These results indicate that
UC does not occur more commonly in young people.

UC is increasing in many parts of the Asia-Pacific region and is
diagnosed at a slightly older age than in the West.>*'>!3 Looking at
the distribution of age at onset of UC in Western countries, a
bimodal distribution is seen, with young people in their 20-30s
and older people in their 50-70s.*7 In contrast, there is rarely a
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second incidence peak in Asian populations.**'> In a recent
Korean study, Yang et al.'* were able to demonstrate this smaller
second peak in incidence for UC, similar to that seen in the present
study.

In Asia, some studies have shown that smoking has a protective
effect in the development of UC.>*!22? Other possible environmen-
tal factors associated with UC in the Asian population include a
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Western diet. Several studies have shown genetic polymorphisms
associated with UC in the Asian population.>*!2

The results of the present investigation are similar to those of
Western countries and other Asian countries, suggesting that there
may be bimodality in the age at onset and an increase in patients
with onset at older age among Japanese as well. The effect of an
aging society is not the only factor involved in this. Environmental
factors such as diet, smoking habit, and alcohol consumption are
also thought to be related to onset. Smoking in particular has been
said for some time to be an important environmental factor.

A relationship between IBD and smoking was first reported in
1982 by Harries et al.,"” who reported that there were fewer
smokers among UC patients than among healthy people. Later,
smoking habit was thought to an important factor in the onset of
UC and its clinical course in Western countries and Asia-Pacific
countries, and several case—control studies and cohort studies have
been reported. o922

Aldhous et al.'” found that a group of former smokers had
significantly higher age at onset than current smokers and never-
smokers (46.5 years vs 31.1 years or 29.4 years, P < 0.01). They
also showed a bimodal distribution of age at onset and a signifi-
cantly higher proportion of former smokers in the group with onset
at age > 50 years. These results are the same as those of the present
investigation. Moreover, the second peak in age at onset is con-
jectured to be formed by smoking cessation in middle-aged
people,?*?* and the high proportion of onset at older age in men in
particular is conjectured to be because the smoking cessation rate
is higher in men than in women.* There are several reports that the
proportion of onset at an elderly age increases with later genera-
tions, a tendency that is particularly strong in men.53101124 The
proportion of late onset (=50 years) in this study was 38/173
(22.0%) in men and 26/170 (15.4%) in women. Although the
difference was not significant, the incidence rate had a male pre-
ponderance. This is thought to be because of the high smoking
cessation rate in men. In Japan, the “People’s Health Promotion
Campaign for the 21st Century” (Healthy Japan 21) was formu-
lated in 2000 as a measure to promote health and vitality in all
citizens. Programs in Healthy Japan 21 are implemented with
cigarette smoking as a priority issue. To prevent lifestyle-related
diseases, a health promotion law was enacted in 2002 that incor-
porates the concept of health promotion through lifestyle improve-
ments in the areas of nutrition, exercise, and alcohol and tobacco
consumption. Since that time, the smoking rate has remained rela-
tively flat in women (1990-2010: 14.3-12.1%), but it declined
over time in men (1990-2010: 58.8-36.6%).%

In the present study, no correlation was seen between smoking
habit and disease extent or severity, and no correlation was seen
between age at onset and disease extent, severity, or course
(surgery and hospitalization rates). There are many reports of
greater severity at time of onset*® and more extensive disease''* in
early-onset patients than in late-onset patients, but there are also
reports showing no difference,'””" and no consensus has been
reached.

Similar to the report by Higuchi et al.,”” when the BI was high,
the risk of late onset was also seen to be high, and there was a risk
of late onset even 10 years after smoking cessation. Thus, it was
found that smoking cessation was a risk for the onset of UC,
regardless of the length of time between smoking cessation and
onset.
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While smoking is thus thought to have a positive effect for UC
patients, the mechanism is not clear. Since smoking is known to
increase risks for cardiovascular events such as myocardial infarc-
tion and stroke, lung diseases such as emphysema, and lung cancer
and other malignancies, it is difficult to recommend smoking to
our UC patients. The mechanisms are likely to be complex and
require further investigation.

In the present study, there was no causal association between
family history of IBD and onset, but Ha er al."” reported that, while
smoking cessation was an onset factor in the older onset group
(P <0.001), family history was an onset risk in the young onset
group (P =0.008). In Japan, Ishige efal®® found that family
history of IBD was significantly higher in a young onset group
when young onset was defined as onset at age < 16 years. Various
studies have been conducted in recent years with gene analysis of
IBD patients, and we look forward to elucidation of this in the
coming years.

The present study has several limitations. First, the number of
UC patients was small because the participants in the present study
were not from hospitals all over the Japan but from one university
hospital in Fukuoka, Japan. Second, the present study was not a
case—control study. Thus, one can evaluate the risk of UC onset but
not the interaction between factors related to UC onset. Further
studies are needed.

In conclusion, a bimodal distribution of the age at onset in UC
patients was seen in our hospital, similar to the distribution in
Western countries. Moreover, these trends strengthened with the
later generational changes. The present results also suggest
that smoking cessation may contribute as a factor in the second
peak.
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