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of inflammatory bowel disease

in Taiwan: a hospital-based cohort
study
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Smoking influences the risks of inflammatory bowel disease (IBD). A hospital-based cohort was
conducted to evaluate the effect of smoking on the development and outcomes of IBD, with age, sex
and comorbidities matched non-IBD controls from the National Health Interview Survey database
of Taiwan. 700 IBD patients (360 ulcerative colitis (UC), 340 Crohn’s disease (CD)) were analyzed for
outcomes; and 575 patients (297 UC, 278 CD) were analyzed for prevalence. Smoking prevalence
was significantly lower in UC patients than controls (20.9% vs. 30.4%, p <0.01), but no difference
between CD patients and controls (19.8% vs. 22.1%, p=0.60). UC smokers had fewer admissions (1.6
vs. 2.5, p<0.05) but higher rates of new cancer development (16% vs. 6.7%, p <0.05) and mortality
(16% vs. 4.9%, p <0.01) than nonsmokers. CD smokers tended to have higher rates of stricturing and
penetrating diseases (p <0.05), and higher surgery risk (60.3% vs. 38.3%, p <0.01) than nonsmokers.
Smoking prevents UC occurrence and is associated with fewer hospitalization but increases risks

of cancer and mortality. By contrast, smoking does not affect CD occurrence but is related to more
aggressive behavior which results in a higher surgical rate.

Inflammatory bowel disease (IBD) is a chronic inflammatory condition affecting the gastrointestinal tract. The
two main IBD forms are ulcerative colitis (UC) and Crohn disease (CD). The definite IBD etiologies remain
unknown. According to current studies, IBD etiologies are multifactorial, including genetic and environmental
causes'. Smoking has been reported as one of the environmental factors related to IBD'. The World Health Organ-
ization (WHO) reported that > 1.1 billion people aged > 15 years smoked tobacco in 2016. The age-standardized
prevalence of tobacco smoking in 2016 for both sexes globally was 19.9%, with the lowest prevalence in Africa
(9.8%), the highest prevalence in Europe (29.4%), and an intermediate prevalence of 16.9% in South East Asia®.
Thomas et al.® analyzed smoking prevalence in global IBD cohorts and showed that never-smokers in the newly
diagnosed CD population in the West increased over the past two decades, particularly in the United Kingdom
(+26.6%) and Sweden (+11.2%). By contrast, the proportion of never-smokers at diagnosis in the IBD popula-
tion decreased in Asia, particularly in China.

The relationship between smoking and IBD was first described by Harries et al.* who noted that patients
with UC tended to be nonsmokers. Smoking is associated with increased CD risk and decreased UC risk in the
Western population®®. Mahid® revealed an association between current smoking and CD (odds ratio [OR], 1.76;
95% confidence interval [CI], 1.40-2.22) and former smoking and UC (OR, 1.79; 95% CI, 1.37-2.34). Addition-
ally, current smoking had a protective effect on UC development in comparison with controls (OR, 0.58; 95%
CI, 0.45-0.75). In a prospective cohort study of 200,000 women®, the hazard ratio (HR) of CD was 1.90 (95%
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Total 790 IBD patients
(UC: 412; CD: 378)

90 patients without detailed smoking
status excluded (UC: 52; CD: 38)

Total 700 IBD patients
(UC: 360; CD: 340)

Total 575 IBD patients
(UC: 297; CD: 278)

Control cohort
4:1 ratio

125 patients aged < 12 or > 64 years
old excluded (UC: 63; CD: 62)

Figure 1. Flowchart of IBD patient selection for the study.

CI, 1.42-2.53) among current smokers compared with never-smokers. However, the HR of UC was 0.86 (95%
CI, 0.61-1.20) among current smokers compared with never-smokers, indicating no evidence of increased UC
risk in current smokers. Moreover, UC risk significantly increased within 2-5 years of smoking cessation (HR,
3.06; 95% CI, 2.00-4.67) and remained persistently high for 20 years. For disease behavior, Louis” reported that
active smoking was associated with the development of stricturing and penetrating CD, particularly perianal
penetrating disease, whereas other studies®® have shown that disease behavior changes over time and is inde-
pendent of smoking.

The association between smoking and IBD has not been well studied and is controversial in the Asian popula-
tion. Takahashi'” reported a bimodal distribution of UC onset age in Japan, which is similar to that in Western
countries. In addition, in recent years, smoking cessation may partly contribute to an increase in late-onset UC in
Japan. Wang'! conducted a multicenter case-control study in patients of China, India, and the United States and
reported that UC patients were more likely to be former smokers than controls in China, but both UC and CD
patients had smoking status similar to controls at diagnosis in India. Zhai'? conducted a single-center retrospec-
tive study in China and reported that heavy smokers had lower UC severity than other smokers and nonsmokers
based on the Modified Mayo score, and that current smokers needed fewer corticosteroids than nonsmokers.
Other than these studies, few studies have focused on the effect of smoking on IBD in Asia. Moreover, no find-
ings are available regarding the relationship between smoking and cancer and mortality in the Asian population.

Because smoking is a prevalent environmental factor, we believe that studying the association between smok-
ing and IBD is crucial at this moment when IBD incidence and prevalence are increasing, and the results can
help physicians provide appropriate recommendations regarding the adjustment of smoking habits in Asian
patients with either UC or CD. In this study, we aimed to define the trend and prevalence of smoking in IBD
patients with a history of hospitalization and to compare the prevalence of smoking among IBD patients with
previous hospitalization and Taiwan population. Furthermore, we performed the comparison between smokers
versus non-smokers to discover the effect of smoking on the severity (measured as biologics usage, admission,
and emergency room [ER] visits) and outcomes (measured as operation, cancer, and survival) of UC and CD.

Results

Prevalence of smoking between IBD patients and their matched controls. The flowchart of IBD
patient selection for the study was shown in Fig. 1. In total, 790 patients (UC: 412 and CD: 378) were diagnosed
with IBD and ever admitted during the study period. Among them, the detailed smoking history of 700 IBD
patients was available. These 700 IBD patients (UC: 360 and CD: 340) were enrolled, and their data were ana-
lyzed for determining the influence of smoking on outcomes. The median follow-up periods of UC and CD
patients were 104 and 85 months, respectively. We included 2 different control groups for each compared group
(UC and CD), paired according to sex, age and presence of comorbidities, to compare the prevalence of smoking
between IBD patients and matched controls. Only 575 patients (UC: 297 and CD: 278) with complete informa-
tion of comorbidities (hypertension, diabetes, hyperlipidemia) and aged from 12 to 64 years old were enrolled
with the median follow up time as 100 and 92.5 months, respectively.

As shown in Tables 1 and 2, IBD patients in Taiwan were predominantly men (UC: 61.6% and CD: 70.1%).
The median age of patients at diagnosis of UC and CD was 42 and 27 years, respectively. Individual matching
with controls according to age, sex, and comorbidities (hypertension, diabetes, and hyperlipidemia) at a 1:4
ratio was conducted for UC and CD cohorts. Smoking (past and current) prevalence in the matched controls
of each group was 361/1188 (30.4%) and 246/1112 (22.1%), respectively. Smoking prevalence was significantly
lower in UC patients than in the matched controls (20.9% vs. 30.4%, p <0.01), and no difference was observed
between the CD and matched control groups (19.8% vs. 22.1%, p =0.60). The disease extent of patients at UC
diagnosis was mainly extensive (45.5%), and the mean Modified Mayo Score was 2.2. Among CD patients, the
location at diagnosis was mainly colonic (47.4%), and the behavior at diagnosis was mainly nonstricturing and
nonpenetrating (65.0%). The detailed clinical information is listed in Tables 1 and 2.
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UC patients | Controls

N=297* N=1188 p value
Sex (n, %)
Male 183 (61.6%) 732 (61.6%)
Female 114 (38.4%) 456 (38.4%)
Age at diagnosis, year (median, range) | 42 (12, 64) N/A
Follow-up, month (median, range) 100 (0, 691) N/A
Comorbidities (n, %)
Hypertension 35 (11.8%) 140 (11.8%)
Diabetes mellitus 11 (3.7%) 44 (3.7%)
Dyslipidemia 22 (7.4%) 88 (7.4%)
Viral hepatitis 49 (16.5%) N/A
Coronary artery disease 14 (4.7%) N/A
Chronic kidney disease 2(0.7%) N/A
Extent at diagnosis (n, %)
Proctitis 44 (17.3%) N/A
Left-sided 95 (37.3%) N/A
Extensive 116 (45.5%) N/A
The Modified Mayo Score (Mean, SD) 2.2(0.8) N/A
Smoking (n, %) <0.01
Never 235 (79.1%) 827 (69.6%)
Past 31 (10.4%) 117 (9.9%)
Current 31(10.4%) 244 (20.5%)

Table 1. Clinical characteristics of patients with UC and matched controls. *Inclusion criteria: patients aged
12-64 years with complete information on hypertension, diabetes, hyperlipidemia, and smoking status.

CD patients | Controls

N=278* N=1112 p value
Sex (n, %)
Male 195 (70.1%) 780 (70.1%)
Female 83(29.9%) | 332 (29.9%)
Age at diagnosis, year (median, range) 27 (12, 63) N/A
Follow-up, month (median, range) 92.5(0,465) | N/A
Comorbidities (n, %)
Hypertension 22 (7.9%) 88 (7.9%)
Diabetes mellitus 7 (2.5%) 28 (2.5%)
Dyslipidemia 7 (2.5%) 28 (2.5%)
Viral hepatitis 32 (11.5%) N/A
Coronary artery disease 7 (2.5%) N/A
Chronic kidney disease 9 (3.2%) N/A
Location at diagnosis (n, %)
Terminal ileal (L1) 41 (16.7%) N/A
Colonic (L2) 116 (47.4%) N/A
Tleocolonic (L3) 88 (35.9%) N/A
Behavior at diagnosis (n, %)
Non-stricturing & non-penetrating (B1) 160 (65.0%) N/A
Stricturing (B2) 65 (26.4%) N/A
Penetrating (B3) 21 (8.5%) N/A
SES-CD (Median, SD) 7 (5) N/A
Smoking (n, %) 0.60
Never 223 (80.2%) 866 (77.9%)
Past 15 (5.4%) 77 (6.9%)
Current 40 (14.4%) 169 (15.2%)

Table 2. Clinical characteristics of patients with CD and matched controls. *Inclusion criteria: patients aged
12-64 years with complete information on hypertension, diabetes, hyperlipidemia, and smoking status.
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Figure 2. The proportion of current smokers during IBD diagnosis and control selection, stratified by year.
Patients were classified based on year at diagnosis (before 1990, 1991-1995, 1996-2000, 2001-2005, 2006-2010,
2011-2015, and 2016-2020). The crude prevalence of current smoking decreased from 32.5% (1990) to 13%
(2018) in the control group (p<0.01) and 25% (before 1990) to 7% (2016-2020) in UC patients (p=0.04),
whereas the prevalence of current smoking did not decrease over time and remained stable at approximately 9%
in CD patients (p=0.89).

Trend for prevalence of current smoking in the IBD and control groups. To explore the trend of
chronicity change for smoking prevalence, we stratified the period as before 1990 and then every 5 years until
2020. The crude prevalence of current smoking among IBD patients at diagnosis and among controls stratified
by years is shown in Fig. 2. The crude prevalence of current smoking decreased from 32.5% (1990) to 13% (2018)
in the control group (p<0.01) and 25% (before 1990) to 7% (2016-2020) in the UC group (p=0.04), whereas
the prevalence of current smoking did not decrease over time and remained stable at approximately 9% in CD
patients (p=0.89).

Smoking and disease outcomes of UC patients. For exploring the effect of smoking on disease out-
comes, 360 UC patients with a detailed smoking history were enrolled and their data analyzed. Among them,
21% (75 patients) were smokers (past and current smokers), and 79% (285 patients) were nonsmokers (Table 3).
Furthermore, smokers were more often men (94.7% vs. 52.3%, p <0.01) and older (48 vs. 39 years old, p<0.01)
than nonsmokers. However, no difference was observed in the follow-up duration, medication use, number of
ER visits, disease severity, surgery rate, and laboratory data between these two groups.

Although smoking was associated with fewer hospitalizations (1.6 vs. 2.5, p=0.02), smokers had a higher
rate of new cancer development (16.0% vs. 6.7%, p=0.01) and higher mortality (16.0% vs. 4.9%, p<0.01) than
nonsmokers. Various cancers types were involved among smokers with UC with a high rate of cancer, including
colorectal cancer, lymphoma, prostate cancer, renal cell carcinoma, and hepatocellular carcinoma. To explore the
etiology of the higher mortality rate in UC smokers than in nonsmokers, we have conducted a subgroup analysis
based on the cause of death. We found that cardiovascular disease (CVD) was higher in the smoker group (2.7%
vs. 0.0%, p=0.04), and infection (6.7% vs. 2.8%, p=0.16) and malignancy (5.3% vs. 1.8%, p=0.09) was slightly
increased in smokers with UC, but the findings were not statistically significant.

Smoking prevalence and disease outcomes of CD patients. Among 340 patients with CD, 19% (63
patients) were smokers (past and current smokers), and 81% (277 patients) were nonsmokers (Table 4). Smok-
ers were more often men (93.7% vs. 61.7%, p<0.01) and older (44 vs. 22 years old, p<0.01) than nonsmokers.
Among patients with CD, smokers had different disease locations and behaviors compared with nonsmokers
(location: p <0.01 and behavior: p=0.03) at diagnosis. Smokers tended to have CD located in the terminal ileum
(23.6% vs. 14.3%) and ileocolon (42.3% vs. 33.2%). Smokers had high rates of stricturing (32.7% vs. 20.9%) and
penetrating (12.7% vs. 6.7%) disease at diagnosis.

Smokers had fewer hospitalizations (3.1 vs. 4.8, p<0.01) but an increased risk of CD-related surgery (60.3%
vs. 38.3%, p <0.01) and increased baseline hemoglobin (12.4 vs. 11.6, p =0.02) than nonsmokers. No difference
was noted in the follow-up duration, medication use, number of ER visits, disease severity, mortality, and baseline
CRP and albumin level between these two groups.

On the basis of a subgroup analysis for surgical indication, smokers had an increased surgery risk due to
stricture or obstruction of the bowel (23.8% vs. 12.3%, p=0.02). Surgery rates due to other etiologies, such as
fistula, perforation, bleeding, or malignancy, were not significantly different between the two groups.

Effect of smoking cessation before IBD diagnosis. We explored the effect of smoking cessation and
compared the differences in outcomes between past smokers and current smokers at diagnosis. Among 75 smok-
ers with UC, 51% (38 patients) were past smokers, and 49% (37 patients) were current smokers. Among 63
smokers with CD, 30% (19 patients) were past smokers, and 70% (44 patients) were current smokers. When
comparing the disease phenotypes and outcomes, we did not find any statistical difference between past and cur-
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Smoking Non-smoking
UC patients N=75 N=285 p value
Male 71 (94.7%) 149 (52.3%) <0.01*
Age at diagnosis, median (QI, Q3) 48 (42,57) 39 (26, 52) <0.01*
Follow-up, month (median, range) 104 (47, 180) | 98 (40, 174) 0.90
Medications
Steroid (n, %) 53 (70.7%) 208 (73.0%) 0.69
5-ASA (n, %) 72 (96.0%) 275 (96.5%) 0.74"
Azathioprine (n, %) 26 (34.7%) 119 (41.8%) 0.27
Other immunomodulator ® (n, %) 5(6.7%) 23 (8.1%) 0.69
Advanced therapy ® (n, %) 23 (30.7%) 74 (26.0%) 0.41
Times of admission (Mean, SD) 1.6 (2.1) 2.5(4.9) 0.02*
Times of ER (Mean, SD) 0.9 (1.5) 1.0 (1.7) 0.68
The Modified Mayo Score (Mean, SD) 2.3(0.9) 2.25(0.8) 0.96
Surgery (n, %) 11 (14.7%) 22 (7.7%) 0.06
Fistula, perforation, abscess (n, %) 4 (5.3%) 12 (4.2%) 0.75"
Stricture (obstruction) (n, %) 1(1.3%) 3(1.1%) 1.00"
Bleeding, refractory, or else (n, %) 3(4.0%) 3(1.1%) 0.11°
Malignancy (n, %) 3 (4.0%) 4 (1.4%) 0.16"
Cancer (n, %) 12 (16.0%) 19 (6.7%) 0.01*
Death (n, %) 12 (16.0%) 14 (4.9%) <0.01*
Infection (n, %) 5(6.7%) 8 (2.8%) 0.16"
Malignancy (n, %) 4 (5.3%) 5(1.8%) 0.097
Cardiovascular disease (n, %) 2(2.7%) 0 0.04"
Others (n, %) 1(1.3%) 1 (0.4%) 0.37°
Baseline hemoglobin (mg/dL) (Mean, SD) 12.7 (2.5) 12.1(2.4) 0.11
Baseline CRP (mg/dL) (Mean, SD) 2.9 (4.9) 2.2 (3.5) 0.29
Baseline albumin (mg/dL) (Mean, SD) 3.8(0.8) 3.9(0.7) 0.70
Extent at diagnosis (n, %) 0.86
Proctitis 12 (16.9%) 41 (15.8%)
Left-sided 23 (32.4%) 93 (35.9%)
Extensive 36 (50.7%) 125 (48.3%)

Table 3. Disease outcomes of smokers and nonsmokers with UC. *Methotrexate, tacrolimus, and
cyclosporine. ®Anti-TNF, vedolizumab, ustekinumab, p19 antibody, and Jak1 inhibitor. *Using Fisher’s exact
test. * Significant (p <0.05).

rent smokers, although high proportions of current and past smokers with CD had strictures and inflammatory
disease phenotypes, respectively (Supplementary tables 1 and 2). The small sample size and the follow-up period
(median as 90-100 months) < 20 years might explain these results.

Discussion

To the best of our knowledge, this is the largest study to explore the effects of smoking on Asian IBD patients.
In population-based and hospital-based cohorts, smoking prevalence was approximately 20% in UC patients
at diagnosis and 30% in matched controls. Patients with UC had significantly lower smoking prevalence than
controls. In the past decades, the crude prevalence of smoking in UC patients decreased gradually, but the
incidence and prevalence of UC increased in Taiwan'?. Furthermore, our results showed that UC smokers had
a low hospitalization risk. Thus, smoking is a protective factor for UC in the Asian population. This result was
similar to that of the Western population®>®.

For CD, our results demonstrated that smoking prevalence was not significantly different between patients
with CD at diagnosis and matched controls. The smoking prevalence in Western countries is approximately
31-78%">*"17, whereas in our study, the smoking prevalence (past and current smoking) was only 19.8% for
CD patients and 22.1% for controls. Thus, smoking is not a risk factor for CD in the Asian population, which
is different from the situation reported in the Western population*”. In this study, controls were matched with
IBD patients by factors including age, sex, and comorbidities. As the UC patients were older than CD patients
(diagnosed age: 42 vs 27 years-old), the UC matched control group was older than CD mated control group.
The prevalence of current smoking decreased over time in the control group, therefore the smoking prevalence
of UC mated control group was higher than CD matched control group.

We also analyzed the trend of smoking prevalence in IBD patients and controls by the time of diagnosis. The
smoking prevalence in Taiwan IBD patients is in accordance to the results from WHO, with the age-standardized
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Smoking Non-smoking
CD patients N=63 N=277 p value
Male 59 (93.7%) 171 (61.7%) <0.01*
Age at diagnosis, median (Q1,Q3) 44 (32,53) 22 (15, 36) <0.01*
Follow-up, month (median, range) 85(34,129) | 84 (43,153) 0.13
Medications
Steroid (n, %) 50 (79.4%) 231 (83.4%) 0.45
5-ASA (n, %) 55 (87.3%) 258 (93.1%) 0.12
Azathioprine (n, %) 41 (65.1%) 190 (68.6%) 0.59
Other immunomodulator  (n, %) 7 (11.1%) 34 (12.3%) 0.80
Advanced therapy ® (n, %) 32 (50.8%) 133 (48.0%) 0.69
Times of admission (Mean, SD) 3.1(2.8) 4.8 (6.1) <0.01*
Times of ER (Mean, SD) 1.8 (2.8) 2.3(3.4) 0.32
SES-CD (Mean, SD) 6.5 (4.6) 7.3 (5.3) 0.30
Surgery (n, %) 38 (60.3%) 106 (38.3%) <0.01*
Fistula, perforation, abscess (n, %) 18 (28.6%) 60 (21.7%) 0.24
Stricture (obstruction) (n, %) 15 (23.8%) 34 (12.3%) 0.02*
Bleeding, refractory, or else (n, %) 8 (12.7%) 20 (7.2%) 0.15
Malignancy (n, %) 5(7.9%) 7 (2.5%) 0.05*"
Others (n, %) 5(7.9%) 6 (2.2%) 0.03**
Cancer (n, %) 4 (6.4%) 14 (5.1%) 0.75¢
Death (n, %) 2 (3.2%) 10 (3.6%) 1.00
Baseline hemoglobin (mg/dL) (Mean, SD) 12.4 (2.3) 11.6 (2.2) 0.02*
Baseline CRP (mg/dL) (Mean, SD) 3.7 (5.7) 3.8 (4.8) 0.89
Baseline albumin (mg/dL) (Mean, SD) 3.7 (0.8) 3.8(0.8) 0.25
Location at diagnosis (n, %) <0.01*
Terminal ileal (L1) 13 (23.6%) 34 (14.3%)
Colonic (L2) 16 (29.1%) 125 (52.5%)
Tleocolonic (L3) 26 (47.3%) 79 (33.2%)
Behavior at diagnosis (n, %) 0.03*
Non-stricturing and non-penetrating (B1) 30 (54.6%) 173 (72.4%)
Stricturing (B2) 18 (32.7%) 50 (20.9%)
Penetrating (B3) 7 (12.7%) 16 (6.7%)

Table 4. Disease outcomes of smokers and nonsmokers with CD. *Methotrexate, tacrolimus, and
cyclosporine. ®Anti-TNF, vedolizumab, ustekinumab, p19 antibody, and Jak1 inhibitor. *Using Fisher’s exact
test. *Significant (p <0.05).

prevalence of tobacco smoking in 2016 for both sexes globally being 19.9%, lowest at 9.8% in Africa, highest
at 29.4% in Europe, and intermediate at 16.9% in South East Asia®. We found that the proportion of current
smokers decreased in controls and UC patients but fluctuated without specific changes in CD patients over time.

Although smoking might prevent UC, our results showed that smoking was correlated with more new cancers
and a high mortality rate. It included various cancer types, including colorectal cancer, lymphoma, prostate can-
cer, renal cell carcinoma, and hepatocellular carcinoma, but was not limited to cancers of gastrointestinal tract.
The result may be attributed to the carcinogenic effect of smoking. Tobacco smoking is a well-established risk
factor for several cancers and is the single largest cause of cancer worldwide. Furthermore, smoking is classified
as a group 1 carcinogen by the International Agency for Research on Cancer's. We also found that compared
with UC nonsmokers, UC smokers had a higher mortality risk. In addition to cancer, CVD risk increased in UC
smokers. This is not too surprising because smoking is a well-known risk factor for CVD and is responsible for
20% of CVD deaths"’.

Our results showed that for CD patients, smokers tended to have more ileal involvement, but nonsmokers
tended to have more colonic involvement. For CD disease behavior, smokers tended to have more stricturing
(32.73% vs. 20.92%) and penetrating disease (12.73% vs. 6.69%), but nonsmokers tended to have more inflam-
matory type. These results are consistent with previous reports®*. CD smokers had a higher surgical rate than
nonsmokers in the current study. We performed subgroup analysis by dividing the surgery indication into five
major categories: penetrating disease, stricture-related obstruction, bleeding, malignancy, and others. In our
study, stricture and penetrating diseases accounted for 86.7% (33/38) of the indication for surgery. Furthermore,
a similar result was reported by Louis”. Stricturing and penetrating diseases have been reported to contribute to
a high surgery rate*"?2. Moreover, a Korean retrospective multicenter cohort study that enrolled 728 CD patients
demonstrated that stricturing, penetrating disease behavior, and smoking habits at the time of diagnosis are
independent predictors of CD-related surgery?. Cosnes reported that surgery risk increased in patients who
smoked and did not undergo immunosuppressive therapy**. However, increased use of immunosuppressive
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or biologic therapy was not observed among smokers compared with nonsmokers. Therefore, the compensat-
ing effect of immunosuppressants and biologic agents for the influence of smoking cannot be observed in our
studies. Smoking had no significant detrimental effect on medical requirements in Indian CD patients was also
reported in Arora’s study?.

We compared disease outcomes of current smokers and past smokers to evaluate the beneficial effect of smok-
ing cessation noted in previous studies*®?’. However, we failed to identify differences in disease outcomes between
these two groups because the sample size of ex-smokers was small. Additionally, this might result from the short
period of smoking cessation because studies* have shown that the effect of smoking may persist for 20 years.

Our study has some limitations. First, given the integrity of medical records, we only included patients who
were hospitalized at least once. Disease severity in this study cohort may have been overestimated. However,
both smoking and nonsmoking IBD patients were enrolled using the same criteria; hence, the result should not
be affected too much. Second, the smoking status of each patient was recorded at different time points based on
the time of diagnosis. By contrast, the smoking status of each control was recorded in the same year. This may
cause bias in our study because smoking prevalence may change over time. Third, this was a retrospective study.

Nonetheless, the strength of this study is that we used individuals from a nationwide health survey as matched
controls. Additionally, the number of patients diagnosed with IBD from 2001 to 2015 in Taiwan was about 38007,
the substantial case number of this study makes our study population representative of the IBD population of
Taiwan. We performed a comprehensive review to analyze the effect of smoking on IBD by comparing various
outcome types between smokers and nonsmokers.

Conclusion

Based on our study with Taiwan IBD patients with a history of hospitalization, smoking is a protective factor for
UC occurrence and is associated with a low hospitalization rate, but it has no effect on CD occurrence. Smokers
tended to have more extensive involvement and aggressive behavior of CD, resulting in an increased surgical
rate. Smoking increased the risk of cancer and mortality in UC patients. For patients diagnosed with IBD, our
results provide evidence that smoking cessation decreases the risks of cancer and mortality in UC patients and
decreases complications and surgery in CD patients.

Methods

Patients. This hospital-based cohort study was conducted through a chart review of the smoking status and
clinical characteristics of IBD patients at the National Taiwan University Hospital (NTUH). Patients diagnosed
with IBD from January 1, 1963, to May 25, 2020 and had been hospitalization at least once in NTUH were
enrolled. This study was approved by the Research Ethics Committee Office of National Taiwan University Hos-
pital (ID of the approval: 202003078RINC). All methods were carried out in accordance with relevant guidelines
and regulations. The Institutional Review Board of NTUH allowed to waive the informed consent because of the
retrospective nature of the study and the analysis used anonymous clinical data. CD and UC were diagnosed by
gastroenterologists based on clinical manifestations, endoscopic findings, and pathological findings. The smok-
ing status of each patient was recorded at first diagnosis of IBD. Patients without a complete record of smoking
status were excluded. The follow-up duration was defined from the time of first diagnosis of either UC or CD, to
the time of most recent outpatient visit, as of time of inclusion in this study.

Smoking status definition. The smoking status of each patient was retrieved from the medical record.
We defined nonsmokers as those who had never smoked or smoked less than 100 cigarettes in their lifetime,
past smokers as those who had smoked at least 100 cigarettes in their lifetime but had quit smoking at the time
of interview, and current smokers as those who had smoked 100 cigarettes in their lifetime and currently still
smoke cigarettes at the time of diagnosis.

Study design. To investigate the effect of smoking on IBD, non-IBD controls were selected from the data-
base from the National Health Interview Survey conducted in 2009 by the Health Promotion Administration
of Taiwan and were matched with IBD patients at a ratio of 4:1. Controls were matched by factors including
age, sex, and comorbidities (hypertension, diabetes, and hyperlipidemia). Only patients aged 12-64 years were
included to fit with the age range of participants in the National Health Interview Survey. After matching, per-
centages of nonsmokers, past smokers, and current smokers in both IBD and control groups were analyzed.

For determining the trend of smoking prevalence among IBD patients, we analyzed the proportion of current
smokers among IBD patients and controls in different periods. Patients were categorized based on diagnosis year
(before 1990, 1991-1995, 1996-2000, 2001-2005, 2006-2010, 2011-2015, and 2016-2020). Control data were
obtained from the survey of Taiwan Tobacco & Liquor Corporation (1990-1996), National Survey of Smoking
Prevalence and Behaviors of Adults in Taiwan (1999), National Survey on Knowledge, Attitude, Practice of Health
Promotion (2002), and Adult Smoking Behavior Surveillance System (2004-2018). These data were compiled by
the government of Taiwan and published as an open access database®.

To examine the effect of smoking on the outcomes of IBD, clinical characteristics including disease phenotype,
medication use, number of admissions, number of ER visits, surgery, new cancer development, survival status,
endoscopic severity, baseline hemoglobin, c-reactive protein (CRP), and albumin were retrieved and analyzed.
Outcomes of both smoking (including past and current smokers) and nonsmoking groups were analyzed. Fur-
thermore, we compared the outcomes of current smokers and past smokers to evaluate the effect of smoking
cessation.
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Clinical outcomes. We analyzed clinical outcomes by examining characteristics, including disease phe-
notype, medication use, number of admissions, number of ER visits, surgery, new cancer development, sur-
vival status, endoscopic severity, baseline hemoglobin, CRP, and albumin. The phenotype of IBD, including the
extent (proctitis, left sided, and extensive) of UC and the location (ileal, colonic, and ileocolonic) and behavior
(nonstricturing and nonpenetrating, stricturing, and penetrating) of CD, was defined according to Montreal
classification. Information on medication use, including steroid, 5-ASA (5-aminosalicylic acid), azathioprine,
other immunomodulators (methotrexate, tacrolimus, and cyclosporine), and advanced therapy (including anti-
TNF (tumor necrosis factor), vedolizumab, ustekinumab, p19 antibody, and JAK (Janus kinase) inhibitors), was
retrieved and analyzed. Admissions and ER visits only due to acute exacerbation were included, and admis-
sions due to scheduled surgery, biological treatment, or other examinations were excluded. Surgery was defined
as IBD-related surgeries such as bowel resection, fistulectomy, and balloon dilatation. Surgeries were further
divided into subgroups based on the indications of each surgery. Furthermore, deaths were divided into sub-
groups according to the cause. Cancers that developed after but not before IBD diagnosis were analyzed. The ini-
tial endoscopy report in NTUH was recorded. Endoscopic severity was measured based on the Modified Mayo
Score (normal [0], mild [1], moderate [2], and severe [3]) for UC patients and the Simple Endoscopic Score for
Crohn Disease (SES-CD) for CD patients.

Statistical analysis. Statistical analyses were performed using SAS (Statistical Analysis System) 9.4, SAS
Institute. Age at diagnosis and follow-up duration are presented as median and interquartile range. Other
numerical data are presented as mean and standard deviation (SD). Categorial data are presented as percent-
ages. Differences between groups were analyzed using the t test for numerical data and the chi-square test and
Fisher’s exact test for categorial data. The p values of < 0.05 were considered significant.

Ethics declarations
Research Ethics Committee Office, National Taiwan University Hospital ID of the approval: 202003078RINC.

Data availability

The anonymous patient data are available in the database of National Taiwan University Hospital (NTUH) and
will be shared on reasonable request to the corresponding author. The data of matched control are available in
National Health Interview Survey conducted by National Health Research Institutes (NHRI) of Taiwan and will
be shared on reasonable request to the NHRI. The data of smoking prevalence of Taiwan are available in https://
www.hpa.gov.tw/Pages/Detail.aspx?nodeid=1718&pid=9913 (in Chinese).
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