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RESULTS
Bowel Resection

Cumulative incidence of bowel resection

Among the 310 patients, 147 subjects (47.4%) underwent at least one bowel resection at the time of or after the diagnosis of Crohn’s disease.  The mean incidence rate of major abdominal surgeries was 0.09 (+/- 0.32) per person-year of follow-up.  The cumulative probability of first major bowel resection from time of diagnosis was 36.8% (95% CI, 31.1%-42.0%) and 59.5% (50.6%-70.3%) at 5 and 30 years, respectively (Supplementary Figure 1A).  Among these 147 patients, 41 (28%) underwent a second bowel resection after having a first bowel resection.  The cumulative probability of second bowel resection from time of first bowel resection was 14.4% (95% CI, 8.2%-20.3%) and 48.8% (29.8%-68.1%) at 5 and 30 years, respectively (Supplementary Figure 1B).  Among the 41 patients with 2 bowel resections, 18 (43.9%) underwent a third bowel resection.  The cumulative probability of third bowel resection from time of second resection was 14.6% (95% CI, 1.8%-25.6%) and 71% (41.7%-87.7%) at 5 and 20 years, respectively (Supplementary Figure 1C). 
Factors associated with bowel resection

In univariate analysis of factors noted at day of diagnosis (n=310), the presence of any extra-intestinal manifestation at the time of Crohn’s diagnosis was negatively associated with bowel resection (HR, 0.5; 95% CI, 0.3-0.9) (Supplementary Table 5A).  Males also had an increased risk of bowel resection (HR, 1.4; 95% CI, 1.0-1.9).  Univariate analysis of factors after the 90-day baseline included 251 patients (the other 59 were excluded either because of follow-up of less than 90 days or because first bowel resection took place within the first 90 days).  Relative to patients with colonic extent, patients with isolated terminal ileal disease (HR, 2.8; 95% CI, 1.6-5.0), ileocolonic extent (HR, 3.1; 95% CI, 1.8-5.3), or upper gastrointestinal involvement (HR, 2.9; 95% CI, 0.9-9.9) were at an approximately 3-fold increased risk of having bowel resection.  Other factors, including disease behavior and medications within 90 days after diagnosis, were not associated with bowel resection.

In multivariate analysis (n=251), male gender (HR, 1.7; 95% CI, 1.1-2.6), current smoking status at the 90-day baseline (HR, 1.9; 95% CI, 1.2-3.0), ileocolonic extent (HR relative to colonic, 3.4; 95% CI, 1.9-6.0), and small bowel extent (HR, 3.1; 95% CI, 1.7-5.7) were all independently associated with time to first bowel resection, even after controlling for other factors (Supplementary Table 5B).

Changes in bowel resection rates

The 5-year cumulative probability of first bowel resection ranged from 31.6% (95% CI, 18.4%-42.6%) in patients diagnosed in 1995-99 to 43.7% (24.3%-58.8%) in those diagnosed between 1980 and 1984 (Supplementary Figure 2).  The 20-year cumulative risk of bowel resection ranged from 47.4% (26.4%-65.2%) in 1985-89 to 68.8% (46.7%-81.7%) in the 1975-79 group.  A more detailed summary of cumulative probability of bowel resection by calendar period of diagnosis can be found in Supplementary Table 6.  
In a Cox proportionate hazards regression model evaluating the association between calendar period of diagnosis and time to first bowel resection, using the period 1970-74 as a reference, no significant associations were identified (overall p-value, 0.61).  Similarly, when considering the number of bowel resections per year instead of the cumulative probability of surgery, no changes in surgery rates were observed over time (Supplementary Table 7).

Ileal/Ileocolonic Resection
Cumulative incidence of ileal/ileocolonic resection

Among the 310 patients, 118 (33.7%) underwent at least one ileal or ileocecal resection at the time or after the diagnosis of Crohn’s disease.  The mean incidence rate of ileal or ileocecal resections was 0.08 (+/- 0.32) per person-year of follow-up.  The cumulative probability of first ileal or ileocecal resection from time of diagnosis was 30.1% (95% CI, 24.7%-35.1%) and 45.4% (38.0%-56.4%) at 5 and 30 years, respectively (Supplementary Figure 3A).  Among the 118 patients with at least one ileal or ileocecal resection, 29 (24.6%) underwent a second ileal or ileocecal resection.  The cumulative probability of second ileal or ileocecal from time of first resection was 8.6% (95% CI, 3%-14%) and 47.9% (28.3%-71.8%) at 5 and 30 years, respectively (Supplementary Figure 3B).  Among the 29 patients with at least 2 ileal or ileocecal resections, 13 (44.8%) subjects underwent a third ileal or ileocecal resection.  The cumulative probability of third ileal or ileocecal from time of second resection was 22.3% (95% CI, 2.7%-37.9%) and 82% (14.5%-96.2%) at 5 and 20 years, respectively (Supplementary Figure 3C). 

Factors associated with ileal/ileocecal resection

In univariate analysis of factors noted at day of diagnosis (n=310), the presence of any extra-intestinal manifestation at the time of Crohn’s diagnosis was inversely associated with time to ileal or ileocecal resection (HR, 0.5; 95% CI, 0.3-0.9) (Supplementary Table 8A).  Males also had an increased risk of ileal or ileocecal resection (HR, 1.5; 95% CI, 1.1-2.2).  Univariate analysis of factors noted at the 90-day baseline included 257 patients (a total of 53 patients were excluded because of follow-up from diagnosis of less than 90 days or because first ileal/ileocolonic resection took place within the first 90 days).  Relative to patients with colonic extent, patients with isolated terminal ileal disease (HR, 9.2; 95% CI, 3.8-22.3), ileocolonic extent (HR, 8.1; 95% CI, 3.8-19.6), or upper gastrointestinal involvement (HR, 11.0; 95% CI, 2.7-43.9) were at markedly increased risk of having ileal or ileocecal resection.  Penetrating disease behavior (HR relative to non-penetrating/non-stricturing, 2.6; 95% CI, 1.0-6.4) at the 90-day baseline was associated with an increased risk of having ileal or ileocecal resection.  Other factors, including medications within 90 days after diagnosis, were not associated with ileal or ileocecal resection.

In multivariate analysis (n=257), male gender (HR, 1.9; 95% CI, 1.2-3.1), ileocolonic extent (HR relative to colonic, 8.4; 95% CI, 3.5-20.3), small bowel extent (HR, 9.7; 95% CI, 4.0-23.4) and upper gastrointestinal disease (HR, 11.2; 95% CI, 2.8-44.8) were independently associated with time to first ileal or ileocecal resection, even after controlling for other factors (Supplementary Table 8B).

SUPPLEMENTARY FIGURE LEGENDS
Supplementary Figure 1.  A) Cumulative probability of first bowel resection from time of diagnosis among 310 Crohn’s disease patients diagnosed in Olmsted County, Minnesota between 1970 and 2004; B) cumulative probability of second bowel resection from time of first bowel resection (n = 147); and C) cumulative probability of third bowel resection from time of second bowel resection (n = 41). 

Supplementary Figure 2. Changes in bowel resection rates. Using the period 1970-74 as a reference, there was no significant decrease in bowel resection rates for the periods 1975-79 (p=0.66 versus period 1970-74), 1980-84 (p=0.89), 1985-89 (p=0.72), 1990-94 (p=0.91), 1995-99 (p=0.22), and 2000-04 (p=0.38).

Supplementary Figure 3. A) Cumulative probability of first ileal/ileocecal resection from time of diagnosis among 310 Crohn’s disease patients diagnosed in Olmsted County, Minnesota between 1970 and 2004; B) cumulative probability of second ileal/ileocecal resection from time of first ileal/ileocecal resection (n = 118); and C) cumulative probability of third ileal/ileocecal resection from time of second ileal/ileocecal resection (n = 29).
Supplementary Table 1: Patient numbers used in the various analyses.
Analysis                                Number of patients:    At diagnosis       At 90 days post-diagnosis

   Total                                                                         310                                    304 

   1st major surgery                                                     310                                    249

   1st bowel resection                                                  310                                    251

   1st Ileal/Ileocolonic resection                                  310                                    257

Supplementary Table 2: Univariate associations between baseline factors and time to first major abdominal surgery in Crohn’s disease patients from Olmsted County, Minnesota.

	
	Hazard Ratio
	95% CI
	p-value
	Overall

p-value

	Variables whose status known at CD diagnosis

(N=310 patients)
	
	
	
	

	Gender

Male

Female
	1.3

1.0
	0.98-1.8

Ref.
	0.07
	

	Age per 10 years
	1.0
	0.9-1.06
	0.43
	

	Smoking history

Current smokers

Former smokers

Non-smokers
	1.2

0.7

1.0
	0.85-1.72

0.41-1.22

Ref.
	0.28

0.22
	0.14



	Family History of IBD

Yes

No
	1.2

1.0
	0.78-1.87

Ref.
	0.40
	

	Extra-intestinal manifestation

Yes

No  
	0.50

1.0
	0.29-0.85

Ref.
	0.01
	

	Variables whose status known by 90 days post-CD diagnosis  (N=249 patients)
	
	
	
	

	Disease Location at the 90 day baseline

Small Bowel (L1)

Colitis (L2)

Ileocolonic (L3)

Gastroduodenal (L4)
	3.1

1.0

3.1

3.7
	1.76-5.37

Ref.

1.80-5.37

1.10-12.45
	<0.0001

<0.0001

0.03
	<0.001



	Disease behavior at the 90-day baseline

   Non-Stricturing/Non-Penetrating (B1)

   Stricturing (B2)

   Penetrating (B3)
	1.0

1.8

2.8
	Ref.

0.2-12.7

1.2-6.4
	0.57

0.02
	0.04



	Perianal Disease prior to or within 90 days of diagnosis

  Yes

  No
	1.2

1.0


	0.7-2.0

Ref.
	0.45
	

	Medications at the 90-day baseline

  Thiopurines (azathioprine or 6-mercaptopurine)

  Steroids

  Aminosalicyates

  No medication
	1.0

1.1

0.7

1.0
	0.40-2.71

0.43-2.09

0.40-1.37

Ref.
	0.93

0.64

0.34
	0.32




Supplementary Table 3. Temporal trends in cumulative incidence of major abdominal surgery among 310 Olmsted County, Minnesota, residents diagnosed with Crohn’s disease between 1970 and 2004 and followed through 2009.
	Time Period
	Total patients
	Patients with surgery
	Median time to first surgery, years
	5-year cumulative incidence, % (95% CI)
	10-year cumulative incidence, % (95% CI)
	20-year cumulative incidence, % (95% CI)
	30-year cumulative incidence, % (95% CI)

	1970-74
	32
	21
	10.4
	37.5 (18.3-52.2)
	47.4 (26.7-62.2)
	68.8 (46.4-81.8)
	68.8 (46.4-84)

	1975-79
	36
	24
	8.3
	39.8 (21.2-54)
	55.7 (35.1-69.8)
	69.7 (48.2-82.3)
	84.1 (52-89.9)

	1980-84
	35
	20
	6.4
	43.7 (24.3-58.8)
	57.7 (36.3-72.9)
	62.9 (39.8-76.5)
	NA

	1985-89
	33
	15
	>8.0*
	43.7 (23.4-58.6)
	47.4 (26.4-42.4)
	47.4 (26.4-65.2)
	NA

	1990-94
	42
	23
	7.9
	38.7 (21.8-51.9)
	54.7 (36.1-67.9)
	NA
	NA

	1995-99
	58
	24
	>12.0*
	35.1 (21.4-46.4)
	38.8 (24.7-52.5)
	NA
	NA

	2000-04
	74
	25
	>5.0*
	35.1 (22.8-45.9)
	NA
	NA
	NA


CI, confidence interval; NA, not available.
*At last follow-up, less than 50% of patients in these groups had undergone major abdominal surgery, so median time to first surgery could not be calculated.
Supplementary Table 4.  Multiple variable model hazards ratios for risk of first major abdominal surgery associated with age, gender, early presence of extraintestinal manifestations and calendar period of diagnosis (n=310).

	Factors
	Hazard Ratio
	95% CI
	p-value
	Overall p-value

	Age (per 10 years)
	0.98
	0.89 – 1.08
	0.65
	

	Male gender
	1.29
	0.92 – 1.79
	0.14
	

	Early EIMs
	0.52
	0.30 – 0.90
	0.02
	

	1970-74
	1.0
	(reference)
	
	0.55

	1975-79*
	1.04
	0.57 – 1.89
	0.91
	

	1980-84*
	0.92
	0.49 – 1.72
	0.80
	

	1985-89*
	0.75
	0.38 – 1.47
	0.40
	

	1990-94*
	0.88
	0.47 – 1.63
	0.68
	

	1995-99*
	0.65
	0.35 – 1.20
	0.17
	

	2000-04*
	0.64
	0.35 – 1.18
	0.15
	


* Relative to the reference period, 1970-74.

Supplementary Table 5A: Univariate associations between variables and time to first bowel resection surgery in Crohn’s disease patients from Olmsted County, Minnesota.

	
	Hazard Ratio
	95% CI
	p-value
	Overall

p-value

	Variables whose status known at CD diagnosis

(N=310 patients)
	
	
	
	

	Gender

Male

Female
	1.4
1.0
	1.01-1.9
Ref.
	0.04
	

	Age per 10 years
	0.96
	0.9-1.05
	0.35
	

	Smoking history

Current smokers

Former smokers

Non-smokers
	1.2

0.7

1.0
	0.9-1.8 
0.4-1.2

Ref.
	0.25
0.16
	0.09



	Family History of IBD

Yes

No
	1.2

1.0
	0.8-1.9

Ref.
	0.31
	

	Extra-intestinal manifestation

Yes

No  
	0.5

1.0
	0.3-0.9 
Ref.
	0.02
	

	Variables whose status known by 90 days post-CD diagnosis  (N=251 patients)
	
	
	
	

	Disease Location at the 90 day baseline
Small Bowel (L1)

Colitis (L2)

Ileocolonic (L3)

Gastroduodenal (L4)
	2.8
1.0

3.1

2.9
	1.6-5.0
Ref.

1.8-5.3

0.9-9.9
	<0.001

<0.001

0.08
	<0.001



	Disease behavior at the 90-day baseline

   Non-Stricturing/Non-Penetrating (B1)

   Stricturing (B2)

   Penetrating (B3)
	1.0

1.8
2.9
	Ref.

0.2-13.1
1.3-6.6
	0.57

0.01
	0.03



	Perianal Disease prior to or within 90 days of diagnosis

  Yes

  No
	1.3
1.0

	0.8-2.1

Ref.
	0.38
	

	Medications at the 90-day baseline

  Thiopurines (azathioprine or 6-mercaptopurine)

  Steroids

  Aminosalicyates

  No medication
	0.8
1.1

0.7

1.0
	0.3-2.1

0.6-2.0

0.4-1.3

Ref.
	0.60
0.68
0.26
	0.25




Supplementary Table 5B: Multiple variable model results for baseline factors and factors known at 90 days post-CD diagnosis and time to first bowel resection surgery in 251 patients from Olmsted County, Minnesota having at least 90 days of follow-up and who did not experience a first bowel resection surgery in the first days from CD diagnosis.

	
	Hazard Ratio
	95% CI
	p-value
	Overall

p-value

	Gender

  Male

  Female
	1.7
1.0
	1.1-2.6
Ref.
	0.02
	

	Disease Location

Small Bowel (L1)

Colitis (L2)

Ileocolonic (L3)

Gastroduodenal (L4)
	3.1
1.0

3.4
3.0
	1.7-5.6
Ref.

1.9-6.0
0.9-10.4
	<0.001

<0.001

0.08
	<0.001



	Smoking history

  Current smokers

  Former smokers

  Non-smokers
	1.9
1.1
1.0
	1.2-3.0
0.5-2.2
Ref.
	0.005
0.81
	0.02 


Supplementary Table 6. Temporal trends in cumulative incidence of bowel resection among 310 Olmsted County, Minnesota, residents diagnosed with Crohn’s disease between 1970 and 2004 and followed through 2009..

	Time Period
	Total patients
	Patients with surgery
	5-year cumulative incidence, % (95% CI)
	10-year cumulative incidence, % (95% CI)
	20-year cumulative incidence, % (95% CI)
	30-year cumulative incidence, % (95% CI)

	1970-74
	32
	20
	32.1 (13.5-46.7)
	42.3 (21.8-57.4)
	64.5 (41.5-78.4)
	68.4 (45.3-83.9)

	1975-79
	36
	23
	37.8 (19.2-52.8)
	54.3 (33.3-68.7)
	68.8 (46.7-81.7)
	73.2 (50.6-89.5)

	1980-84
	35
	19
	43.7 (24.3-58.8)
	57.7 (36.3-71.9)
	57.7 (36.3-73.0)
	NA

	1985-89
	33
	15
	43.7 (23.4-58.6)
	47.4 (26.4-42.4)
	47.4 (26.4-65.2)
	NA

	1990-94
	42
	23
	38.7 (21.8-51.9)
	54.7 (36.1-67.9)
	NA
	NA

	1995-99
	58
	20
	31.6 (18.4-42.6)
	35.3 (21.5-48.6)
	NA
	NA

	2000-04
	74
	25
	35.1 (22.8-45.9)
	NA
	NA
	NA


CI, confidence interval; NA, not available.
Supplementary Table 7: Distribution of the number of bowel resection surgeries per patient-year by calendar period of observation among 310 Olmsted County residents diagnosed with Crohn’s disease between 1970 and 2004 and followed through 2009.
	
	
	Number of  Bowel Resection  Surgeries per 5 years

	Diagnosis period
	Number of  diagnosed cases
	1st 5 years post-diagnosis
	Post-5 years from diagnosis

	1970-74
	32
	0.40 
	--

	1975-79
	36
	0.56
	0.36

	1980-84
	35


	0.50
	0.24

	1985-89


	33
	0.52
	0.29

	1990-94


	42
	0.47
	0.16

	1995-99


	58
	0.41
	0.13

	2000-04


	74
	0.39
	0.13

	2005-09
	--
	0.21
	0.09


Assessment of rates of bowel resection surgery was assessed using a generalized linear regression model (assuming a negative binomial distribution for surgeries). Gender was significant (p=0.046), year was significant (p=0.006), and the rate in the first 5 years post-Crohn’s diagnosis was significantly higher than in subsequent years of disease (p<0.001).
Supplementary Table 8A: Univariate associations between variables and time to first ileal or ileocecal resection surgery in patients from Olmsted County, Minnesota.

	
	Hazard Ratio
	95% CI
	p-value
	Overall

p-value

	Variables whose status known at CD diagnosis

(N=310 patients)
	
	
	
	

	Gender

Male

Female
	1.5
1.0
	1.1-2.2
Ref.
	0.02
	

	Age per 10 years
	0.94
	0.85-1.05
	0.29
	

	Smoking history

Current smokers

Former smokers

Non-smokers
	0.9
0.6
1.0
	0.6-1.3 
0.3-1.1
Ref.
	0.63
0.09
	0.21



	Family History of IBD

Yes

No
	1.2

1.0
	0.7-1.9

Ref.
	0.57
	

	Extra-intestinal manifestation

Yes

No  
	0.5

1.0
	0.3-0.9 
Ref.
	0.02
	

	Variables whose status known by 90 days post-CD diagnosis  (N=257 patients)
	
	
	
	

	Disease Location at the 90 day baseline
Small Bowel (L1)

Colitis (L2)

Ileocolonic (L3)

Gastroduodenal (L4)
	9.2
1.0

8.1
11.0
	3.8-22 
Ref.

3.4-20 
2.7-44 
	<0.001

<0.001

<0.001
	<0.001



	Disease behavior at the 90-day baseline

   Non-Stricturing/Non-Penetrating (B1)

   Stricturing (B2)

   Penetrating (B3)
	1.0

2.6
2.6
	Ref.

0.4-19  
1.03-6.4
	0.57

0.04
	0.03



	Perianal Disease prior to or within 90 days of diagnosis

  Yes

  No
	0.7
1.0

	0.4-1.4

Ref.
	0.36
	

	Medications at the 90-day baseline

  Thiopurines (azathioprine or 6-mercaptopurine)

  Steroids

  Aminosalicyates

  No medication
	0.7
0.8
0.7

1.0
	0.2-2.1

0.4-1.5
0.4-1.4
Ref.
	0.72
0.48
0.03
	0.81




Supplementary Table 8B: Multiple variable model results for baseline factors and factors known at 90 days post-CD diagnosis and time to first ileal or ileocecal resection surgery in 257 patients from Olmsted County, Minnesota having at least 90 days of follow-up and who did not experience a first bowel resection surgery in the first days from CD diagnosis.

	
	Hazard Ratio
	95% CI
	p-value
	Overall

p-value

	Gender

  Male

  Female
	1.9
1.0
	1.2-3.1
Ref.
	0.01
	

	Disease Location

Small Bowel (L1)

Colitis (L2)

Ileocolonic (L3)

Gastroduodenal (L4)
	9.7
1.0

8.4
11.2
	4.0-23 
Ref.

3.5-20 
2.8-45  
	<0.001

<0.001

<0.001
	<0.001
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