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Abstract
Background: Intestinal stricture affects over half of patients with Crohn’s disease (CD) and has significant associated morbidity. Statins possess 
both anti-inflammatory and anti-fibrotic properties and may improve CD outcomes, although current data are limited. This study assessed whether 
statin use is associated with a reduced risk of new stricture development in CD in a diverse US population, and evaluated the role of IBD therapy 
in any association.
Methods: We conducted a retrospective cohort study comparing patients with CD with and without statin exposure using the EVERSANA US 
electronic health records database. Findings were independently validated in a second database (Merative MarketScan). Patient demographics, 
co-morbidities, laboratory measurements, and CD medications were assessed. The primary outcome was development of new stricture as defined 
by a composite endpoint of an encounter for stricture diagnosis or occurrence of a stricture-related procedure. Propensity score (PS)-matched 
Cox proportional hazards models were used to estimate associations.
Results: The EVERSANA cohort comprised 1210 statin recipients and 25 000 non-statin users. Over a mean follow-up of 3.8 years, PS-matched 
statin users had a 28% reduction in the risk of new-onset stricture (hazard ratio [HR] 0.72, 95% confidence interval [CI] 0.53-0.99, P = .043). The 
Merative cohort contained 9577 statin users and 56 918 non-statin users. Over a mean follow-up of 3.6 years, PS-matched statin use had a 29% 
risk reduction in new-onset stricture (HR 0.71, 95% CI 0.66-0.77, P < .001).
Conclusions: Statin use is independently associated with reduced progression to stricture formation in two PS-matched large and diverse cohorts 
of patients with CD.
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1. Introduction
Crohn’s disease (CD) is a chronic, immune-mediated condition 
of the gastrointestinal (GI) tract characterized by segmental 
inflammation that can affect any part of the GI tract from 
mouth to anus. Long-standing intestinal inflammation is asso-
ciated with the development of fibrosis, excess deposition of 
extracellular matrix in the intestinal wall,1 and muscular hyper-
trophy and hyperplasia.2,3 More than 50% of patients with CD 
experience clinically significant bowel obstruction from intes-
tinal stricture4 and nearly half of patients with CD require 
bowel resection surgery within 10 years of diagnosis.5 
Postoperatively, up to 70% of patients require reoperation 
within 10 years of initial bowel resection surgery, with most 
patients undergoing resection due to stricturing CD.6 Thus, the 

identification of therapies to mitigate stricture formation is of 
key clinical interest.

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase inhibitors, commonly known as statins, are the most 
prescribed medication in the USA7 and are used primarily for 
their lipid-lowering effects to reduce the risk of atherosclerotic 
cardiovascular disease. Prior data have demonstrated immuno-
modulatory, anti-inflammatory, and anti-fibrotic properties of 
statins, especially as related to hepatobiliary and intestinal dis-
ease.8–13 In inflammatory bowel disease (IBD) specifically, statins 
have been associated with decreased rates of new-onset CD, 
less use of steroid therapy, and lower risk of colectomy.14–17

Population-based data also suggest that statin use may 
mitigate the risk of IBD-related surgeries such as intestinal 
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resections and stoma formation in CD,18 although these data 
are limited by homogeneity of the studied population and lim-
ited assessment of the role of advanced IBD therapy in this 
association. Given the known molecular targets of statins, 
which include several anti-inflammatory and anti-fibrotic 
pathways implicated in stricturing CD, we hypothesized that 
statins may reduce stricture formation in CD, particularly by 
inhibiting extracellular matrix production by mesenchymal 
cells, potentially through modulation of transforming growth 
factor β1 (TGF-β1) signaling and the Rho pathway—a  
central regulator of cytoskeletal organization and fibrogenic 
activity.2,8,10,19–20 This rationale, along with the substantial bur-
den of stricturing disease and the lack of approved therapies 
for it, prompted us to specifically investigate whether statin use 
is associated with reduced risk of stricture development in two 
large, diverse US administrative databases of patients with 
newly diagnosed CD. We also specifically examined whether 
concomitant IBD therapy modified this association.

2. Methods
2.1. Data sources
We conducted a retrospective cohort study utilizing two widely 
utilized, representative, national databases in the USA 
(EVERSANA EHR database, and Merative database) to eval-
uate the association between statin use and the development 
of intestinal stricture in newly diagnosed CD.21,22 The 
EVERSANA EHR integrated database contains electronic 
health records (her) data from over 120 million de-identified 
US patients and includes data from over 2000 outpatient health 
centers, over 500 hospitals, and over 30 health systems. The 
Merative database contains hospital, ambulatory, laboratory, 
and pharmaceutical claims data from over 273 million patients. 
We initially assessed the association of statin exposure on stric-
ture development in CD using the EVERSANA database, and 
subsequently replicated the analysis in the Merative database. 
This second analysis was conducted to validate our findings in 
a larger population size as well as to evaluate additional vari-
ables not able to be investigated through the EVERSANA data-
base, such as IBD medication therapy. While some degree of 
patient overlap between the two databases cannot be entirely 
excluded, the distinct data capture methods and the substan-
tially larger size of the Merative database ensure that it includes 
a broader and complementary patient population beyond those 
represented in the EVERSANA database.

The EVERSANA database included patients who met the 
study criteria from January 2010 to January 2024 while the 
Merative database included patients who met the study criteria 
from January 2007 to December 2021, which represent the 
latest data available in the Merative database at the time of our 
analysis. We excluded patients in the Merative database for 
whom pharmaceutical data were not available.

2.2. Study population definition
New diagnosis of CD was defined as the first appearance in the 
database of an international classification of disease (ICD-9/
ICD-10) code corresponding to CD in any adult subject with 
at least two separate encounters with ICD coding for CD. We 
excluded patients with prior ICD diagnoses of stricture, intes-
tinal obstruction, fistula, intra-abdominal abscess, or if they 
had a Current Procedural Terminology (CPT) code for a 

CD-related procedure (defined below) at any time before CD 
diagnosis. The date of study inclusion was marked as the first 
subsequent outpatient visit after an ICD diagnosis of CD. This 
method of cohort identification has been utilized in multiple 
prior studies of new-onset IBD.15,23–25 Additionally, we elimi-
nated subjects with more than one measurement of fecal cal-
protectin ≥120 µg/g in the 6-month period preceding study 
inclusion to ensure that the first ICD code for CD truly repre-
sented a new diagnosis of IBD, rather than the first recording 
of a diagnostic code. All patients were required to have at least 
12 months between the time of CD diagnosis and the last 
encounter with ICD coding of CD to allow for a latency-time 
window and minimize detection bias.

2.3. Intervention and control definition
We employed a new-user design restricted to patients with 
newly diagnosed CD, comparing the risk of stricture formation 
between new initiators of statin therapy and new initiators of 
any non-statin medication. New medication use was defined 
as having at least a 6-month duration prescription ordered 
within 6 months of study inclusion. Anatomical Therapeutic 
Chemical (ATC) code was used to classify medications as statin 
(C10AA) or non-statin. For patients in the statin-exposed 
group, the period between CD diagnosis and statin initiation 
was treated as unexposed time to prevent immortal time bias.

2.4. Study outcome definition
The primary outcome was development of new stricture, 
defined as a clinical visit or hospitalization for stricture (defined 
by the first ICD-9/10 code for intestinal obstruction) or if any 
of the following stricture-related procedures (defined by CPT 
code) occurred: small bowel resection, strictureplasty, or endo-
scopic intestinal dilation. This definition is similar to that of a 
previously published population-based study of CD progres-
sion in newly diagnosed patients.23

To maximize the likelihood that this stricture definition truly 
represented a new stricture event—rather than the first data-
base capture of an existing stricture diagnosis at the time of 
CD diagnosis—we excluded patients who developed the pri-
mary outcome within 3 months of initial CD diagnosis. For 
patients with newly diagnosed CD who developed stricture, 
only those who started a medication (statin or non-statin) at 
least 6 months before the stricture episode were included.

2.5. Study outcome validation
The definition of new stricture was validated against manual 
chart review of our hospital-wide retrospective database (the 
Stanford Research Repository [STARR]) to ensure strong clas-
sification performance. Specifically, our definition of new stric-
turing disease was 87% accurate in a cohort of 200 patients 
randomly selected from all STARR patients with CD meeting 
study inclusion and exclusion criteria (Table S1).

2.6. Data collection
Demographic data including age at CD diagnosis, age at study 
inclusion, gender, Charlson comorbidity index,26 and duration 
of study-follow up (defined as the period between date of inclu-
sion and date of last encounter for ICD diagnosis of CD) were 
evaluated. The following laboratory values, identified using 
Logical Observation Identifiers Names and Codes (LOINC), 
were collected within 6 months of study inclusion: low-density 
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lipoprotein (LDL; highest value selected if multiple measure-
ments were available), fecal calprotectin (highest value), 
C-reactive protein (CRP; highest value), albumin (lowest 
value), and platelets (highest value). Data on IBD medications 
were collected, including whether there was exposure to the 
following classes of IBD therapy during the study period: 
5-aminosalicylate (5-ASA), anti-tumor necrosis factor (TNF), 
anti-integrin, anti-interleukin (IL) 12/23, anti-IL23, Janus 
kinase (JAK) inhibitor, or immunomodulators such as 
6-mercaptopurine, methotrexate, and azathioprine. The num-
ber of IBD therapies and number of steroid courses prescribed 
were also analyzed. Exposure to medications commonly pre-
scribed to patients with cardiovascular disease (aspirin, 
angiotensin-converting enzyme [ACE] inhibitor/angiotensin II 
receptor blocker [ARB], fibrate, and thiazolidiedione) was 
recorded. Data on duration of statin use and statin intensity 
were also evaluated. Statin intensity, defined by the American 
Heart Association,27 classifies statins as low, moderate, or high 
intensity based on drug type and dosage, reflecting the expected 
degree of LDL reduction (eg, <30%, 30-49%, ≥50%).

2.7. Statistical analysis
High-dimensional propensity score (PS)-matching was per-
formed in a 1:1 ratio using the nearest neighbor method with 
a caliper width of 0.2, consistent with established method-
ological standards.28 We selected 1:1 matching rather than 1:n 
matching to prioritize comparability between treatment groups 
over gains in sample size or precision. Variables incorporated 
into PS-matching included age at study inclusion, sex, Charlson 
comorbidity index, fecal calprotectin, CRP, platelet count, 
albumin, follow-up duration, number of steroid courses, num-
ber of IBD agents, and exposure to advanced therapy.

After PS-matching, a univariate analysis was first performed 
comparing patients with new statin use to those with new use 
of any other medication. Multivariate Cox proportional haz-
ards regression was then performed, with variables specified 
a priori: age at study inclusion, sex, Charlson comorbidity 
index, follow-up duration, statin use, and IBD medication 
exposure. Laboratory markers of inflammation were intended 
to be included a priori, but were ultimately not included due 
to high rates of missing data (>95%). Medications commonly 
used in cardiovascular disease that were statistically significant 
in the univariate analysis were included in the multivariate 
analysis.

Additional secondary pre-specified analyses were con-
ducted examining the association of (1) the duration of sta-
tin exposure, (2) intensity of statin therapy, and (3) statin 
class (ie, hydrophilic vs lipophilic) with new stricture in the 
multivariate Cox regression. A secondary post-hoc analysis 
was performed comparing LDL value to the primary out-
come to reduce confounding by indication. Further second-
ary post-hoc analyses were conducted by separating the 
Merative cohort into those on advanced IBD therapy (such 
as anti-TNF, anti-integrin, anti-IL23, anti-IL12/23) during 
the study and those who did not have exposure to advanced 
IBD therapy. The Cox regression analyses were repeated on 
these two subsets to further characterize the relationship 
between statin use, advanced IBD therapy, and stricture 
development.

Categorical variables were analyzed using chi-squared 
testing. Continuous variables were analyzed using the 

Mann–Whitney U test. Statistical analyses were conducted 
using R statistical software29 on the Redivis platform through 
Stanford University.30 A P value of <.05 was considered statis-
tically significant.

2.8. Ethical considerations
The study was approved via an umbrella institutional review 
board protocol for all de-identified population database studies 
at Stanford University.

3. Results
3.1. Baseline demographics
In the EVERSANA cohort, 26 210 patients were included, of 
whom 1210 were statin recipients and 25 000 initiated other 
medications. After PS-matching, 1208 patients were retained 
in each arm, with baseline demographics generally similar 
between groups (Table 1). In the Merative database, 66 495 
patients were included, of whom 9577 were statin recipients 
and 56 918 initiated other medications. Following PS-matching, 
9577 patients were included per arm (Table 2). Sex and dura-
tion of study follow-up were similar between groups (Table 2). 
Statin-exposed patients were older at study inclusion with more 
co-morbidities and higher use of cardiovascular medications 
compared to users of any other medication (Table 2), although 
this effect was less pronounced than in the unmatched cohort. 
Differences in IBD medication use are outlined in Table  2. 
Notably, both groups had comparable rates of advanced IBD 
therapy exposure (Table 2).

3.2. Statin use is associated with lower rates of 
stricture formation in CD and longer time-to-
stricture
In the PS-matched multivariate Cox regression analysis of the 
EVERSANA cohort, statin use was associated with a reduced 
risk of stricture formation compared with use of other medi-
cations (hazard ratio [HR] 0.72, 95% confidence interval [CI] 
0.53-0.99, P = .043; Figure 1). Similarly, in the PS-matched 
multivariate Cox regression analysis of stricture formation in 
the Merative cohort, statin use was associated with lower risk 
of stricture formation compared with use of other medications 
(HR 0.71, 95% CI 0.66-0.77, P ≤ .001; Table 3; Figure 2). 
New stricture diagnoses during follow-up were less frequent 
among statin users than non-users in both EVERSANA (5.5% 
vs 7.5%, P = .048) and Merative (11% vs 16%, P < .001). 
Female sex was independently associated with lower likeli-
hood of stricture development (HR 0.86, 95% CI 0.80-0.93, 
P < .001; Table 3) while older age at study inclusion was asso-
ciated with higher likelihood of stricture development 
(Table 3).

3.3. Statin use for 12 months or longer correlates 
with less CD stricture formation
In the pre-specified secondary analysis of the Merative cohort, 
Cox multivariate regression was repeated utilizing various 
durations of statin use. Compared to use of any other medica-
tion, statin use between 6 and 12 months was associated with 
similar hazard ratio of stricture formation (HR 0.83, 95% CI 
0.67-1.0). However, statin durations of 12–24 months (HR 
0.84, 95% CI 0.72-0.97) and >24 months (HR 0.67, 95% CI 
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0.61-0.73) were both independently associated with a lower 
likelihood of stricture formation (Figure S1).

In the second pre-specified secondary analysis evaluating sta-
tin intensity and stricture development, low (HR 0.66, 95% CI 
0.55-0.80), medium (HR 0.73, 95% CI 0.67-0.80), and high 
(HR 0.66, 95% CI 0.56-0.78) statin intensities were all associ-
ated with a lower likelihood of stricture development compared 

to use of any other medication (Figure S1). Additionally, use of 
high-intensity statin was not associated with less stricture devel-
opment compared to use of low or medium intensities. In the 
third pre-specified secondary analysis, both hydrophilic (HR 
0.77, 95% CI 0.67-0.87) and lipophilic (HR 0.69, 95% CI 
0.63-0.76) statin classes were associated with a lower likelihood 
of stricture as compared to use of any other medication.

Table 1.  Baseline demographics for high dimensionality propensity score-matched groups in the EVERSANA cohort.

Any other medication (n = 1208)  Statin-exposed (n = 1208)  Standardized mean 
difference (SMD)

Female, n (%) 709 (58.7%) 679 (56.2%) 0.050
Mean age, years (SD) 59.9 (11.2) 58.6 (10.8) 0.122
  <18 years 0 (0%) 0 (0%) NA
  18-29 years 17 (1.4%) 7 (0.6%) 0.084
  30-39 years 61 (5%) 67 (5.5%) 0.022
  40-49 years 133 (11%) 172 (14.2%) 0.097
  50-59 years 318 (26.3%) 383 (31.7%) 0.119
  60-69 years 445 (36.8%) 389 (32.2%) 0.098
  70-79 years 234 (19.4%) 190 (15.7%) 0.096
  80-89 years 0 (0%) 0 (0%) NA
  ≥90 years 0 (0%) 0 (0%) NA
Race, n (%)
  White 680 (56.3%) 686 (56.8%) 0.010
  Other 452 (37.4%) 452 (37.4%) 0.00
  Black 65 (5.4%) 61 (5%) 0.015
  Asian 11 (0.9%) 9 (0.7%) 0.018
Hispanic, n (%) 62 (5.1%) 72 (6%) 0.036
Index year (%)
  Before 2000 0 (0%) 0 (0%) NA
  2000-2004 0 (0%) 0 (0%) NA
  2005-2009 0 (0%) 0 (0%) NA
  2010-2014 255 (21.1%) 271 (22.4%) 0.032
  2015-2019 482 (39.9%) 477 (39.5%) 0.008
  2020+ 471 (39%) 460 (38.1%) 0.019
Mean pre-index days (SD) 3964.7 (4200.4) 3533.5 (4138.8) 0.103
Mean follow-up days (SD) 1361.1 (1181) 1413.5 (1190.5) 0.044
Lost to follow-up, n (%) 0 (0%) 0 (0%) NA
Number of encounters, n (SD) 3.1 (3.6) 3.3 (3.8) 0.038
  CPT (SD) 39.4 (126.1) 49.3 (193.3) 0.061
  ICD9 (SD) 7.5 (33.2) 6.5 (17.6) 0.039
  ICD10 (SD) 23.4 (51.8) 22.3 (43) 0.022
Prescriptions (SD) 154.4 (708.7) 120.9 (578) 0.052
Comorbidity score (SD) 3.3 (2.9) 3.1 (2.7) 0.077
Malignancy, n (%) 169 (14.0%) 98 (8.11%) 0.188
Metastatic solid tumor, n (%) 51 (4.22%) 30 (2.48%) 0.097
Diabetes, n (%) 173 (14.3%) 328 (27.2%) 0.321
Diabetes with complications, n (%) 65 (5.38%) 101 (8.36%) 0.118
Congestive heart failure, n (%) 72 (5.96%) 85 (7.04%) 0.044
Myocardial infarction, n (%) 20 (1.66%) 71 (5.88%) 0.223
Peripheral vascular disease, n (%) 102 (8.44%) 115 (9.52%) 0.038
Chronic pulmonary disease, n (%) 296 (24.5%) 288 (23.8%) 0.015
Cardiovascular disease, n (%) 66 (5.46%) 113 (9.35%) 0.149
Dementia, n (%) 11 (0.91%) 12 (0.99%) 0.009
Hemiparaplegia, n (%) 4 (0.33%) 15 (1.24%) 0.103
Mild liver disease, n (%) 131 (10.8%) 105 (8.69%) 0.073
Severe liver disease, n (%) 21 (1.9%) 12 (0.99%) 0.076
Renal disease, n (%) 126 (10.4%) 103 (8.53%) 0.065
Peptic ulcer disease, n (%) 52 (4.3%) 43 (3.56%) 0.038
Rheumatic disease, n (%) 72 (5.96%) 73 (6.04%) 0.003
HIV, n (%) 8 (0.66%) 5 (0.41%) 0.034

Abbreviations: CPT, current procedural terminology; HIV, human immunodeficiency virus; ICD, International Classification of Diseases; SD, standard 
deviation.
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Table 2.  Baseline demographics for high dimensionality propensity score-matched groups in the Merative database.

Any other medication 
(n = 9577) 

Statin-exposed (n = 9577)  Standardized mean 
difference (SMD)

Mean age at Crohn’s diagnosis (SD) (years)  53.0 (7.96)  54.0 (7.40) 0.093
Female subjects (%)  4663 (48.7) 4661 (48.7) <0.001
Charlson comorbidity index (mean (SD))  0.86 (1.45) 1.00 (1.46)  0.096
  Malignancy (%) 664 (6.9) 443 (4.6) 0.099
  Metastatic solid tumor (%) 132 (1.4) 52 (0.5) 0.086
  Diabetes (%) 806 (8.4) 1916 (20.0) 0.337
  Diabetes with complications (%) 160 (1.7) 498 (5.2) 0.195
  Congestive heart failure (%) 205 (2.1) 305 (3.2) 0.065
  Myocardial infarction (%) 53 (0.6) 298 (3.1) 0.192
  Peripheral vascular disease (%) 267 (2.8) 467 (4.9) 0.109
  Chronic pulmonary disease (%) 1431 (14.9) 1383 (14.4) 0.014
  Cardiovascular disease (%) 295 (3.1) 552 (5.8) 0.131
  Dementia (%) 12 (0.1) 15 (0.2) 0.008
  Hemiparaplegia (%) 43 (0.4) 56 (0.6) 0.019
  Mild liver disease (%) 713 (7.4) 714 (7.5) <0.001
  Severe liver disease (%) 74 (0.8) 17 (0.2) 0.087
  Renal disease (%) 359 (3.7) 372 (3.9) 0.007
  Peptic ulcer disease (%) 222 (2.3) 229 (2.4) 0.005
  Rheumatic disease (%) 479 (5.0) 436 (4.6) 0.021
  HIV (%) 51 (0.5) 28 (0.3) 0.037
Age at study inclusion  0.092
  18-29 years 95 (1.0) 64 (0.7)
  30-39 years 541 (5.6) 413 (4.3)
  40-49 years 2042 (21.3) 1855 (19.4)
  50-59 years 4614 (48.2) 4819 (50.3)
  60-69 years 2285 (23.9) 2426 (25.3)
  70-79 years 0 (0) 0 (0)
  80+ years 0 (0) 0 (0)
Duration of study follow-up 0.019
  12-18 months (including 18 months)  1645 (17.2) 1652 (17.2)
  18-36 months (including 36 months)  3366 (35.1) 3443 (36.0)
  >36 months  4566 (47.7) 4482 (46.8)
LDL value (mg/dL) (mean (SD))  105 (36.9) 101 (36.1)  0.086
Statin exposure duration 1.43
  No statin  9577 (100.0)  0 (0) 
  6-12 months (including 12 months)  0 (0)  789 (8.2)
  >12 months to 24 months (including 24 months)  0 (0)  2057 (21.5)
  >24 months  0 (0)  6731 (70.3)
Statin class  2.49
  Hydrophilic statin (%) 0 (0)  2338 (24.4)
  Lipophilic statin (%) 0 (0)  7239 (75.6)
Cardiovascular medications
  Aspirin use (%) 160 (1.7) 413 (4.3) 0.156

Angiotensin-converting enzyme inhibitor (ACEi) or angiotensin 
II receptor blocker (ARB) use (%)

3193 (33.3) 5346 (55.8) 0.464

  Fibrate use (%) 580 (6.1) 1099 (11.5) 0.193
  Thiazolidinedione use (%) 159 (1.7) 549 (5.7) 0.217
Number of IBD therapies used 0.026
  No IBD maintenance therapy used (%)  2300 (24.0) 2222 (23.2)
  One IBD therapy used (%) 4315 (45.1) 4295 (44.8)
  Two IBD therapies used (%)  1980 (20.7) 2027 (21.2)
  Three or more IBD therapies used (%)  982 (10.3) 1033 (10.8)
IBD medications 
  5-ASA exposure (%)  5419 (56.6) 5835 (60.9) 0.087
  Anti-TNF exposure (%)  1692 (17.7) 1724 (18.0) 0.009
  Anti-integrin exposure (%)  31 (0.3) 35 (0.4) 0.007
  Anti-IL12/23 exposure (%)  148 (1.5) 217 (2.3) 0.053
  Anti-IL23 exposure (%)  1 (0.0) 5 (0.1) 0.024
  JAKi exposure (%)  11 (0.1) 18 (0.2) 0.019
  Immunomodulator exposure (%)  3138 (32.8) 2741 (28.6) 0.088
  Exposure to advanced therapy (%)  1802 (18.8) 1875 (19.6) 0.019
  Number of steroid courses (mean (SD))  5.34 (11.5) 5.70 (12.5) 0.030
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3.4. LDL value does not correlate with stricture 
formation in CD
Given that statins are commonly used for treatment of hyper-
lipidemia, we evaluated if there was an association between 
hyperlipidemia (LDL ≥ 130 mg/dL)31 and onset of stricture inde-
pendent of statin use. When comparing statin-exposed patients 
with CD and hyperlipidemia to statin-exposed patients with 
CD without hyperlipidemia, there was no difference in de novo 
stricture (n = 9577, HR 0.73, 95% CI 0.16–3.4).

We also evaluated specifically if LDL levels were associated 
with stricture formation. The Cox multivariate regression was 

repeated after replacing the variable statin use with LDL value 
and we found that LDL value did not correlate with stricture 
formation (HR 1.0, 95% CI 0.98-1.0).

3.5. Statin use is associated with less stricture 
formation regardless of advanced IBD therapy 
exposure
A secondary analysis was conducted on Merative cohort sub-
jects on advanced IBD therapy (such as anti-TNF, anti-integrin, 
anti-IL23, or anti-IL12/23 medication) to understand statin use 

Figure 1.  Cox survival curve comparing the primary outcome survival between statin recipients and statin non-recipients, in years for the propensity 
score-matched EVERSANA cohort.

Table 3.  Propensity-matched multivariate Cox proportional hazard ratios for stricture development in the Merative cohort.

Variable Hazard ratio Lower confidence 
interval

Upper confidence 
interval

P-value

Female sex 0.861 0.796 0.931 <.001
Age 18-49 at study inclusion 1 1 1
Age 50-59 at study inclusion 1.22 1.12 1.34 <.001
Age 60-69 at study inclusion 1.42 1.26 1.60 <.001
Charlson comorbidity index 1.03 1.01 1.06 .016
Aspirin use 1.01 0.819 1.25 .914
Angiotensin-converting enzyme inhibitor (ACEi) or  

angiotensin II receptor blocker (ARB) use
0.915 0.843 0.994 .034

Fibrate use 1.06 0.930 1.22 .367
Thiazolidinedione use 0.976 0.789 1.21 .827
Study follow-up duration 12-18 months (including 18 months) 1 1 1
Study follow-up duration 18-36 months (including 36 months) 0.614 0.523 0.720 <.001
Study follow-up duration >36 months 0.361 0.306 0.426 <.001
Statin exposure 0.710 0.655 0.770 <.001
Number of steroid courses 1.01 1.00 1.01 <.001
Number of IBD agents (none) 1 1 1
One IBD agent 0.831 0.745 0.927 .001
Two IBD agents 1.00 0.884 1.14 .946
Three IBD agents 1.19 1.02 1.39 .023
Advanced IBD therapy exposure 1.69 1.52 1.88 <.001

Bold: Statistically significant (P < 0.05).
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Figure 2.  Covariate-adjusted Cox hazard curve on stricture development comparing statin use and use of any other medication in the propensity 
score-matched Merative cohort.

and stricture formation among patients on advanced therapy. 
After PS-matching, there were 1865 patients in each arm. 
Among patients on advanced therapy, stricture development 
remained less likely in statin recipients compared to recipients 
of any other medication (19% vs 26%, P < .001). In the mul-
tivariate Cox regression controlling for age at study inclusion, 
co-morbidity, follow-up duration, cardiovascular medications, 
and number of IBD medications, statin use was independently 
associated with a lower odds of stricture formation (HR 0.73, 
95% CI 0.63-0.84, P < .001; Table S2). Compared to use of 
one advanced IBD therapy, use of two or three IBD agents both 
had similar risk of stricture development.

Finally, the subset of the Merative cohort patients who were not 
on advanced IBD therapy were evaluated in a separate post-hoc 
secondary analysis. After PS-matching, there were 7853 patients 
in each arm. Stricture development remained less likely in statin 
recipients compared to recipients of any other medication (9.5% 
vs 13%, P < .001). In the multivariate Cox regression controlling 
for age at study inclusion, co-morbidity, follow-up duration, car-
diovascular medications, and number of IBD medications, statin 
use was independently associated with a lower odds of stricture 
formation (HR 0.72, 95% CI 0.65-0.79, P < .001; Table S2).

4. Discussion
Statin use was associated with lower rates of stricture forma-
tion in two diverse, US-based, PS-matched cohorts of patients 

with CD. This association persisted after controlling for age, 
duration of time studied, gender, co-morbidities, cardiovascular 
medication use, and IBD medication use. Statin use for at least 
1 year and all levels of statin intensity were associated with a 
lower likelihood of stricture formation.

Statin use has previously been associated with favorable out-
comes relevant to IBD. Namely, statin use has been associated 
with a lower risk of new-onset IBD—particularly CD—in 
national databases from two different countries.15,16 Additionally, 
statin use was associated with a reduction in steroid use in a 
study of almost 12 000 patients with IBD.14 Notably, these stud-
ies found that statin exposure at all intensities and solubilities 
(hydrophilic/lipophilic) were associated with favorable IBD 
outcomes. This is similar to our findings, although we addition-
ally found that statin use for at least 12 months was associated 
with a lower risk of stricture. It may be that even low-dose statin 
use (regardless of solubility or intensity) for at least 1 year could 
be clinically favorable in patients with IBD. We noted a lower 
risk of stricture formation in women with CD, which is consis-
tent with prior data demonstrating a higher risk of abdominal 
surgery in male patients with CD.32

A recent study examining statin use and disease course in 
IBD utilized a large Swedish healthcare registry to demonstrate 
a 46% lower risk of CD-related surgery in statin users com-
pared to non-users.18 While compelling, that analysis evaluated 
all IBD-related surgeries collectively, without distinguishing 
stricturing disease from other indications, and it matched 

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/20/3/jjag034/8554343 by G

eorgia Institute of Technology user on 10 April 2026

https://academic.oup.com/ecco-jcc//article-lookup/doi/10.1093/ecco-jcc/jjag034#supplementary-data
https://academic.oup.com/ecco-jcc//article-lookup/doi/10.1093/ecco-jcc/jjag034#supplementary-data


8� Journal of Crohn's and Colitis, 2026, Vol. 20, No. 3

patients only on exposure to corticosteroids, immunomodula-
tors, and the anti-TNF agents infliximab and adalimumab. In 
contrast, our study focuses specifically on surgery and 
non-operative management (eg, dilation) for stricturing CD, 
providing a more mechanistically relevant outcome for statin’s 
potential fibrosis-modifying effects. Moreover, 86% of the CD 
subjects were of Nordic origin in the Swedish study, whereas 
our cohort represents a more demographically diverse US pop-
ulation. Our models additionally incorporate the full spectrum 
of contemporary advanced IBD therapies (including 
anti-integrin, anti-IL12/23, and JAK inhibitors), as well as sta-
tin intensity and duration. Our data refine and expand the 
current understanding of how statin use may mitigate the risk 
of adverse outcomes in stricturing CD, providing further clin-
ical applicability and guidance for IBD patients using statins.

Prior data suggest multiple potential mechanisms through 
which statin use may modulate stricture formation in CD, par-
ticularly as it relates to intestinal fibrosis and intestinal smooth 
muscle hypertrophy. Statin pre-treatment prior to in vitro 
TGF-β1 exposure inhibited activation of human intestinal 
fibroblasts.10 Statin use also inhibits activity of submucosal 
mesenchymal cells via the rho pathway in both ex vivo human 
intestinal explants and in vitro rat models of radiation-induced 
intestinal fibrosis.8 The rho pathway is a key player in regulat-
ing the smooth muscle cell proliferation thought to underlie 
CD stricturing disease.2 In addition to these potential 
anti-fibrotic properties, statin use is also associated with reduc-
tions in both intestinal and systemic inflammation. In a small 
prospective study of 10 patients with CD who were given ator-
vastatin for 13 weeks, there was a 34% reduction in the chemo-
kine CXCL10, which is responsible for promoting T lymphocyte 
recruitment and mediating intestinal inflammation.9 Statin use 
may also modulate the gut microbiome; in two distinct fecal 
metagenomic cohorts, statin use was associated with a lower 
prevalence of the dysbiotic Bacteroides2 (Bact2) enterotype, 
which is also associated with higher systemic inflammation 
levels.33 Statin-related modulation of the microbiome may mit-
igate stricture formation in CD through modulation of the 
Bact2 enterotype, which is more common in those with IBD 
compared to the general population and is associated with 
differences in response to anti-TNF therapy in IBD.34,35

Consistent with other studies, we noted a high use of 5-ASA 
in this study of patients with CD.36,37 This high rate of 5-ASA 
use in our study population may also be due to restricting the 
cohort to those with newly diagnosed CD without prior com-
plications, which could have captured a milder form of CD 
that otherwise has limited IBD treatment options. Additionally, 
we recorded any exposure to 5-ASA during the study period, 
however brief, so this finding may also reflect transient use 
early in diagnosis. Prior population-based data consistently 
show a high use of 5-ASA in patients with CD.14,36,37 For exam-
ple, in a study evaluating statin use and reduction of steroid 
utilization of nearly 12 000 patients, 87% had 5-ASA exposure 
while only 56% had ulcerative colitis, suggesting a high use of 
5-ASA in CD.14 Exposure to advanced therapy was associated 
with an increased likelihood of stricture formation in the 
Merative cohort, probably reflecting confounding by indication 
since patients with more severe disease are preferentially treated 
with advanced agents. Importantly, the protective association 
between statin use and stricture risk persisted within the subset 
of patients on advanced IBD therapy. These findings suggest 
that statin use may confer benefit even among patients with 

moderate-to-severe disease, although this cannot be definitively 
established in a population-based cohort.

There are several strengths of this study. First, we used a large, 
diverse, and nationally representative cohort to study statin and 
CD stricture formation, and were able to subsequently validate 
our findings and evaluate the role of all contemporaneous IBD 
medication therapies in a second nationally representative cohort. 
Second, we manually validated our definition of new stricture 
formation in a hospital-wide retrospective database to ensure that 
our definition captured true new instances of stricturing CD. 
Third, we controlled for many potential confounding variables 
through the use of high-dimensional PS matching as well as the 
use of a new user design to minimize biases from existing users. 
Finally, the decision to study patients who initiated either statin 
or any other medication within 6 months of diagnoses also mini-
mized length-time bias.

Our study also has limitations. First, this study was retro-
spective. While utilizing methods such as PS-matching and 
new-user design mitigates biases introduced by retrospective 
data, the risk of such biases is not completely eradicated with 
these methods. For example, statin users were older with more 
cardiovascular comorbidities than non-users in our study, 
though to a lesser degree after PS-matching. This was probably 
because typical indications for statin use are uncommon in 
healthy patients below the age of 40. Regardless, the associa-
tion between statin use and lower likelihood of new stricture 
remained true in the subset of patients who were diagnosed 
with CD before age 50 (data not shown). While most patients 
had missing data for laboratory values of inflammation such 
as fecal calprotectin, albumin, CRP, and platelets, the associa-
tion between statin use and lower risk of stricture remained 
when the multivariate analysis was conducted with these lab-
oratory markers of inflammation. Another limitation of the 
study was that we were unable to characterize CD subtype, 
which limited our ability to evaluate any role of specific disease 
location patterns.

Misclassification of new stricture diagnosis was an additional 
potential limitation. We took additional steps to mitigate this 
potential bias. First, we used multi-tier criteria for defining new 
stricture, which we externally validated by manual chart review 
in a retrospective database at our medical center. We addition-
ally designed the study to exclude patients who developed any 
CD complications up to 3 months after CD diagnosis to reduce 
the possibility that coding of stricture represented the first cap-
ture of an existing stricture diagnosis, as opposed to a true new 
stricture. Together, these steps make it unlikely that misclassi-
fication alone explains our findings.

Another potential limitation of the study was confounding 
by statin indication. To minimize confounding, we used the 
Charlson comorbidity index in our high dimensionality 
PS-matching to match groups by common indications for 
statins such as myocardial infarction and cerebrovascular acci-
dent. We additionally evaluated LDL value and hyperlipidemia 
as confounding variables with no association found with the 
primary outcome. This is consistent with prior population-based 
data evaluating statin use and risk of new-onset IBD, which 
did not find confounding by dyslipidemia diagnosis in sensitiv-
ity analyses.16

In conclusion, we identified for the first time that statin use 
was associated with a nearly 30% lower risk of new stricture 
in CD in two diverse, US-based cohorts. While there is a bio-
logically plausible mechanistic basis for this association, 
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prospective data are needed to inform whether statin use is 
truly protective against stricture formation in CD. These find-
ings, if confirmed prospectively, could have immediate impli-
cations for risk stratification and secondary prevention in CD.

Author contributions
A.D.V.: study concept and design, acquisition of data, analysis 
and interpretation of data, drafting of the manuscript, critical 
revision of the manuscript for important intellectual contents. 
C.K.: study concept and design, analysis and interpretation of 
data, critical revision of the manuscript for important intellec-
tual contents. C.W.P.: acquisition of data, analysis and inter-
pretation of data. S.G.: acquisition of data, analysis and 
interpretation of data. D.D.: drafting of the manuscript. F.R.: 
critical revision of the manuscript for important intellectual 
content. S.R.S.: study concept and design, analysis and inter-
pretation of data, drafting of the manuscript, critical revision 
of the manuscript for important intellectual content, funding 
acquisition, study supervision. All authors approved of the final 
manuscript. Guarantor of the article: Sidhartha R. Sinha.

Supplementary material
Supplementary material is available at ECCO-JCC online.

Funding
This work was supported by a grant from The Leona M. and 
Harry B. Helmsley Charitable Trust to Stanford University.

Conflicts of interest
No conflicts of interest exist for all authors.

Data availability
Analytic methods of the study are available upon request to 
authors. The data underlying this article will be shared on 
reasonable request to the corresponding author.

References
	 1.	 Yoo JH, Holubar S, Rieder F. Fibrostenotic strictures in Crohn’s 

disease. Intest Res. 2020;18:379-401.
	 2.	 Veisman I, Massey WJ, Goren I, et al. Muscular hyperplasia in 

Crohn’s disease strictures: through thick and thin. Am J Physiol 
Cell Physiol. 2024;327:C671-C683.

	 3.	 Rieder F, Zimmermann EM, Remzi FH, et al. Crohn’s disease 
complicated by strictures: a systematic review. Gut. 2013;62: 
1072-1084.

	 4.	 El Ouali S, Baker ME, Lyu R, et al.; Stenosis Therapy and 
Anti-Fibrotic Research (STAR) Consortium. Validation of stricture 
length, duration and obstructive symptoms as predictors for inter-
vention in ileal stricturing Crohn’s disease. United European 
Gastroenterol J. 2022;10:958-972.

	 5.	 Regueiro M, Velayos F, Greer JB, et al. American Gastroenterological 
Association Institute technical review on the management of 
Crohn’s disease after surgical resection. Gastroenterology. 2017; 
152:277-295.e3.

	 6.	 De Cruz P, Kamm MA, Prideaux L, et al. Postoperative recurrent 
luminal Crohn’s disease: a systematic review. Inflamm Bowel Dis. 
2012;18:758-777.

	 7.	 Santo L, Kang K. National Ambulatory Medical Care Survey: 2019 
National Summary Tables. https://doi.org/10.15620/cdc:123251,  
2019.

	 8.	 Haydont V, Bourgier C, Pocard M, et al. Pravastatin inhibits the 
Rho/CCN2/Extracellular matrix cascade in human fibrosis explants 
and improves radiation-induced intestinal fibrosis in rats. Clin 
Cancer Res. 2007;13:5331-5340.

	 9.	 Grip O, Janciauskiene S, Bredberg A. Use of atorvastatin as an 
anti-inflammatory treatment in Crohn’s disease. Br J Pharmacol. 
2008;155:1085-1092.

	10.	 Burke JP, Watson RWG, Murphy M, et al. Simvastatin impairs 
smad-3 phosphorylation and modulates transforming growth factor 
β1-mediated activation of intestinal fibroblasts. Br J Surg. 2009; 
96:541-551.

	11.	 Chong L-W, Hsu Y-C, Lee T-F, et al. Fluvastatin attenuates hepatic 
steatosis-induced fibrogenesis in rats through inhibiting paracrine 
effect of hepatocyte on hepatic stellate cells. BMC Gastroenterol. 
2015;15:22.

	12.	 Huang Y-W, Lee C-L, Yang S-S, et al. Statins reduce the risk of 
cirrhosis and its decompensation in chronic hepatitis B patients: A 
Nationwide Cohort Study. Am J Gastroenterol. 2016;111:976-985.

	13.	 Kulkarni C, Gubatan J, Pike CW, et al. Statin use is associated with 
reduction in risk of de novo primary sclerosing cholangitis among 
patients with inflammatory bowel disease: A National Database 
Study. medRxiv. January 2024:2024.09.17.24313852.

	14.	 Crockett SD, Hansen RA, Stürmer T, et al. Statins are associated 
with reduced use of steroids in inflammatory bowel disease: a ret-
rospective cohort study. Inflamm Bowel Dis. 2012;18:1048-1056.

	15.	 Ungaro R, Chang HL, Cote-Daigneaut J, et al. Statins associated 
with decreased risk of new onset inflammatory bowel disease. Am 
J Gastroenterol. 2016;111:1416-1423.

	16.	 Lochhead P, Khalili H, Sachs MC, et al. Association between statin 
use and inflammatory bowel diseases: results from a Swedish, 
nationwide, population-based case-control study. J Crohns Colitis. 
2021;15:757-765.

	17.	 Bai L, Scott MKD, Steinberg E, et al. Computational drug reposi-
tioning of atorvastatin for ulcerative colitis. J Am Med Inform 
Assoc. 2021;28:2325-2335.

	18.	 Khalili H, Forss A, Söderling J, et al. Statin use is associated with 
a less severe disease course in inflammatory bowel disease: a nation-
wide cohort study 2006-2020. Inflamm Bowel Dis. 2025;31: 
2787-2797.

	19.	 Wang J, Lin S, Brown JM, et al. Novel mechanisms and clinical trial 
endpoints in intestinal fibrosis. Immunol Rev. 2021;302:211-227.

	20.	 Rieder F, Nagy LE, Maher TM, et al. Fibrosis: cross-organ biology 
and pathways to development of innovative drugs. Nat Rev Drug 
Discov. 2025;24:543-569.

	21.	 Garel N, Greenway KT, Lavin P, et al. Increased risks of major 
cardiac adverse events in stimulant use disorder as compared with 
other substance use disorders: a propensity-score matching cohort 
study. J Addict Med. 2025;19:599-604.

	22.	 Ibrahim B, de Freitas Mendonca MI, Gombar S, et al. Association 
of systemic diseases with surgical treatment for obstructive sleep 
apnea compared with continuous positive airway pressure. JAMA 
Otolaryngol Head Neck Surg. 2021;147:329-335.

	23.	 Fan Y, Zhang L, Omidakhsh N, et al. Progression of Crohn’s disease 
in newly diagnosed patients: results from an observational study 
using US claims data. Dig Dis Sci. 2024;69:4167-4177.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/20/3/jjag034/8554343 by G

eorgia Institute of Technology user on 10 April 2026

https://academic.oup.com/ecco-jcc//article-lookup/doi/10.1093/ecco-jcc/jjag034#supplementary-data
https://dx.doi.org/10.15620/cdc:123251


10� Journal of Crohn's and Colitis, 2026, Vol. 20, No. 3

	24.	 Etminan M, Bird ST, Delaney JA, et al. Isotretinoin and risk for 
inflammatory bowel disease: a nested case-control study and 
meta-analysis of published and unpublished data. JAMA Dermatol. 
2013;149:216-220.

	25.	 Shaw SY, Blanchard JF, Bernstein CN. Association between the use 
of antibiotics and new diagnoses of Crohn’s disease and ulcerative 
colitis. Am J Gastroenterol. 2011;106:2133-2142.

	26.	 Glasheen WP, Cordier T, Gumpina R, et al. Charlson Comorbidity 
Index: ICD. Update and ICD-10 Translation. Am Health Drug 
Benefits. 2019;12:188-197.

	27.	 Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/ APhA/ASPC/NLA/PCNA guideline 
on the management of blood cholesterol: executive summary. 
Circulation 2019; 139: e1082-e1143.

	28.	 Schneeweiss S, Rassen JA, Glynn RJ, et al. High-dimensional pro-
pensity score adjustment in studies of treatment effects using health 
care claims data. Epidemiology. 2009;20:512-522.

	29.	 R Core Team. R: A Language and Environment for Statistical 
Computing. 2013. Vienna; R Foundation for Statistiacl Computing, 
http://www.R-project.org/

	30.	 Stanford Center for Population Health Sciences. 2024. MarketScan 
Commercial Database (Version 3.1) [Dataset]. Redivis (https:// 
doi.org/10.71778/V2DW-7A532024). https://doi.org/10.57761/
n5v8-0v21

	31.	 Jellinger PS, Handelsman Y, Rosenblit PD, et al. American 
Association of Clinical Endocrinologists and American College 
of Endocrinology Guidelines for management of dyslipidemia and 
prevention of cardiovascular disease. Endocr Pract. 2017;23:1-87.

	32.	 Peyrin-Biroulet L, Harmsen WS, Tremaine WJ, et al. Surgery in 
a  population-based cohort of Crohn’s disease from Olmsted 
County, Minnesota (1970–2004). Am J Gastroenterol. 2012;107: 
1693-1701.

	33.	 Vieira-Silva S, Falony G, Belda E, et al.; MetaCardis Consortium. 
Statin therapy is associated with lower prevalence of gut microbiota 
dysbiosis. Nature. 2020;581:310-315.

	34.	 Costea PI, Hildebrand F, Arumugam M, et al. Enterotypes in the 
landscape of gut microbial community composition. Nat Microbiol. 
2018;3:8-16.

	35.	 Caenepeel C, Falony G, Machiels K, et al. Dysbiosis and associ-
ated stool features improve prediction of response to biological 
therapy in inflammatory bowel disease. Gastroenterology. 2024; 
166:483-495.

	36.	 Hart A, Ng SC, Watkins J, et al. The use of 5-aminosalicylates in 
Crohn’s disease: a retrospective study using the UK Clinical Practice 
Research Datalink. Ann Gastroenterol. 2020;33:500-507.

	37.	 Noureldin M, Cohen-Mekelburg S, Mahmood A, et al. Trends of 
5-aminosalicylate medication use in patients with Crohn disease. 
Inflamm Bowel Dis. 2021;27:516-521.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/20/3/jjag034/8554343 by G

eorgia Institute of Technology user on 10 April 2026

http://www.R-project.org/
https://doi.org/10.71778/V2DW-7A53
https://doi.org/10.71778/V2DW-7A53
https://doi.org/10.57761/n5v8-0v21
https://doi.org/10.57761/n5v8-0v21

	Active Content List
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability


