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Background: Real-world data on the impact of sex on the disease progression

and prognosis of Crohn’s disease (CD) from large-scale Chinese cohorts are

lacking.

Aims: This study aimed to evaluate sex disparities in the clinical characteristics

of, disease progression behaviours of and surgery-related risk factors for CD.

Methods: A retrospective cohort study comprising 611 patients consecutively

diagnosed with CD at Peking Union Medical College Hospital from January

2000 to December 2020 was conducted. Multivariate Cox regression and

survival analyses was performed to assess the risk factors for disease

progression and CD-related surgery in sex subgroups.

Results: Male sex was an independent protective factor against multisystemic

extraintestinal manifestations [EIMs] (HR: 0.52, p = 0.03) and a risk factor for

intestinal perforation (HR: 1.85, p = 0.01). Male patients had longer EIM-free

survival (p = 0.024) and shorter intestinal perforation-free survival (PFS) than

females (p = 0.012). Of the 397 patients with the A2 classification, male patients

had a higher risk of CD-related surgery (HR: 1.80, p = 0.028) and shorter

surgery-free survival (SFS) than female patients (p = 0.04).

Conclusion: Sex disparities in disease progression and outcomes of CD were

revealed in a single Chinese centre. Male sex was independently associated with

worse disease progression and prognosis including multisystemic EIMs and

perforation, which suggests the need for individualizedmanagement according

to risk classification.
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1 Introduction

Crohn’s disease (CD), a type of inflammatory bowel disease

(IBD), is recognized as a chronic inflammatory disorder of the

gastrointestinal tract with specific stenotic or penetrating disease

behaviour. The pathogenesis of CD is complex, and genetic

susceptibility, innate and adaptive immune system

dysregulation, environmental factors, and intestinal ecological

disorder are involved (Shah et al., 2018). In some chronic

immune-mediated diseases, the incidence and prevalence are

discordant between female and male patients, indicating a

potential biological role of sex hormones based on sex-related

genes in disease pathogenesis (Fairweather et al., 2008;

Schwartzman-Morris and Putterman, 2012; Ngo et al., 2014).

Consequently, a better understanding of sex differences may

contribute to earlier diagnosis and better management of certain

diseases (Brower, 2002; Lu et al., 2010). There is a growing body

of evidence that has linked sex hormones to IBD susceptibility,

disease severity, and disease progression (Khalili et al., 2013;

Khalili et al., 2016). Studies have recognized differences in disease

onset, subtypes, and progression patterns between females and

males, suggesting the impact of sex on the occurrence and

development of CD (Mazor et al., 2011; Severs et al., 2018;

Shah et al., 2018; Shah et al., 2019). Although some studies

have shown that sex hormones may affect the occurrence and

development of diseases through farnesoid X receptor (FXR)

(Rabinowitz et al., 2021), endoplasmic reticulum (ER) stress (van

der Giessen et al., 2019) and intestinal flora (Son et al., 2019), the

underlying mechanisms remain unclear. Sex disparities in the

long-term prognoses of CD patients, including disease behaviour

progression and the need for CD-related surgery, have not been

studied using real-world, detailed cohort data, particularly in

China. Therefore, based on a large retrospective cohort

consisting of 611 patients, we attempted to recognize the risk

FIGURE 1
Flowchart of lifelines participant inclusion.
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factor profile for progression behaviour and surgery in female

and male patients to better distinguish high-risk subgroups and

optimize management along with the individualized treatment of

CD patients.

2 Material and methods

2.1 Ethics declarations

The study protocol was abided by the principles of the

Declaration of Helsinki and approved by the Institutional

Review Board of Peking Union Medical College Hospital

(PUMCH) (Ethical review number: S-K1100).

2.2 Patients

All inpatients admitted between January 2000 and December

2020 with a diagnosis of CD at the Peking UnionMedical College

Hospital (PUMCH) with detailed follow-up data were

successively included in our analysis. Patients who satisfied

the diagnostic criteria of the Chinese consensus (Inflammatory

Bowel Disease GroupChinese Society of

GastroenterologyChinese Medical Association, 2021) based on

clinical, endoscopic, imaging, and pathological findings were

enrolled. Patients with a malignancy history; autoimmune

disease; or biological, immunomodulatory, or corticosteroid

use before diagnosis were excluded. Those for whom the

primary diagnosis was changed from CD to another disease

or who were lost to follow-up were excluded. Patients lost to

follow-up was identified when they refused to participate or

could not be contacted with 1 year after diagnosis. Baseline

information, including demographics, personal habits, medical

history, clinical characteristics, onset time, complications, and

treatments, was collected. The study enrolment flowchart is

shown in Figure 1.

2.3 Assessment of outcomes

The clinical classification was based on the Montreal

classification, and the Harvey Bradshaw index (HBI) was used

to describe clinical disease activity (Best, 2006). Age classification

included A1 (age at diagnosis <16), A2 (16 < age at

diagnosis ≤40 years), and A3 (age at diagnosis>40) subtype.

Disease behaviour progression was defined as the transition

from an initial classification of B1 (nonstrictured/

nonpenetrating) to B2 (strictured) or B3 (penetrating) (Bai

et al., 2021). Location transition (Bai et al., 2021) was defined

as the lesion location changing from L1 (terminal ileum)/L2

(colon) to L3 (ileo-colon)/L4 (upper gastrointestinal tract) or

from L3 to L4. Multisystemic extraintestinal manifestations

(EIMs) were defined as CD-related extraintestinal

manifestations with the involvement of no less than two

organs. CD-related surgery was limited to total or partial

gastrointestinal resection or enterostomy due to complications

or exacerbation of CD. Intestinal perforation was defined as a CD-

related gastrointestinal penetrating lesion, including intestinal

fistula but excluding anal fistula, which was confirmed by

imaging, endoscopy, or surgery after a diagnosis of CD.

Massive gastrointestinal bleeding (GIB) was defined as an acute

bleeding event leading to a decline in the haemoglobin level by at

least 2 mg/dl or a situation requiring blood transfusion support.

2.4 Follow-up protocol and definitions

Patients were followed up by a team responsible for

information update. Electronic database was used for medical

record review or telephone record every 2–3 years, and relevant

information including medications, complications, progression

behaviour or location classification, surgery, malignant tumour

(including cancer in the intestinal tract or other organs) and

death, and the times of occurrence were recorded. All patients

were followed for at least 1 year following diagnosis, and the final

follow-up report was completed in December 2021.

Primary outcomes were EIM(s), progression behaviour,

and CD-related surgery after diagnosis. EIM-free survival

(EFS) was defined as the period from diagnosis to the first

EIM(s). Perforation-free survival (PFS) was defined as the

time from diagnosis to the first intestinal perforation. Surgery-

free survival (SFS) was defined as the period from diagnosis to

abdominal surgery, including total or local intestinal

resection.

2.5 Statistical analysis

All statistical analyses and displays were performed using

SPSS software (version: 26.0, IBM, Chicago, IL, United States)

and Microsoft ware power point. Categorical variables are

expressed as frequencies and proportions, while continuous

variables are expressed as medians (interquartile ranges,

IQRs). Correspondingly, the groups were compared using

Fisher’s exact test or the chi-square test. Kaplan–Meier

survival curves and log-rank tests were used to compare

EFS, PFS, and SFS. Univariate and multivariate Cox

regression analyses were performed to estimate the hazard

ratios (HRs) of the covariates that were potentially associated

with the endpoints for each potential risk factor. As this study

aimed to investigate disease progression and prognosis

following diagnosis, in the Cox regression analyses, only

the endpoints after the date of diagnosis were included. A

two-sided p value of <0.05 was considered statistically

significant.
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TABLE 1 Demographic and clinical characteristics of female and male CD patients at diagnosis and during follow-up.

Characteristics All (n = 611) Female (n = 191) Male (n = 420) p-valuee

Follow-up time (year, median, IQR) 4.7 (2.5–8.0) 4.7 (2.4–8.8) 4.7 (2.5–7.8) 0.775

Time from symptom onset to diagnosis (months, median, IQR) 19.3 (6.6–54.8) 20.5 (6.7–61.2) 18.4 (6.6,52.0) 0.683

Smoked at diagnosis

Current 69 (11.3) 3 (1.6) 66 (15.7) 0.000***

Former 73 (11.9) 1 (0.5) 72 (17.1)

Never 469 (76.8) 187 (97.9) 282 (67.1)

Age at diagnosis (years, median, IQR) 29.7 (21.4–42.2) 36.0 (24.2–48.6) 28.0 (20.7–39.0) 0.000***

Comorbidities (%)

Diabetes mellitus 18 (2.9) 8 (4.2) 10 (2.4) 0.221

Hypertension 32 (5.2) 15 (7.9) 17 (4.0) 0.049*

Coronary heart disease 15 (2.5) 9 (4.7) 6 (1.4) 0.015*

Acute myocardial infarction 3 (0.5) 1 (0.5) 2 (0.5) 0.676a

Acute or chronic heart failure 4 (0.7) 4 (2.1) 0 (0.0) 0.097a

Urolithiasis 35 (5.7) 11 (5.8) 24 (5.7) 0.982

Appendectomy 90 (14.7) 33 (17.3) 57 (13.6) 0.231

Disease activity at diagnosis (%)

Remission 85 (13.9) 27 (14.1) 58 (13.8) 0.993

Mild 135 (22.1) 41 (21.5) 94 (22.4)

Moderate 288 (47.1) 90 (47.1) 198 (47.1)

Severe 103 (16.9) 33 (17.3) 70 (16.7)

A classification at diagnosis (%)

A1 45 (7.4) 4 (2.1) 41 (9.8) 0.000***

A2 397 (65.0) 110 (57.6) 287 (68.3)

A3 169 (27.7) 77 (40.3) 92 (21.9)

L classification at diagnosis (%)

L1 173 (28.3) 47 (24.6) 126 (30.0) 0.203

L2 148 (24.2) 52 (27.2) 96 (22.9)

L3 252 (41.2) 76 (39.8) 176 (41.9)

L4 38 (6.2) 16 (8.4) 22 (5.2)

B classification at diagnosis (%)

B1 278 (45.5) 86 (45.0) 192 (45.7) 0.431

B2 215 (35.2) 73 (38.2) 142 (33.8)

B3 118 (19.3) 32 (16.8) 86 (20.5)

Perianal involvement at diagnosis (%) 187 (30.6) 39 (20.4) 148 (35.2) 0.000***

Location transitionbbefore surgery (%) 150 (24.5) 53 (27.7) 97 (23.1) 0.221

Disease behavior progressionc before surgery (%) 174 (28.5) 57 (29.8) 117 (27.9) 0.622

Overall medications usage (%)

5-ASA 563 (92.1) 178 (93.2) 385 (91.7) 0.515

Glucocorticoid 448 (73.3) 138 (72.3) 310 (73.8) 0.587

IM 345 (56.5) 102 (53.4) 243 (57.9) 0.303

Biologic therapy 169 (27.7) 47 (24.6) 122 (29.0) 0.255

Time from diagnosis to first biologic therapy (months, median, IQR) 15.9 (3.1–46.0) 10.2 (1.1–43.4) 18.4 (3.4–49.7) 0.192

Overall occurrence of severe complications (%) 354 (57.9) 109 (57.1) 245 (58.3) 0.769

Obstruction 200 (32.7) 61 (31.9) 139 (33.1) 0.777

Perforation 196 (32.1) 50 (26.2) 146 (34.8) 0.035*

Massive GIB 73 (11.9) 26 (13.6) 47 (11.2) 0.392

Overall extra-intestinal manifestation (%) 291 (47.6) 93 (48.7) 198 (47.1) 0.764

Multisystemic extraintestinal manifestationsd 113 (16.5) 49 (25.7) 64 (15.2) 0.002**

(Continued on following page)
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3 Results

3.1 Patient demographics

Initially, 691 patients were diagnosed with CD in the study

period. Of them, 13(1.8%) patients experienced a diagnostic

change, and 67(9.7%) patients were lost to follow-up. Finally,

a total of 611 patients who had ≥1 year of follow-up were enrolled
in the present study (shown in Figure 1). There were 191(31.3%)

female and 420(68.7%) male patients in this cohort, with a

median follow-up time of 4.7(IQR 2.5–8.0) years. Among the

611 patients, 397 patients were diagnosed with the

A2 classification (65.0%), followed by A3 (27.7%) and A1

(7.4%), with a median diagnosis age of 29.7 (IQR 21.4–42.2)

years. One hundred and fifty (24.5%) patients experienced

location transition and 174(28.5%) patients underwent disease

behaviour progression during follow-up. In addition, 291(47.6%)

patients had an EIM involving at least one organ during the

disease course. Overall, 196(32.1%) participants experienced

intestinal perforation after diagnosis. In total, 286(46.8%)

patients underwent at least one CD-related surgery following

its onset, including 140(22.9%) prediagnostic and 146(23.9%)

postdiagnostic protocols. During follow-up, a total of 16(2.6%)

patients developed malignant disease, and 21(3.4%) patients

died. The clinical characteristics are shown in Table 1 and

Supplementary Figure S1 in detail.

3.2 Sex disparities in clinical characteristics

3.2.1 Baseline characteristics
The baseline characteristics of the females and males are

summarized in Table 1. At diagnosis, male patients were

significantly younger than female patients [28.0 (IQR: 20.2–39.0)

vs. 36.0 (IQR: 24.2–48.6), p < 0.001] and were more likely to be

exposed to cigarettes (32.8% vs. 2.1%, p < 0.001). In addition, a

higher proportion of female patients reported a history of

hypertension (7.9% vs. 4.0%, p < 0.05) and coronary heart

disease (4.7% vs. 1.4%, p = 0.015). Regarding the Montreal

classification, the A3 classification was more common in female

patients (40.3% vs. 21.9%, p < 0.001), while perianal involvement

occurred more often in male patients (20.4% vs. 35.2%, p < 0.001);

no difference was observed in the location and behaviour

classification between female and male patients at diagnosis. In

accordance with the disparities in clinical manifestations, intestinal

perforation occurred more frequently in males than in females

(34.8% vs. 26.2%, p = 0.035). Moreover, female patients with an

EIM were more likely to have multisystemic involvement (25.7% vs.

15.2%, p = 0.002). When prognosis was analysed, the incidence rate

of malignancy was higher in female patients than in male patients

(5.2% vs. 1.4%, p = 0.006).

3.2.2 EIM(s)
Two hundred and ninety-one patients with EIMs were selected

for a substudy, including 93 female patients and 198 male patients.

Of them, there were 113 patients (49 females and 64 males)

experienced multisystemic EIMs (involvement of no less than

two organs), with a significantly higher proportion in females

(25.7% vs. 15.3%, p = 0.002, Table 1). According to the

univariate and multivariate analyses (Table 2), male patients [HR:

0.52, 95% confidence interval (CI): 0.29–0.93, p < 0.05] had a lower

probability of developing EIMs with multiple organ involvement

than female patients. In addition, male sex was the only independent

protective factor against multisystemic EIMs (HR: 0.52, 95% CI:

0.29–0.94, p = 0.03). The Kaplan–Meier survival analysis indicated

that male sex was associated with longer EFS (HR: 0.52, p = 0.024,

Figure 2A).

3.2.3 Disease progression
The impact of sex on intestinal perforation (Table 2) in a

substudy involving 196 patients (50 females and 146 males) was

also analysed. The Cox regression analysis demonstrated that

TABLE 1 (Continued) Demographic and clinical characteristics of female and male CD patients at diagnosis and during follow-up.

Characteristics All (n = 611) Female (n = 191) Male (n = 420) p-valuee

Overall CD-related surgery (%) 286 (46.8) 86 (45.0) 199 (47.3)

Before diagnosis 140 (22.9) 46 (24.1) 93 (22.1) 0.697

After diagnosis 146 (23.9) 40 (20.9) 106 (25.2) 0.248

Overall malignancies (%) 16 (2.6) 10 (5.2) 6 (1.4) 0.006**

Total deaths (%) 21 (3.4) 6 (3.1) 15 (3.6) 0.787

Time from diagnosis to death (month, median, IQR) 48.2 (17.9–98.6) 46.4 (1.4–152.2) 48.6 (23.5–94.8) 0.85

*p < 0.05, **p < 0.01, ***p < 0.01.

a Fisher exact test.
bLocation transition: Lesion location initially changed from L1 (terminal ileum)/L2 (colon) to L3 (ileo-colon)/L4 (upper gastrointestinal tract) or from L3 to L4.
cDisease behaviour progression: Behaviour classification changed from an initial classification of B1 (nonstrictured/nonpenetrating) to B2 (strictured) or B3 (penetrating) (Bai et al., 2021).
dMultisystemic extraintestinal manifestations: CD-related extraintestinal manifestations with the involvement of no less than two organs. IQR, interquartile range; IM, immunosuppressant

GIB; 5-ASA, 5-aminosalicylic acid; PSC, primary sclerosing cholangitis.
eComparision between female and male groups.
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male sex was associated with an increased likelihood of a penetrating

combination (HR: 1.71, 95% CI: 1.13–2.60, p = 0.01) and was an

independent risk factor for gastrointestinal perforation following

diagnosis (HR: 1.85, 95% CI: 1.20–2.84, p = 0.01). The

Kaplan–Meier curve revealed that male patients were more likely

to have shorter PFS after diagnosis than female patients (HR: 1.71,

p = 0.012, Figure 2B).

3.3 Subgroup analysis of surgery-related
factors in patients with an A2 classification

As shown in Table 1 patients were identified as A2 subtype

(110 females and 287 males) at diagnosis, with 94(23.7%)

patients undergoing surgery following diagnosis. From the

analysis of clinical characteristics of patients (Table 1), the

patients in A2 subtype (65.0%) were the majority in our

centre, and the results suggested significant sex disparities in

the Montreal age classification of CD. To further analyse the

correlation between sex and long-term outcomes, univariate and

multivariate analyses were performed (Table 3). As shown in

Figure 3A, though the female patients had higher proportions of

surgery following diagnosis both in A1 (22.0% vs. 25.0%) and A3

(24.0% vs. 26.0%) subtype, there were no significant differences,

respectively. However, there was a significantly increased

likelihood of surgery in males relative to female patients in

A2 subtype (26.1% vs. 17.3%, p = 0.04). Multivariate Cox

regression analysis revealed that male sex (HR: 1.80, 95% CI:

TABLE 2 Univariate and multivariate Cox regression analysis of risk factors for multisystemic EIMs and intestinal perforation in CD patients.

Variables Univariate analysis Multivariate analysis

Multisystemic EIMsa

(n = 113)
Perforation (n = 196) Multisystemic EIMs

(n = 113)
Perforation (n = 196)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Sex (male) 0.52 (0.29–0.93) 0.03* 1.71 (1.13–2.60) 0.01* 0.52 (0.29–0.94) 0.03* 1.85 (1.20–2.84) 0.01*

Smoked at diagnosis

Never Ref — Ref — — — — —

Former 0.88 (0.34–2.26) 0.80 0.77 (0.46–1.27) 0.31 — — — —

Current 1.43 (0.46–4.48) 0.53 1.19 (0.61–2.32) 0.61 — — — —

Duration (year) 1.00 (0.99–1.00) 0.57 1.00 (0.99–1.00) 0.72 1.00 (0.99–1.00) 0.59 — —

Disease activity at diagnosis

Severe Ref — Ref — — — Ref —

Moderate 0.80 (0.33–1.95) 0.63 0.32 (0.16–0.63) 0.00** — — 0.33 (0.17–0.66) 0.00**

Mild 0.38 (0.14–1.01) 0.05 0.44 (0.26–0.74) 0.00** — — 0.45 (0.27–0.78) 0.00**

Remission 0.59 (0.29–1.19) 0.14 0.55 (0.36–0.83) 0.01* — — 0.56 (0.36–0.86) 0.01*

A classification at diagnosis

A1 Ref — Ref — — — Ref —

A2 1.02 (0.40–2.60) 0.97 0.52 (0.22–1.25) 0.14 — — 0.34 (0.14–0.82) 0.02*

A3 0.50 (0.27–0.94) 0.03* 1.03 (0.69–1.52) 0.90 0.82 (0.50–1.23) 0.35

L classification at diagnosis

L1 Ref — Ref — — — — —

L2 0.48 (0.16–1.51) 0.21 0.46 (0.19–1.07) 0.07 — — — —

L3 0.70 (0.23–2.14) 0.54 1.01 (0.45–2.28) 0.97 — — — —

L4 0.47 (0.16–1.43) 0.18 1.14 (0.52–2.50) 0.75 — — — —

Perianal lesion 0.93 (0.49–1.77) 0.83 1.53 (1.08–2.19) 0.02* — — 1.23 (0.84–1.81) 0.29

Transition of Lb 1.48 (0.81–2.71) 0.20 1.54 (1.07–2.20) 0.02* — — 1.42 (0.98–2.06) 0.06

IM 1.22 (0.67–2.24) 0.52 1.07 (0.75–1.52) 0.72 1.00 (0.53–1.88) 0.99 — —

Biologic therapy 0.56 (0.25–1.25) 0.16 1.20 (0.82–1.74) 0.35 0.55 (0.24–1.22) 0.14 — —

Glucocorticoid 2.23 (0.95–5.28) 0.07 0.85 (0.58–1.27) 0.43 2.29 (0.92–5.69) 0.07 — —

*p < 0.05, **p < 0.01, ***p < 0.01.

Ref, reference category. Medication usage was defined as therapy used before behavior progression.
aCD-related extraintestinal manifestations with no less than two organs involvement.
bTransition of location classification before behavior progression. IM, immunosuppressant; EIMs, extra-intestinal manifestations.
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1.07–3.01, p = 0.028) was an independent risk factor for surgery

in the patients of A2 subtype. Notably, male patients of

A2 subtype had shorter SFS than female patients (HR: 1.69,

p = 0.04, Figure 3B).

4 Discussion

Despite the acknowledged sex disparities in the clinical

presentations of CD (Gupta et al., 2007; Coughlan et al., 2017;

Severs et al., 2018), little is known about the impact of sex on the

outcomes of CD. Here, based on our retrospective CD cohort of

611 patients, we compared the clinical characteristics and

prognoses between female and male patients with CD.

Female and male CD patients had different baseline

demographic and clinical features. Male patients were

diagnosed at a younger age than females in our study, and the

male to female ratio was 2.20:1, consistent with other studies on

sex differences in the CD prevalence and incidence in Asian

populations (Yang et al., 2001; Leong et al., 2004; Prideaux et al.,

2012; Severs et al., 2018; Shah et al., 2018). Our data showed that

more male patients were diagnosed with the A1 and

A2 classification than female patients, while the proportion of

the A3 classification was higher in females than in males. The sex

difference in age classification seemed to coincide with age-

related changes in sex hormones levels, revealing a potential

correlation between sex hormones levels and CD onset. We

found that perianal involvement was more prevalent in men,

which was in line with previous findings that males have a greater

probability of a complex course of CD than females (Mazor et al.,

2011; Severs et al., 2018; Heath et al., 2021). Previous studies have

shown that females with CD are at high risk of upper

gastrointestinal involvement (Greuter et al., 2018). Some

studies also report a significant association between male sex

and ileal lesions in CD patients (28% in males and 20% in

females) (Severs et al., 2018). Nevertheless, we did not detect

any significant differences in lesion location in this study.

EIMs contribute greatly to the disease burden of CD; EIMs

are known to exhibit a clear sex-based distribution and a partial

relationship with disease activity. Overall, EIMs are more

common in female patients with IBD (Wagtmans et al., 2001;

Halling et al., 2017; Severs et al., 2018). Peripheral joint lesions

and cutaneous manifestations, including gangrenous pyoderma,

erythema nodosum, and ocular diseases, occur more frequently

in females, whereas ankylosing spondylitis and primary

sclerosing cholangitis occur more frequently in males

(Bernstein et al., 2001). Although no sex disparities in the

organ distribution of EIMs were observed in this work, we

found a greater probability of a concurrent involvement of

multiple systems in females than in males among the patients

with EIMs. Interestingly, male sex was a protective factor against

multisystemic EIMs, and female patients appeared to develop

EIMs earlier than males, suggesting a potential sex disparity in

the clinical features and disease development.

In previous studies, male CD patients are prescribed

prednisone more often (Severs et al., 2018), while budesonide

is more often prescribed in females (Lie et al., 2017).

Additionally, females received biological therapy later and

used antitumor necrosis factor-α drugs less frequently, due to

more side effects leading to lower adherence, thanmales (Greuter

et al., 2020). Whereas men required a greater degree of dose

escalation than females (Billioud et al., 2011). There were no

significant differences in the drug regimens between male and

female patients in our data, although females received biological

FIGURE 2
Kaplan-Meier survival curve presenting the EIMs- and perforation-free survival of female and male patients. Description: (A) EIMs-free after
diagnosis survival of female and male patients. Female patients showed a trend towards shorter EIMs-free survival. (B) Perforation-free after
diagnosis survival of female andmale patients. Male patients showed a trend towards shorter perforation-free survival. EIMs-free survival was defined
as the period from diagnosis to occurrence of EIMs. Perforation-free survival was defined as the period from diagnosis to occurrence of CD
related gastrointestinal penetrating lesion.
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therapy earlier than males. Studies have shown that male sex,

upper gastrointestinal involvement, and steroid use are

associated with the early transition from classification B1 to

B2 or B3 (31). Although no sex disparities in disease behaviour

translations were found in this study, unlike other studies that

reported steroid use as a risk factor for surgery (Peyrin-Biroulet

et al., 2012), exposure to steroids significantly reduced the risk of

surgery in CD patients with A2 classification.

The results of two large prospective studies by the Dutch IBD

Biobank showed enhanced rates of ileal and small bowel

resection in male CD patients (Severs et al., 2018), and a

study by the Mayo Clinic also reported male sex as an

independent predictor of major abdominal surgery (Peyrin-

Biroulet et al., 2012). However, a separate study (Wagtmans

et al., 2001) showed that female patients underwent ileal resection

more often than male patients, with early postoperative

recurrence. Although a significant impact of sex on CD-

related surgery was not found, our data confirmed that

intestinal perforation, one of the most serious complications

of CD, occurred more frequently in male patients, leading to

shorter perforation-free survival (PFS). Male sex was

demonstrated to be an independent risk factor for penetrating

lesions, suggesting a relationship between sex and disease

progression. Interestingly, among patients diagnosed with the

A2 classification, male sex was found to be an independent

significant risk factor for abdominal surgery, and male

patients had shorter SFS than females, implying a worse

prognosis.

TABLE 3 Univariate and multivariate Cox regression analysis of risk factors for surgery after diagnosis among CD patients based on A classification.

Variables Univariate analysis Multivariate analysis

A1 (n = 10) A2 (n = 94) A3 (n = 42) A2 (n = 94)

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Sex (male) 0.42 (0.05–3.5) 0.42 1.69 (1.02–2.8) 0.042* 0.98 (0.53–1.79) 0.94 1.80 (1.07–3.01) 0.028*

Smoked at diagnosis

Never Ref — Ref — Ref — — —

Former 0.17 (0.02–1.48) 0.108 0.91 (0.47–1.78) 0.791 1.31 (0.51–3.4) 0.579 — —

Current 1.37 (0.08–23.33) 0.827 1.76 (0.8–3.91) 0.163 2.34 (0.78–7.06) 0.13 — —

Disease activity at diagnosis

Remission Ref — Ref — Ref — Ref —

Mild 1.90 (0.15–24.18) 0.62 0.38 (0.17–0.89) 0.026 0.39 (0.15–1.04) 0.059 0.40 (0.17–0.96) 0.037*

Moderate 1.19 (0.19–7.37) 0.854 0.42 (0.22–0.82) 0.012* 0.2 (0.07–0.63) 0.006** 0.36 (0.18–0.73) 0.004**

Severe 1.63 (0.28–9.55) 0.586 0.75 (0.47–1.22) 0.252 0.4 (0.19–0.82) 0.012* 0.71 (0.43–1.17) 0.171

L classification at diagnosis

L1 Ref — Ref — Ref — — —

L2 0.56 (0.14–2.13) 0.961 0.69 (0.24–2.02) 0.50 0.73 (0.21–2.59) 0.629 — —

L3 0.92 (0.25–2.89) 0.96 1.07 (0.37–3.06) 0.905 0.97 (0.28–3.41) 0.959 — —

L4 1.05 (0.2–3.68) 0.967 1.27 (0.45–3.53) 0.653 0.72 (0.21–2.54) 0.612 — —

B classification at diagnosis

B1 Ref — Ref — Ref — — —

B2 0.18 (0.04–0.92) 0.039* 0.52 (0.3–0.88) 0.015* 0.46 (0.19–1.08) 0.073 — —

B3 0.5 (0.11–2.39) 0.388 0.95 (0.56–1.62) 0.84 0.82 (0.38–1.74) 0.601 — —

Perianal lesion 0.69 (0.19–2.47) 0.571 1.1 (0.73–1.67) 0.647 0.59 (0.23–1.5) 0.266 0.82 (0.51–1.32) 0.352

Transition of Lb 2.4 (0.69–8.29) 0.168 1.29 (0.84–1.97) 0.249 2.18 (1.18–4.02) 0.013* — —

Behavior progressiona 3.28 (0.9–12.01) 0.073 1.86 (1.23–2.79) 0.003** 2.08 (1.13–3.81) 0.019* 1.94 (1.27–2.97) 0.002**

Surgery before diagnosis 2.12 (0.25–17.67) 0.488 0.82 (0.49–1.37) 0.445 0.43 (0.1–0.9) 0.025* 0.73 (0.43–1.26) 0.264

IM 0.91 (0.18–4.66) 0.913 1.80 (1.15–2.82) 0.01* 1.26 (0.68,2.34) 0.466 2.02 (1.25–3.27) 0.004**

Biologic therapy 2.31 (0.61–8.72) 0.219 0.99 (0.65–1.54) 0.991 1.31 (0.58–2.95) 0.521 — —

Glucocorticoid 0.89 (0.19–4.29) 0.886 0.72 (0.46–1.13) 0.156 0.85 (0.44–1.64) 0.627 0.51 (0.31–0.84) 0.008**

*p < 0.05, **p < 0.01, ***p < 0.01.

Ref, reference category. Medication usage was defined as therapy used before surgery after diagnosis.
aBehavior progression before surgery after diagnosis. IM, immunosuppressant.
bTransition of location classification before surgery after diagnosis.
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Indeed, sex disparities in disease outcomes among CD

patients may be related to hormonal, immune, genetic,

epigenetic, or behavioural factors (e.g., diet and smoking

behaviour). Males are at risk of more severe disease activity

(Magro et al., 2014; Hausmann and Blumenstein, 2015), owing to

differences and the intersection of sex hormones with immune

system activation and gut physiology. Additionally, sex-based

environmental differences also account for the disparities,

including diet and smoking behaviour (Ngo et al., 2014).

Differences in health-seeking behaviour can lead to differences

in treatment and the availability of surgical intervention options.

Consequently, delayed access to medical care, a behaviour more

common among men, may have a great effect on severe CD

development. Conversely, lower rates of surgery in females may

be related to their concerns about the risks of surgery,

postoperative body image, or the impact of surgery on fertility

(Muller et al., 2010; Sceats et al., 2019).

The pathophysiology underlying sex differences in the

epidemiology and disease progression of CD remains largely

unknown. Sex hormones based on sex-related genes are

supposedly a potentially decisive factor. Epidemiological

studies have shown a higher rate of CD occurrence in families

of female patients (particularly involving a genetic pattern of

transmission by females) and a greater IBD incidence rate in

patients with the XO genotype (Turner’s syndrome)

(Arulanantham et al., 1980), suggesting that X-chromosome-

linked antecedent events may contribute to sex-specific

differences in CD incidence. In addition, the use of exogenous

hormones, including oral contraceptives, is substantially

associated with the progression and risk of CD (Cornish et al.,

2008; Khalili et al., 2013; Khalili et al., 2016). Previous studies

have suggested a correlation between sex hormones and the

incidence and progression of CD. As acknowledged, patients

diagnosed with the A2 classification were in a phase during which

an important shift in the maturation of sex hormones occurred

simultaneously (Jašarević et al., 2016). In our study, sex

disparities in the probability of surgery and SFS were observed

in those with the A2 classification but not in those with the A1 or

A3 classification, indicating a worse prognosis at a similar age,

suggesting a relationship between sex hormones and disease

development. Considering the sex difference in the proportion

of those with an A classification, sex hormones likely have an

impact not only on CD onset but also on disease progression. A

study showed that hyperglycaemia exacerbated the pathological

conditions in male animal models, while the female control

group had a milder disease course (Singla et al., 2021),

supporting the potentially important role of sex hormones in

disease development.

Some approaches by which sex hormones affect the

occurrence and development of CD have been proposed. A

recent study (Rabinowitz et al., 2021) reported the effect of

sex hormones on genetic variations in the farnesoid X

receptor (FXR). After correcting for confounding factors in

the retrospective cohort, female CD patients with the FXR-

1G >T genotype were at higher risk of early surgery;

oestrogen may contribute to the inhibition of FXR-1 activity

through oestrogen receptor signalling, suggesting that oestrogen

may mitigate the risk of surgery through this suppression. Our

findings demonstrated that male sex in the A2 classification was

associated with a higher frequency of surgery and shorter SFS, in

accordance with the abovementioned study. However, whether

this mechanism contributes to the pathogenesis of surgical risk in

CD needs to be further validated. Furthermore, sex hormones

have been found to have beneficial effects on disease activity by

FIGURE 3
Analysis of surgery proportion and survival in female andmale patients based on A classification. Description: (A) The proportion of surgery after
diagnosis in male patients was lower than female patients in A1 and A3 classification but significantly higher in A2 classification. (B) The surgery-free
survival was shorted in male patients of A2 classification. *p < 0.05. Surgery-free after diagnosis survival was defined as the period from diagnosis to
CD related surgery.
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positively modulating intestinal epithelial barrier function by

reducing endoplasmic reticulum (ER) stress and

proinflammatory cytokine production in IBD (van der

Giessen et al., 2019). Moreover, a previous study reported that

sex hormones directly modulated the metabolism of bacteria

through steroid receptors, including oestrogen receptor beta

(Menon et al., 2013). Sex differences in the diversity and

species of intestinal flora associated with the development of

IBD were observed (Son et al., 2019). Because of the important

role of the gut microbiota in IBD development (Lee and Chang,

2021) and the correlation between sex hormones and the gut

microbiota, a potential effect of sex hormones on disease

progression through modulation of the microbiota is worth

further exploration.

To our acknowledgement, the present study was a large, local,

single-centre, retrospective cohort study that assessed the long-term

prognosis of CD patients in China using real-world data.

Remarkably, it is the first study focusing on the impact of sex

disparity on disease progression and surgery-related risk factors in

patients with CD. Acknowledgement of the effects of sex on the

factors associated with CD prognosis is an important step towards

the early identification of groups at high risk for poor outcomes. This

study could provide future insights into appropriate management

and individualized treatment regimens for patients with CD. The sex

differences in the disease progression and prognosis of CD also

suggested that the mechanism of CD occurrence and development

may be associated with sex hormone-related pathways, and further

laboratory studies are needed to confirm our findings. However, our

study has some limitations. Firstly, this retrospective study in single

centre lacked consistency in data collection as well as control data for

making comparisons. Hence, the findings should be interpreted with

caution. Secondly, the samples in this study were also limited to

hospitalized patients with CD as primary diagnosis which may lead

to some bias. The last, as CD is a disease with long course, the 5 years

follow up period may not be sufficiently long enough to adequately

capture and delineate the disease trajectory. Therefore, the findings

require further validation in a long-term multicentre prospective

cohort study.

5 Conclusion

Our findings have revealed differences in clinical

characteristics, disease progression behaviour, and outcomes

between female and male patients with CD. Female sex was

significantly independently associated with earlier multisystemic

EIMs and later intestinal perforation. Male sex was

independently related to a poor prognosis among those with

the A2 classification. These findings suggest that we need to pay

more attention to sex disparities in CD in clinical practice to

identify high-risk patients. Moreover, early interventions for the

subgroups with high-risks of disease progression and CD-related

surgery may improve the long-term prognosis. To validate our

findings, future prospective, national cohort studies are needed.

Further laboratory studies on the sex hormone pathway will help

to further reveal the pathogenesis and progression of CD.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and

approved by the study protocol was abided by the principles of

the Declaration of Helsinki and approved by the Institutional

Review Board of Peking Union Medical College Hospital

(PUMCH) (Ethical review number: S-K1100). Written

informed consent for participation was not required for this

study in accordance with the national legislation and the

institutional requirements.

Author contributions

ZL: Methodology, Investigation, Data curation, Formal analysis,

Validation, Writing—Original Draft, Writing—Review and Editing,

Visualization. XB: Methodology, Investigation, Validation,

Writing—Review and Editing. HZ: Investigation, Validation. ZW:

Methodology, Investigation. HY: Conceptualization, Methodology,

Funding acquisition, Writing—Review and Editing. JQ:

Conceptualization, Methodology, Supervision, Funding

acquisition, Writing—Review and Editing. All authors

contributed to manuscript revision, read, and approved the

submitted version.

Funding

This work was supported by Health Research and Special

Projects Grant of China (Nos 201002020 and 201502005), CAMS

Innovation Fund for Medical Sciences (Nos 2016-I2M-3-001 and

2019-I2M-2-007), National Natural Science Foundation of China

(Nos 81570505 and 81970495), Natural Science Foundation of

Beijing (No. 7202161), and Fundamental Research Funds for the

Centre Universities (No. 3332021007).

Acknowledgments

We express our appreciation to all patients with CD for their

collaboration in the current study. The authors thank American

Frontiers in Physiology frontiersin.org10

Liu et al. 10.3389/fphys.2022.972038

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.972038


Journal Experts for the English language editing and review

services.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fphys.

2022.972038/full#supplementary-material

SUPPLEMENTARY FIGURE S1
Comparison of partial clinical characteristics between female and male
patients. Significant p-value <0.05. *p＜ 0.05, **p＜ 0.01, ***p＜ 0.001.
EIMs, extra-intestinal manifestations.

References

Arulanantham, K., Kramer, M. S., and Gryboski, J. D. (1980). The association of
inflammatory bowel disease and X chromosomal abnormality. Pediatrics 66 (1),
63–67. Epub 1980/07/01. doi:10.1542/peds.66.1.63

Bai, X., Zhang, H., Ruan, G., Lv, H., Li, Y., Li, J., et al. (2021). Long-term disease
behavior and surgical intervention analysis in hospitalized patients with Crohn’s
disease in China: A retrospective cohort study. Inflamm. Bowel Dis. 28, S35–S41.
Epub 2021/12/12. doi:10.1093/ibd/izab295

Bernstein, C. N., Blanchard, J. F., Rawsthorne, P., and Yu, N. (2001). The
prevalence of extraintestinal diseases in inflammatory bowel disease: A
population-based study. Am. J. Gastroenterol. 96 (4), 1116–1122. Epub 2001/04/
24. doi:10.1111/j.1572-0241.2001.03756.x

Best, W. R. (2006). Predicting the Crohn’s disease activity index from the harvey-
bradshaw index. Inflamm. Bowel Dis. 12 (4), 304–310. Epub 2006/04/25. doi:10.
1097/01.MIB.0000215091.77492.2a

Billioud, V., Sandborn, W. J., and Peyrin-Biroulet, L. (2011). Loss of response
and need for adalimumab dose intensification in Crohn’s disease: A systematic
review. Am. J. Gastroenterol. 106 (4), 674–684. Epub 2011/03/17. doi:10.1038/ajg.
2011.60

Brower, V. (2002). Sex matters. In sickness and in health, men and women are
clearly different. EMBO Rep. 3 (10), 921–923. Epub 2002/10/09. doi:10.1093/embo-
reports/kvf206

Cornish, J. A., Tan, E., Simillis, C., Clark, S. K., Teare, J., and Tekkis, P. P. (2008).
The risk of oral contraceptives in the etiology of inflammatory bowel disease: A
meta-analysis. Am. J. Gastroenterol. 103 (9), 2394–2400. Epub 2008/08/08. doi:10.
1111/j.1572-0241.2008.02064.x

Coughlan, A., Wylde, R., Lafferty, L., Quinn, S., Broderick, A., Bourke, B., et al.
(2017). A rising incidence and poorer male outcomes characterise early onset
paediatric inflammatory bowel disease. Aliment. Pharmacol. Ther. 45 (12),
1534–1541. Epub 2017/04/28. doi:10.1111/apt.14070

Fairweather, D., Frisancho-Kiss, S., and Rose, N. R. (2008). Sex differences in
autoimmune disease from a pathological perspective. Am. J. Pathol. 173 (3),
600–609. Epub 2008/08/09. doi:10.2353/ajpath.2008.071008

Greuter, T., Manser, C., Pittet, V., Vavricka, S. R., and Biedermann, L. (2020).
Gender differences in inflammatory bowel disease. Digestion 101 (1), 98–104. Epub
2020/01/30. doi:10.1159/000504701

Greuter, T., Piller, A., Fournier, N., Safroneeva, E., Straumann, A., Biedermann,
L., et al. (2018). Upper gastrointestinal tract involvement in Crohn’s disease:
Frequency, risk factors, and disease course. J. Crohns Colitis 12 (12), 1399–1409.
Epub 2018/08/31. doi:10.1093/ecco-jcc/jjy121

Gupta, N., Bostrom, A. G., Kirschner, B. S., Ferry, G. D., Winter, H. S.,
Baldassano, R. N., et al. (2007). Gender differences in presentation and course
of disease in pediatric patients with Crohn disease. Pediatrics 120 (6), e1418–e1425.
Epub 2007/12/07. doi:10.1542/peds.2007-0905

Halling, M. L., Kjeldsen, J., Knudsen, T., Nielsen, J., and Hansen, L. K. (2017).
Patients with inflammatory bowel disease have increased risk of autoimmune and
inflammatory diseases. World J. Gastroenterol. 23 (33), 6137–6146. Epub 2017/10/
04. doi:10.3748/wjg.v23.i33.6137

Hausmann, J., and Blumenstein, I. (2015). Gender differences and inflammatory
bowel disease. Z. Gastroenterol. 53 (8), 774–778. Epub 2015/08/19. doi:10.1055/s-
0035-1553499

Heath, E. M., Kim, R. B., and Wilson, A. (2021). A comparative analysis of drug
therapy, disease phenotype, and health care outcomes for men and women with
inflammatory bowel disease. Dig. Dis. Sci. 67, 4287–4294. Epub 2021/07/28. doi:10.
1007/s10620-021-07177-x

Inflammatory Bowel Disease GroupChinese Society of GastroenterologyChinese
Medical Association (2021). Chinese consensus on diagnosis and treatment in
inflammatory bowel disease (2018, beijing). J. Dig. Dis. 22 (6), 298–317. Epub 2021/
04/28. doi:10.1111/1751-2980.12994

Jašarević, E., Morrison, K. E., and Bale, T. L. (2016). Sex differences in the gut
microbiome-brain Axis across the lifespan. Philos. Trans. R. Soc. Lond. B Biol. Sci.
371 (1688), 20150122. Epub 2016/02/03. doi:10.1098/rstb.2015.0122

Khalili, H., Granath, F., Smedby, K. E., Ekbom, A., Neovius, M., Chan, A. T., et al.
(2016). Association between long-term oral contraceptive use and risk of Crohn’s
disease complications in a nationwide study. Gastroenterology 150 (7), 1561–1567.
e1. Epub 2016/02/28. doi:10.1053/j.gastro.2016.02.041

Khalili, H., Higuchi, L. M., Ananthakrishnan, A. N., Richter, J. M., Feskanich, D.,
Fuchs, C. S., et al. (2013). Oral contraceptives, reproductive factors and risk of
inflammatory bowel disease. Gut 62 (8), 1153–1159. Epub 2012/05/24. doi:10.1136/
gutjnl-2012-302362

Lee, M., and Chang, E. B. (2021). Inflammatory bowel diseases (ibd) and the
microbiome-searching the crime scene for clues. Gastroenterology 160 (2), 524–537.
Epub 2020/12/01. doi:10.1053/j.gastro.2020.09.056

Leong, R.W., Lau, J. Y., and Sung, J. J. (2004). The epidemiology and phenotype of
Crohn’s disease in the Chinese population. Inflamm. Bowel Dis. 10 (5), 646–651.
Epub 2004/10/09. doi:10.1097/00054725-200409000-00022

Lie, M. R., Kreijne, J. E., and van der Woude, C. J. (2017). Sex is associated with
adalimumab side effects and drug survival in patients with Crohn’s disease. Inflamm.
Bowel Dis. 23 (1), 75–81. Epub 2016/12/22. doi:10.1097/mib.0000000000000981

Lu, L. J., Wallace, D. J., Ishimori, M. L., Scofield, R. H., and Weisman, M. H. (2010).
Review: Male systemic lupus erythematosus: A review of sex disparities in this disease.
Lupus 19 (2), 119–129. Epub 2009/12/01. doi:10.1177/0961203309350755

Magro, F., Rodrigues-Pinto, E., Coelho, R., Andrade, P., Santos-Antunes, J.,
Lopes, S., et al. (2014). Is it possible to change phenotype progression in Crohn’s
disease in the era of immunomodulators? Predictive factors of phenotype
progression. Am. J. Gastroenterol. 109 (7), 1026–1036. Epub 2014/05/07. doi:10.
1038/ajg.2014.97

Mazor, Y., Maza, I., Kaufman, E., Ben-Horin, S., Karban, A., Chowers, Y., et al.
(2011). Prediction of disease complication occurrence in Crohn’s disease using
phenotype and genotype parameters at diagnosis. J. Crohns Colitis 5 (6), 592–597.
Epub 2011/11/26. doi:10.1016/j.crohns.2011.06.002

Menon, R., Watson, S. E., Thomas, L. N., Allred, C. D., Dabney, A., Azcarate-
Peril, M. A., et al. (2013). Diet complexity and estrogen receptor B status affect the
composition of the murine intestinal microbiota. Appl. Environ. Microbiol. 79 (18),
5763–5773. Epub 2013/07/23. doi:10.1128/aem.01182-13

Frontiers in Physiology frontiersin.org11

Liu et al. 10.3389/fphys.2022.972038

https://www.frontiersin.org/articles/10.3389/fphys.2022.972038/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2022.972038/full#supplementary-material
https://doi.org/10.1542/peds.66.1.63
https://doi.org/10.1093/ibd/izab295
https://doi.org/10.1111/j.1572-0241.2001.03756.x
https://doi.org/10.1097/01.MIB.0000215091.77492.2a
https://doi.org/10.1097/01.MIB.0000215091.77492.2a
https://doi.org/10.1038/ajg.2011.60
https://doi.org/10.1038/ajg.2011.60
https://doi.org/10.1093/embo-reports/kvf206
https://doi.org/10.1093/embo-reports/kvf206
https://doi.org/10.1111/j.1572-0241.2008.02064.x
https://doi.org/10.1111/j.1572-0241.2008.02064.x
https://doi.org/10.1111/apt.14070
https://doi.org/10.2353/ajpath.2008.071008
https://doi.org/10.1159/000504701
https://doi.org/10.1093/ecco-jcc/jjy121
https://doi.org/10.1542/peds.2007-0905
https://doi.org/10.3748/wjg.v23.i33.6137
https://doi.org/10.1055/s-0035-1553499
https://doi.org/10.1055/s-0035-1553499
https://doi.org/10.1007/s10620-021-07177-x
https://doi.org/10.1007/s10620-021-07177-x
https://doi.org/10.1111/1751-2980.12994
https://doi.org/10.1098/rstb.2015.0122
https://doi.org/10.1053/j.gastro.2016.02.041
https://doi.org/10.1136/gutjnl-2012-302362
https://doi.org/10.1136/gutjnl-2012-302362
https://doi.org/10.1053/j.gastro.2020.09.056
https://doi.org/10.1097/00054725-200409000-00022
https://doi.org/10.1097/mib.0000000000000981
https://doi.org/10.1177/0961203309350755
https://doi.org/10.1038/ajg.2014.97
https://doi.org/10.1038/ajg.2014.97
https://doi.org/10.1016/j.crohns.2011.06.002
https://doi.org/10.1128/aem.01182-13
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.972038


Muller, K. R., Prosser, R., Bampton, P., Mountifield, R., and Andrews, J. M.
(2010). Female gender and surgery impair relationships, body image, and sexuality
in inflammatory bowel disease: Patient perceptions. Inflamm. Bowel Dis. 16 (4),
657–663. Epub 2009/08/29. doi:10.1002/ibd.21090

Ngo, S. T., Steyn, F. J., and McCombe, P. A. (2014). Gender differences in
autoimmune disease. Front. Neuroendocrinol. 35 (3), 347–369. Epub 2014/05/06.
doi:10.1016/j.yfrne.2014.04.004

Peyrin-Biroulet, L., Harmsen, W. S., Tremaine, W. J., Zinsmeister, A. R.,
Sandborn, W. J., and Loftus, E. V., Jr (2012). Surgery in a population-based
cohort of Crohn’s disease from olmsted county, Minnesota (1970-2004). Am.
J. Gastroenterol. 107 (11), 1693–1701. Epub 2012/09/05. doi:10.1038/ajg.
2012.298

Prideaux, L., Kamm, M. A., De Cruz, P. P., Chan, F. K., and Ng, S. C. (2012).
Inflammatory bowel disease in asia: A systematic review. J. Gastroenterol.
Hepatol. 27 (8), 1266–1280. Epub 2012/04/14. doi:10.1111/j.1440-1746.2012.
07150.x

Rabinowitz, L. G., Kim, M. K., and Wong, S. Y. (2021). Farnesoid X receptor
variant: A sex-based determinant of Crohn’s disease progression.
Gastroenterology 160 (5), 1866–1867. Epub 2020/12/15. doi:10.1053/j.gastro.
2020.12.012

Sceats, L. A., Morris, A. M., Bundorf, M. K., Park, K. T., and Kin, C. (2019). Sex
differences in treatment strategies among patients with ulcerative colitis: A
retrospective cohort analysis of privately insured patients. Dis. Colon Rectum 62
(5), 586–594. Epub 2019/02/15. doi:10.1097/dcr.0000000000001342

Schwartzman-Morris, J., and Putterman, C. (2012). Gender differences in the
pathogenesis and outcome of lupus and of lupus nephritis. Clin. Dev. Immunol.
2012, 604892. Epub 2012/06/13. doi:10.1155/2012/604892

Severs, M., Spekhorst, L. M., Mangen, M. J., Dijkstra, G., Löwenberg, M.,
Hoentjen, F., et al. (2018). Sex-related differences in patients with inflammatory

bowel disease: Results of 2 prospective cohort studies. Inflamm. Bowel Dis. 24 (6),
1298–1306. Epub 2018/04/25. doi:10.1093/ibd/izy004

Shah, S. C., Khalili, H., Chen, C. Y., Ahn, H. S., Ng, S. C., Burisch, J., et al. (2019).
Sex-based differences in the incidence of inflammatory bowel diseases-pooled
analysis of population-based studies from the asia-pacific region. Aliment.
Pharmacol. Ther. 49 (7), 904–911. Epub 2019/02/19. doi:10.1111/apt.15178

Shah, S. C., Khalili, H., Gower-Rousseau, C., Olen, O., Benchimol, E. I., Lynge, E.,
et al. (2018). Sex-based differences in incidence of inflammatory bowel diseases-
pooled analysis of population-based studies from western countries.
Gastroenterology 155 (4), 1079–1089. e3. Epub 2018/07/01. doi:10.1053/j.gastro.
2018.06.043

Singla, S., Sahu, C., and Jena, G. (2021). Association of type 1 diabetes with
ulcerative colitis in balb/C mice: Investigations on sex-specific differences.
J. Biochem. Mol. Toxicol. 36, e22980. Epub 2021/12/30. doi:10.1002/jbt.22980

Son, H. J., Kim, N., Song, C. H., Nam, R. H., Choi, S. I., Kim, J. S., et al. (2019). Sex-
related alterations of gut microbiota in the C57bl/6 mouse model of inflammatory
bowel disease. J. Cancer Prev. 24 (3), 173–182. Epub 2019/10/19. doi:10.15430/jcp.
2019.24.3.173

van der Giessen, J., van der Woude, C. J., Peppelenbosch, M. P., and Fuhler, G. M.
(2019). A direct effect of sex hormones on epithelial barrier function in
inflammatory bowel disease models. Cells 8 (3), E261. Epub 2019/03/22. doi:10.
3390/cells8030261

Wagtmans, M. J., Verspaget, H. W., Lamers, C. B., and van Hogezand, R. A.
(2001). Gender-related differences in the clinical course of Crohn’s disease. Am.
J. Gastroenterol. 96 (5), 1541–1546. Epub 2001/05/26. doi:10.1111/j.1572-0241.
2001.03755.x

Yang, S. K., Loftus, E. V., Jr., and Sandborn, W. J. (2001). Epidemiology of
inflammatory bowel disease in asia. Inflamm. Bowel Dis. 7 (3), 260–270. Epub 2001/
08/23. doi:10.1097/00054725-200108000-00013

Frontiers in Physiology frontiersin.org12

Liu et al. 10.3389/fphys.2022.972038

https://doi.org/10.1002/ibd.21090
https://doi.org/10.1016/j.yfrne.2014.04.004
https://doi.org/10.1038/ajg.2012.298
https://doi.org/10.1038/ajg.2012.298
https://doi.org/10.1111/j.1440-1746.2012.07150.x
https://doi.org/10.1111/j.1440-1746.2012.07150.x
https://doi.org/10.1053/j.gastro.2020.12.012
https://doi.org/10.1053/j.gastro.2020.12.012
https://doi.org/10.1097/dcr.0000000000001342
https://doi.org/10.1155/2012/604892
https://doi.org/10.1093/ibd/izy004
https://doi.org/10.1111/apt.15178
https://doi.org/10.1053/j.gastro.2018.06.043
https://doi.org/10.1053/j.gastro.2018.06.043
https://doi.org/10.1002/jbt.22980
https://doi.org/10.15430/jcp.2019.24.3.173
https://doi.org/10.15430/jcp.2019.24.3.173
https://doi.org/10.3390/cells8030261
https://doi.org/10.3390/cells8030261
https://doi.org/10.1111/j.1572-0241.2001.03755.x
https://doi.org/10.1111/j.1572-0241.2001.03755.x
https://doi.org/10.1097/00054725-200108000-00013
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.972038

	Sex-specific comparison of clinical characteristics and prognosis in Crohn’s disease: A retrospective cohort study of 611 p ...
	1 Introduction
	2 Material and methods
	2.1 Ethics declarations
	2.2 Patients
	2.3 Assessment of outcomes
	2.4 Follow-up protocol and definitions
	2.5 Statistical analysis

	3 Results
	3.1 Patient demographics
	3.2 Sex disparities in clinical characteristics
	3.2.1 Baseline characteristics
	3.2.2 EIM(s)
	3.2.3 Disease progression

	3.3 Subgroup analysis of surgery-related factors in patients with an A2 classification

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


