
https://doi.org/10.1177/1756284820929806 
https://doi.org/10.1177/1756284820929806

Therapeutic Advances in Gastroenterology 

journals.sagepub.com/home/tag 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Special Collection

Ther Adv Gastroenterol

2020, Vol. 13: 1–10

DOI: 10.1177/ 
1756284820929806

© The Author(s), 2020. 
Article reuse guidelines:  
sagepub.com/journals-
permissions

Noninvasive monitoring of disease activity and  
complications in Crohn’s disease

Introduction
Changes in gastrointestinal (GI) function during 
menstrual cycle are a well-known phenomenon that 
might be attributed to the presence of sex hormones 
receptors along the GI tract.1,2 Although these 
changes affect healthy women, they are more pro-
nounced in women with inflammatory bowel disease 
(IBD), as well as in women with other abdominal 
inflammatory diseases such as familial mediterra-
nean fever (FMF) and Bechet’s disease.3–5 

To date, only a few studies have addressed the issue 
of altered GI symptoms during the menstrual cycle 

in female IBD patients. Data from these studies 
suggests disease aggravation during pre-menstrual 
and menstrual phases.3–7 The exact mechanism 
for this disease exacerbation is yet to be deter-
mined, however, a possible role for prostaglandins 
(PG) was suggested. During menstruation there is 
an increase in uterine PGs, predominantly PGF2a 
and prostacyclin, which are known to possess a 
stimulatory effect on gut motor activity.8 
Moreover, PGs play a role in inflammation in 
IBD, and high levels of PGS released by the endo-
metrium during menses might exacerbate disease 
symptoms.
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An additional possible mechanism is connected to 
the influence of estrogen on the GI tract. Recent 
data shows a wide spread of estrogen receptors 
along the GI tract.

The estrogen receptor has three subtypes: estro-
gen receptor α (ERα), estrogen receptor β (ERβ), 
and the G protein-coupled estrogen receptor 1 
(GPER).9 Both ERα and ERβ are membrane 
receptors and are differently expressed along the 
GI tract. While the upper GI tract contains both 
receptors, ERβ is the predominant ER subtype 
expressed in colon tissues and was shown to main-
tain normal epithelial architecture protecting 
against chronic colitis.10–13

Furthermore, irritable bowel syndrome (IBS) 
symptoms were shown to be connected to hormo-
nal status, and GPER-mediated estrogenic effects 
were involved in the regulation of visceral pain 
and GI motility in IBS patients.14,15 Hence, 
changes in estrogen levels along the menstrual 
cycle may have major influence on inflammation 
and motility in IBD patients.

Although IBD exacerbation during menses was 
shown in previous studies,3–7 data regarding risk 
factors for such a menstrual-induced clinical 
deterioration are scarce. Furthermore, the control 
groups were usually non IBD patients with other 
diseases, rather than healthy women, which might 
cause a selection bias. Therefore, in this study, we 
tried to characterize specific risk factors for dis-
ease exacerbation during menses, while restrict-
ing the control group to healthy women 
exclusively.

Patients and methods
To be included in the study the patient had to be a 
female IBD patient under regular follow-up of the 
GI clinic at the Chaim Sheba Medical Center, a 
tertiary center setting, and to be between the age 
18–50, not pregnant, and with regular menses. 
IBD diagnosis was defined by conventional clini-
cal, radiographic, endoscopic, and histological cri-
teria. Inclusion was performed after at least 
6 months of established disease. During routine 
visits to the clinic, patients were asked to fill out a 
questionnaire addressing symptoms during their 
pre-menses and menses period. Disease activity 
scores was calculated by the treating physician as 
part of the regular follow-up. Patients with Crohn’s 
disease (CD) are routinely evaluated by the 

Harvey–Bradshaw index (HBI) for Crohn’s dis-
ease patients, and patients with ulcerative  colitis 
(UC) by the modified mayo score. Questionnaires 
were included in the analysis only when more than 
95% of the items were addressed. To increase the 
sensitivity to temporal changes in symptoms dur-
ing menses only patients in remission or with mild-
moderate activity at the time of the study were 
included in the study reasoning that patients with 
moderate-severe active disease are often continu-
ously inflicted by severe symptoms. Patients with 
known gynecologic disease including endometrio-
sis were excluded for analysis.

This study has been approved by the Chaim Sheba 
Medical center ethics committee (protocol num-
ber 0720-13). Informed consent was obtained 
from all study participants.

Questionnaires addressed specific symptoms 
attributed to menses and pre-menses period in 
IBD patients according to the literature,4,7 as well 
as background questions concerning menstrual 
cycle and gynecological and obstetrical data 
including age of first menses, medium length of 
menses and of menstrual cycle, bleeding severity, 
use of contraceptive medications (including intra-
uterine devices), and number of pregnancies and 
births. IBD specific questions included disease 
duration, medical treatment, and history of 
abdominal and pelvic operations. Patients were 
also asked about smoking and regular physical 
activity. The full questionnaire is shown in 
Supplemental document 1.

Regarding menses symptoms, patients were asked 
to address symptoms in their last 2 menses and 
grade their severity between 1 (not at all) to 5 
(very much). Patients were asked to address both 
pre-menses (PMS) phase, which was defined as 
1–5 days before menses, and the days of menses 
itself. List of all symptoms addressed was chosen 
according to the work of Kane et  al.4 Specific 
attention was attributed to change in bowel move-
ments during menses and to IBD symptoms 
aggravation during menses.

Healthy female members in a closed Facebook 
group of female physicians and dieticians served 
as controls. They were asked to fill an internet 
questionnaire addressing their age, chronic dis-
ease, chronic medications, and symptoms during 
menstruation. Only healthy women (without any 
chronic disease and not taking any chronic 
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medical treatment according to their own state-
ment) aged 18–50 were included for analysis.

Statistical analysis
All statistical analyses were performed using SPSS 
program (IBM SPSS statistics VER 25, IBM 
CORP ARMONK, NY, USA, 2015).

A t-test was used to evaluate difference in mean 
values of continuous variables such as age, disease 
duration, age of onset of the disease, duration of 
the menses, and the menstrual cycle in the IBD 
and control groups. Mann–Whitney test for non-
parametrical variables was used for assessment of 
relationship between health status, smoking habit, 
type of biological treatment, disease level, partici-
pants’ physical activity, and reported outcomes. 
Chi square test and Fisher’s exact test were used 
for assessment of relationship between health sta-
tus and reported outcomes. Logistic regression 
was used to evaluate influence of age and health 
status on reported outcomes. Two-sided p values 
of less than 0.05 were considered statistically 
significant.

Results
Out of 152 female patients approached, 148 
agreed to fill the questionnaire. Of them, nine 
patients did not meet inclusion criteria; thus 139 
questionnaires were included for analysis. Of 
these, 39/139 (28%) were UC patients and 
100/139 (72%) were CD patients. Patients’ char-
acteristics and demographic data are shown in 
Table 1, and patient’s specific disease characteris-
tics and life style habits are shown in Table 2. 
Mean patient age was 30.4 ± 7.7 years, and mean 
disease duration was 7.8 ± 6 years. Mean HBI was 
4.7 ± 3.8 and mean partial Mayo score was 
2.1 ± 2.5.

Crohn’s patients Montreal classification- 20% 
A2L3B2 , 15% A2L3B2P, 40%- A2,L3,B1, 20%- 
A2L1B1, 5%- A2,L2,B1. 

Results of comparisons between UC and CD 
patients are shown in Table 1. No significant dif-
ference was found between patient groups regard-
ing demographics, disease background history, or 
menses characteristics. Most patients were either 
in clinical remission or suffered from mild disease 
(82%) at the time of questionnaire filling. However, 

a larger percentage of UC patients were in clinical 
remission (79% versus 60% of CD patients, 
p = 0.045), and a larger percentage of CD patients 
suffered from moderate disease activity (23% ver-
sus 3% in UC patients, p = 0.005).

We next assessed specific symptom differences 
between the two patient groups (CD versus UC; 
Mann–Whitney non-parametric test for two inde-
pendent samples). A trend towards higher rate of 
change in bowel habits in CD compared with UC 
patients was found, whereby 72/100 (72%) of 
CD patients reported change in bowel habits dur-
ing menses compared with 22/39 (56.4%) of UC 
patients (p = 0.07). Among other symptoms, 
abdominal pain was reported by 76 patients 
(54.7%). There was no difference in frequency of 
pain between CD (57/100, 57%) and UC patients 
(19/39, 48%) (p = 0.30). PMS and menses symp-
toms in the entire IBD group were evaluated for a 
possible impact by various demographic and dis-
ease characteristics, for instance, smoking, bio-
logic treatment, previous abdominal operations, 
and physical activity (Table 3).

Smoking status was found to be associated with 
various symptoms during menses in IBD patients. 
Thus, smoking patients showed a higher level of 
irritability (p = 0.006), nervousness (p = 0.031), 
restlessness (p = 0.005), nausea (p = 0.007), vomit-
ing (p = 0.05), and low back pain (p = 0.03; Table 
3).

Biologic treatment was also found to be associated 
with patients’ symptoms during both PMS and 
menses periods. During the pre-menstrual period, 
patients receiving biologic treatment reported sig-
nificantly higher levels of irritability (p = 0.008), 
nervousness (p = 0.007), leg swelling (p = 0.05), 
pelvic pain (p = 0.02), and fatigue (p = 0.001; 
Table 3). During menses, patients who received 
biologic treatment reported pelvic pain (0.003), 
low back pain (0.007), abdominal pain (0.04), 
and fatigue (p = 0.004) at a significantly higher 
level than in those who did not receive biologic 
treatment (Table 3).

A total of 24% of patients (of them, 85% CD 
patients) underwent previous abdominal opera-
tions. Previous abdominal operation significantly 
increased the rate of vomiting during menses 
(p = 0.009) and tendency to constipation (p = 0.06; 
Table 3).
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Current disease activity, assessed by HBI/partial 
Mayo score, age, disease duration, Montreal clas-
sification, regular physical activity, age at first 
menstruation, use of contraceptives, menstruation 
duration, and the length of menstruation cycle, 
did not affect patients’ symptoms during both pre-
menstrual and menstrual periods.

Symptoms comparison between IBD patients 
and healthy controls
A total of 258 healthy female physicians and dieti-
cians aged 20–50 (mean age 32 ± 7) served as the 
control group. Surprisingly, 240 women (93%) 
reported change in bowel habits during menstrua-
tion. Of them, 118 (49%) reported an increase in 

Table 1. Patients’ demographic characteristics.

Baseline characteristics 
of CD and UC groups

Diagnosis n Mean SD t-test for independent 
samples
sig. (2-tailed)

Age CD 100 30.08 8.08 0.403

 UC 39 31.21 6.66  

Disease duration (years) CD 99 7.79 5.64 0.809

 UC 39 8.10 7.14  

Period start (age) CD 98 13.08 1.56 0.156

 UC 36 12.66 1.25  

Period duration (days) CD 97 4.97 1.55 0.187

 UC 39 5.36 1.55  

Period gap (weeks) CD 94 4.10 2.56 0.519

 UC 35 4.40 1.76  

Baseline characteristics 
of CD and UC groups

Diagnosis 
(within treated)

n Mean SD t-test for independent 
samples
sig. (2-tailed)

Age CD 100 30.08 8.08 0.403

 UC 39 31.21 6.66  

Disease duration (years) CD 99 7.79 5.64 0.809

 UC 39 8.10 7.14  

Period start (age) CD 98 13.08 1.56 0.156

 UC 36 12.66 1.25  

Period duration (days) CD 97 4.97 1.55 0.187

 UC 39 5.36 1.55  

Period gap (weeks) CD 94 4.10 2.56 0.519

 UC 35 4.40 1.76  

Severity (HBI/Mayo) CD 99 4.80 3.81  

 UC 38 2.00 2.46  

CD, Crohn’s disease; HBI, Harvey–Bradshaw index; SD, standard deviation; UC, ulcerative colitis.
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bowel movements and 108 (44%) reported frank 
diarrhea. Only 16 women (7%) reported constipa-
tion during menstruation.

Comparing IBD patients with healthy controls 
showed significantly higher frequency of changes 
in bowel habits during menstruation in healthy 
women (68.1% compared with 93%, p < 0.001). 
However, specific questions assessing diarrhea or 
worsening of diarrhea in patients group compared 
with controls did not differ between the two 
groups (46% versus 41%, respectively, p = 0.4).

In contrast, multiple other specific symptoms dur-
ing menses were experienced significantly more 
often by IBD patients compared with healthy con-
trols. As shown in Table 4 and graphically in 
Figure 1, such parameters as irritability, nervous-
ness, restlessness, headache, anxiety, nausea, vom-
iting, leg swelling, low back pain, constipation, 
excessive urination, abdominal pain, and fatigue 
were all found to be significantly more common 

among the IBD group than in the group of healthy 
controls.

Discussion
Many female IBD patients report various symp-
toms aggravation during PMS and menses peri-
ods. Discriminating disease exacerbation from 
menstrual symptoms is an important and com-
mon clinical dilemma for both patients and physi-
cians. While minor symptoms can be treated 
expectantly with anti-emetics or analgesics, severe 
symptoms may necessitate further diagnostic 
steps, including laboratory and imaging examina-
tions, and can lead to change in therapeutic 
decisions.

Characterization of specific symptoms and risk 
factors for menses-related symptoms in IBD may 
help in both symptom recognition and categoriza-
tion, in advising lifestyle modifications in order 
to improve patients’ symptoms, and to avoid 

Table 2. Patients’ disease characteristics and lifestyle habits.

Baseline characteristics of CD and 
UC groups

CD
n (%)

UC
n (%)

Total
n (%)

Chi square
sig. (2-tailed)

Diagnosis 100 (71.9%) 39 (28.1%) 139 (100%)  

Treatment 94 (94.0%) 38 (97.4%) 132 (95.5%) 0.405

Type of treatment

Biologic 72 (72.0%) 23 (59.0%) 95 (68.3%) 0.052

Immunomodulators 28 (28.0%) 38 (97.4%) 34 (24.5%) 0.083

Steroids 5 (5.0%) 2 (5.1%) 7 (5.0%) 0.364

5-ASA 9 (9.0%) 20 (51.3%) 29 (20.9%) 0.001

Disease severity (HBI score for CD and Mayo Score for UC)

Remission 59 (59.6%) 30 (78.9%) 89 (65.0%) 0.045

Mild 17 (17.2%) 7 (18.4%) 24 (17.5%) 0.999

Moderate 23 (23.2%) 1 (2.6%) 24 (17.5%) 0.005

Severe 0 (0.0%) 0 (0.0%) 0 (0.0%)  

Past abdominal operations 28 (28.9%) 5 (13.5%) 33 (24.6%) 0.054

Physical Activity 45 (45.0%) 17 (43.6%) 62 (44.6%) 0.783

Smoking 21 (21.0%) 8 (20.5%) 108 (77.7%) 0.668

ASA, aminosalicylic acid; CD, Crohn’s disease; HBI, Harvey -Bradshaw index; UC, ulcerative colitis. 
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unjustified IBD therapy changes. Thus, in cases 
with a high probability of menses related symp-
toms, patient reassurance and specific symptom-
directed treatment (as pain killers) might be 
advised.

In our current study we evaluated female patients 
with established IBD (CD and UC), examined 
various symptoms during PMS and menses, and 
compared their answers with those of healthy 
female controls.

In agreement with a previous publication,4,16 CD 
patients had a tendency (although not statisti-
cally significant) towards change in bowel habits 
during menses (p = 0.07). However, surprisingly, 
and in contradiction to some previous publica-
tions4,6–7 we found that our control group 
reported higher rates of change in bowel habits 
during menses compared with IBD patients 
(93% vs 68%, respectively, p < 0.0001). In con-
trast, most other specific symptoms during 
menses – irritability, nervousness, restlessness, 
headache, anxiety, nausea, vomiting, leg swell-
ing, low back pain, constipation, excessive uri-
nation, abdominal pain, and fatigue – were all 
more common among IBD patients. We specu-
late the reason for the lack of rate difference for 
bowel habits might be that IBD patients are 
more accustomed to alerted bowel habits, thus a 
minor change (such as 1–2 extra bowel move-
ment per day) may not impact their perception 
of bowel habits and will be under-reported. Our 
results are in line with a recent prospective 
study3 assessing the effect of menstrual cycle on 
IBD symptoms, which also found that IBD 
patients experience more frequent systemic 
symptoms than controls, but their disease spe-
cific symptoms did not change significantly dur-
ing menses.

Estrogens’ effect on visceral sensitivity, motor, 
and sensory function of the GI tract is well estab-
lished in the literature, both in animal models17,18 
and in human studies,14,15,19 and all symptoms 
reported are in line with current data.6,7,20,21

High levels of PG might also mediate an inflam-
matory response characterized by abdominal 
pain.22,23 Along the GI tract, PG may provoke 
smooth muscle contractions as well as reduced 
absorption and increased small bowel electrolytes 
secretion, which may cause gastrointestinal pain 
and diarrhea.23Ta
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Table 4. Menses symptoms in IBD patients compared with healthy controls.

n Complaint Percent within group Sig. OR 95% CI for OR

 CD+UC (n = 139) Healthy (n = 258) Lower Upper

1 irritability 105 (76.6%) 155 (61.0%) <0.01 2.19 1.35 3.55

2 nervousness 101 (73.7%) 156 (61.2%) 0.01 1.88 1.18 3.02

3 restlessness 83 (61.0%) 90 (36.4%) <0.01 2.97 1.90 4.64

4 depression 58 (42.3%) 84 (33.9%) 0.10 1.45 0.93 2.25

5 headache 77 (56.6%) 103 (41.7%) <0.01 2.00 1.29 3.10

6 anxiety 29 (21.3%) 30 (12.2%) 0.02 2.04 1.15 3.63

7 nausea 50 (36.5%) 28 (11.6%) <0.01 4.40 2.57 7.55

8 vomiting 19 (13.9%) 6 (2.5%) <0.01 6.36 2.45 16.51

9 weight gain 59 (43.7%) 105 (42.9%) 0.83 1.05 0.68 1.62

10 legs swelling 24 (17.5%) 13 (5.4%) <0.01 4.22 2.03 8.76

11 breasts welling 63 (46.3%) 96 (39.0%) 0.10 1.43 0.93 2.22

12 breasts pain 57 (41.9%) 85 (34.7%) 0.25 1.30 0.83 2.01

13 acne 57 (41.9%) 117 (47.2%) 0.31 0.80 0.52 1.23

14 pelvic pain 73 (53.7%) 110 (45.6%) 0.10 1.45 0.94 2.23

15 low back pain 102 (75.0%) 132 (53.9%) 0.00 2.75 1.71 4.44

16 diarrhea 90 (68.2%) 149 (60.8%) 0.18 1.37 0.87 2.16

17 constipation 28 (20.6%) 22 (9.6%) 0.01 2.22 1.20 4.11

18 excessive urination 63 (46.7%) 58 (24.8%) <0.01 2.58 1.63 4.08

19 abdominal pain 120 (87.0%) 188 (76.7%) 0.03 1.91 1.06 3.43

20 fatigue 109 (79.0%) 161 (64.7%) <0.01 2.13 1.30 3.49

CD, Crohn’s disease; CI, confidence interval; IBD, inflammatory bowel disease; OR, odds ratio; UC, ulcerative colitis.

In agreement with our results, a recent study 
assessing gastrointestinal symptoms before and 
during menses in healthy women20 found that 
73% of healthy women experienced at least one 
GI symptom either pre-menses or during menses, 
with abdominal pain (58%) and diarrhea (28%) 
being the most common. Fatigue was the main 
general symptom and was expressed by 53% of 
patients. Interestingly, patients experiencing 
emotional symptoms were more likely to suffer 
from multiple GI symptoms.

In addition to comparing patients’ symptoms 
with healthy controls, we characterized specific 
risk factors for higher symptomatic burden during 
PMS and menses. The results show that smoking 
is significantly associated with an increased rate of 
various symptoms including irritability, nervous-
ness, restlessness, nausea, and low back pain dur-
ing menses in IBD patients (Table 3). These 
findings are in line with a previous study assessing 
risk factors for pre-menstrual symptoms in the 
general population,24 which similarly identified 

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 13

8 journals.sagepub.com/home/tag

smoking as one of the major causes for severe 
intensity of symptoms.

Interestingly, another risk factor for symptom 
aggravation during both pre-menstrual and men-
strual periods was biologic treatment. The specific 
reason for this association was not investigated in 
the present study but may relate to biologic treat-
ment being a marker of a more severe underlying 
disease. Similarly, a previous abdominal operation 
correlated significantly with an increased risk of 
vomiting during menses. This may be related to 
severity of underlying IBD but may also stem from 
post-surgical adhesions in the abdomen and pel-
vis, which can aggravate symptoms.

Furthermore, current data suggest that symptoms 
of depression and anxiety can influence GI symp-
toms severity in IBD patients.25,26 Naturally, and 
as shown in previous research,27 disease activity 
affects and enhances anxiety and depression 
among these patients. Therefore, it is reasonable 
to assume that patients suffering from severe dis-
ease (as marked by biologic treatment or previous 
operation) are more likely to suffer from emo-
tional distress which in turn influence menstrual 
GI symptoms. Results of a recent study showed 
that IBD patients reporting symptom aggravation 
during hormonal fluctuation had a lower quality 
of life and were diagnosed at an earlier age16 – risk 
factors that correlate with disease severity and 
further support our findings.

In line with previous data,16 use of contraceptives 
did not correlate with GI symptoms in our 
patients. In a large patient cohort,16 85% of 613 
patients using hormonal contraceptives reported 
no change in IBD symptoms, while 3% reported 
improvement, and nearly 7% reported worsening. 
In a smaller patient cohort, a phone survey con-
ducted on 129 women treated with hormonal 
contraceptives28 showed no change in symptoms 
in 75% of patients, improvement in 20%, and 
worsening in 5% of patients.

To the best of our knowledge, this is the first 
study assessing specific risk factors for symptoms 
exacerbation during menses. If corroborated by 
additional studies, they may add to patient risk 
stratification and possibly to risk reduction and 
unjustified IBD treatment changes.

There are several strengths to the present study. 
It included a relatively large patient and control Fi
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group compared with previous studies, which can 
increase its validity. The use of an internet ques-
tionnaire in closed groups of female healthcare 
professionals enabled us to reach a very large con-
trol group with high credibility.

Our study has several limitations. There was a 
slight but significant age difference between IBD 
and control groups. However, on multivariable 
logistic regression analysis, this difference did not 
independently associate with menses-related 
symptom reporting. A second limitation is the use 
of female healthcare workers as our control group, 
which may possibly introduce some bias. 
However, we reasoned that professional health 
workers will be more reliable regarding their med-
ical condition and treatment.

In conclusion, in this study we found that, with 
the exception of altered bowel habits, various 
abdominal and non-specific systemic symptoms 
during pre-menstrual and menstrual periods 
afflict IBD patients significantly more often than 
in healthy women. Smoking, biologic treatment, 
and previous abdominal operations are risk fac-
tors for higher symptomatic burden. If corrobo-
rated, these results can assist in patient risk 
stratification and astute management.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

ORCID iD
Adi Lahat  https://orcid.org/0000-0003-1513- 
7280

References
 1. Simmons L, Heitkemper M and Shaver J. 

Gastrointestinal function during menstrual cycle. 
Health Care Women Int 1988; 9: 201–209.

 2. Wald A, Van Thiel DH, Hoechstetter L, 
et al. Gastrointestinal transit: the effect of the 
menstrual cycle. Gastroenterology 1981; 80: 
1497–500.

 3. Lim SM, Nam CM, Kim YN, et al. The effect 
of the menstrual cycle on inflammatory bowel 

disease: a prospective study. Gut Liver 2013; 7: 
51–57.

 4. Kane SV, Sable K and Hanauer SB. The 
menstrual cycle and its effect on inflammatory 
bowel disease and irritable bowel syndrome: a 
prevalence study. Am J Gastroenterol 1998; 93: 
1867–1872.

 5. Guzelant G, Ozguler Y, Esatoglu SN, et al. 
Exacerbation of Behçet’s syndrome and familial 
Mediterranean fever with menstruation. Clin Exp 
Rheumatol 2017; 108(Suppl. 35): 95–99.

 6. Parlak E, Dagli U and Alkim C. Pattern of 
gastrointestinal and psychosomatic symptoms 
across the menstrual cycle in women with 
inflammatory bowel disease. Turk J Gastroenterol 
2003; 13: 250–256.

 7. Bernstein MT, Graff LA and Targownik LE. 
Gastrointestinal symptoms before and during 
menses in women with IBD. Aliment Pharmacol 
Ther 2012; 36: 135–144.

 8. Occhipinti M. Prostaglandins and gastrointestinal 
function. Adv Pediatr 1978; 25: 205–221.

 9. Nilsson S and Gustafsson JA. Estrogen receptors: 
therapies targeted to receptor subtypes. Clin 
Pharmacol Ther 2011; 89: 44–55.

 10. Chen C, Gong X, Yang X, et al. The roles of 
estrogen and estrogen receptors in gastrointestinal 
disease. Oncol Lett 2019; 18: 5673–5680.

 11. Barzi A, Lenz AM, Labonte MJ, et al. Molecular 
pathways: estrogen pathway in colorectal cancer. 
Clin Cancer Res 2013; 19: 5842–5848.

 12. Principi M, Barone M, Pricci M, et al. Ulcerative 
colitis: from inflammation to cancer. Do estrogen 
receptors have a role? World J Gastroenterol 2014; 
20: 11496–11504.

 13. Pierdominici M, Maselli A, Varano B, et al. 
Linking estrogen receptor β expression with 
inflammatory bowel disease activity. Oncotarget 
2015; 6: 40443–40451.

 14. Zielinska M, Fichna J, Bashashati M, et al. G 
protein-coupled estrogen receptor and estrogen 
receptor ligands regulate colonic motility and 
visceral pain. Neurogastroenterol Motil. Epub 
ahead of print 12 February 2017. DOI: 10.1111/
nmo.13025.

 15. Qin B, Dong L, Guo X, et al. Expression of G 
protein-coupled estrogen receptor in irritable 
bowel syndrome and its clinical significance. Int J 
Clin Exp Pathol 2014; 7: 2238–2246.

 16. Rolston VS, Boroujerdi L, Long MD, et al. 
The influence of hormonal fluctuation on 
inflammatory bowel disease symptom severity—a 

https://journals.sagepub.com/home/tag
https://orcid.org/0000-0003-1513-7280
https://orcid.org/0000-0003-1513-7280


Therapeutic Advances in Gastroenterology 13

10 journals.sagepub.com/home/tag

cross-sectional cohort study. Inflamm Bowel Dis 
2018; 24: 387–393.

 17. Chaloner A and Greenwood-Van Meerveld B. 
Sexually dimorphic effects of unpredictable early 
life adversity on visceral pain behavior in a rodent 
model. J Pain 2013; 14: 270–280.

 18. Cao DY, Ji Y, Tang B, et al. Estrogen receptor β 
activation is antinociceptive in a model of visceral 
pain in the rat. J Pain 2012; 13: 685–694.

 19. Jacenik D, Cygankiewicz AI, Fichna J, et al. 
Estrogen signaling deregulation related with  
local immune response modulation in irritable 
bowel syndrome. Mol Cell Endocrinol 2018; 471: 
89–96.

 20. Bernstein MT, Graff LA, Avery L, et al. 
Gastrointestinal symptoms before and during 
menses in healthy women. BMC Womens Health 
2014; 14: 14.

 21. Heitkemper MM and Jarrett M. Pattern of 
gastrointestinal and somatic symptoms across 
the menstrual cycle. Gastroenterology 1992; 102: 
505–513.

 22. Jarrett M, Cain KC, Heitkemper M, et al. 
Relationship between gastrointestinal and 
dysmenorrheic symptoms at menses. Res Nurs 
Health 1996; 19: 45–51.

 23. Dajani EZ, Shahwan TG and Dajani NE. 
Prostaglandins and brain-gut axis. J Physiol 
Pharmacol 2003; 54(Suppl. 4): 155–164.

 24. Bianco V, Cestari AM, Casati D, et al. 
Premenstrual syndrome and beyond: lifestyle, 
nutrition, and personal facts. Minerva Ginecol 
2014; 66: 365–375.

 25. Walker JR, Ediger JP, Graff LA, et al. The 
Manitoba IBD cohort study: a population-based 
study of the prevalence of lifetime and 12-month 
anxiety and mood disorders. Am J Gastroenterol 
2008; 103: 1989–1997.

 26. Graff LA, Walker JR and Bernstein CN. 
Depression and anxiety in inflammatory 
bowel disease: a review of comorbidity and 
management. Inflamm Bowel Dis 200915: 
1105–1118.

 27. van den Brink G, Stapersma L and Vlug LE. 
Clinical disease activity is associated with anxiety 
and depressive symptoms in adolescents and 
young adults with inflammatory bowel disease. 
Aliment Pharmacol Ther 2018; 48: 358–369.

 28. Gawron LM, Goldberger A, Gawron AJ, et al. 
The impact of hormonal contraception on 
disease-related cyclical symptoms in women with 
inflammatory bowel diseases. Inflamm Bowel Dis 
2014; 20: 1729–1733.

Visit SAGE journals online 
journals.sagepub.com/
home/tag

SAGE journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

