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Abstract
Background—An increase in gastrointestinal (GI) symptoms, including bowel discomfort,
abdominal pain/discomfort, bloating, and alterations in bowel patterns, has been reported during
premenses and menses menstrual cycle phases and the perimenopause period in women with and
without irritable bowel syndrome (IBS).

Objective—This article reviews the literature related to one possible physiological mechanism—
declining or low ovarian hormone levels—that may underlie the occurrence or exacerbations of
abdominal pain/discomfort at times of low ovarian hormones (menses, menopause) in women with
or without IBS.

Methods—To identify English-only review and data-based articles, PubMed was searched
between January 1980 and September 2008 using the following terms: irritable bowel syndrome,
functional gastrointestinal disorders, gastrointestinal motility, immune, pain, hyperalgesia,
menstrual cycle, menopause, pregnancy, estrogen, estradiol (E2), and progesterone. Studies in
animals and in humans were included; drug trials were excluded.

Results—From our review of the literature, 18 papers were identified that were related either to
the mechanisms accounting for menstrual cycle fluctuations (n = 12) or to the impact of
menopausal status on symptoms of IBS (n = 6). One study reported that visceral pain sensitivity
was significantly higher during menses than at other menstrual cycle phases in women with IBS
(P < 0.05). Other menstrual cycle phase–linked symptoms, dysmenorrheal symptoms (cramping
pain) in particular, were more intense in women with IBS. Animal studies have shed some light on
the relationship of ovarian hormones to GI sensorimotor function.

Conclusion—The increase in GI symptoms around the time of menses and early menopause
occurs at times of declining or low ovarian hormones, suggesting that estrogen and progesterone
withdrawal may contribute either directly or indirectly. This review highlights the need for
confirmatory preclinical and clinical studies to unravel the role of ovarian hormones in women
with IBS.
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INTRODUCTION
Irritable bowel syndrome (IBS) is a gastrointestinal (GI) sensory and motility disorder
characterized by abdominal pain or discomfort associated with a change in bowel habits.
The Rome III diagnostic criteria define the abdominal pain or discomfort of IBS as
originating 6 months before diagnosis, being currently active for 3 months, and being
associated with at least 2 of 3 features: (1) relieved with defecation; (2) onset associated
with change in stool frequency; and (3) onset associated with change in stool form.1 IBS is
subclassified based on stool consistency as IBS with constipation, IBS with diarrhea, or IBS
with mixed or alternating constipation and diarrhea. The underlying pathophysiology of IBS
has not been fully elucidated. Physiological abnormalities may include increased visceral
sensitivity; impaired GI motility; imbalanced autonomic nervous system function; disrupted
intestinal flora, including potential small intestinal bacterial overgrowth; and altered
intestinal secretion.1,2

IBS is highly prevalent and affects 10% to 15% of the Western population.3,4 Population
studies have reported that the occurrence of IBS seems to be related to sex and age, but not
to race. In Western cultures, the proportion of women seeking health care services for IBS is
approximately twice that of men.3–5 A recently published 10-year natural history survey
assessed symptoms and factors that influence consultation behavior in IBS patients.6 Female
gender, in addition to lower quality of life and presence of dyspepsia, was found to be a
significant independent risk factor for new-onset IBS (odds ratio [OR] = 2.14; 95% CI,
1.56–2.94). The majority of women with IBS who seek health care are of reproductive age.
However, population surveys have reported that the prevalence of IBS declined after the age
of 40 years.7,8 In analyzing the United Kingdom General Practice Research Database,
Garcia Rodriquez et al9 found that although there was a much higher incidence rate of IBS
diagnosed in women than in men in young adulthood, there was a steady decline with age
among women, converging with the incidence rate in men by the seventh decade of life. In
contrast, the incidence in men remained relatively stable between the ages of 20 and 69
years. Whether this decrease in IBS incidence with age in women is linked to declines in
ovarian hormone levels is not known. Population surveys have also noted that women more
frequently reported abdominal pain than did men.9,10 Furthermore, studies have found that
within the general as well as the IBS patient population, women were more likely to report
nonpainful symptoms (eg, bloating, abdominal distention) than were men.10,11 There is
increasing evidence that physiological differences (eg, ovarian vs testicular hormones)
between men and women may contribute, at least in part, to the gender gap in abdominal
pain and IBS symptom reporting.11

There are multiple points at which gonadal hormones may influence visceral pain/
discomfort sensations.11 The etiology of IBS is multifaceted, with potential abnormalities in
central and peripheral neural pathways and neurotransmitter systems. The interactions of
female gonadal hormones with the many pathways involved in pain transmission are
complex and occur at multiple levels, including primary afferents and neuromodulator
systems.12 Because of the range and multiplicity of these effects, potential mechanisms
underlying ovarian hormonal influence on pain perception or neural activity have been
difficult to elucidate.
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The severity of GI symptoms, including abdominal pain, altered bowel habits, and bloating,
varies across phases of the menstrual cycle as well as during the menopause transition in
some women with or without IBS or other functional bowel disorders (FBDs).13–15 This
review addresses one possible physiological mechanism, declining or low ovarian hormone
levels, that may underlie the occurrence or exacerbations of abdominal pain/discomfort
across the menstrual cycle and the perimenopause–early menopause transition in women
with or without IBS.

METHODS
PubMed was used to identify appropriate English-language review and data-based articles
published between January 1980 and September 2008. The following search terms were
used: irritable bowel syndrome, functional gastrointestinal disorders, gastrointestinal
motility, immune, pain, hyperalgesia, menstrual cycle, menopause, pregnancy, estrogen,
estradiol (E2), and progesterone. In addition to animal studies, both preclinical and clinical
studies were included. Drug trials were excluded.

RESULTS
Symptoms and Menstrual Cycle

Studies (n = 34,14 n = 369,15 n = 5816) of the relationship between menstrual cycle phase
and abdominal discomfort and pain symptoms indicate that premenses (days immediately
preceding the onset of menses) and menses, compared with other cycle phases, are periods
of increased complaints in women aged 19 to 37 years (Figure 1). Menses-related increases
in GI symptoms are noted both in women with and without FBDs such as IBS. A systematic
review of data from symptom-based questionnaires revealed that approximately one third of
otherwise asymptomatic women experienced GI symptoms at the time of menstruation.19 In
a descriptive correlational study of 30 healthy young women (mean age, 24.4 years),
abdominal pain increased in the early to midluteal phase and progressively worsened during
premenses and the menses phase.13 In this sample, back pain and headache negatively
correlated with progesterone levels (r = −0.42, P < 0.05; r = −0.41, P < 0.05, respectively),
whereas there were no significant relationships between levels of ovarian hormones and
mood symptoms.

Findings from a retrospective comparative study noted that women with FBDs reported an
increase in symptoms (abdominal pain, diarrhea, constipation) during premenses and menses
(OR = 1.1; 95% CI, 0.9–1.2) (P < 0.01).20 Chang et al21 found that ~40% of women with
IBS (n = 542) reported that their symptoms were influenced by the menstrual cycle. In
another prospective study, bloating was found to worsen premenstrually in up to two thirds
of women with IBS.22 Whitehead et al15 found that women with FBDs including IBS (n =
140) reported that their bowel symptoms were affected by menstruation to a greater degree
than did women without FBDs (P < 0.05). Because no differences were observed in
psychological test scores between women with or without FBDs, the increase in GI
symptoms likely had a physiological rather than a psychological basis. A more recent
prospective, descriptive study of Korean women (n = 193), however, found no significant
menstrual cycle phase differences in abdominal pain reports.23 Such differences may be
methodological (retrospective vs prospective measures) or cultural.

Much of the literature previously mentioned relied on symptom recall, in which women
were asked about their usual experiences at various cycle phases. Symptom recall may be
biased, with women frequently reporting their worst experience as well as their inherent
beliefs about the influence of the menstrual cycle.24 To address this issue, other
investigators have used a daily diary to study patterns of abdominal pain/discomfort
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symptoms, bowel function, mood, and somatic symptoms across the menstrual cycle in
women with or without FBDs. Data from one study that used a daily diary found that the
mean severity of GI symptoms was higher on both menses and nonmenses days (P < 0.05)
in those with IBS (n = 149) than in those without IBS (n = 42).18 Even when predominant
bowel pattern (ie, constipation, diarrhea, alternating predominant IBS) was considered, a
similar pattern of symptom reports was found. However, responses on daily diaries may also
be influenced by personal beliefs about menstruation.25

Gastrointestinal Symptoms and Oral Contraceptives
Given the hypothesis that the increase in abdominal pain/discomfort symptoms at premenses
and menses is the result of the natural decline in progesterone and estrogen levels during the
late luteal phase, a logical extension might be that women who have regulated hormone
levels (ie, due to oral contraceptives [OCs]) would not experience an increase in symptoms
at menses. Yet, in one prospective comparative study in women with IBS (n = 149) who
were taking OCs (monophasic or triphasic preparations), the subjects continued to
experience an increase in GI symptoms at menses.18 Overall, the women with IBS who were
taking OCs containing both estrogen and progestin appeared to have reduced levels of
abdominal pain/discomfort compared with the women with IBS who were not taking OCs
(mean [SD] symptom severity, 1.30 [0.70] vs 1.20 [0.76]; P = 0.025 unadjusted). After
adjusting for multiple comparisons, there were no significant differences between the
groups. Similar to the women not taking OCs, those who took OCs experienced a decrease
in ovarian hormone levels before menses.26 Studies with continuous OCs would help to
determine if steady levels of ovarian hormones are associated with a greater reduction in
abdominal pain and other IBS symptoms.

Visceral Sensitivity
Enhanced visceral perception has been reported in IBS patients compared with healthy
controls.27–29 Three studies assessed sex differences in lower GI perception in IBS
patients,30–32 although menstrual cycle phase and hormonal therapy were not measured. In a
study of 52 adult women and men with IBS (39 women, total sample median age 40 years),
Ragnarsson et al30 reported that women had a more pronounced decrease in maximal
tolerable rectal distention than did men (mean pressure threshold cm H2O before and after
meal [range], 46 [20–70] to 41 [20–70] vs 46 [30–60] to 45 [30–60]; P < 0.05). Chang et
al32 compared 58 patients with IBS (34 men, 24 women) and 26 controls (9 men, 17
women) (total sample mean [SD] age, 42 [1] years) on perception of rectosigmoid stimuli.
They found that women with IBS had lower discomfort thresholds for phasic rectal
distention compared with their male counterparts (P < 0.01) and healthy controls (P <
0.001). In addition, they reported that although healthy women had reduced baseline
perceptual responses (decreased sensitivity), women as a group, regardless of a diagnosis of
IBS, had evidence of sensitization after repeated noxious sigmoid stimulation, compared
with men (Figure 2). In contrast, no significant gender differences were found between IBS
and controls in a study by Kim et al,31 in which sensory thresholds were compared in a
Korean sample of men and women with IBS (n = 28 and n = 31, respectively) and without
IBS (n = 10 and n = 12) using a dual-drive barostat. However, pain thresholds were not
measured and a slow ramp distention paradigm was used, which has not been found to elicit
differences between IBS and controls.33

A limited number of studies have examined visceral pain perception across the menstrual
cycle. In a study comparing selected menstrual cycle stages (menses, days 1–4; follicular,
days 8–10; luteal, days 18–20; and premenses, days 24–28) in healthy females (N = 20), no
significant changes in rectal sensitivity, distention-induced rectal motility, or rectal
compliance were observed, despite looser stools at menses (mean 2.32; 95% CI, 2.1–2.5).34
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However, in a subsequent study of women with IBS (N = 29), Houghton et al35 found that
rectal sensitivity (induced by distention of a rectal balloon controlled by a barostat) was
increased at menses compared with all other cycle phases (P < 0.05). This is consistent with
the hypothesis that reduced or decreasing ovarian hormones may contribute to pain
sensitivity.

Ovarian Hormones and Pain Sensitivity
As noted previously, the relationships between gonadal hormones and somatic and visceral
pain sensitivity in humans are complex. Stening et al36 used a cold pressor stimulus with 16
healthy volunteers (mean age, 27 years) to compare menstrual cycle phase points (early
follicular, late follicular, early luteal, late luteal [second cycle]). Cycle phases were verified
by estrogen and progesterone assays and subject diaries. The time to reach 30 on a visual
analogue scale (0 = no pain to 100 = maximum pain) was decreased during the luteal phase
compared with the other phases (P < 0.05). When the investigators examined the
relationships among the levels of ovarian hormones collected on the day of testing with the
cold pressor results, marked differences were noted. In particular, increased levels of
progesterone during the luteal phase were related to increased reports of pain intensity.
However, this relationship was reduced after controlling for increasing estradiol (E2) levels.
Thus, E2 and progesterone may play both antinociceptive and pronociceptive roles,
depending on their relative concentrations as well as the duration of exposure. It can also be
conjectured that it is the dynamic changes of gonadal hormones as well as their absolute
levels that may contribute to somatic pain sensitivity differences across the menstrual cycle.

Sex differences in pain in humans and animals are well described.37,38 Animal experiments
have reported that gonadal steroids substantially influence visceral and somatic sensitivity to
a variety of painful stimuli.37–44 In rodents, the response sensitivities of afferent fibers in the
pelvic and hypogastric nerves are differentially affected by hormonal variations occurring
across the estrous cycle.45 There is increased sensitivity to ureter stimuli during the
metestrus/diestrus cycle phase, which corresponds to the perimenstrual phase in women.39

Other studies have examined the absence of ovarian hormones on visceral pain sensitivity.
Approximately 4 weeks after surgery, Sanoja and Cervero40 found that female mice that
underwent an ovariectomy subsequently developed robust mechanical hyperalgesia and
allodynia in the abdomen, hind limbs, and proximal tail, but not in the forelimbs. Estrogen
replacement prevented the development of hyperalgesia after ovariectomy.

At each of the sensory pathway components (ie, afferent nerve fibers, spinal cord, central
nervous system [CNS]), ovarian hormones can modulate the response to painful or noxious
stimuli. In rodents, the response sensitivities of afferent fibers in the pelvic and hypogastric
nerves are differentially affected by hormonal variations occurring across the estrous
cycle.40,45 There are, however, other animal studies that have reported increased sensitivity
due to estrogen-dependent pathways. For example, in one study, ovariectomy abolished
restraint stress-induced visceral hypersensitivity produced by colorectal distention in cycling
female rats via neurokinin-1 receptor activation.41 Ovariectomy plus the administration of
17β-E2 or 17β-E2 plus progesterone, but not progesterone alone, was associated with stress-
induced hypersensitivity. There may be a number of reasons for the seemingly conflicting
reports of the role of estrogen and viscerosomatic hypersensitivity. The neuronal effects of
estrogen are both rapid and, due to its genomic effects, prolonged. In women, the exposure
to higher as well as lower levels of estrogen and progesterone relative to the estrous cycle of
rodent models is greater. Thus, additional studies that consider these 2 potential routes for
estrogen’s action are needed.

Gonadal hormones may exert their pain sensitivity effects via a variety of mediators
including serotonin (5-hydroxytryptamine [5-HT]), which is ubiquitous throughout the GI
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tract. Clinical trials illustrate the role of 5-HT in abdominal pain perception as well as
motility in the GI tract.46,47 In the rat CNS, the estrous cycle influences the expression of
tryptophan hydroxylase, the synthetic enzyme for 5-HT.48 In a study of 39 women with IBS
diarrhea (mean age, 33.4 years) and 20 healthy volunteers (mean age, 28.2 years) during the
luteal phase, fasting levels of platelet-depleted plasma 5-HT concentrations were not
significantly different between the 2 groups.49 However, ingestion of a standardized meal
produced a greater increase in 5-HT concentrations in the women with IBS diarrhea
compared with the healthy subjects (adjusted geometric mean, 211.3 h × nmol/L vs 151.1 h
× nmol/L; P = 0.04). In a follow-up study, platelet-free 5-HT levels were measured in
women with IBS diarrhea at menses (n = 16) and at the luteal phase (n = 39) and in men
with IBS (n = 18) (age range, 18–52 years). Under fasting and fed conditions, men with IBS
and women with IBS who were studied during the luteal phase, but not at menses, had
significant elevations in platelet-poor 5-HT after standardized meal ingestion (P < 0.05),
compared with healthy men (n = 24; age range, 18–46 years) and women (n = 40; age range,
19–50 years).50 Furthermore, men with IBS had higher 5-HT levels than did women with
IBS at menses.

Estrogens are also known to enhance serotonergic postsynaptic responsiveness in the CNS.
Al- though less is known about their influence on neurotransmission in the GI tract, ovarian
hormones have been reported to influence the expression of 5-HT3 receptors in rat colon
with restraint stress-induced bowel dysfunction. Li et al51 noted that the expression of 5-HT3
receptor mRNA was significantly decreased in rats after E2 plus progesterone treatment
compared with sham-treated ovariectomized rats (mean [SD], 0.65 [0.05] vs 0.85 [0.06]; P <
0.01). There was a trend toward lower expression of 5-HT3 receptor mRNA in the colon
with increasing serum levels of E2 and progesterone. These preclinical observations are
consistent with observed increases in GI symptoms, including bowel discomfort or pain,
during premenses and menses in women with or without IBS.

5-HT3 receptors are expressed on intrinsic primary afferent nerves and on both extrinsic
spinal receptors and vagal primary afferent nerves. 5-HT3 located on the central terminals of
spinal afferents are believed to be involved in the mediation of descending pain facilitatory
pathways.52 Furthermore, antagonists of 5-HT3 receptors (eg, alosetron) have been found to
be efficacious in the treatment of IBS, including the relief of abdominal pain and
discomfort.53,54 Clinical trials of a 5-HT3 receptor antagonist (alosetron) have also reported
a sex difference in therapeutic efficacy. It is not known if there is a sex-related difference in
5-HT3 receptor expression accounting for the more robust symptom relief with alosetron
observed in women with IBS relative to men with IBS. However, other reasons to explain
this sex difference include that alosetron clearance is 28% lower in women, resulting in
~30% to 50% higher concentrations in women compared with men for a given dose,55 and
greater 5-HT synthesis in certain brain regions in men with IBS (n = 6) compared with
women with IBS (n = 5), when both received treatment with alosetron (P < 0.05).56

Taken together, there is a conceivable link between abdominal pain, 5-HT3 receptors, and
ovarian hormones that merits further study.

Pain Sensitivity and Pregnancy
In addition to ovariectomy, pregnancy is another model with which to examine the role of
ovarian hormones in modulating pain. Pregnancy is a time of elevated ovarian hormone
levels as well as opioid-mediated antinociception. Cogan and Spinnato43 found that somatic
pain thresholds were elevated (ie, they experienced decreased sensitivity) in 6 pregnant
women at the end of their third trimester compared with 6 women who were not pregnant
(F1,10 = 14.46; P < 0.05). Gintzler and Liu,57 in a series of experiments using a
physiological pregnancy (increasing concentrations of estrogen and progesterone) rat model,
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observed a 60% increase in hypogastric nerve impulse propagation as well as activation of
spinal κ and δ opioid systems and α2-noradrenergic pathways. Hypogastric neurectomy
abolishes pregnancy-related antinociception, likely through loss of augmented α2-
noradrenergic tone.

Considerable preclinical and clinical evidence is consistent with the concept that female sex
hormones (estrogen, in particular), in interaction with neuroendocrine systems co-opted
from attachment/caregiving processes (such as opioids and oxytocin), may underlie
biobehavioral sex differences in response to stress.44,58–61

Viscero–Visceral Pain Sensitivity
Women with IBS report more extraintestinal conditions (eg, migraine, fibromyalgia)
compared with their male counterparts.62 Of particular interest is the overlap between IBS
and primary dysmenorrhea (painful menstruation). Women with dysmenorrhea report
significantly more GI symptoms occurring prior to or concurrent with uterine cramping pain
at menses than do nondysmenorrheic women (P < 0.05).20 Dysmenorrhea is one of the most
common problems identified in primary care clinics, with estimates as high as 90% in
menstruating women.62 Compared with those who do not have IBS, women with IBS are
more likely to receive a diagnosis of dysmenorrhea.14,63–66 In a prospective study, daily
diaries were used to record symptoms of women with IBS and coexisting self-reported
premenstrual syndrome symptoms (n = 59), dysmenorrhea (n = 15), and both premenstrual
syndrome symptoms and dysmenorrhea (n = 37).64 There was a significant group effect in
abdominal and stomach pain (P < 0.05) observed at the luteal phase, with the 3 groups
reporting more severe pain relative to an IBS-only group (n = 114). A similar, although
nonsignificant, effect in abdominal pain was noted at menses.

Primary dysmenorrhea is linked to an excess or imbalance of prostaglandins and arachidonic
acid metabolites originating in secretory endometrium during menstruation. A recent
prospective, non-comparative multicenter study of 406 women with dysmenorrhea found
that an estrogen-free OC was associated with resolution or improvement of dysmenorrhea
symptoms in 93% of patients.67

Similar findings of increased sensitivity to painful stimuli at menses have been observed in
women with dysmenorrhea.68 Bajaj et al69 reported significantly reduced somatosensory
pain thresholds to nociceptive heat, pressure, and pinch stimuli (P < 0.05), both within and
outside areas of referred menstrual pain at menses, compared with other cycle phases
(ovulatory, luteal, premenstrual) in women with dysmenorrhea (n = 15; mean age, 25 years)
versus women without dysmenorrhea (n = 15; mean age, 28 years). Similar findings were
noted by Brinkert et al,68 who compared 11 women with dysmenorrhea with 10 healthy age-
matched controls. Significantly lower distention volume detection (57%) and pain thresholds
(39%) were observed in dysmenorrheic women (P < 0.05), particularly in the sigmoid colon.
However, no significant differences were found in electrical stimulation pain thresholds.

Although colonic perception in dysmenorrhea needs to be further assessed in high-quality
studies with larger sample sizes, the fact that increased colonic perception is noted midcycle
(no measurement was made premenses or at menses) suggests that an inherent viscero–
visceral hyperalgesia may be present and requires further exploration. For example, does
excessive uterine contractility sensitize peripheral afferents or spinal cord elements? Or is
the overall sensitivity to visceral afferent input due to alterations in descending inhibitory
regulation? In addition, is the subclinical intestinal hypersensitivity noted in women with
dysmenorrhea greater during premenses or menses when ovarian hormone levels are
decreasing or low? Potent cross-system, viscero–visceral interactions in which
pathophysiology in one organ influences physiology including pain sensitivity in another
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organ has been reported between the vagina, uterus, and urinary system in animal models of
endometriosis and uterine inflammation, and between the colon and bladder in animal
models of colon and bladder irritation.70–72

There are limited data on the overlap of IBS and endometriosis. In one study, 50 women
with IBS were compared with 52 gynecology patients (21 with chronic pelvic pain, 30 with
endometriosis).73 Based on responses to the symptom questionnaire, women with IBS
reported significantly more upper abdominal pain (P < 0.001; 95% CI, 1.2–68.6), colicky
pain (P < 0.001; 95% CI, 2.2–114), and altered bowel habits (eg, pasty stools) (P < 0.001;
95% CI, 3.5–55.6) than did patients with laparoscopically confirmed endometriosis or pelvic
inflammatory disease. However, there are additional reports that patients with endometriosis
and intestinal involvement, and even those without intestinal involvement, have symptoms
of IBS.74–76 In fact, 32% of women who had chronic pelvic pain and suspected
endometriosis without bowel lesions (n = 362) met Rome II criteria for IBS.74,75 Similar to
dysmenorrhea, the pathogenesis of endometriosis has been linked to E2. Endometriosis is
associated with inflammatory changes in the peritoneal fluid. In women with endometriosis,
high levels of E2 are believed to increase chemokine secretion, which has been identified as
a potential contributor to the pathogenesis and the progression of endometriosis.77

An overall association of low-grade mucosal immune activation and IBS symptoms has
been suggested. There is evidence of small increases in immune cells, such as T
lymphocytes and mast cells, in the intestinal mucosa of patients with IBS and a history of
gastroenteritis (ie, postinfectious IBS78) and in a subset of patients with IBS but without a
previous GI infection.79–81 Female sex is an independent risk factor for developing
postinfectious IBS.80 Enthusiasm for this hypothesis is furthered by the finding that mast
cells in close proximity to mucosal nerve fibers and their mediators are associated with
abdominal pain.81 The number of colonic mucosal mast cells was found to be higher in
women with IBS (n = 31) than in men with IBS (n = 13) (46%; P < 0.05).82 It is not known
whether sex differences in immune function or reactivity are related to the increased
reporting of abdominal pain, increased prevalence of IBS, or greater vulnerability to
developing post-infectious IBS in women.

The cumulative findings that females produce stronger cellular and humoral immune
reactions, have a greater resistance to bacterial infections, and are more likely to develop
autoimmune diseases compared with males, and that symptoms of these conditions are
affected by reproductive status and menstrual cycle, support the evidence of sex differences
in immune responses.81–83 A comprehensive review of the role of estrogen in inflammation
and immune function was recently published. Straub84 concluded that depending on its level
at a given point in time (menstrual cycle phase, pregnancy, menopause status), estrogen
influences important proinflammatory and anti-inflammatory pathways. For example,
pregnancy levels of E2 typically inhibit proinflammatory cytokines, but low levels have no,
or even stimulatory, effects. Thus, postmenopausal women could be more vulnerable to a
proinflammatory condition.

Together, these findings suggest a possible association of ovarian hormones in IBS and
other pelvic visceral pain disorders, such as dysmenorrhea and endometriosis, that
frequently coexist with IBS. Women with IBS are likely to experience an increase in
abdominal pain and bowel symptoms at a time of declining or low ovarian hormone levels.
Whether this is a direct effect of hormone withdrawal on various sensorimotor (ie,
perception, motility) or immune-related mechanisms remains to be elucidated.

Further studies are needed to determine if gender differences in immune function play a
pathogenic role in IBS, and if these differences could, in part, along with estrogen and
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progesterone interactions with the hypothalamic-pituitary-adrenal axis, autonomic nervous
system, and sensory afferent pathways, explain women’s increased vulnerability to
developing IBS.85

Furthermore, the question remains as to whether menses-linked increases in GI and other
somatic and visceral pain symptoms are due to sensitivity to dynamic changes in ovarian
hormones in women. The answer to this question will require better approaches than are
currently employed. In their review of research on somatic pain and the menstrual cycle,
Sherman and LeResche86 recommended that future studies adopt a standardized approach to
defining cycle phases, such as the use of luteinizing hormone assessments to detect
ovulation, direct measurement of hormones on a day-to-day basis, exclusion of women who
are taking exogenous hormone preparations, and utilization of a standardized pain stimulus.
These same criteria would allow for better clarification of the roles of ovarian hormones in
GI pain/discomfort reports.

Gastrointestinal Symptoms and Menopause
The natural process of menopause provides another model for addressing the question of
whether declining or low levels of estrogen and progesterone play a role in abdominal pain/
discomfort symptoms. However, the transition to menopause is highly variable from woman
to woman. Fluctuations occur in hypothalamus (gonadotropin- releasing hormone), pituitary
(follicle-stimulating hormone), and ovarian hormone levels in addition to a conversion from
ovarian E2 production to adrenal estrogen (estriol) production. Despite these well-
established physiological changes, little is known about the impact of the menopause
transition on FBDs including IBS.

Several reports provide somewhat conflicting evidence. Triadafilopoulos et al87 surveyed
premenopausal (n = 58) and postmenopausal (n = 170) women in a primary care practice
and compared the percentages of women in clustered age groups (20–29, 30–39, 40–49, 50–
59, 60–69 years). They found that perimenopausal and postmenopausal women had a high
prevalence (38% vs 14% for premenopausal women) of self-reported altered bowel function
(P < 0.001). The prevalence (36%) of IBS-type complaints peaked in the aged 40 to 49
group. Cain et al88 used a daily diary with men (n = 32; mean age, 41.2 years), menstruating
women (n = 66; mean age, 32.9 years), and post-menopausal women (n = 66; mean age,
58.4 years), all of whom had IBS, to compare reports of GI, somatic, and psychological
distress. Postmenopausal women reported higher levels (percentage of days with moderate
to severe symptoms) of GI pain-related symptoms (abdominal distention, bloating, intestinal
gas) than did men (P < 0.05). However, when controlled for age, the differences in GI
discomfort symptoms became nonsignificant. Postmenopausal women also reported higher
levels of somatic discomfort symptoms (joint and muscle pain) than did men and
menstruating women (P < 0.05), and these differences persisted after controlling for age. In
contrast, there were no significant differences in psychological distress indicators (anxiety,
depression) among the 3 comparison groups (Figure 3).

In an analysis of the General Practice Research Database of women aged 50 to 69 years in
the United Kingdom, Ruigomez et al89 found that the incidence rate of IBS per 1000 person-
years was 3.8 among hormone replacement therapy (HRT) users compared with 1.7 in the
cohort of never-users. It is conceivable that female sex hormones have different
antinociceptive and pronociceptive effects on symptoms, based on absolute concentration of
or dynamic changes in hormone levels in the premenopausal versus postmenopausal state.
Another possible explanation is that women with IBS may be more likely to report various
perimenopausal and postmenopausal symptoms such as hot flashes and insomnia, and thus
may be prescribed HRTs to a greater degree.
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In clinical studies of IBS, information on menopause status or HRT use is often not
described. Women who have experienced hysterectomy or ovariectomy may be excluded
from studies of patients with IBS. One study utilizing a large American health maintenance
organization database (IBS, n = 3205; no IBS, n = 39,644) found an ~2-fold higher rate of
hysterectomy in women with IBS (IBS, n = 1063 [32%]; no IBS, n = 6751 [17%]).90

Similarly, a study in the United Kingdom noted a higher rate of hysterectomy in women
with IBS (OR = 1.6; 95% CI, 1.1–2.2) (P < 0.01).91 However, another more recent survey
conducted in the community failed to find higher rates of hysterectomy in white and African
American women with IBS.92

Because of the variability in age of menopause transition, age may not be an appropriate
surrogate marker for menopause transition stage. In 2001, the Stages of Reproductive Aging
Workshop developed bleeding and endocrine criteria to standardize the early-to-late
menopausal transition stages.93 The use of standardized criteria to denote late
perimenopausal, early menopausal, and late-menopausal periods may help to clarify the
relationship between ovarian hormones and symptom experiences in women with IBS.

CONCLUSIONS
Animal and human studies support a potential role for ovarian hormones in visceral pain
sensitivity and pelvic visceral pain conditions. It is possible that estrogen as well as
progesterone may have multiple effects that could vary at different stages in the reproductive
cycle. For example, estrogen may increase the vulnerability of women to develop IBS,
compared with men. However, the actual fluctuations in ovarian hormones may be more
related to changes in pain and nonpainful symptoms and to pain sensitivity within the
menstrual cycle.

Observations in women with IBS suggest that there may be links among GI symptoms,
including abdominal pain, motility/transit, visceral sensitivity, and the ovarian hormone
decline around menses. Both preclinical and clinical studies are needed to characterize the
multiple locations at which dynamic changes in ovarian hormones modulate contractility,
transit, visceral sensitivity, and immune function. The strong covariance of menstrual and
bowel symptoms suggests there may be a common physiological basis involving both
peripheral and central mechanisms. It can be hypothesized that in young adult women with
IBS, exacerbation of bowel symptoms and other somatic complaints at premenses and
menses may represent expressions of an overall increased somatic and visceral sensitivity
linked temporally to dynamic decreases in, or in low, ovarian hormones. Descriptive and
mechanistic studies that consider the stages of the menopause transition are required to
further clarify the roles of ovarian hormones in the development of GI symptoms.

This review addressed one avenue of inquiry in response to the question of one possible
physiological mechanism, declining or low ovarian hormone levels, that may underlie the
occurrence or exacerbations of abdominal pain/discomfort across the menstrual cycle and
the perimenopause–early menopause transition in women with or without IBS. A recent
consensus report that summarized what is currently known about sex and gender differences
in pain and analgesia stated that there are a number of clinical factors, other than gonadal
hormones, that are relevant to sex and gender influences on pain perception.94 These factors
include age; sociocultural and racial differences; previous pain and abuse history;
comorbidities; physical variables such as blood pressure, height and weight; and perceptions
and beliefs about pain, coping, and mood. With regard to IBS, additional physiological
effects of ovarian hormones on GI functions (including motility and secretion) also need to
be considered as potential areas of further investigation.
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Figure 1.
Patterns of mean (A) gastrointestinal (GI) symptoms (constipation, diarrhea, alternating) and
(B) abdominal pain alone (constipation, diarrhea, alternating) in Rome II subgroups across 6
menstrual cycle phases in women with and without irritable bowel syndrome. The
definitions of Rome II subgroups are based on 3 symptoms of constipation (hard stools, <3
stools/wk, straining) and diarrhea (loose or watery stools, >3 stools/d, urgency).17 Follic =
follicular phase; Pre-Ovul = preovulatory phase; Early-Lut = early-luteal phase; Mid-Lut =
midluteal phase; Pre-Mens = premenses phase. Adapted with permission.18
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Figure 2.
Sex differences in rectal thresholds at baseline (Pre-Sig) and after noxious sigmoid
distention (Post-Sig) in patients with irritable bowel syndrome (IBS) and healthy controls
(Ctrl). There was a significant interaction between sex and disease group (P < 0.01), and sex
and condition (P < 0.05). Adapted with permission.32
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Figure 3.
Scatterplots of percent of days (n = 28) when (A) gastrointestinal (GI) pain/discomfort, (B)
somatic, and (C) anxiety/depression symptoms were rated as moderate to severe in men and
women with irritable bowel syndrome. Reprinted with permission.88
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