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Abstract

Background & Aims—Low estrogen levels could contribute to development of fecal
incontinence (FI) in women after menopause by altering neuromuscular continence mechanisms.
However, studies have produced conflicting results on the association between menopausal
hormone therapy (MHT) and risk of FI.

Methods—We studied the association between MHT and risk of FI among 55,828 post-
menopausal women (mean age 73 years) who participated in the Nurses’ Health Study, enrolled
since 2008, with no report of FI. We defined incident FI as a report of at least 1 liquid or solid FI
episode per month during 4 years of follow up from self-administered, biennial questionnaires,
administered in 2010 and 2012. We used Cox proportional hazards models to calculate
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multivariate-adjusted hazard ratios (HRs) and 95% Cls for FI risk in women receiving MHT,
adjusting for potential confounding factors.

Results—During more than 185,000 person-years of follow up, there were 6834 cases of
incident FI. Compared with women who never used MHT, the multivariate HR for FI was 1.26
(95% CI, 1.18-1.34) for past users of MHT and 1.32 (95% ClI, 1.20-1.45) for current users. The
risk of FI increased with longer duration of MHT use (P trend <.0001) and decreased with time
since discontinuation. There was an increased risk of FI among women receiving MHT that
contained a combination of estrogen and progestin (HR, 1.37; 95% CI 1.10-1.70) compared to
estrogen monotherapy.

Conclusions—Current or past use of MHT was associated with a modestly increased risk of FI
among post-menopausal women in the Nurses’ Health Study. These results support a potential role
for exogenous estrogens in the impairment of the fecal continence mechanism.

Keywords
motility; menopause; estrogen; progestin

INTRODUCTION

Fecal incontinence (FI) is a common condition, with a prevalence ranging from 7-15%
among community-dwelling women, that rises with age.! FI is associated with a substantial
degree of embarrassment, hygiene issues, poor self-esteem, and significantly-impaired
quality of life.2 Although there is controversy as to whether women are more likely to
develop FI than men,® women potentially have unique risk factors for Fl, specifically anal
sphincter trauma secondary to obstetric injury and pelvic floor changes related to
menopause.

Because of the female predominance of those seeking care for FI and increased incidence
with age, there has been interest in delineating the possible effect of female sex hormones on
the function of the anorectum. Steroid hormone receptors have been mapped /n vitroto the
external anal sphincter,* smooth muscle of internal anal sphincter,> ¢ and connective tissue
of the anal canal® with some data showing increased estrogen receptors in the anorectum of
women with Fl compared to controls.” There are conflicting data linking exogenous
hormones in the form of menopausal hormone therapy (MHT) with FI. Some studies report
no association,8 9 an inverse association,19 or a positive association with F1.11- 12 However,
these studies are largely cross-sectional or retrospective and limited in size.

We therefore sought to prospectively examine the association between MHT and risk of
incident FI in a large, ongoing study of US postmenopausal women, the Nurses’ Health
Study. This cohort includes biennially-updated information on lifestyle factors, medical
diagnoses, and hormone exposure (including MHT) which allows for a comprehensive
examination of the possible role of MHT in the subsequent development of FI.
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Study population

Assessment

The Nurses’ Health Study is a prospective cohort that began in 1976 when 121,701 US
female registered nurses, aged 30-55, completed a self-administered, mailed questionnaire
regarding their health and lifestyle. Participants have received follow-up questionnaires
every 2 years to update information. Questions about FI were first included on the 2008
questionnaire, when all women were postmenopausal. From the 121,700 nurses in the
original cohort, 23,393 died prior to 2008, 13,587 were lost to follow up prior to 2008,
15,830 did not answer the long form of the questionnaire that included questions on FI, and
5,737 women did not report on their use of MHT. We also excluded 7,325 women who
reported baseline FI on the 2008 questionnaire. Thus, the analytic population for the current
analysis included 55,828 women (Figure 1). The study was approved by the Institutional
Review Board at Brigham and Women’s Hospital.

of menopausal hormone therapy use

On each biennial questionnaire, participants reported the number of months during the
previous two years when prescription MHT was taken, whether MHT was currently being
used, and the type of MHT preparation (estrogen, progestin, or combination therapy). All
women who used MHT did so using oral formulations.

Ascertainment of Fecal Incontinence

Assessment

On the 2008, 2010, and 2012 questionnaires, participants were asked “On average, how
often in the past year have you experience any amount of accidental bowel leakage?”
Response categories included “Never,” “Less than 1/month,” “1-3x/month,” “About once/
week,” “Several times/week,” or “Nearly daily.” Women were considered to have FI if they
reported incontinence of liquid or solid stool at least monthly.

of covariates

On each biennial questionnaire, participants were asked about lifestyle factors pertinent to
the risk of FI, including body weight, history of smoking, and physical activity. In 1988, we
also inquired about number of years working night shifts. Height was reported on the 1976
questionnaire. Participants were also asked on each questionnaire about medical factors
related to risk of fecal incontinence: parity, history of cholecystectomy (asked in 1982—
2002), diabetes mellitus, hypertension, and presence of neurologic disease, which was
defined as a diagnosis of amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS), or
Parkinson’s disease.

Because the presumed mechanism for MHT’s effects on risk of fecal incontinence is via
hormone exposure, we also included measures that were surrogates for cumulative
endogenous and exogenous estrogen exposure using available data on parity, age at
menarche, age at menopause, use of oral contraceptives, and ovulatory duration (calculated
by subtracting the sum of age at menarche, number of pregnancies, and duration of oral
contraceptive use from the age at menopause). Because rate of estrogen loss may affect Fl,
we also adjusted for type of menopause (natural vs. surgical/radiation-induced) to address
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the hypothesis that sudden loss of estrogen (as in surgical menopause) could have a greater
effect on risk of fecal incontinence than the more gradual decrease in estrogen levels seen
with natural menopause.

Statistical analysis

RESULTS

We calculated person-time for each participant 13-15 from the date of return of the 2008
questionnaire to the date of report of FI, date of the last questionnaire returned, death from
any cause, or June 1, 2012, whichever came first. We used Cox proportional hazards
modeling to calculate multivariable-adjusted hazard ratios (HR) and 95% confidence
intervals for incident fecal incontinence according to MHT use by current/past/never use,
duration of use, time since discontinuation among past users, and type of MHT used.
Because a history of hysterectomy may be associated with a differential risk of fecal
incontinence and altered patterns of MHT prescribing, we performed a sub-analysis limited
to women with a history of hysterectomy. We also varied the threshold for a case of FI to at
least weekly episodes in a separate subanalysis. In order to determine the effects of bowel
disturbances on the relationship between MHT and FI, we also performed separate analyses
examining the effect of MHT on risk of liquid orsolid stool FI alone. Covariates were
selected a prioribased on risk factors for fecal incontinence®: 16: 17 and factors affecting
lifetime hormone exposure as described above. Age, MHT use, duration of MHT use, time
since discontinuation of MHT, body mass index (BMI), activity level, smoking, and
diagnoses of diabetes mellitus, hypertension, or neurologic disease were included as time-
varying covariates to account for changes in these exposures over time. We adjusted for
static variables (parity, oral contraceptive use, age at menarche, age at menopause, and
ovulatory duration) based on their values in 2008. For any covariates in which data were
missing from an interval questionnaire (usually only a small percentage of women), the
values obtained from the previous questionnaire were carried forward. All statistical
analyses were performed using SAS Version 9.4 (SAS Institute, Cary, NC). Statistical
significance was defined by a two-sided p-value less than 0.05. All authors had access to the
study data and reviewed and approved the final manuscript.

From 2008 through 2012, we documented 6,834 incident cases of fecal incontinence (48%
liquid, 40% solid, and 12% liquid and solid FI) among 55,828 postmenopausal women who
contributed 185,794 person-years of follow up. From the study population, 2,548 women did
not respond to the FI question in 2010 and an additional 3,376 women did not respond to the
FI question in 2012. Compared with women who had never used MHT, current users were
younger at menopause, less likely to be obese, more likely to have used oral contraceptives,
more likely to have had surgical or radiation-induced menopause, and less likely to have
comorbid diabetes (Table 1). The full model is available in Supplementary Table 1. A
subanalysis of women with a history of hysterectomy did not demonstrate a significantly-
different risk of FI among current and past users of MHT compared to the overall
population.
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Compared with women who never used MHT, the age-adjusted HRs for incident FI were
1.32 (95% ClI, 1.20-1.45) for current users and 1.26 (95% CI, 1.18-1.34) for past users of
MHT. These risk estimates were only mildly attenuated by adjustment for risk factors for FI
(smoking, BMI, hypertension, diabetes, neurologic disease, cholecystectomy, parity) and
factors associated with hormone exposure (oral contraceptive use, age at menarche, age at
menopause, ovulatory duration, menopause type) (Table 2). In subgroup analyses of current
users, the association of MHT with incident FI varied by type of MHT preparation used.
Compared with current users of estrogen-only formulations, the multivariate HR for FI was
1.37 (95% CI 1.10-1.71) for current users of combined estrogen and progestin preparations.

The risk of FI appeared to increase with longer duration of MHT use, although short-term
MHT use remained associated with an increased risk of FI (Table 3). Compared with women
who had never used MHT, the multivariate-adjusted risk of FI was 1.22 (95% CI, 1.13-1.31)
for 1-5 years of use, 1.24 (95% ClI, 1.15-1.35) for 6-10 years of use, and 1.32 (95% ClI,
1.23-1.41) for more than 10 years of use (Ainear trend<0.0001). Because current users may
have been using MHT for a considerable amount of time, we performed a sensitivity
analysis examining the influence of duration of MHT use among current users only.
Compared to non-users, the multivariate-adjusted risk of FI was 1.42 (95% CI, 1.00-2.01)
for 1-5 years of use, 1.23 (95% ClI, 0.92-1.64) for 6-10 years of use, and 1.33 (95% ClI,
1.19-1.49) for more than 10 years of use (Binear trend<0.0001).

In analyses of time since discontinuation of MHT among past users of MHT in relation to
risk of incident FI (Table 4), we categorized time since discontinuation as recent (less than 2
years) or more distant (2+ years). Although compared to never users, women who had
discontinued MHT less than 2 years ago had an increased risk of FI (multivariate-adjusted
HR 1.25, 95% CI 1.17-1.34), women who had discontinued MHT two or more years prior
did not have a significantly increased risk of FI (multivariate-adjusted HR 1.08, 95% ClI
0.95-1.23).

The association of MHT with risk of FI did not appear to differ according to the consistency
of the stool. Compared to never users, current users of MHT had a multivariate HR of 1.27
(95% ClI 1.15-1.39) for solid stool FI and 1.30 (95% CI 1.18-1.42) for /iquid stool FI.

We examined the association of MHT with FI defined according to at least weekly incidents
of solid or liquid stool incontinence compared to at least monthly in the primary analysis and
observed consistent results. Compared with never users of MHT, the multivariate-adjusted
HRs for FI occurring at least once per week was 1.38 (95% CI 1.23-1.55) for current users
and 1.24 (95% CI 1.15-1.34) for past users. The association of duration of MHT use was
also relatively unchanged. Compared with women who had never used MHT, the
multivariate-adjusted risk of FI occurring at least once per week was 1.17 (95% CI, 1.07-
1.29) for 1-5 years of use, 1.26 (95% CI, 1.14-1.39) for 6-10 years of use, and 1.31 (95%
Cl, 1.21-1.43) for more than 10 years of use (Pjinear trend<0.0001). Finally, the multivariate
HR for FI occurring at least once per week was HR 1.33 (95% CI 1.01-1.76) for
combination MHT users compared to estrogen-only formulation users).
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We also examined the association of women who first initiated MHT in 2008 on risk of
incident FI in the subsequent 4 years. Results were largely similar to those in the primary
analysis although statistical power was limited. Compared to non-users, initiation of MHT in
2008 was associated with a multivariate-adjusted HR of 1.60 (95% Cl, 0.94-2.72).

DISCUSSION

In this large prospective cohort of postmenopausal women, current and past use of MHT was
associated with a modestly increased risk of FI. This association persisted even after
adjustment for known risk factors for FI. Additionally, the risk of FI increased with longer
duration of MHT use and was progressively attenuated among past users in relation to
increasing time since discontinuation of MHT. We saw a relatively greater effect of
combination (estrogen plus progestin) MHT compared to estrogen MHT alone on risk of FI.

Our data are consistent with a prior, cross-sectional study that showed that current, estrogen-
based MHT use was associated with 1.3 greater odds of FI.12 However, our results contrast
with two studies that have shown no association between FI and MHT.8: @ However, these
studies were also smaller in size (2,800 and 283 participants), cross-sectional rather than
prospective, and were unable to rigorously control for other factors related to cumulative
estrogen exposure. An earlier prospective study also found an improvement in symptomatic
control in addition to improved anal resting and squeeze pressures with 6 months of MHT.10
This study was severely limited by its small size (n=20) and short duration of follow up (6
months). Moreover, a plausible mechanism for the improvement in FI seen in this data
compared with increased incident FI in our results could be time-dependent expression of
estrogen receptors. The short-time scale of the earlier study may reflect a period in which
the estrogen receptor population in the anorectum is increased by exogenous estrogen
therapy.” Conversely, long-term MHT results in significant downregulation of estrogen
receptors in the same tissue and could explain the temporal tends seen in our data with
increasing risk of FI with longer duration of MHT.”

Our results are also biologically plausible. Conventional wisdom and earlier studies in tissue
models presumed that exogenous replacement of diminishing estrogen levels could be
beneficial to tissues with significant estrogenization, such as the pelvic floor;*-8 indeed,
physiologic levels of sex hormones have been proposed to be involved in the development
and maintenance of the epithelial, muscular, and connective tissue components of the pelvic
floor tissues where sex receptors have been localized.5: 18 However, two large, randomized
controlled trials demonstrated that MHT was associated with an increased risk of urinary
incontinence,1% 20 and we found similar results in a parallel cohort of younger women.21
The mechanism for this association has been hypothesized to be related to estrogen’s effects
on connective tissue rather than smooth muscle. Similarly, in other studies, 6 months of
estrogen-based MHT in postmenopausal women resulted in an increase in vaginal matrix
metalloproteinase-2 activity with resultant degradation of collagen. A similar process may
also affect the anorectum, where estrogen receptors are a known feature of the connective
tissue of the internal anal sphincter and levator ani.> 7 These structures represent two of the
major involuntary mechanisms involved in the maintenance of fecal continence via resting
anal tone and creation of the anorectal angle, respectively.1” Estrogen-mediated loss of the
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supportive connective tissue of these structures could result in ineffective contractions and/or
excessive pelvic floor laxity.

Progestin is known to increase estrogen receptor expression of the anorectum. Thus, the
increased risk of FI with combination MHT (estrogen plus progestin) compared with
estrogen-only therapy may also suggest that the association of MHT with FI may be
mediated by progestins’ ability to augment the effects of estrogen on the anorectum, In
addition, progestin may influence the effects of estrogen directly at the nuclear level.” In a
series of physiologic studies, Behar and colleagues demonstrated that women with slow-
transit constipation may have an increased responsiveness to circulating progesterone levels
due to an overexpression of progesterone receptors in the circular muscle layer of the
colon.22. 23 However, the same group also found that progesterone treatment resulted in
downregulation of the serotonin reuptake transporter in non-constipated murine models—
leading to increased mucosal levels of 5-hydroxytryptamine (5-HT)—an important factor in
peristaltic activity of the colon.24 Thus, we could see a role for combination MHT in
increasing colonic motility, leading to FI in susceptible women.

Our study has several notable strengths. Most importantly, our prospective study design
avoided the potential recall and selection bias found in retrospective and case-control
studies. Additionally, we were able to control for important confounders with prospectively-
collected, detailed information on lifestyle factors known to be associated with fecal
incontinence and lifetime exposure to estrogen. Finally, we modeled MHT use using time-
varying exposures in our Cox models, which accounted for changes in hormone use over
time and minimized exposure misclassification, which could bias results to the null in other
studies.

Despite biologic plausibility, our results are surprising given that advancing age is the
strongest risk factor for FI and menopause is one of the milestone events in aging. Thus,
there should be some caution in the interpretation of our results. Importantly, our analysis
did not account for the effect of bowel disturbances, an important risk factor for FI.17
However, there was no significant difference in the association of MHT with risk of either
solid or liquid stool FI, with the latter a reasonable surrogate for women with chronic bowel
disturbances. Finally, our study is observational and therefore we cannot exclude the effect
of potential residual confounding. That said, multivariate adjustment for many known risk
factors for FI did not significantly alter our age-adjusted effect estimates. Finally, our study
is observational and therefore we cannot exclude the effect of potential residual
confounding. That said, multivariate adjustment for many known risk factors for FI did not
significantly alter our age-adjusted effect estimates. Additionally, our analysis demonstrating
decreased risk of FI with greater time since discontinuation of MHT suggests that MHT was
a discrete, temporal factor in the development of FI. Our HR of 1.32 for risk of FI among
current users of MHT is a modest increase in risk, though previous work from the same
cohort has shown that more commonly-accepted risk factors for FI have similar risks
(advanced age, odd ratio (OR) 1.28; BMI>30, OR 1.06; neurologic disease OR 1.32).22

Because the Nurses’ Health Study represents a highly-educated, health-literate group of
women, our results may not be representative of the population at large. Nurses notably may
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be more likely to report symptoms of FI compared to the general population secondary to
increased vigilance and recall of symptoms. However, this may influence the absolute
incidence of FI but not the relative incidence of FI according to MHT. Additionally, nurses
may perform rotating shift work, which has been associated with an increased likelihood of
irritable bowel syndrome (IBS) that has been shown to be independent of sleep quality?3 as
well as correlated with increased psychosocial stress.24 Nevertheless, previous studies from
this cohort have demonstrated that the prevalence of other lifestyle factors associated with
risk of FI, such as body mass index and smoking status, closely mirror that of the general
population. 2% 26 Additional analyses in which we additionally adjusted for the cumulative
time performing rotating shifts did not materially alter our results. Moreover, the incidence
rate of FI in our large cohort is consistent with other reports of fecal incontinence in the US
population.2” Nonetheless, there are racial differences in prevalence and incidence of
incontinence and so our results may not be applicable to non-white women. Our analysis
also only examined women using systemic MHT. We were unable to analyze the effects of
topical estrogen formulations, which may have a differential effect on risk of Fl in this
population. It is possible that some women were using topical formulations that have not
been accounted for in our analysis. However, any potential misclassification of the exposure
would attenuate our risk estimates toward the null. A small randomized, placebo-controlled
study demonstrated improved continence in postmenopausal women with FI who were
treated with topical estrogen therapy, but the difference failed to reach statistical
significance.28

In summary, in this large, prospective cohort of postmenopausal women, MHT was
associated with a modestly increased risk of fecal incontinence, which was somewhat
enhanced by longer duration of use and was increased by use of combination hormone
preparations. Because of other risks already known to be associated with MHT,29
prescribing patterns of MHT have shifted to use in selected women with severe symptoms
for short durations. If these findings are coroborated by others, our study may add to the list
of potential adverse effects that should be weighed carefully by prescribers and patients
considering MHT. Moreover, identifying an increased risk of fecal incontinence with MHT
could help to illuminate the basic mechanisms that underlie continence and may eventually
inform novel therapeutic targets.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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68,890 participants
eligible for inclusion
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Missing MHT use
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Reported antecedent fecal
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v
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eligible for analyses
during follow up

Figure 1.
Flow of eligible participants into the study
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Table 1

Characteristics of postmenopausal women in the Nurses’ Health Study according to menopausal hormone
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therapy use in 2008

Menopausal Hormone Therapy Use
Never (N=12,538) Past (N=36,762) Current (N=6,528)

Age (y), mean (SD) 73.5(6.8) 73.0 (6.6) 71.0 (6.2)

Age range (y) 61.5-89.0 61.5-89.3 61.5-88.6
Race (% nonwhite) 6 6 4
Age (y) at menopause, mean (SD) 50.8 (7.8) 48.0 (7.3) 46.6 (8.9)
BMI (%), kg/m?

<20 6 7 7

20-24.9 34 38 46

25-29.9 33 33 31

230 27 22 16
Leisure-time exercise (%)

<4 MET.Sa' 21 18 15

4-7 METs 13 12 10

>8METs 66 70 75
Smoking (%)

Never 47 45 47

Past 46 50 49

Current 7 5 4
Age (y) at menarche (%)

<10 6 6 6

11 16 17 16

12 27 27 27

13 31 31 32

214 19 19 19
Ever used oral contraceptives (%) 42 54 63
Parity (%)

0 5 5 7

1 7 7 8

2 27 30 34

23 62 58 51
Menopause type (%)

Natural 75 55 40

Surgical/radiation 25 45 60
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Menopausal Hormone Therapy Use

Never (N=12,538) Past (N=36,762) Current (N=6,528)

Diabetes Mellitus (%) 11 10 6
Hypertension (%) 50 52 48
Neurologic disease? (%) 2 3 1
Cholecystectomy (%) 15 18 17

NOTE: Values are means (SD) or percentages.
a . .
MET= metabolic equivalent of task

Defined as a confirmed diagnosis of amyotrophic lateral sclerosis, multiple sclerosis, or Parkinson’s disease
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Table 2

Menopausal hormone therapy use and risk of incident fecal incontinence

Menopausal Hormone Use Status

Never  Past Current
Person-years of follow up 41,870 123,119 20,805
No. of cases 1,304 4,810 720
Age-adjusted HR (95% CI) 1.00 1.30 (1.22-1.38) 1.32(1.21-1.45)

Multivariate-adjusted HR (95% C1)2: 1.00 126 (1.18-1.34)  1.32(1.20-1.45)

aModeIs adjusted for age (months), age at menopause (years), smoking (never, past, current), BMI (<20, 20-24.9, 25-29.9, >30 kg/m2), oral
contraceptive use (never, ever), parity (0, 1, 2, 23), age at menarche (<10, 11, 12, 13, >14), menopause type (natural, surgical/radiation), ovulatory
duration (<24 years, 24-29 years, 29-33 years, 234 years), hypertension (yes/no), diabetes mellitus (yes/no), neurologic disease (yes/no), years
working night shifts, and history of cholecystectomy (yes/no).
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Table 4

Time since discontinuation of menopausal hormone therapy among women who stopped taking hormones and
risk of incident fecal incontinence

Years since discontinuation

Never =2 <2 Current
Person-years of follow up 41,870 4,780 110,746 20,805
No. of cases 1304 251 4,097 720
Age-adjusted HR (95% CI) 1.00 1.14 (1.00-1.30) 1.29(1.21-1.37) 1.34(1.22-1.47)

Multivariate-adjusted HR (95% Cl)@ 100 1.08(0.95-1.23) 125 (1.17-1.34) 134 (122-147)

aModeIs adjusted for age (months), age at menopause (years), smoking (never, past, current), BMI (<20, 20-24.9, 25-29.9, >30 kg/mz), oral
contraceptive use (never, ever), parity (0, 1, 2, 23), age at menarche (?<10, 11, 12, 13, 214), menopause type (natural, surgical/radiation), ovulatory
duration (<24 years, 24-29 years, 29-33 years, =34 years), hypertension (yes/no), diabetes mellitus (yes/no), neurologic disease (yes/no), years
working night shifts, and history of cholecystectomy (yes/no).

There were 4,828 women with missing data on time since discontinuation of MHT representing 462 cases of fecal incontinence who were not
included in this analysis.
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