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Abstract

Objective—The prevalence of obstructive sleep apnea (OSA) in women increases significantly
after menopause. However, identifying at-risk women in this population is difficult because they
tend to underreport symptoms and their complaints may differ from those traditionally associated
with OSA. We investigated whether OSA risk factors are associated with the presence of a “non-
traditional” complaint such as nocturnal enuresis in postmenopausal women.

Methods—A cross-sectional study of postmenopausal women ages 50-79, who participated in
the Women Health Initiative Observational and Clinical Trial Studies (1993-2005) at 40 Clinical
Centers in the United States, was performed. Multiple variable logistic regression analysis was
employed to determine the association of OSA risk factors with nocturnal enuresis.

Results—A cohort of 2,789 women (1.7%) reported having nocturnal enuresis. Obesity (Odds
ratio (OR)=2.29, 95% Confidence Interval (Cl) 2.00-2.62), snoring (OR=2.01, 95% CI 1.74-
2.32), poor sleep quality (OR=1.70, 95% CI 1.52-1.91), sleep fragmentation (OR=2.44, 95% ClI
2.14-2.79), daytime sleepiness (OR=1.50, 95% CI 1.33-1.68), and hypertension (OR=1.13, 95%
Cl 1.01-1.26) were associated with nocturnal enuresis. Each additional OSA risk factor in a
predefined OSA score significantly increased the odds of having nocturnal enuresis in a dose-
response fashion (OR=1.38, 2.00, 2.80, 3.87, 5.10, and 7.02 for scores of 1-6, respectively)
compared to no risk factors.

Conclusion—OSA risk factors are associated with nocturnal enuresis in postmenopausal
women. Mechanisms relating nocturnal enuresis to OSA may include apnea-associated changes of
intra-thoracic pressure leading to increased urine output. Questioning at-risk postmenopausal
women presenting with nocturnal enuresis about other OSA risk factors should be considered.
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Introduction

Obstructive Sleep Apnea (OSA) is characterized by repetitive upper airway closure,
resulting in disrupted sleep and nocturnal hypoxemia. Prolonged occurrence of frequent
cyclic oxygen desaturations during sleep is associated with adverse medical outcomes,
especially cardiovascular disease. Best prevalence estimates suggest that OSA affects 4% of
adult men and 2% of adult women. (1) Although OSA appears to predominantly affect men,
the risk for women to develop OSA increases significantly after menopause, (2) narrowing
the difference in gender prevalence. Redline et al (3) observed the ratio of men to women
reporting apnea in a community cohort to be 2:1, which is greater than the previously
reported ratio of 10:1 from a sleep laboratory cohort. This increase in risk may be attributed
to hormonal changes related to variation in estrogen and progesterone levels (4-5),
differences in airway collapsibility (6), changes in adiposity, or differential referral rates
between men and women for polysomnography. It has been hypothesized that men report
classic symptoms of OSA, which leads to referral for OSA evaluation, whereas women tend
to underreport their symptoms or report other atypical symptoms, directing the clinician to
the evaluation of depression or insomnia instead of OSA. (7) Underreporting of symptoms
in women may be due to a different perception of the disease process or due to the actual
differences in disease presentation. This highlights the importance of investigating whether
other “non-traditional” symptoms are associated with OSA in postmenopausal women.

Recognition of “non-traditional” symptoms in postmenopausal women may prompt earlier
evaluation for OSA in this population to reduce the risk of acquiring comorbid conditions
such as hypertension and cardiovascular disease, especially stroke. (8-9) Treatment of OSA
with PAP improves blood pressure control and cardiovascular morbidity and mortality. (10—
11) A recent study from the Women’s Health Initiative (WHI) demonstrated that short and
long sleep durations increase the risk of coronary heart disease (CHD) and cardiovascular
disease (CVD) in postmenopausal women. (12) This association may be linked to poor sleep
quality, which may be attributed to frequent arousals either from respiratory compromise or
urinary urgency. In this population, snoring, which is a symptom of OSA, has been
associated with a modest increase in risk for CHD, CVD, and stroke. (13)

Commonly reported symptoms of OSA include snoring, snorting, choking, gasping, periods
of interrupted breathing, morning headaches, diaphoresis during sleep, interrupted sleep, and
excessive daytime sleepiness. (14) Young et al provided a thorough review on risk factors
and symptoms of OSA. (15) Established risk factors that are associated with OSA include
obesity, central body fat distribution, large neck diameter, and craniofacial and upper airway
irregularities, such as tonsillar hypertrophy and retrognathia. They increase the one’s risk of
airway collapsibility during sleep by reducing airway diameter and lung volume. Other
associated risk factors include genetics, smoking, menopause, alcohol use before sleep, and
nighttime nasal congestion. They have been shown in a few epidemiological and small
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experimental studies to be associated with OSA, but causal relationships have not been
ascertained. (15)

Nocturia, waking up at night to urinate is a common urinary symptom of OSA. The overall
prevalence of nocturia is 47.8%, and the prevalence is greater in females. (16) It is of
interest to the clinician if one voids more than 2 times a night because sleep is disrupted.
(17) Previous investigation suggests that women seek medical attention when they void
more than 3 times a night. (18) The incidence of nocturia increases with age but appears to
be not affected with being postmenopausal. (19) As being an expected norm of aging,
pathologic nocturia is frequently overlooked. Nocturnal polyuria or pathological nocturia is
also associated with disorders, including chronic kidney disease, congestive heart failure,
neurological diseases, and venous insufficiency. (21) The increase in urination is mediated
by atrial natriuretic peptide (ANP), which causes increased excretion of sodium and water.
The release of ANP is triggered by the increase in negative intrathoracic pressure resulting
from inspiratory effort against a closed glottis and thus, distending the heart. (21) Screening
for nocturia is comparable to screening for snoring in recognizing high-risk patients for
OSA. (22) Nocturia is reversible with the application of positive airway pressure (PAP). (23)

Nocturnal enuresis, a possible surrogate for nocturia, is uncontrollable loss of urine during
sleep, and it may be the result of bladder dysfunction or altered anatomy. Its association with
OSA has been studied extensively in children. (24) We postulate that nocturnal enuresis
occurs in postmenopausal women through a mechanism of increased urine production and
bladder and urethral dysfunction from hormonal changes causing overflow incontinence.
Therefore, postmenopausal women may present with nocturnal enuresis rather than nocturia.

We sought to determine if OSA risk factors, such as obesity, snoring, poor sleep quality,
sleep fragmentation, daytime sleepiness, and hypertension, are associated with nocturnal
enuresis in a large cohort of postmenopausal women.

Study Population

The Women’s Health Initiative consists of three clinical trials and an observational study
(1993-2005) with an enrolled population of 161,808 postmenopausal women. The WHI
cohort consists of multiethnic women with ages between 50 and 79 years at baseline. All of
these women completed the same baseline questionnaires. The methods of recruitment and
study design have been previously published. (25-27) The WHI cohort was utilized for the
study because it provided a large target population of postmenopausal women to investigate
the proposed question. Due to the low prevalence of nocturnal enuresis and paucity of
literature of its association with OSA, baseline questionnaires from the complete cohort
were utilized to ensure maximal power to test our hypothesis. Therefore, a pre-hoc sample
size calculation was not performed.

Outcome of Nocturnal Enuresis

Since the WHI clinical trials and observational study focused on comprehensive
postmenopausal women’s health issues, subjects were inquired about urinary incontinence in
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a set of questions relating to experiences of daily life but were not thoroughly assessed with
an existing instrument. Nocturnal enuresis was defined based on the answers to the
following questions. First, women were asked: “Have you ever leaked even a small amount
of urine involuntarily and you couldn’t control it?” If yes, then they were asked: “How often
does this urine leaking occur?” and “When do you usually leak urine?” The response options
provided for the former were as follows: “Not once during the past year”, “Less than once a
month”, “More than once a month but less than once a week”, “One or more times a week
but less than every day”, and “daily”. The response options provided for the latter were as
follows: “When | cough, laugh, sneeze, lift, stand up, or exercise”, “When | feel the need to
urinate and can’t get to a toilet fast enough”, and “When | am sleeping”. If they answered,
“when | am sleeping” to the latter question regardless of frequency, this was defined as

nocturnal enuresis.

Obstructive Sleep Apnea Risk Factors

Covariates

Obesity, snoring, poor sleep quality, and sleep fragmentation are predictors of OSA. (28)
BMI was categorized into 4 groups: <25, 25-30, 30-35, 35+ kg/m?, similar to the National
Institute of Health cutoffs. (29) Obesity was defined as BMI > 30 kg/m2. Snoring, sleep
quality, and sleep fragmentation were evaluated using a previously validated Women’s
Health Initiative Insomnia Rating Scale (12-13, 30-32) with the following questions: “Did
you snore?”, “Overall, how was your typical night’s sleep during the past 4 weeks:”, and
“Did you wake up several times at night?”, respectively. For snoring, the response options
were categorized into 4 groups: “No”, “Don’t know”, “Yes, less than or equal to 2 times per
week”, and *“Yes, greater or equal to 3 times per week”. For sleep quality, the response
options were categorized into 3 groups: “Average”, “Sound or restful”, and “Restless or
worse”. For sleep fragmentation, the response options were categorized into 3 groups: “No”,
“Yes, less than or equal to 2 times per week”, and “Yes, greater than or equal to 3 times per

week”.

Diagnosis of hypertension and questions regarding presence of daytime sleepiness are
included as risk factors in several validated OSA screening questionnaires, including the
Epworth sleepiness scale (33), Pittsburgh Sleep Quality Index (34), Berlin (35), and STOP-
Bang questionnaires (36). Hypertension was defined as subjects reporting having been told
by a physician that they had high blood pressure or hypertension. Daytime sleepiness was
defined by the response to the question, “Did you fall asleep during quiet activities like
reading, watching TV, or riding a car?”

The following baseline demographic, anthropometric, behavioral, and disease variables have
been either included in previous models on sleep-related outcomes (12-13) or are associated
with OSA risk factors and nocturnal enuresis. Since nocturnal enuresis may be a surrogate of
nocturia, confounders of the OSA and nocturia relationship also were included. (15, 22, 37)
The baseline demographic characteristics included race, education, annual household
income, and marital status. Race was categorized into black/African American, white/
Caucasian, Hispanic/Latina, Asian, and other. Education was categorized into 4 groups: less
than high school, high school graduate, some college, and college graduate. The annual
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household income was categorized into 3 ranges: less than $20,000, between $20,000 and
$49,999, and greater than or equal to $50,000. Marital status was categorized into 2
categories: married or partnered and single, divorced, or widowed.

Physical measurements included body-mass index (BMI) and waist-to-hip ratio. BMI was
categorized into 3 groups: less than 25 kg/m2, 25 to 30 kg/m?2, and > 30 kg/m?2. Diabetes
mellitus was defined as the use of diabetic medications. Coronary heart disease, congestive
heart failure, atrial fibrillation, and stroke were defined as being diagnosed previously with
the disease. Diuretic and sedative/hypnotic use was defined as having one of the
corresponding medications listed in the medication record. Hormone therapy (HT) was
defined as the use of exogenous hormone for replacement. HT may be protective against
having sleep-disordered breathing. (4)

The modified Charlson comorbidity index predicts the 10-year mortality risk for a subject
with given comorbidities. (38) The list of comorbidities include previous myocardial
infarction or cardiac arrest, heart failure, peripheral arterial disease, cardiovascular disease,
asthma, emphysema, stomach or duodenal ulcer, lupus, rheumatoid arthritis, liver disease,
diabetes, leukemia, lymphoma, and several cancer types. The index was defined as a
modified score ranging from 1 to 3. A score of 1 indicated no comorbidities. A score of 2
indicated 1 comorbid condition, and a score of 3 indicated 2 or more comorbidities.

Behavior risk factors included smoking, alcohol consumption, and physical activity level.
Smoking was categorized into 3 groups: never, past, and current smoker. Alcohol
consumption was expressed as servings per week.

Physical activity was estimated from questions asking about recreational activity and
expressed in estimated Metabolic Equivalent of Task (MET)-hours per week. Parity was
defined as number of term pregnancies and categorized into six groups: 0, 1, 2, 3, 4, and 5+.

OSA Score

Due to the unavailability of the diagnosis of OSA in the WHI, an “OSA” score,
incorporating the following OSA risk factors: BMI = 30 kg/m?, snoring > 3 times per week,
restless or worse sleep quality, wake up at night = 3 times per week, diagnosis of
hypertension, and presence of daytime sleepiness = 3 times per week, was created. For those
who reported, “don’t know” for snoring, was coded as “no” snoring. A summary score
(0=no risk factors, 1=one risk factor, and so forth) was determined based on the presence or
absence of these risk factors in any order. The association of each additional risk factor as a
categorical variable with nocturnal enuresis was determined using multiple variable
regression analysis.

Data Synthesis and Statistical Analysis

To account for any residual confounding between the clinical trials and observational study
cohorts, we utilized an indicator variable for the sub-cohorts. We created two models, one
with and one without the sub-cohort indicator variable, and compared the change in effect
estimates between the two models.
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We performed chi-square analysis for categorical variables and analysis of variance
(ANOVA) for continuous variables to determine the significance of the association of the
outcome, nocturnal enuresis, with the OSA risk factors and clinical covariates as previously
described. Missing baseline data were infrequent (< 1%). We employed multiple variable
logistic regression analyses to adjust for known confounders of OSA risk factors and
nocturnal enuresis relationship.

Other types of incontinence and categorization of BMI may confound or decrease the
precision of the proposed comparison. Due to nocturnal enuresis having a similar
mechanism to stress and urge incontinence, they may be misclassified as nocturnal enuresis
or vice versa. As for BMI, since it was categorized into 4 groups, loss of precision may be
present with using categories instead of a continuous measure. We performed sensitivity
analyses of stress and urge incontinence and of continuous and categorical BMI. We created
two different models, one with and one without stress and urge incontinence, to examine the
effect of daytime incontinence on nocturnal enuresis. As for BMI, we created a model
utilizing both continuous and categorical BMI and a model utilizing only categorical BMI. If
the changes in effect estimate were less than 15%, residual confounding from daytime
incontinence and continuous BMI is negligible, and they are not included in the model.

BMI may modify the effect between OSA risk factors and nocturnal enuresis. We tested for
interactions between the OSA risk factors and BMI and stratified the cohort according to
BMI categories (<25, 25-30, 30-35, 35+ kg/m?2) when appropriate.

All statistical analyses were performed using SAS, version 9.2 (SAS Institute, Cary, North
Carolina).

Of the 161,808 postmenopausal women, 2,789 women (1.7%) reported that they leaked
urine when sleeping, and > 80% of these women reported the occurrence to be at least “more
than once a month” or more frequent. Baseline characteristics are presented in Table 1.
Women who reported nocturnal enuresis were mostly obese (50.7%). The number of
comorbid conditions, including stroke, atrial fibrillation, heart failure, diabetes, and coronary
heart disease, was higher in women who reported nocturnal enuresis. The increasing amount
of comorbid conditions also correlated with higher Charlson comorbidity indices. Use of
diuretics and sedatives/hypnotics was higher in women who reported nocturnal enuresis.
Fewer women who reported nocturnal enuresis were on HT. Women who had nocturnal
enuresis were more often current and past smokers and had lower physical activity level.
Parity was similar across the groups with the exception of the group that reported 5 or more
term pregnancies and nocturnal enuresis. Those who reported nocturnal enuresis had more
snoring, worse sleep quality, more sleep fragmentation, and more daytime sleepiness
compared to those who did not report nocturnal enuresis. Hypertension was also more
prevalent in those who reported nocturnal enuresis.
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Unadjusted and adjusted odds ratios of nocturnal enuresis

The prevalence of nocturnal enuresis was not significantly different between the clinical
trials or observational cohorts. We did not find a significant difference in effect estimates
between the models with or without the sub-cohort indicator variable. Therefore, the sub-
cohort indicator variable was not included in the final model.

The unadjusted and adjusted odds ratios (OR) of nocturnal enuresis given BMI, snoring,
sleep quality, sleep fragmentation, daytime sleepiness, and hypertension are presented in
Table 2. The odds of having nocturnal enuresis increased with BMI. They were greater with
more frequent snoring (=3 times per week) compared to no snoring. Those who did not
know if they snored had higher odds of having nocturnal enuresis relative to those who did
not snore. After adjustment, an association remained for those who reported more frequent
snoring (=3 times per week).

Those with restless or worse sleep quality had higher odds of having nocturnal enuresis
compared to sound or restful sleep quality. After adjustment, an association remained for
those who had restless or worse sleep quality. Those who woke up at night = 3 times per
week had greater odds of having nocturnal enuresis compared to those who did not woke up.
Even after adjustment, an association remained for those who woke up at night = 3 times per
week.

Those who had daytime sleepiness = 3 times per week had higher odds of having nocturnal
enuresis compared to those who had no daytime sleepiness. After adjustment, an association
remained. Those with hypertension had higher odds of having nocturnal enuresis compared
to those who did not have hypertension. However, this association was attenuated after
adjustment but remained significant.

Misclassification and effect measure modification

Urge and stress incontinence are more commonly reported in women who have nocturnal
enuresis (64.2% and 56.4%, respectively) compared to those who do not have nocturnal
enuresis (37.0% and 42.3%, respectively). Our sensitivity analysis revealed that the change
in effect estimates of nocturnal enuresis with and without urge and stress incontinence is less
than 15%. Therefore, urge and stress incontinence were not included in the final model. As
for BMI, due to possible loss of precision, we compared the change in effect estimates of
using either continuous or categorical BMI in 4 groups. The change was < 1%. Therefore,
categorical BMI was used in all the analyses.

BMI is known to be associated with OSA risk factors and nocturnal enuresis. These effects
vary across different strata of BMI. The interactions between BMI and each of these risk
factors, sleep quality, sleep fragmentation, daytime sleepiness, and hypertension were not
significant (p=0.45, p=0.67, p=1.00, and p=0.53, respectively). However, the interaction
between snoring and BMI was significant (p=0.02). Nocturnal enuresis was plotted against
snoring frequency stratified by BMI categories. (Figure 1) Compared to the no shoring
group, those who had the highest frequency of snoring had higher odds of having nocturnal
enuresis. The odds of having nocturnal enuresis is also higher in those who are obese (BMI
> 30 kg/m?) compared to those who are not obese.
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An OSA score derived from combining one to six OSA risk factors and its association with
nocturnal enuresis is presented in Table 3. Of the 2,789 women who reported nocturnal
enuresis, 10% had no OSA risk factors. With those who had a summary score of 1-6, 19%
had one risk factor, 26% had two risk factors, 22% had three risk factors, 14% had four risk
factors, 6% had five risk factors, and 2% had six risk factors. Each additional risk factor
increased the odds of having nocturnal enuresis compared to having no risk factors, and the
association is linear. Approximately half of the women had 2—-3 OSA risk factors, and the
odds of having nocturnal enuresis in this group is 3—4 times higher relative to having no risk
factors. If one were to have all six risk factors, the odds of having nocturnal enuresis is
seven times higher compared to having no risk factors.

Discussion

The association between nocturnal enuresis and OSA risk factors, including obesity,
frequent snoring, restless sleep quality, sleep fragmentation, daytime sleepiness, and
hypertension, in postmenopausal women have not been previously studied. We found that
OSA risk factors are associated with nocturnal enuresis in this population. Even though the
associations were attenuated after adjusting for known confounders, the odds of having
nocturnal enuresis with any of the OSA risk factors remained significantly higher compared
to those who did not have nocturnal enuresis. Obesity is a prominent risk factor for
nocturnal enuresis. Also, those with frequent snoring, a common symptom of OSA, along
with greater BMI had higher odds of having nocturnal enuresis compared to those who did
not snore or had lower BMI. According to the OSA score, each additional OSA risk factor
increased the odds of having nocturnal enuresis. With the given findings, nocturnal enuresis
may be an initial presenting symptom of OSA in postmenopausal women. Our study may
help heighten awareness of this atypical presentation. Also, like snoring and nocturia it may
be useful in screening for OSA in this population.

Half the overall cohort reported, “don’t know” in response to the snoring question. The
increased odds of nocturnal enuresis with “not knowing” classification of snoring suggests
the possibility that some of these women may snore. This finding implies that at-risk
postmenopausal women who present with nocturnal enuresis but do not know if they snore
should not be disregarded in the evaluation of OSA.

Our study confirms the findings of previous adult case reports and pediatric literature that
there is a relationship between nocturnal enuresis and OSA, and diagnosis and treatment of
OSA in these patients abolished enuresis. (39—-41) However, the population we studied is
comprised of postmenopausal women. Nonetheless, postmenopausal women may be more at
risk due to anatomy and effects of hormonal variation. Although only 1.7% of the cohort
reported nocturnal enuresis, the frequency of nocturnal enuresis may be underreported,
likely due to one seeking medical attention only when it is problematic.

Menopause. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koo et al.

Limitations

Page 9

Our study is the first to investigate the association between OSA risk factors and nocturnal
enuresis in a large cohort of postmenopausal women. Although we found an association
between these risk factors and nocturnal enuresis, there are a few limitations to our study.
First, our study employed a cross-sectional design. With this design, the temporal
relationship between acquiring OSA risk factors and nocturnal enuresis is unknown.
However, this study provides stimulating evidence that nocturnal enuresis in the
postmenopausal population may be a potential OSA risk factor.

Second, since subjects self-report incontinence, misclassification bias may be present and
may bias the effect estimates toward the null. Due to the stigmata associated with nocturnal
enuresis, those who have it may be less likely to report the symptom. Those who have it
infrequently may underreport. Nocturia may also be misclassified. Many of the women with
nocturnal enuresis may also have nocturia. The WHI questionnaires do not inquire about
nocturia. We are unable to confirm the association between OSA risk factors and nocturia
and to compare nocturnal enuresis with nocturia. However, although nocturnal enuresis and
nocturia are pathophysiologically associated with ANP release during apnea-associated
changes in intra-thoracic pressure, nocturnal enuresis is unique given that it occurs
involuntary during sleep rather than while awake like nocturia, and it is likely a more salient
event compared to nocturia. Therefore, misclassification of nocturia is less likely.

Lastly, the diagnosis of OSA is not available in the WHI. We modeled OSA by
incorporating several established OSA risk factors, like those found in validated screening
questionnaires. All of the included OSA risk factors were significantly associated with
nocturnal enuresis. The gold standard to diagnose OSA is through polysomnography, but
this study provides the initial framework for future studies to investigate the causal
relationship between OSA and nocturnal enuresis in the target population and outpatient
clinical setting with polysomnographic findings.

Conclusion

OSA is under-diagnosed in postmenopausal women due to underreporting of symptoms.
Since nocturnal enuresis may be a presenting complaint in postmenopausal women, it, as
explained by an overflow mechanism, may be a surrogate for nocturia, a well-described
symptom of OSA. We demonstrated that OSA risk factors are associated with nocturnal
enuresis in postmenopausal women. Nocturnal enuresis may be useful as a symptom to
inquire about when screening for OSA. Postmenopausal women who present with nocturnal
enuresis along with suspicious history or exam findings should be questioned about other
OSA risk factors.
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Association of frequency of snoring with nocturnal enuresis stratified by BMI categories

2.5

% %k %k %k k

H No snoring
(Referent)
Snoring £ 2
times per week

H Snoring 2 3
times per week

m Don't know

Odds Ratio of Nocturnal Enuresis

<25 >225and <30 230and<35 > 35
BMI (kg/m?)

Figure 1.
Bar graph of the interaction between snoring and BMI on nocturnal enuresis. Confidence

intervals compared to referent as indicated: * 1.12-2.18; ** 1.10-1.87; *** 1.20-2.44; ****
1.33-2.47; ***** 1 41-2.94.
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Baseline characteristics in the Women’s Health Initiative study population distributed by nocturnal enuresis

status
Variable Overall (n =161,808) Presence of Nocturnal Enuresis P-value
Yes (n=2,789) No (n=152,342)

Age (yrs) 63.2 (7.2) 64.7 (7.4) 63.3(7.2) <0.001
Race

Black/African American 9.2% 8.6% 9.2% <0.001

White/Caucasian 82.7% 84.8% 82.6%

Hispanic/Latina 3.9% 3.5% 3.9%

Asian 2.7% 1.3% 2.7%

Other 1.6% 1.8% 1.6%
Education

Less than high school 5.3% 8.1% 5.3% <0.001

High school graduate 17.2% 20.1% 17.2%

Some college 37.9% 40.9% 37.8%

College graduate 39.6% 30.9% 39.8%
Income (% annual household)

< $20,000 16.7% 25.0% 16.6% <0.001

$20,000 — $49,999 44.7% 49.2% 44.6%

= $50,000 38.6% 25.9% 38.8%
Marital status

Married or partnered 62.2% 55.4% 62.3% <0.001

Single/divorced/widowed 37.8% 44.6% 37.7%
Waist-to-hip ratio 0.81 (0.08) 0.83 (0.08) 0.81 (0.08) <0.001
Diabetes mellitus 4.5% 8.0% 4.4% <0.001
Hyperlipidemia 14.3% 17.4% 14.2% <0.001
Coronary heart disease 7.0% 12.6% 6.9% <0.001
Heart failure 1.3% 2.5% 1.3% <0.001
Atrial fibrillation 4.4% 6.9% 4.3% <0.001
Stroke 1.3% 2.8% 1.3% <0.001
Urge incontinence 37.5% 64.2% 37.0% <0.001
Stress incontinence 42.6% 56.4% 42.3% <0.001
Hormone therapy 43.4% 40.2% 43.5% <0.001
Diuretics 14.0% 18.1% 13.9% <0.001
Sedatives/hypnotics 13.5% 22.4% 13.4% <0.001
Modified Charlson Comorbidity Index2

1 57.4% 42.2% 57.7% <0.001

2 23.1% 26.0% 23.1%

3 19.5% 31.8% 19.3%
Smoker

Never 51.0% 48.8% 51.0% <0.001
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Variable Overall (n =161,808) Presence of Nocturnal Enuresis P-value
Yes (n=2,789) No (n = 152,342)
Past 42.0% 43.0% 42.0%
Current 7.0% 8.3% 7.0%
Alcohol (servings/wk) 2.4 (4.9) 1.8 (5.1) 2.4 (4.9) <0.001
Physical activity (MET-hrsfwk)P 12.4(13.7) 9.3(12.0) 12.5(13.8) <0.001
ParityC
0 2.9% 2.7% 2.9% <0.001
1 9.8% 9.9% 9.8%
2 27.7% 25.6% 27.7%
3 26.6% 24.1% 26.7%
4 16.8% 16.8% 16.8%
5+ 16.2% 21.0% 16.1%
Clinical Trials Sub-cohort 40.6% 40.4% 40.6% 0.85
Observational Study Sub-cohort 59.4% 59.6% 59.4%
Body mass index
< 25 kg/m? 35.4% 19.7% 35.7% <0.001
25-30 kg/m? 34.6% 29.6% 34.7%
> 30 kg/m? 30.0% 50.7% 29.6%
Snoring
No 20.8% 13.5% 20.9% <0.001
Don’t know 51.5% 51.1% 51.5%
Yes, < 2 times per week 11.0% 9.7% 11.0%
Yes, = 3 times per week 16.8% 25.7% 16.6%
Sleep quality
Average 42.0% 43.5% 42.0% <0.001
Sound or restful 41.7% 31.0% 41.9%
Restless or worse 16.3% 25.5% 16.2%
Sleep fragmentation
No 22.0% 12.7% 22.2% <0.001
Yes, < 2 times per week 38.4% 26.6% 38.6%
Yes, = 3 times per week 39.6% 60.7% 39.3%
Daytime sleepiness <0.001
No 24.9% 20.9% 24.9%
Yes, < 2 times per week 48.6% 44.6% 48.6%
Yes, = 3 times per week 26.6% 34.5% 26.4%
Hypertension 33.9% 42.8% 33.7% <0.001

Data are presented as mean (SD) or %.

Page 15

aModified Charlson Comorbidity Index: 1 is defined as no comorbidities, 2 is defined as the presence of 1 comorbid condition, 3 is defined as the

presence of 2 or more comorbidities.
bMET is the abbreviation for Metabolic Equivalent of Task.

[ . .
Parity is defined as the number of term pregnancies.

Menopause. Author manuscript; available in PMC 2017 February 01.



Page 16

Koo et al.

*Aed pue ‘Aianoe [eaisAyd ‘uondwnsuod joyodje ‘Burjows ‘xapul A1PIGIOWOd UOS|IeYD palyipow ‘asn sanoudAu/saalepas
‘asn anjainip ‘Adelay) suowloy ‘ex041s ‘Uoie||LIqly [elie ‘ainjiey Lieay ‘aseasip Leay Areuolod ‘elwsapidijiadAy ‘selagelp ‘onrel diy-01-1Siem ‘snjeis [elliew ‘aWwooul ‘uolieanpa ‘adel ‘abe oy paisnipe _%o_\,_m

600 9¢T-TOT ETT T000> 6ST—-9€1 JAQ SIA
uaiagey 00T uaisisy 00T ON

uoisuauadAH

T000> 89T—-€ET 05T T000> c¢oE€—-0ve 69'C >0am Jad salll} € < ‘s3I
600 9¢'T-TOT eTT G000 9€T-901 0CT 9am Jad SaWN Z S ‘SOA
juaisyey 00T juaisjsy 00T ON

ssauldaals swnAeq

1000> 6L2-V1C vz 7000> 20€-0V'C 692 sioam Jad saw € 2 ‘oA
€000  ¥YT-80T 52T 5000  9ET-90°T 0z'1 aam Jad SN Z S ‘'SOA
1uasayey 00T Wala)ey 00T (ua1a)81) ON

uoneiuawbely deals

T000> T6T—¢ST 0LT T000> G€¢C¢—€6T €re 9SIOM 1O SS9|IS8y
T000> GSET-TTT [ T000> €97T—-8CT or'T abesany
Juslagey 00T AUEIETEN| 00T (1uaIaja1) |NyISal 1o punos

Anjenb des|s
T000> S8VT—-¥TT 6C'T T000> ¢LT—LET €91 Mou J.uog
T000> ¢€C—vLT 10°C T000> TLC—-TT¢C 6€°C Yoam Jad sawl € T ‘S9A
¢000 65 T-¢CT'T €eT T000> 09T-LTT LET >oam Jad sawn S ‘seA
VEIETE 00T EIETEN 00T (wuauagar) ON

Burious
T000> 607 —90€ S9'€ T000> SV —¥S€ L6°€ 2W/B Ge=
T000> ¢9¢—00°¢ 6¢'C T000> /8¢—6C°¢ 1SC W/ Ge > pue pg=
T000> /9T-0€T JA " T000> €LT—-6ET SS'T 2W/Bx € > pue Gz=
Juslagey 00T AUEIETENS| 00'T (uatagal) ;w/bx Gz >

Xapul ssew Apog

anfeA-d 10 %56 0118y SppO  anfeA-d 1D %56 oley sppo

ePaIsnipy Alind 13poiN paisnipeun spoiN sonsueIRIRYD

uawom Jesnedouswisod Ul SISaInua [euinN120U JO solrel sppo palsnipe pue paisnipeun

¢ ?olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Menopause. Author manuscript; available in PMC 2017 February 01.



Koo et al. Page 17

Table 3

Multiple variable adjusted odds ratio of nocturnal enuresis by Obstructive Sleep Apnea (OSA) score
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OSA score  Odds ratio 95% CI P-trend
0 1.00 Referent <0.0001
1a 1.38 1.17-1.63
b 2.00 1.70-2.34
3C 2.80 2.38-3.30
4d 3.87 3.23-4.62
5e 5.10 4.09 - 6.36
of 7.02 4.85-10.15

aPresence of one of the risk factors compared to no risk factors: BMI > 30 kg/m2, snoring = 3 times per week, restless or worse sleep quality, wake

up at night = 3 times per week, diagnosis of hypertension, or presence of daytime sleepiness.

b . .
Presence of any 2 of the risk factors compared to no risk factors.

C, . .
Presence of any 3 of the risk factors compared to no risk factors.

d . .
Presence of any 4 of the risk factors compared to no risk factors.

e . .
Presence of any 5 of the risk factors compared to no risk factors.

f . .
Presence of all 6 risk factors compared to no risk factors.
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