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Clinical predictors of nocturia in the sleep apnea population
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Abstract

Objectives: This study aims to evaluate clinical predictors of nocturia in patients with obstructive sleep apnea (OSA).
Materials and Methods: In retrospective manner, a total of 200 patients with OSA were randomly included.
Group I contained 100 patients with OSA and no nocturia, and Group Il included 100 patients with OSA and
nocturia. Bivariate logistic analyses were used to identify variables most likely to contribute to nocturia.
Multivariate logistic regression of age, waist circumference, STOP score (Snore, Tired, Obstruction and
Pressure), and Apnea—Hypopnea Index (AHI) was performed to evaluate predictors of nocturia. Statistical
significance was defined as P < 0.05.

Results: Median nocturia episodes were 2.2 in Group II. Patients were younger in Group I, with a mean age
of 45 vs 50 years (P =0.008). Mean BMI of 30 was similar in both groups, but there were more overweight
patients in Group II (28% vs 18%). AHI approached significance between groups—18 vs 23 in group I and
I, respectively (P = 0.071). In multivariate analysis, age over 70 years and moderate AHI were statistically
significant predictors of nocturia (coefficients 0.6 and —0.2 with P = 0.003 and 0.03, respectively).
Conclusions: This study identifies age and AHI score as predictors of nocturia in patients with OSA. This may
indicate the usefulness of incorporating nocturia in the screening of patients with OSA. Future studies are
needed to further evaluate mechanism of action, clinical significance, and effect of treatment for nocturia
in patients with OSA.
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INTRODUCTION

Definitions for nocturia have been previously published by the
Standardization Committee of the International Continence

Nocturia is a key feature of lower urinary tract symptoms (LUTS)
that are often attributable to an underlying Benign Prostatic
Hyperplasia (BPH). However, nocturia can signify possible
contribution of numerous systematic health-related disorders,

including Obstructive sleep apnea (OSA).
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Society (ICS) as complaint that the individual has to wake at
night one or more times to void. The sign of nocturia is the
number of voids recorded during a night’s sleep: Each void is
preceded and followed by sleep. The first morning void after
a night’s sleep is counted toward daytime (diurnal) frequency
rather than nocturia, as it is not followed by sleep.

The causes of nocturia in patients with sleep apnea are not
well understood; however, it has been hypothesized as a
function of Atrial Natriuretic Peptide (ANP).!") OSA causes
intermittent occlusion of the airway during sleep which leads
to a gasping respiratory pattern associated with episodic,
potentially severe hypoxia. The gasping attempts to draw in
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a breath against the obstructed airway leads to substantial
fluctuation in the intrathoracic pressure, with reflexive hypoxic
pulmonary vasoconstriction. This ultimately causes the
right atrium to secrete ANP, a powerful natural vasodilator
polypeptide, secreted by the atrial myocytes in response to high
blood pressure and/or hypoxia. ANP acts upon the kidneys
to cause vasodilatation of the afferent glomerular arterioles,
precipitating an increased glomerular filtration rate which leads
to increased urinary output through natriuresis.”” Effectively,
ANP acts on speciﬁc renal, cardiac, and vascular receptors
to promote natriuresis to reduce the intravascular circulatory
volume, reducing blood pressure."

Recent published evidence has linked nocturia as a predictive
symptom of OSA.>!!
established the effective role of the Continuous Positive

! Moreover, clinical work has clearly

Airway Pressure (CPAP) on nocturia symptoms in patients
with OSA."?! In this single institutional study, we sought to
systematically evaluate clinical predictors of nocturia in patients

with OSA.

MATERIALS AND METHODS

Between January 2009 and January 2012, total of 200 study
patients were randomly identified through a retrospective
review of our institution’s electronic health records. Approval
was obtained through the Institutional Review Board (IRB).
All patients were over the age of 18 years, underwent
polysornnography, were diagnosed with OSA, and subsequendy
followed up in outpatient otolaryngology sleep clinics at

University of California San Diego.

Group I contained 100 patients with OSA and no symptoms
of nocturia, and Group I included 100 patients with OSA
and nocturia. Careful attention was taken to exclude patients
with prior LUTS by comprehensive review of their current
electronic medical records. Patient demographics and clinical
characteristics were evaluated. Standard methods were used
to calculate mean values, and unpaired Students t-tests
were used to compare the two groups [Table 1]. A bivariate
logistic analysis with the outcome of nocturia >I was carried
out for each variable, to screen for factors most likely to
contribute to nocturia. Multivariate logistic regression with
outcome of nocturia events >I was subsequently performed
with those variables found to be most conttibutory toward
this outcome based on bivariate methods. These included
age, STOP score (utilizes snore, tired, obstruction, and
pressure symptoms), apnea—hypopnea index (AHI), and
waist circumference [Table 2]. All analyses were performed
using Stata SE 64-bit, version I11.1. Statistical significance
was assessed using 2-sided tests, with statistical signiﬁcance

defined as P < 0.05.
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Table 1: Bivariate logistic analyses of OSA variables most likely
to contribute to nocturia

Patient characteristics OSA OSA+nocturia P value
(Group 1) (Group II)

Age (years) 44.5 49.7 0.008*
Gender (M/F) 59/41 60/40 0.400
BMI 30.0 30.4 0.665
Number of patient per group

<25 22 18

25-29 35 30

30-34 18 28

35+ 25 24
Systolic pressure (mmHg) 129.2 128.7 0.794
Diastolic pressure (mmHg) 78.2 76.3 0.196
Neck circumference

Male (inch) 16.8 17.5 0.226

Female (inch) 14.8 15.5 0.206
Waist circumference (inch) 38.3 39.9 0.090*
Mallampati 3.1 3.1 0.857
Number of patient per group

1 1 3

2 19 21

3 50 38

4 30 38
Uvula size 1.82 1.82 1.000
Number of patient per group

0 2 1

1 28 30

2 56 55

3 14 14
Snoring score 2.18 2.18 1.000
Number of patient per group

1 2 2

2 78 78

3 20 20
STOP questionnaire 1.27 1.46 0.005*
Number of patient per group

1 73 54

2 27 46
Apnea hypopnea index 18.1 23.2 0.071*
Number of patient per group

Oto4 26 26

5to 14 19 18

15 to 29 37 29

30+ 18 27
Desaturation (%) 87.1 87 0.889
Nocturia (number per night) — 2.18 —

*Statistically significant, 0SA: Obstructive sleep apnea

RESULTS

Median age was 45 years in Group I and 50 years in
Group 1I (P = 0.008), with a male to female ratio of 2:I in
both [Table I].There were more obese patients (BML 30—34-) in
Group 11, but the overall mean BMI of 30 was similar between
groups. Median systolic and diastolic pressures did not differ
between groups.

Median neck circumference was higher among males in both
groups, but neck size did not differ between the two groups
when stratified by sex. Waist circumference did not differ
significantly (38 vs 40 inch respectively, P = 0.09). There
were no differences in Mallampati, uvula size, snoring score,
or oxygen desaturation nadir during sleep testing.
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Table 2: Multivariate logistic regression of age, waist
circumference, STOP questionnaire, and apnea hypopnea index

Covariate Coefficient P value 95%
confidence
interval
Age
<30 - - - -
30-49 0.1 0.558 -0.2 0.3
40-69 0.1 0.221 -0.1 0.4
70+ 0.6 0.003* 0.2 1.0
STOP score
1 - - - -
2 0.1 0.159 0.0 0.3
Apnea hypopnea index
<5 - - - -
5-14 -0.1 0.430 -0.3 0.1
15-29 -0.2 0.030* -0.4 0.0
30+ -0.1 0.598 -0.3 0.2
Waist circumference
<40 - - - -
>40 0.1 0.176 0.0 0.2

*Statistically significant

Group II, with OSA and nocturia, had significantly higher STOP
scores (1.46 vs 1.27 in Group I, P=0.005), and a trend toward
higher AHI approached statistical significance (P = 0.071).

Median nocturia episodes were 2.18 in Group IL

In multivariate analysis, nocturia was positively predicted
in patients over the age of 70 years with a coefficient of
0.6 (P = 0.003) Nocturia was found to be negatively predicted
in patients with a moderate AHI of 15-29 (coefficient — 0.2,
P =0.03). No other covariates of age, STOP score, AHI, or

waist circumference approached significance [Table 2].

DISCUSSION

Indeed, nocturia is one of the most common reasons for
patient referral to urology. Nocturia is a highly prevalent
symptom, particularly in the patients over 60 years of

13161 Tn one northern European study, the prevalence

age.!
of nocturia in a Danish cohort of patients reached up to
77%.5] Likewise, epiderniological prevalence studies have
generally indicated that nocturia increase with ageing.!'®!”)
Nocturia is traditionally defined as storage—phase dysfunction
that eventually leads to LUTS. The underlying etiology of
nocturia 1s potentially caused by reduced nocturnal bladder
capacity, and a large urine volume produced during the night,
15,19]

and/or sleep problems.’

Despite variable pathogenesis, nocturia is primarily caused by
underlying BPH."®) Moreover, nocturia can signify possible
contribution of systemic disease; renal, endocrine, neurological,
or cardiovascular malfunction, making treatment a challenge.
Medications such as diuretics, selective serotonin re-uptake
inhibitors (SSRIs), calcium channel blockers, tetracycline, and

lithium can also result in increased diuresis.'*°!
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The multivariate analysis reported herein identifies two risk
factors for nocturia in a population with OSA. Held alone, age
is a well-known positive risk factor for nocturia. In our study,
age over 70 years held up as such, even when controlling for
other covariates. Interestingly, moderate AHI of 15-29 showed
negative predictive value which means that patients in this
category were less likely to have nocturia. From what is known
both anecdotally and based on pathophysiologic mechanisms,
AHI would be predicted to positively correlate with nocturia.
That is to say, the higher the AHI, the higher the likelihood

of having nocturia.

The mixed, counterintuitive results demonstrating moderate
AHI as a negative predictor for nocturia could signify several
things. Nocturia may be a multi-factorial component of some
patients OSA disease process, but not necessarily a surrogate
for OSA severity. The most likely explanation is that other
unmeasured confounders exist in this equation. If captured in
tuture analyses, these additional confounders could be turned
into covariates and a positive predictive value for nocturia might

exist for increasing AHI scores.

Recent studies have highlighted the relationship between sleep
disturbance and nocturia. However, a detailed understanding
of the underlying mechanistic effects is yet to be determined.
In a large northern European sleep study of 1485 patients,
Middelkoop et al. reported that the most frequent subjective
cause of disturbed sleep maintenance was nocturia (68%).
18] Bliwise et al. reported that nocturia was an independent
predictor both of self-reported insomnia (75% increased risk)
and reduced sleep quality (71% increased risk). Adding to this,
nocturia was found to be frequently overlooked cause of poor

sleep in the elderly and may warrant targeted interventions.'"”!

Several epidemiological studies have shown a correlation of

insomnia/poor sleep to nocturia,[$?2021]

Along with sleep
quality, duration of sleep is also associated with the number of
nocturia episodes.ml The OSA to nocturia association has been

confirmed by the fact that intervention for OSA, such as CPAP

(23-25] More recently, it

treatment, decreases nocturia episodes.
has been suggested that nocturia can be used as a predictive
symptom of OSA.'%) Severity of OSA in the elderly population
may be proportional to the degree of nocturia.*******"/ In a
large United States population sleep study of 1 007 adult
patients, Romero et al. have demonstrated that nocturia is
comparable to snoring as a screening tool for OSA. In Romero’s
study, the positive predictive value was 85% and 81% in
snoring and nocturia, respectively. With linear regression,
patient-reported nocturia frequency predicted AHI above and
beyond BMLI, sex, age, and self—reported snoring (P< 0.000I).m

Our study identifies statistically significant correlation between
OSA patients with nocturia and advanced age (>70 years) and
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moderate AHI score (P =0.003 and P =0.03, respectively).
Furthermore, there was strong correlation between OSA
patients with nocturia and wide waist circumference and higher
STOP score. This may potentially indicate the usefulness of

incorporating nocturia in the evaluation of OSA.

In addition, systematic literature review has shown paucity
of data in urological literature detailing nocturia and
OSA.*IThis study aimed to increase awareness of nocturia
as a potentially complex comorbidity when treating patients
with OSA. Particularly, practicing urologists should actively
think about sleep apnea when presented by old- or young-aged
patients who are complaining of nocturia. Hence, this prompts
sleep specialist referral to avoid potential complications of sleep
apnea including nocturia.

The authors recommend that patients seen for nocturia should
be screened for OSA with the STOP score. If there is high risk
for OSA, a sleep study is warranted with reflexive specialist
referral for positive tests or confusing sleep disturbance
symptoms. The converse is equally important. Patients with
sleep apnea should be assessed for LUTS/BPH and nocturia
symptoms, as they may require specialist evaluation for such.
The inter-related disease processes of OSA and nocturia are
only beginning to be understood, and a multidisciplinary,
team-based approach is critical for the optimal care of these
patients.

Furthermore, the associative role of ANP and OSA has
been previously examined with conflicting results. In a
community-based observational study, Patwardhan et al.
have hypothesized that alterations in cardiac hemodynamics
associated with OSA would be reflected in higher ANP levels.
However, Patwardhan’s study did not establish statistically
significant relationships between OSA indices such as AHI
and ANPFY More recently, the ANP role in the OSA patients
treated with CPAP therapy was re-examined in a prospective
study by Hu et al. in 23 OSA patients. Hu’s study demonstrated
that CPAP can effectively reverse the nocturia in the OSA

patients by decreasing the nocturnal excretion of ANP2°]

The elucidation of ANP’s role in the development of nocturia
in patients with OSA clearly demands additional inquiry.
Furthermore, prospective studies and/or systemartic clinical
trial are needed to fully characterize the effect of OSA treatment
with CPAP on symptoms of nocturia.

CONCLUSION

This study atms to Increase awareness among clinicians caring
for patients with both nocturia and OSA disease processes.

This study highlights advanced age and moderate AHI score
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as predictors for nocturia symptoms. These findings suggest
the importance of incorporating nocturia in the evaluation of
OSA, and vice versa. Future work into the mechanistic role
of ANDP, and the long-term nocturia outcomes in optimally
treated OSA, will be welcomed additions to this investigation.
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