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Nocturia, cardio-vascular diseases and diabetes are frequent in patients with sleep related breathing disorders.
In this study, we had analyzed the influence of the intermittent hypoxia on nocturia prevalence and found
that cardio-vascular diseases, obesity, age and apnea hypopnea indexpredict 27.1% of nocturia’s variance
(Nagelkerke R square-=.271, y*= 68.35).In AHI <28, the chance of nocturia is 50% and the difference
dependents on the presence or absence of the cardio-vascular diseases. For values of AHI >28, the risk of
nocturia becomes independent of the presence of the cardio-vascular disease.
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Nocturia is defined as the complaint that the individual
has to wake at night one or more times for voiding (i.e. to
urinate) [1]; depending on the clinical threshold included
in the definition (at least 1 or 2 voiding by night), the
incidence varies around 50, or 20%, respectively, in both
sexes [2]. The pathogenesis of nocturia is very complex,
involving multiple neurohormonal loops and local
dysfunctions. Regardless the etiology, a common
consequence of nocturia is sleep interruption and the
circadian dysregulation. In the kidney, the circadian clock
regulates endothelin, aquaporin and the expression of Na-
epithelial channels [3]. The bladder cells are also subject
of the circadian genes influence in the lumbar spinal cord,
detrusor, sphincter and urothelium [4]. Based on these
research findings, nocturia has been considered a disease
of circadian dysfunction.

Sleep related breathing disorders (SRBD) refers to a
spectrum of breathing abnormalities occurring during
sleep; beside obstructive sleep apnea (OSA), that is the
most frequently diagnosed SRBD, upper airway resistance
syndrome (UARS), central sleep apnea (CSA) and obesity
hypoventilation syndrome (OHS) are included. Arousals,
various levels of desaturations and sleep fragmentations
are the common findings of these disorders. From the
perspective of sleep interruption, nocturia and SRBD might
share some pathophysiological mechanisms. Studies have
shown that interrupted sleep itself is a potentially harmful
and debilitating factor [5], that increases the risk of
hypertension, diabetes, mental diseases, malignancies and
accidents [6], all having a possible influence on the
prevalence of the nocturia. In this regard, we conducted a
cross sectional study in patients, when first diagnosed with
SRBD, to identify the factors that relates to the prevalence
of nocturia.

Experimental part
This study presents the analysis of 326 patients with
SRBD, referred, during 2012-2016, to the Somnology

Laboratory of Constanta Clinical Pneumophthisiology
Hospital. The research comprised a standard
questionnaire, clinical examination, ENT examination and
polygraphy test. Before entering into the study, the patients
signed an informed consent form. Diurnal sleepiness was
evaluated by Epworth score, considering excessive
daytime sleepiness (EDS) if Epworth score was >18 points.
The body mass index (BMI) was calculated as weight (kg)/
height (m)2. International Diabetes Federation (IDF) criteria
were used to define the normal values for WC [7]. The
neck circumference (NC) was measured in a horizontal
plan, below the laringeal proeminence. Abnormal values
were considered if NC was >43 cm in women and >45
cm in men. A polygraphy testing was conducted with a
STARDUST 1l RESPIRONICS polygraph and the apnea-
hypopnea index (AHI) and the desaturation parameters
were extracted from the polygraph datasheets. Apnea was
counted if a cessation of flow of > 10 s was noticed, while
hypopnea was considered if airflow was reduced by > 30%
with a desaturation > 3% from baseline. The BRSD were
divided following the current recommendations of the
American Academy of Sleep Medicine: OSA, if AHI > 5/h,
UARS if AHI < 5/h and the minimal peripheral O, saturation
(minSp0,) > 92%, CSA if AHI > 5 without resplratory effort,
and OHS if BMI was >30 kg/m? and the average peripheral
saturation (avSp0O,) was less than 90% for longer than
6% of the sleep duration [8]. The severity of AHI was
classified as mild if AHI=5-14, moderate if AHI=15-29 and
severe if AHI>30. Parameters of the peripheral O
saturation (avSpO2, minSp0,, and time spent below 909%
of the oxygen saturation level during sleep,
TS_Sp0,90%)were measured by pulse oximetry and
authomatlcally computed by the polygraph software for
the total night sleep duration.

The statistical analysis was performed by SSPS software
(Stat Plus for Mac, Analyst Soft Inc. Version V6, 2016). The
threshold for the statistical significance was set at 95%.
Categorical variables were compared using x? test, and
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numerical variables with Anova or Mann Whitney test,
according to the type of distribution. Lastly, a binary logic
regression (enter method) was computed, with nocturia
as a dependent variable, and age, BMI categories,
parameters of the perlpheral O, saturation and
comorbidities as independent ones.

Results and discussions

From the initial 326 patients, a diagnosis of SRBD was
assessed among 306 subjects, of which the majority (72.5
%) were men. None of these patients had a previous
documented renal failure. Nocturia was mentioned by a
great majority (n=184/306). The prevalence of nocturia
increased with aging (fig.1), (F=32416.1078, p<0.001)
both  for men and women (%2=1.3800,
p=0.2401).Nocturnal respiratory symptoms were present
in all patients, but only the reported nocturnal apnea and
awakenenings were associated to nocturia (jx?=6.4809,
p=0.0391 for apnea, and x2=8.0945, p=0.0004 for
awakenings). Reported nocturnal apnea was not correlated
with age (F= 0.2205, p=0.6392) or gender (*=2.2038,
p=0.3492). Awakenings were directly related to age
(F=7.531, p=0.0064) and influenced by gender, being
more frequent in women (66.67%) than in men (47.75%)
(%?=8.095, p=0.0044). The relation between awakenings
and nocturia was maintained after age adjustment.
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Fig 1. Age distribution in the study groups

The average BMI, WC and NC in men were significantly
higher than in women (p < 0.001). A direct relation
between each of the anthropometric measures (BMI, WC,
NC) and nocturia was noticed (p<0.001), independent to
age, butinfluenced by gender.

The nocturia prevalence according to BRSD by decades
of age is represented in figure 2. There was no significant
difference in the prevalence of BRSD by gender
(%?=1.38001, p=0.2401).
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Fig 2. Nocturia by type of BRSD and decades of age
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The prevalence of the cardio-vascular diseases in this
population was high (65.34%) and, after age adjustment,
a significant association with nocturia (x?=43.0454,
p=0.5.34839E-11) was found. There was also a significant
difference in the number of patients with T2D that reported
nocturia (x*=9.15284, p=0.00248) as the majority
(69.56%) had this symptom; no influence by age was
noticed. All parameters reflecting the low levels of
peripheral oxygen saturation were significantly associated
to nocturia (table 1) and age (U= 7649, p=0.000).

THE OXYGEN DESATURATI(-;?\IbII:’eAFiAMETERS RELATION WITH
NOCTURIA

Desaturation | Mann P

parameter Whitney U

AHI g7a1 0001

ODI 8877 0.0z

Av 5p0s o108 0.0035

&Min Sp0: 9326 004

TS 5p O 3608 0.001

AHI= apnea- hypopnea index; ODI= oxygen desaturation index;
Av §pO, = average peripheral saturation of oxygen; Min SpO, =
minimal peripheral saturation in O,; TS Sp O, = time spent below
90% of the oxygen saturation level during sleep

Although there was no difference by gender or smoking
status, mostly patients in group 1were older than 50 years
(74%), with an almost equal distribution in both groups
between the fifth, sixth and seventh decade of age (table
2). The anamnesis revelead differences in the nocturnal
symptoms such as more frequent nocturnal awakenings
(%?=30.033, p=4.24677E-8) and reported apneas (y?
=6.4809, p=0.0391), concordant with a higher average of
the Epworths score. Excessive diurnal sleepiness was
present in 20%, significantly more prevalent in group 1 as
compared to the group 2 (34.31% vs. 29.09%) (x*=7.9778,
p=0.0047).All of the measured anthropometric
characteristics were higher in the nocturia group. The
distribution according to AHI, was different between the 2
groups (x?=18.1377 p=0.0004). Patients in group 1 were
more frequently in the lowest 25% percentile of the avSpO,
and above the 75% percentile of the TS_Sp0O,90% (fig 3)
These distributions were statistically S|gn|fzcant (x* =
10.1154, p =0.0064 for the avSpO, and x? = 10.2593 p
=0.0059 for the duration of TS Sp%) 90%) Results of the
regression model of nocturia in SRBD are presented in table
3.Among these statistically significant variables, the
greatest influence came from cardio-vascular diseases,
followed by obesity (versus normal weight), age and AHI.
The final model predicted 27.1% of nocturia‘s variance
(Nagelkerke R square-=.271); model y? is 68.35.The
greater the value of AHI is, the greater the chance of the
intermittent hipoxia can be and the less is the cardio-
vascular disease influence on nocturia. In AHI less than
28, the chance of nocturia is 50% and the difference
dependents on the presence or absence of the cardio-
vascular diseases. For values of AHI above 28, the risk of
nocturia is significantly higher and becomes independent
of the presence of the cardio-vascular diseases.

As confirmed by us, nocturia is a frequent symptom in
SRBD patients, with a very important impact on the quality
of life. There is a bilateral relation between nocturia and
SRBD: awakenings for voiding lead to sleep fragmentation,
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Table 2
COMPARISON BETWEEN PATIENTS WITH NOCTURIA AND PATIENTS WITHOUT NOCTURIA

MNocturia (+) Moctura (-] Total P
Age (average + 5D 53505+4+0958 4043 +12.41 3335+11.24 < (L0001
Gender (MTF) 129753 Q328 22284 0.2401
Smokers (active/exsmokersnever
amokerz) 64/63/57 31/38/32 113/102/82 04304
Epworth score (average + 5D} 927+539 124 +462 246+5.19 0.0011
Antropometric measures
EMI (average + 3D) 3499 =668 3254606 3401654 0.0003
WC (average + 5D) 11052 =1091 10658 =926 108851045 0.0026
NC (average + 5D) 4377=3.63 4239320 4322+3152 0.0013
Tvype of SEED 0.0345
D5A 128 T6 204
UARS 40 33 T8
CsA 4 G 10
OHS 12 2 14
Comorbiditias
Chronic lung dizeaze (Yez/Mo) 64/120 38/84 102204 0.5088
Cardio-vascular disezzes (¥ es/TNa) 14737 53/69 200/106 < (0.0001
T2DM (YeaNo) 41/143 11111 52254 0.0025
Psychiatric disease (Yes/MNao) 3174 4/118 9287 0.7760
ENT disorders (Yesz™o) 47137 39/83 86/220 0.2204
Seventty of SEBD and O: szturation
indexes
AHI (average = 3D) 30202756 28582443 J406+2682 0.0011
Av 5p02 (zverage + 8D 9154+419 Q266 +3.44 0190+3904 0.0003
Min Sp02 (average + 5D) T76.81 1054 7959 +1063 TI02+1065 0.0258
TS _5p0:90% (average + 3D) 1361 +14.17 894+ 1080 11.73% £ 13.05 0.0008

EMI = body mass mdex; WC = waist circumference; NC = neck circumference; SEED = sleep related breath disorders;
O5A = ohstructive sleep apnea; TUARS = upper airways resistance syndrome; CSA = central sleep apnea; OHS = obesity
hypoventilation syndrome; T2DM= type 2 digbetes; ENT=ear nose and throat; AHI= apnea- hypopnez index; ODI= oxygen
dezsturation index; Av Sp0: = average peripheral saturation of oxygen; Min Sp0: = minimal peripheral saturation in Os;
TS _Sp O:=time spent below 20% of the oxygen saturation level during sleep

93%¢ CI for odds ratio
B (3E) Lower | Odds ratio | upper
Age - A0 015) 0081 | 0934 0089
TAHTF 00153000 [ 0086 [ 0073 0.00%
Cardio-vascular dizsezses™ (present vs absent) | -I03R (0.331) [ 0354 [ 0,183 0.677 Table 3
TID (prezent vs abzent) O AZE0A05) | 0657 [ 0203 1440
Obese vz overwelght 03040662 [ 1333 1031 4838 REGRESSION 'I\:l\IOEF%DOF NOCTURIA
Obese vs normal wight 0B40(0338) [ 2316 [ 1217 4 40
avaplh S0220005T) [ 0840 [ 0838 1.050
T3 _5p0:007% 01300015 [ 0887 [ 0538 1.017
constant TR TN

AHI = apnea-hypopnea index; T2D = type 2 diabetes; avSpO, = average peripheral saturation
in O,; TS_Sp0,90% = time spent below 90% of the oxygen saturation level during sleep

*p<0.01
impairing the overall quality of sleep, already affected by
the SRBD. There is also evidence that control of
desaturation in OSA reduces the number of nocturnal
voiding and the night time urine volume [9].

The high prevalence of nocturia (60.01%) was confirmed
in this study, in accordance to previous reports [10-12].
Nocturia showed a positive association with other
nocturnal awakenings, self reported apnea episodes and
diurnal somnolescence, all having an impact on the quality
of life. Intermittent hypoxia, hypercapnia and acidosis
during the upper airways collapse trigger the pulmonary
vasoconstriction, the chemoreceptors and the sympathetic
stimulation, particularly in the late expiration phase[13].
The coexistent hypoxia and hypercapnia maintain the high
blood pressure and the heart rate increase for more than
15 min even in healthy voluntiers [14]. The extreme
negative thoracic pressure raises the venous return, while
the transmural pressure resulting from the inefficient
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diaphragmatic contractions, affects the left ventricular
afterload. Ventricular stretch and acidosis stimulates the
atrial natriuretic peptide (ANP) release that promotes
diuresis. The false hypovolemic signal increases the AVP
and aldosteron levels and accumulate water and sodium.
A putative model of these complex pathophysiological
loops, integrating the main triggers (hypoxemia,
hypercapnia and acidosis) to the neuro-hormonal factors
is presented in figure 4.

In normal individuals, arginine vasopressin (AVP) has a
circadian rhytm of secretion and release; the release
fluctuates during the day time, decreases in the evening
and reaches the peak between 2-4 a.m.; this circadian
rhytm seams to disappear after 50 years of old [15]. The
lack of nocturnal overproduction of AVP explains, in part,
the increase of the nocturia prevalence with age, but age
must not be seen as the only influencing factor of the AVP
secretion. Chronic changes in hypothalamic supra-
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Nocturia

Hode 0
Category Y n
B - B o e 184
20 20 399 122
Total 1000 308
AHI
Adi. P values=0,003, Chi-sguares=12
830, df=1
<28 oa Fig 3. The predictors of nocturia.
Nicturia variable was coded with 1 for presence of the
—— Node nocturia and 2 for apsence of the nocturia. _
AHI = apnea hypopnea index; CV disease = cardio-
Category % n Category k] n .
vascular disease
. 1.0 =] 7B . 10 7oA 108
20 50 i 20 289 %
Todal 497 152 Total 50.3 154
GV disease
Ady. P value=0,000, Chi-aguare=39
762, cifm
1 2
| Mode 3 Hode 4
Category % i Category % n
B oo soa 184 B o o 184
2.0 38.8 122 2.0 399 122
| Tatal 1000 306 Total 100.0 306

Collapse of the soft upper ways —————————=_ Obstruction of the air flow

L] ¥

Hypoia M= Hypoxemia, hypercapnia & acidosis

T Variation of the intra thoracic pressure

Chemoreceptors Pulrranary

y — | RV preload
l vasoconstriction

L_I_l

1 ANP Irter-ventricular
saptum dyskinesia

I Sympathetic tone

}

T Transmural LV pressure

Fig 4. Pathophysiological mechanisms of
nocturia in breath related sleep disorders.
ANP = atrial natriuretic peptide; AVP = arginine
vasopressin; RAAS = renin angiotensin system;
EBV = effective blood volume; RV = right
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chiasmatic nuclei (SCN) have been observed in
hypertension, with a significant reduction of the content in
AVP [16].In cardiac failure, the reduction in effective
circulationg blood volume raises the plasma level of
AVP[17]. AVP aggravates both systolic (by vaso-
constriction) and dyastolic (by preload) stress and
contributes to natriuretic peptides release. High plasma
co-peptin, released together with the AVP significantly
associates to microalbuminuria, independent of age and
with decreased renal filtration rate [18]. In fact, the AVP
increases during night time only in severe sleep apnea, if
AHI is >15[19], showing that these pathophysiological
mechanisms become proeminent in repetead intermittent
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obstruction of the airflow. These neuro-hormonal
modifications are just amplified by the intermittent
desaturation, as confirmed by others [10-12]. The
regression model derived from our results is underlying the
importance of the co-existent cardio-vascular disease in
patients presenting with nocturia.

In a previous communication, based on smaller group
in which more blood tests were performed, we have
reported that the desaturation level and the HbAL1C are
related [20]. Medical literature provides contradictory
results on the relation between diabetes and nocturia,
although some direct pathogenic mechanisms were
demonstrated [21-23]. In SRBD studies an association was
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not found [11] unless a certain degree of severity of the
intermittent obstruction and/or of the desaturation were
considered [24]. In our final regression model the influence
was no more significant. We do not have a conclusive
explanation of this finding, but it might be related to factors
that we have not assessed, such as the duration and the
control of the T2D.

Our results emphasize that the severity of desaturation
is a key factor for nocturia, as it is shown in other pulmonary
disorders [25,26]. The model derived from our data is
consistent with previously found predictors of nocturia in
SRBD (age, BMI, hypertension and diabetes) [10,27] but
the influence of the other predictors lost their significance,
if AHI became higher than 28. This AHI value is at the
borderline between the classic 3 degrees of severity of
SRBD. In this context, it is of interest to notice that when
not associated with intermittent desaturation, high blood
pressure or diabetes were not significantly related to the
nocturnal polyuria severity and to the number of nocturnal
voidings, recorded by the 24h frequency and volume chart
monitoring [24]. Lung function reduction associated with
the abdominal type of the fat distribution might also
contribute to worsening desaturation levels. Lung function
was shown to relate to work disability [28] and, as in other
lung disorders, to the quality of life [29] and should be
considered in patients with high AHI.

Conclusions

The severity of SRBD influences nocturia and nocturia
induces awakenings, which affect the duration and sleep
architecture. Age, high desaturation, obesity and cardio-
vascular disease explain almost a third of the nocturia’s
variance. Intermittent hypoxemia is an important factor of
influence of the nocturia prevalence. Particularly if the
frequency, as assessed by the apnea-hypopnea episodes,
is higher than 28/h, the desaturation is a significant
contributor of the SRBD - nocturic phenotype.
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