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Methods: In this study, we analyzed polysomnographic data of 391 clients who referred to Sleep
Disorders Research Center (SDRS). These people were classified into three groups based on
their Apnea-Hypopnea Index (AHI) and snoring; control, Primary Snoring (PS), and Obstructive
Sleep Apnea (OSA) group. Sleep architecture variables were then assessed in all groups.

Results: The results of this study indicated a decrease in deep sleep or Slow Waves Sleep (SWS)
and increase in light sleep or stage 1 of non-REM sleep (N1) in OSA patients compared with the
control and PS groups. After controlling the effects of confounding factors, i.e. age and Body Mass
Index (BMI) (which was performed through multiple regression analysis) significant differences
were observed among the three groups with regard to N1. However, with regard to SWS, after
controlling confounding variables (age and BMI), no significant difference was found among the

groups.
Key Words: : Conclusion: The results indicated that OSA, regardless of age and BMI, may increase light
Obstructive sleep . (N1) sleep possibly via a decline in blood oxygen saturation (SpO,). Such increase in N1 may
apnea, Primary snoring, :  be responsible for brain arousal. In addition, by controlling confounding factors (age and BMI),
Sleep architecture, : OSA did not affect SWS in OSA patients. However, further research is necessary to determine
Polysomnography * sleep architecture in more detail in the patients with OSA.
1. Introduction increase in the prevalence of obesity (Khazaie et al.,

2011; Punjabi, 2008). Based on recent studies on general
bstructive Sleep Apnea (OSA) is the population, the prevalence of OSA is 3%-7% in adult

most common type of sleep disorder men and 2%-5% in adult women (Punjabi, 2008).
which has increased over the last few

decades in developed countries due to Sleep-Disordered Breathing (SDB) is recognized as a
the changes in lifestyle along with an group of sleep disorders, ranging from Primary Snoring
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(PS) to Obstructive Sleep Apnea (OSA) (Nisbet, Yial-
lourou, Walter, & Horne, 2014). PS is a condition with
snoring (repetitive sounds due to vibration of upper air-
way structures) during sleep without apnea or hypopnea
(Zhu et al., 2014). OSA is defined as repeated periods
of breathing cessation, called apnea or partial obstruc-
tions in the upper airway, hypopnea, lasting 10 seconds
for the either one (Malhotra & White, 2002). The Ap-
nea-Hypopnea Index (AHI) is defined as the number of
apnea and hypopnea events per hour of sleep. An AHI
greater than 5 can be diagnosed as OSA (Moon, Punjabi,
& Aurora, 2015).

Sleep architecture refers to circular pattern of sleep
which changes among different sleep stages, such as
non-Rapid Eye Movement (non-REM) and rapid eye
movement (Alabi et al., 2012) which normally starts
with lighter sleep stages, stage 1 non-REM (N1) and
gradually shift to non-REM stages of sleep, each deeper
than previous, until it reaches the final stage, Slow Waves
Sleep (SWS) stage (Hirshkowitz, 2004). Each sleep cy-
cle eventually leads to REM sleep stage. This non-REM/
REM cycle repeats several times until the person wakes
up (Smagula et al., 2015).

The most common symptoms of sleep apnea include
excessive daytime sleepiness, fatigue, restless sleep, and
morning headache. Among these, excessive daytime
sleepiness, due to an increased risk of accidents is very
serious (Khazaie & Maroufi, 2014). However, daytime
sleepiness is absent in 40%-50% of OSA patients (Kapur,
Baldwin, Resnick, Gottlieb, & Nieto, 2005; Roure et al.,
2008). Therefore, this disorder goes undetected and left
untreated. On the other hand, OSA accounts as an alarm
for many severe diseases, including hypertension (Tor-
res, Sanchez-de-la-Torre, & Barbe, 2015), cardiovascu-
lar diseases (De Torres-Alba et al., 2013; Devulapally,
Pongonis, & Khayat, 2009), stroke (Barone & Krieger,
2013), and even diabetes (Cass, Alonso, Islam, & Weller,
2013; Tasali, Mokhlesi, & Van Cauter, 2008). For these
reasons, diagnosis and treatment of OSA is necessary.

Today, Polysomnography (PSG) is considered as the
most accurate method for diagnosing of OSA (Kapoor
& Greenough, 2015). Polysomnography is composed
of several different leads to record physiological signals
such as Electroencephalogram (EEG), Electroocculo-
gram (EOQG), airflow, oxygen saturation, respiratory ef-
fort, heart rate and chin electromyogram. Continuous
Positive Airway Pressure therapy (CPAP) is the best
known and the gold standard treatment for OSA (Spicuz-
za, Caruso, & Di Maria, 2015; Vlachantoni et al., 2013).
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Several studies have indicated that age strongly influ-
ences sleep architecture (Ayalon, Ancoli-Israel, & Drum-
mond, 2010; Dorffner, Vitr, & Anderer, 2015; Punjabi,
2008). In general, there is a tendency to increase in light
sleep and a decrease in deep sleep with increasing age
(Ohayon, Carskadon, Guilleminault, & Vitiello, 2004;
Redline et al., 2004; Smagula et al., 2015). Also, there is
strong evidence that increased body mass index (BMI)
may lead to changes in sleep structure. As previously re-
ported, there is a reverse correlation between BMI and
SWS (Rao et al., 2009). There is always a concern in
studies that examine the sleep architecture in people with
OSA, because the confounding factors, age and BMI,
can affect the accuracy of results.

Because of limited information on sleep architecture
in the patients with PS and OSA, further investigations
are needed to clarify precise sleep architecture in these
people. This study aimed to investigate the sleep archi-
tecture by controlling age and BMI among the people
with OSA, PS and those lacking sleep respiratory disor-
der. We hypothesized that sleep architecture features are
different among these three groups.

2. Methods
2.1. Study patients

The polysomnographic data used in this study were
obtained from 391 clients (from Jan 2012 to Apr 2015)
who referred to sleep disorder research center (Kerman-
shah, Iran). We excluded those people who suffered from
diabetes, pulmonary disorders, mental disorders, cardio-
vascular and neuromuscular diseases, drug users, ciga-
rette smokers and people who had been taking medica-
tions affecting sleeping. Subjects were divided into three
groups based on their AHI and snoring index: normal
group with an AHI<5 without snoring; primary snoring
group with AHI<5 with snoring, and, OSA group with
AHI >5 with or without snoring.

2.2. Study procedures

AHI and snoring index was derived from polysomnog-
raphy taken from subjects. After explaining the proce-
dure and providing sufficient time for them to familiar-
ize with the environment, all subjects underwent a full
overnight polysomnography. We analyzed some sleep
parameters of sleep architecture such as Total Sleep
Time (TST) which is defined as the period of time spent
sleeping except wakefulness intervals, the percentage of
total sleep time spent in stage 1 of non-REM sleep, the
percentage of sleep time spent in stage 2 of non-REM
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sleep, the percentage of sleep time spent in slow waves
sleep (stages 3 and 4) of non-REM sleep, and lastly the
percentage of sleep time spent in REM sleep. The mini-
mal arterial oxygen saturation (minimal SpO,), wake in-
dex (total number of awakenings per hour of sleep), and
brain arousals (total number of brain arousals in the total
sleep time) also were evaluated in the groups.

2.3. Statistical analyses

The obtained data were initially assessed for normality
using Kolmogorov-Smirnov test. Afterwards, the mean
(SD) values were used for normally distributed data,
median (interquartile range) values for non-normally dis-
tributed data, and frequency percentage for categorical
data. The Chi-square test was used to determine the dif-
ferences among the three groups. The differences among
the obtained means were analyzed using 1-way ANOVA
followed by Tukey test and the differences among the
medians were analyzed using Kruskal-Wallis test fol-
lowed by Dunn’s test. Multiple linear regression analy-
sis was used to adjust confounding variables (BMI and
age). All study data were analyzed using SPSS 18 and P
values<0.05 was considered statistically significant.

3. Results

Table 1 presents the demographic data of 391 study
subjects. The mean (SD) age and BMI values (4614 y
and 28.67+4.2 kg/m?, respectively) of the subjects of the
OSA group were significantly higher than those of the
PS and control groups (P<0.001). Therefore, multiple re-
gression analysis was used to control the effects of these
two confounding variables (Table 3).

The results showed an uneven distribution with regard
to gender among the groups (P=0.01). The distribution
of other variables, such as job and educational status, did
not show any significant difference among the groups
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(P>0.05). However, marital status among the groups had
a different and significant distribution (P=0.004) as 69.1
% of the OSA subjects were married (Table 1).

With regard to the PSG data (Table 2), the total sleep
time in the three groups was more than 6 h (maximum 6.5
h in the OSA group and minimum 6.07 h in the normal
group) and no significant difference was found among
the groups (P=0.688). Sleep Efficiency (SE) in all three
groups was more than 80% and no significant difference
was observed among these groups (P=0.647). However,
N1 showed a significant difference between the OSA and
two other groups; the highest percentage (48.57%) was
observed in the OSA group (P<0.001) (Table 2 and Fig-
ure 2). With regard to N2, no significant difference was
observed among the groups. However, Slow Wave Sleep
(SWS) (N3 and N4 stages of non-REM sleep) revealed a
significant difference among the groups (P<0.001) as the
lowest SWS (17%) was observed in the OSA group and
the highest SWS in the normal group (29.1%) (Table 2
and Figure 2). As demonstrated in Table 2 and Figure 2,
the percentage of REM sleep of TST showed a similar
distribution among three groups (minimum 9.6% in the
normal group and maximum 10.65% in the OSA group)
and there was no significant difference (P=0.721). As
shown in Table 2, minimal SpO, in the OSA group with
a mean (SD) of 84(11) indicated a significant reduction
compared to those of the other two groups with a mean
of 90% (P<0.001). Brain arousal (in TST) showed a
significant increase (with a mean [SD] of 27.14 [8.29])
in the OSA group in comparison with the other groups
(P<0.001). Wake index in the three groups showed no
significant difference among the groups (Table 2).

Because age and BMI confounding factors were sig-
nificantly different among the groups (Table 1 and Fig-
ure 3), we used multiple regression analysis to control
their effects (Table 3). It should be noted that only those
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Figure 1. The effects of OSA on sleep architecture

NEURSSCIENCE

1: Increase; |: Decrease; -: No effect; OSA: Obstructive Sleep Apnea; N1: Stage 1 of Non-REM sleep; N2: Stage 2 of Non-REM
sleep; SWS: Slow-Wave Sleep; REM: Rapid Eye Movement; Minimal SpO2: Minimal oxygen saturation
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Table 1. Demographic data
Normal PS OSA P
Age,y 36.21°+14.03 38.82°+17.42 46.23°+13.9 <0.001*
AHI 1.9%(2.75) 2.3°(2) 15.7°(20.35) <0.001"
BMI, kg/m? 24.3a+3.81 25.39°+4.85 28.69°+4.78 <0.001*
Female 24(17.9) 41(30.6) 69(51.5)
Gender 5
n (%) 0.01
Male 27(10.5) 60(23.3) 170(66.1)
Unemployment 22(19.1) 36(31.3) 57(49.6)
Employment 23(11.3) 48(23.6) 132(65.0)
Job u
n (%) 0.077
Driver 6(10.3) 14(24.1) 38(65.5)
Shift worker 0(0.0) 3(20.0) 12(80.0)
llliterate 2(5.7) 9(25.7) 24(68.6)
Pri 13(14.8 27(30.7 48(54.5
Educational status rimary (148) (30.7) (54.5) 0.325
% b
n (%) High school & diploma 20(15.0) 26(19.5) 87(65.4)
Academic 16(11.9) 39(28.9) 80(59.3)
Single 18(22.2) 31(38.3) 32(39.5)
Marriage statues - M
n (%) Married 27(9.7) 59(21.2) 192(69.1) 0.004
Widow or divorced 6(18.8) 11(34.4) 15(46.9)

NEURZSCIENCE

PS: Primary Snoring; OSA: Obstructive Sleep Apnea; BMI: Body Mass Index; AHI: Apnea-Hypopnea Index

Mean#SD, median (interquartile range), and percentage (%) are presented for parametric, nonparametric, and categorical data,
respectively. Means or median with same superscript letters are not significantly different (P>0.05).

t: Kruskal-Wallis test followed by Dunn’s multiple comparisons test was used.

}: One-way ANOVA test followed by Tukey test was used.
§: The Chi-square test was used.

#: Monte Carlo Chi-square was used.

variables which were statistically significant in Table 2
(N1 and SWS), were reanalyzed and presented in Table
3 to control the effects of the confounding factors. The
analysis indicated a significant difference in observed
N1 among the three groups (95%CI=0.42-5.6) (Table 3).
In the case of SWS, no significant difference was found
among the groups (95%CI=-4.6-0.5) (Table 3).

PSG data were also examined in the age ranges of 15-
24,25-44, 45-64, and 65-84 years. As illustrated in Table
4, BMI showed a significant increase in the age range
of 15-24 years of the OSA group as compared with the
same age range of the PS (P=0.022) group. In addition,
in this age range, minimal SpO, demonstrated a signifi-
cant decrease in the OSA group compared with the con-
trol group (P=0.014). As shown in Table 4, in the case

of 25-44 age range, BMI indicated a significant increase
in the OSA group compared to the two other groups
(P=0.002). On the other hand, minimal SpO, showed
a significant decrease in OSA compared to the others
(P<0.001). Brain arousals showed a significant increase
in the OSA group as compared with the PS but with the
control group (P=0.001).

The results obtained from PSG data of 45-64 and
65-84 years age groups are presented in Table 5. Ac-
cording to the results, BMI in the age range of 45-64
years, showed a significant increase in the OSA group
compared with the same age range of the control and
PS groups (P=0.002). OSA had a significant increase
(P=0.003) in N1 and a significant decrease (P=0.021)
in SWS at the age range of 45-64 years as compared
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Table 2. Polysomno graphic data
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Normal (n=51) PS (n=101) OSA (n=239) P

TST (h) 6.72%(1.14) 6.89°(1.26) 6.605%(1.25) 0.688"

SE 88.1°(13.37) 89.5%(13.2) 87.3%(13.68) 0.647"
N1 (%TST) 40.24°+16.86 38.15°+17.84 48.57°+17.81 <0.001*

N2 (%TST) 18.5°(15.08) 20.8%(23.75) 18.9°(15.3) 0.37
SWS (%TST) 29.1°(21.53) 23.3°(25.2) 17°(20.5) <0.001"
REM (%TST) 5.5%(11.7) 7.3°(10.5) 7.2°(10.8) 0.721'
Minimal SpO, 90°(4) 842(11) <0.001"
Brain arousals (in TST) 23.97°+6.38 23.91°+7.32 27.14°+8.29 <0.001*
Wake index 4.2°(4.55) 3.1%(5.5) 3.6%(4.6) 0.834"

NEURZSCIENCE

PS: Primary Snoring; OSA: Obstructive Sleep Apnea; TST: Total Sleep Time; SE: Sleep Efficiency; N1, stage 1 of non-REM sleep;
N2, stage 2 of non-REM sleep; SWS: Slow-Wave Sleep; REM: Rapid Eye Movement; Minimal SpO,, minimal oxygen saturation

Mean#SD, median (interquartile range), and percentage (%) are presented for parametric, nonparametric, and categorical data,
respectively. Means or median with same superscript letters are not significantly different (P>0.05).

1: Kruskal-Wallis test followed by Dunn’s multiple comparisons test was used.

1: One-way ANOVA test followed by Tukey’s test was used.

with the PS; however, it did not demonstrate any sig-
nificant difference in these variables when compared
with the control group. Minimal SpO, in the OSA
group was significantly (P<0.001) lower than the other
groups. Lastly, brain arousals showed a significant in-
crease in the OSA group as compared with merely the
control (P=0.02). Finally, as it has been presented in
Table 5, in the 65-84 years age group, only wake index
revealed a significant increase in the OSA group com-
pared with the PS group (P=0.001). It should be noted
that no subject of this age range (65-84) was in the
control group. In brief, as illustrated in Figure 1, OSA
increased N1 and brain arousals and decreased SWS
and minimal SpO,; however, it did not have any effect

on N2 or REM stages.

Table 3. Multiple regression model

4. Discussion

The study findings show that people with OSA experi-
ence more light sleep and less deep sleep as compared
with the people without apnea and even people who are
having snoring without apnea (primary snorer). Further-
more, the obtained data indicate that the OSA groups
also have a lower minimal SpO, in comparison with the
control group. Finally, we found no significant differ-
ences in total sleep time and Sleep Efficacy (SE) among
the groups studied.

The study results also show that gender is not equally
distributed in study groups, so that most people who were
diagnosed with OSA were men but women constituted a
higher percentage in PS group (P=0.01). Many studies

Outcome Variable Predictor Variable B 95%Cl SE P
Age 0.24 (0.16-0.41) 0.062 <0.001
N1 (%TST) BMI 0.108 (0.004-0.78) 0.199 0.048
Category 0.117 (0.42-5.6) 131 0.023
Age -0.131 (-0.27--0.33) 0.061 0.013
SWS (%TST) BMI -0.252 (-1.3--0.54) 0.196 <0.001
Category -0.081 (-4.6-0.5) 1.29 0.114

NEURSCIENCE

Multiple regression model was used to adjust confounding variables (age and BMI) to determine the significant differences
in sleep stages (N1 and SWS) among the groups. Abbreviations: Category, study groups; CI: Confidence Interval; TST: Total
Sleep Time; BMI: Body Mass Index; SWS: Slow Wave Sleep; BMI: Body Mass Index

Shahveisi, K.. et al. (2018). Sleep Architecture in Primary Snoring and OSA. BCN, 9(2), 147-156.
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Table 4. Age classification of variables
15-24 Year 25-44 Year
Normal PS OSA P Normal PS OSA P
AHI 1.3°£0.92 2.2°+1.16 13.86°+18.72  0.011% 2.3%(3.3) 22(2.32) 13.6°(14.8)  <0.001t
BMI 21.63%+3.46  21.93*+2.34  24.95°+3.92 0.022% 24.99°+3.28  25.96*+3.76  27.73*+3.79  0.002%
TST (h) 6.97+0.56 7.12+0.67 6.97+0.99 0.849% 6.60+.84 6.42+1.56 6.88+.71 0.072%
SE 91.67%5.70 91.87+5.29 91.5249.10 0.992% 86.5(21.6) 89.6(12.65) 90.9(11.6) 0.2067
N1 (%TST) 35.19+12.05 32.8548.76 36.54+10.09  0.640% 40.03+17.26  39.98+17.15 44.03+15.13  0.329%
N2 (%TST) 15.53+8.45 22.35+13.93 22.7247.15 0.149% 22.22+15.08  24.59+13.02  23.74+12.25 0.774%
SWS (%TST) 38.36+15.87  33.63+18.09  32.47+14.39 0.621% 27.98+15.08  24.36+19.06  22.37+15.22  0.355%
REM (%TST) 10.92+18.27 7.69+8.70 8.28+11.44 0.810% 7.1(14.4) 7.85(11.63) 7.3(10.6) 0.922tF
Minimal SpO, 91.92°+1.51  90.31*+3.52  88.87°+2.17 0.014% 91°(4) 91°(3) 874(6) <0.001t
Brain arousals (in TST) ~ 25.50+4.17 27.45£5.01 25.80+5.99 0.594% 24.85%°+5.38 22.73°+7.73  27.88°+7.87  0.001%
Wi 3.62+2.02 2.20+1.79 2.76%2.97 0.333% 4.3(7) 3.3(5.8) 3.1(3.1) 0.305*

NEURZSCIENCE

Abbreviations: PS, primary snoring; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; BMI, body mass index; TST,
total sleep time; SE, sleep efficiency; N1, stage 1 of non-REM sleep; N2, stage 2 of non-REM sleep; SWS, slow-wave sleep; REM,
rapid eye movement; Minimal SpO,, minimal oxygen saturation. Mean+SD, median(interquartile range), and percentage(%)
are presented for parametric, nonparametric, and categorical data, respectively. Means or median with same superscript letters

are not significantly different(P>0.05).

T Kruskal-Wallis test followed by Dunn’s multiple comparisons test was used.

1 One-way ANOVA test followed by Tukey test was used.

§ Independent Samples t test was used.

have confirmed our findings about a higher prevalence
of OSA in men (Chan, Wong, Tang, & Ng, 2012; Pami-
di, Knutson, Ghods, & Mokhlesi, 2011; Punjabi, 2008;
Quintana-Gallego et al., 2004; Redline, Kump, Tishler,
Browner, & Ferrette, 1994). However, contrary to our
findings that demonstrated a higher prevalence of snor-
ing in women, other studies reported that snoring was
more prevalent in men (Alabi et al., 2012; Bouscoulet
et al., 2008; Chan et al., 2012). Based on the obtained
data from clients who were referred to the sleep center,
these results cannot be a good representation of the com-
munity. In this regard, Zhan and colleagues in a system-
atic review published in 2012 about gender difference in
snoring, reported that a selection bias existed in studies
intended to examine the effects of gender in snoring and
therefore their results were overshadowed by this issue
(Chan et al., 2012).

Furthermore, there was no significant difference be-
tween normal and PS group with regard to sleep archi-
tecture. In this regard, previous studies have not found

any significant difference in sleep architecture of snor-
ers and non-snoring subjects (Fuentes-Pradera et al.,
2003; Hoffstein, Mateika, & Mateika, 1991). Hoffman
investigated the sleep architecture of heavy snoring and
light snoring subjects without any difference in their
age, BMI and AHI and didn’t find any significant differ-
ence in sleep architecture between these groups (Hoffs-
tein et al., 1991).

The results of our study agree with the previous investi-
gation concerning the effect of age and BMI variables on
the sleep architecture. Our findings also show a positive
correlation between age and the risk of OSA. Thus, peo-
ple with OSA have a higher average age compared with
people without OSA, as previous studies have reported
(Jennum & Riha, 2009; Punjabi, 2008). In this study,
we used relevant statistical analysis methods to control
age and BMI. In addition, the clients were classified into
four age ranges and PSG data in these age ranges were
reanalyzed.
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Table 5. Age classification of variables

45-64 Year 65-84 Year
Normal PS OSA P Normal PS OSA P
AHI 2.25%(3.15) 2.5%(1.4) 20.1°(27.4) <0.001% - 2.21+1.43 21.24+14.37 <0.001&
BMI, kg/m? 25.71°+3.69 28.14*+531  29.99°+4.93 0.002% - 25.59+4.25 27.68+4.61 0.312§
TST (h) 6.8(1.13) 6.47(1.45) 6.47(1.31) 0.593t - 5.87+.68 6.27+.61 0.1648§
SE 88.1(11.52) 84.9(15.4) 84.5(16.2) 0.37t - 76.49+8.99 83.1148.73 0.108&
N1 (%TST) 45.65(18.25)  40.8%(29.9) 53°(26.35)  0.003t - 56.83+22.99  54.54+18.46  0.799%
N2 (%TST) 21.7(17.95) 21.8(25.5) 17.6(13.3) 0.246t = 11.10%9.05 14.11+7.23 0.3985§
SWS (%TST) 21.55%(28.55) 22.2°(18.7) 14°(18.75) 0.021t - 24.09+22.95 20+15.95 0.621§
REM (%TST) 5.4(9.53) 7.9(11.6) 7.2(11.5) 0.836 - 7.9749.44 11.33+13.93  0.567§
Minimal SpO, 89°(4) 87°(6) 82°(12) <0.001t - 89+2 77+15 0.53§
Brain arousals (in TST) 21.57°+8.60 22.99%+6.65  26.64°+8.87 0.02% - 27.11+10.46 28.62+7.84 0.702§
wi 5.05(4.47) 4.3(7.7) 4.3(5.75) 0.832t - 9.89+4.23 4.75+2.21 0.001§

NEURZSCIENCE

Abbreviations: PS: Primary Snoring; OSA: Obstructive Sleep Apnea; AHI: Apnea-Hypopnea Index; BMI: Body Mass Index;
TST: Total Sleep Time; SE: Sleep Efficiency; N1: stage 1 of Non-REM sleep; N2: stage 2 of Non-REM sleep; SWS: Slow-Wave
Sleep; REM: Rapid Eye Movement; Minimal SpO,: Minimal Oxygen Saturation

Mean#SD, median (interquartile range), and percentage (%) are presented for parametric, nonparametric, and categorical data,

respectively. Means or median with same superscript letters are not significantly different (P>0.05).

1: Kruskal-Wallis test followed by Dunn’s multiple comparisons test was used.

1: One-way ANOVA test followed by Tukey test was used.

§: Independent Samples t test was used.

The results showed that by controlling the age and BMI
effects on the sleep architecture, the percentage of N1 in
OSA group was significantly higher than the other two
groups. As it was revealed by 1-way ANOVA with Tukey
post hoc test, this significant difference was observed
only in 45-65 years age group. This finding is consistent
with the results of an epidemiological study indicating
the majority of OSA patients to be in 50-59 years age
range and that a reduction in the risk of OSA is observed
after the age 60 (Gislason, Almqvist, Eriksson, Taube, &
Boman, 1988). In this regard, other studies have reported
an increase in the risk of OSA until the age 60 and a re-
duction thereafter (Bixler, Vgontzas, TenHave, Tyson, &
Kales, 1998; Cass et al., 2013). Therefore, these studies
support the validity of our results.

With regard to slow-wave sleep, the initial tests showed
a significant difference among three groups. However by
controlling age and BMI, as confounding factors, SWS
showed no significant difference among the groups. It is
difficult to explain these results, but it might be related

to the potent effects of confounding variables. Rao et al.
(2009) showed a negative correlation between BMI and
SWS (Rao et al., 2009). Moreover, some studies have
also shown that SWS decreases with increasing age
(Ohayon et al., 2004; Redline et al., 2004). Therefore,
the effect of confounding factors such as age and BMI
could reduce SWS in OSA patients (Ohayon et al., 2004;
Rao et al., 2009; Redline et al., 2004; Zhu et al., 2014).
In other words, the effect of OSA on reducing SWS may
be due to age and BMI variables on sleep architecture.

Also in this study, demographic variables such as em-
ployment status, education, and marital status were eval-
uated. With regard to employment status and education,
no statistically significant difference was found among
three groups. Regarding marital status of the subjects,
most people with OSA were married and such difference
can, at least be due to sampling of this study, as the ma-
jority of the OSA married subjects were forced by their
spouses to refer to our research center.
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Figure 2. The effect of PS and OSA on sleep architecture (sleep stages)
N1 stage showed a significant increase induced by OSA (A) and SWS showed a significant decline induced by OSA (C). N2 (B)
and REM (D) stages did not show any difference among the groups. The data of N1 was normally distributed and analyzed us-
ing One-way ANOVA test followed by Tukey’s test; but, the data of N2, SWS, and, REM stages were non-normally distributed
and analyzed using Kruskal-Wallis test followed by Dunn’s multiple comparisons test.
TST: Total Sleep Time; N1, stage 1 of non-REM sleep; N2, stage 2 of non-REM sleep; SWS: Slow-Wave Sleep; REM: Rapid Eye
Movement.
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Figure 3. Correlation between BMI and sleep architecture (sleep stages)

N1 showed a positive correlation with BMI (A) and SWS showed a negative correlation with BMI (C). N2 (B) and REM (D)
did not have any significant correlation with BMIL

BMLI: Body Mass Index; TST: Total Sleep Time; N1, stage 1 of non-REM sleep; N2, stage 2 of non-REM sleep; SWS: Slow-Wave
Sleep; REM: Rapid Eye Movement
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The sleep architecture of the patients with obstructive
sleep apnea showed a tendency to increase light (N1)
sleep even by controlling confounders, age, and BMI. It
means that, OSA, independent of age and BM], is able to
increase light sleep. However, the effect of OSA on the
reduction of deep (SWS) sleep depends on the individual
factors such as age and BMI, and OSA independently
has no effect on decreasing deep sleep.

It seems that OSA, because of some degree of brain
arousal, which is in turn the result of a reduction in ar-
terial blood oxygen concentration, will cause the OSA
subjects to spend more time in light sleep and less time
in deep sleep. However, in our study this condition ap-
parently has no effect on TST and SE. Perhaps that is
why the patients do not complain of insomnia and are
sometimes unaware of their problems.

The limitations of this study include: 1. The study sub-
jects were not chosen from general population but from
those referred to sleep disorder sleep center from clinics
and hospitals; 2. According to the results of epidemio-
logical studies, OSA has the highest prevalence in middle
age individuals (Jennum & Riha, 2009; Lee, Nagubadi,
Kryger, & Mokhlesi, 2008; Punjabi, 2008; Young, Pep-
pard, & Gottlieb, 2002) and also, in this study, the mean
(SD) age of participants was 42.53(15.64) years; and 3.
Age and BMI had a heterogeneous distribution among
the groups; however, this limitation was resolved by us-
ing relevant statistical analysis.

Our study has shown that OSA, independent of age and
BMI, might reduce N1 and this reduction can be due to
a fall in arterial blood oxygen and a subsequent brain
arousal. In addition, by controlling confounding factors;
i.e. age and BMI, through performing multiple regres-
sion, it was found that OSA has no effect on reducing
deep (SWS) sleep in the patients with OSA. However,
further research is necessary to determine sleep architec-
ture in patients with OSA.

Acknowledgements
We are grateful to all study participants and to the Dep-
uty for Research and Technology, Kermanshah Univer-

sity of Medical Sciences for the financial support (Grant
No. 95400).

Conflict of Interest

The authors declared no conflict of interest.

March, April 2018, Volume 9, Number 2

References

Alabi, B. S., Abdulkarim, A. A., Musa, I. O., Adegboye, O., Are-
mu, S. K., Abdur-Rahman, L. O,, et al. (2012). Prevalence of
snoring and symptoms of sleep disordered breathing among
primary school pupils in Ilorin, Nigeria. International Journal
of Pediatric Otorhinolaryngology, 76(5), 646-8. doi: 10.1016/j.
ijporl.2012.01.029

Ayalon, L., Ancoli Israel, S., & Drummond, S. P. A. (2010). Ob-
structive sleep apnea and age: A double insult to brain func-
tion. American Journal of Respiratory and Critical Care Medicine,
182(3), 413-9. doi: 10.1164/rccm.200912-18050C

Barone, D. A, & Krieger, A. C. (2013). Stroke and obstructive
sleep apnea: A review. Current Atherosclerosis Reports, 15(7),
334. doi: 10.1007 /s11883-013-0334-8

Bixler, E., Vgontzas, A., TenHave, T., Tyson, K., & Kales, A.
(1998). Effects of age on sleep apnea in men. American Jour-
nal of Respiratory and Critical Care Medicine, 157(1), 144-8. doi:
10.1164/ ajrccm.157.1.9706079

Bouscoulet, L. T., Vazquez-Garcia, ]J. C., Muino, A., Marquez,
M., Lopez, M. V., de Oca, M. M, et al. (2008). Prevalence of
sleep related symptoms in four Latin American cities. Journal
of Clinical Sleep Medicine, 4(6), 579-85. PMCID: PMC2603536

Cass, A. R., Alonso, W.]., Islam, J., & Weller, S. C. (2013). Risk of
obstructive sleep apnea in patients with type 2 diabetes mel-
litus. Family Medicine Journal, 45(7), 492-500. PMID: 23846968

Chan, C. H,, Wong, B. M., Tang, J. ., & Ng, D. K. (2012). Gender
difference in snoring and how it changes with age: Systematic
review and meta-regression. Sleep and Breathing, 16(4), 977-86.
doi: 10.1007/511325-011-0596-8

De Torres Alba, F., Gemma, D., Armada Romero, E., Rey Blas, J.
R., Lopez de Sa, E., & Lopez Sendon, J. L. (2013). Obstructive
sleep apnea and coronary artery disease: From pathophysiol-
ogy to clinical implications. Pulmonary Medicine, 2013, 768064.
doi: 10.1155/2013 /768064

Devulapally, K., Pongonis, R., Jr., & Khayat, R. (2009). OSA: The
new cardiovascular disease: Part II: Overview of cardiovas-
cular diseases associated with obstructive sleep apnea. Heart
Failure Reviews, 14(3), 155-64. doi: 10.1007/s10741-008-9101-2

Dorffner, G., Vitr, M., & Anderer, P. (2015). The effects of aging
on sleep architecture in healthy subjects. Advances in Experi-
mental Medicine and Biology, 821, 93-100. doi: 10.1007/978-3-
319-08939-3_13

Fuentes-Pradera, M. A., Botebol, G., Sanchez Armengol, A., Car-
mona, C., Garcia Fernandez, A., Castillo Gomez, J., et al. (2003).
Effect of snoring and obstructive respiratory events on sleep
architecture in adolescents. Archives of Pediatrics & Adolescent
Medicine, 157(7), 649-54. doi: 10.1001/archpedi.157.7.649

Gislason, T., Almqvist, M., Eriksson, G., Taube, A., & Boman, G.
(1988). Prevalence of sleep apnea syndrome among Swedish
men--an epidemiological study. Journal of Clinical Epidemiol-
ogy, 41(6), 571-6. PMID: 3385458

Hirshkowitz, M. (2004). Normal human sleep: An over-
view. Medical Clinics of North America, 88(3), 551-65, vii. doi:
10.1016/j.mcna.2004.01.001

Hoffstein, V., Mateika, J. H., & Mateika, S. (1991). Snoring and
sleep architecture. The American Review of Respiratory Disease,
143(1), 92-6. doi: 10.1164/ ajrccm,/143.1.92

Shahveisi, K.. et al. (2018). Sleep Architecture in Primary Snoring and OSA. BCN, 9(2), 147-156.




March, April 2018, Volume 9, Number 2

Jennum, P., & Riha, R. L. (2009). Epidemiology of sleep
apnoea/hypopnoea  syndrome and sleep-disordered
breathing. European Respiratory Journal, 33(4), 907-14. doi:
10.1183/09031936.00180108

Kapoor, M., & Greenough, G. (2015). Home sleep tests for
Obstructive Sleep Apnea (OSA). The Journal of the Ameri-
can Board of Family Medicine, 28(4), 504-9. doi: 10.3122/jab-
fm.2015.04.140266

Kapur, V. K,, Baldwin, C. M., Resnick, H. E., Gottlieb, D. J., &
Nieto, F. J. (2005). Sleepiness in patients with moderate to se-
vere sleep-disordered breathing. Sleep, 28(4), 472-77. PMID:
16171292

Khazaie, H., & Maroufi, A. (2014). Obstructive sleep apnea syn-
drome: A neglected cause of traffic collision among Iranian
public transport drivers. Journal of Injury & Violence Research,
6(2), 99. doi: 10.5249/jivr.v6i2.577

Khazaie, H., Najafi, F., Rezaie, L., Tahmasian, M., Sepehry, A.
A., & Herth, F. J. (2011). Prevalence of symptoms and risk
of obstructive sleep apnea syndrome in the general popula-
tion. Archives of Iranian Medicine, 14(5), 335-8. doi: 009. PMID:
21888458

Lee, W., Nagubadi, S., Kryger, M. H., & Mokhlesi, B. (2008).
Epidemiology of obstructive sleep apnea: A population-based
perspective. Expert Review of Respiratory Medicine, 2(3), 349-64.
doi: 10.1586,/17476348.2.3.349

Malhotra, A., & White, D. P. (2002). Obstructive sleep apnoea.
Lancet, 360(9328), 237-45. doi: 10.1016/S0140-6736(02)09464-3

Moon, K., Punjabi, N. M., & Aurora, R. N. (2015). Obstructive
sleep apnea and type 2 diabetes in older adults. Clinics in Geri-
atric Medicine, 31(1), 139-47, ix. doi: 10.1016/j.cger.2014.08.023

Nisbet, L. C., Yiallourou, S. R., Walter, L. M., & Horne, R. S.
(2014). Blood pressure regulation, autonomic control and
sleep disordered breathing in children. Sleep Medicine Reviews,
18(2), 179-89. doi: 10.1016/j.smrv.2013.04.006

Ohayon, M. M., Carskadon, M. A., Guilleminault, C., & Vitiello,
M. V. (2004). Meta-analysis of quantitative sleep parameters
from childhood to old age in healthy individuals: Developing
normative sleep values across the human lifespan. Sleep, 27(7),
1255-73. PMID: 15586779

Pamidi, S., Knutson, K. L., Ghods, F., & Mokhlesi, B. (2011).
Depressive symptoms and obesity as predictors of sleepiness
and quality of life in patients with REM-related obstructive
sleep apnea: cross-sectional analysis of a large clinical popu-
lation. Sleep Medicine Reviews, 12(9), 827-31. doi: 10.1016/j.
sleep.2011.08.003

Punjabi, N. M. (2008). The epidemiology of adult obstructive
sleep apnea. Proceedings of the American Thoracic Society, 5(2),
136-43. doi: 10.1513/ pats.200709-155MG

Quintana Gallego, E., Carmona Bernal, C., Capote, F., Sinchez
Armengol, A., Botebol Benhamou, G., Polo Padillo, J., & Cas-
tillo Gémez, J. (2004). Gender differences in obstructive sleep
apnea syndrome: A clinical study of 1166 patients. Respiratory
Medicine, 98(10), 984-9. doi: 10.1016/j.rmed.2004.03.002

Rao, M. N, Blackwell, T., Redline, S., Stefanick, M. L., Ancoli-
Israel, S, & Stone, K. L. (2009). Association between sleep
architecture and measures of body composition. Sleep, 32(4),
483-490. PMCID: PMC2663862

Basic and Clinical

NEUR<:SCIENCE

Redline, S., Kirchner, H., Quan, S. F., Gottlieb, D. J., Kapur, V., &
Newman, A. (2004). The effects of age, sex, ethnicity, and sleep-
disordered breathing on sleep architecture. Archives of Internal
Medicine, 164(4), 406-18. doi: 10.1001/archinte.164.4.406

Redline, S., Kump, K., Tishler, P. V., Browner, 1., & Ferrette,
V. (1994). Gender differences in sleep disordered breathing
in a community-based sample. American Journal of Respira-
tory and Critical Care Medicine, 149(3), 722-6. doi: 10.1164/ ajrc-
cm.149.3.8118642

Roure, N., Gomez, S., Mediano, O., Duran, ]J., Pena Mde, L., Ca-
pote, F., et al. (2008). Daytime sleepiness and polysomnogra-
phy in obstructive sleep apnea patients. Sleep Medicine, 9(7),
727-31. doi: 10.1016/j.sleep.2008.02.006

Smagula, S. F., Reynolds, C. F., Ancoli Israel, S., Barrett Connor,
E., Dam, T. T., Hughes Austin, ]. M., et al. (2015). Sleep archi-
tecture and mental health among community-dwelling older
men. The Journals of Gerontology: Series B, Psychological Sciences
and Social Sciences, 70(5), 673-81. doi: 10.1093/ geronb/ gbt125

Spicuzza, L., Caruso, D., & Di Maria, G. (2015). Obstructive sleep
apnoea syndrome and its management. Therapeutic Advances
in Chronic Disease, 6(5), 273-85. doi: 10.1177/2040622315590318

Tasali, E., Mokhlesi, B., & Van Cauter, E. (2008). Obstructive
sleep apnea and type 2 diabetes: Interacting epidemics. Chest,
133(2), 496-506. doi: 10.1378/ chest.07-0828

Torres, G., Sanchez-de-la-Torre, M., & Barbe, F. (2015). Relation-
ship Between OSA and Hypertension. Chest, 148(3), 824-32.
doi: 10.1378/ chest.15-0136

Vlachantoni, I. T., Dikaiakou, E., Antonopoulos, C. N., Stefa-
nadis, C., Daskalopoulou, S.S., & Petridou, E. T. (2013). Effects
of Continuous Positive Airway Pressure (CPAP) treatment
for obstructive sleep apnea in arterial stiffness: A meta-
analysis. Sleep Medicine Reviews, 17(1), 19-28. doi: 10.1016/j.
smrv.2012.01.002

Young, T., Peppard, P. E., & Gottlieb, D. ]J. (2002). Epidemiol-
ogy of obstructive sleep apnea. American Journal of Respira-
tory and Critical Care Medicine, 165(9), 1217-39. doi: 10.1164/
rccm.2109080

Zhu, Y., Au, C. T, Lam, H. S,, Chan, C. C,, Ho, C, Wing, Y. K,
et al. (2014). Sleep architecture in school-aged children with
primary snoring. Sleep Medicine Reviews, 15(3), 303-8. doi:
10.1016/j.sleep.2013.08.801

Shahveisi. K., et al. (2018). Sleep Architecture in Primary Snoring and OSA. BCN, 9(2). 147-156.




