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Abstract The study was conducted to find out the asso-

ciation of various naso-oro-pharyngeal structures with

sleep macro-architecture in suspected obstructive sleep

apnea subjects. Study included 51 subjects with suspected

obstructive sleep apnea. Subjects with possible central

apnea and those consuming any substance that can affect

sleep architecture were excluded. Level I polysomnogra-

phy was performed after thorough physical examination.

Overnight study was scored in 30 s epochs to find out the

polysomnographic variables. Surgical treatment was

offered wherever indicated. Subjects with moderate to

severe obstructive sleep apnea were manually titrated on

CPAP with the polysomnogram. SPSS v 17.0 was used for

statistical analysis. We did not find any difference in the

sleep architecture between genders. Sleep Efficiency was

better in subjects with dental overjet, dental attrition, high

tongue base, macroglossia, lesser oral cavity volume,

edematous uvula, increased submental fat, hypertrophied

facial muscles and Mallampatti grade III–IV. Shorter Sleep

Latency was seen in subjects with tender TMJ and Mal-

lampatti Gr III–IV. REM latency was shorter in subjects

with high tongue base, macroglossia and hypertrophied

muscles of mastication. Increased REM was observed in

subjects with high tongue base, edematous uvula and ten-

der TMJ. Enlarged tonsils had reversed effect with poor

sleep efficiency, increased REM latency and decreased

REM. CPAP therapy (N = 20) lessened awake time,

decreased N2 and increased REM. Oro-pharyngeal struc-

tures affect the sleep architecture in suspected OSA sub-

jects. Nasal structures do not affect the sleep architecture in

these subjects and enlarged tonsils have opposite effect.

Sleep architecture changes on the titration night with

CPAP.

Keywords Sleep-architecture � Sleep-apnea �
Oro-naso-pharyngeal anatomy

Introduction

Structures in the nose, oral cavity and pharynx are central

to the development in obstructive sleep apnea. Nasal

obstruction may lead to the snoring and sleep apnea [1].

Common causes of nasal obstruction are deviated nasal

septum, hypertrophied turbinates, polyps and mucosal

congestion from rhinitis [1]. Similarly other deformities

e.g., macroglossia, high tongue base, high arched palate,

enlarged tonsils, and adenoids, submental fat, etc. also adds

to the risks of obstructive sleep apnea [2, 3]. Few studies

suggest that craniofacial and nasopharyngeal abnormalities

may be related to the severity of obstructive sleep apnea

[4, 5]. On the other hand, it has been also reported that

sleep macro-architecture varies with the severity of OSA

and between genders [6, 7]. Hence, it is possible that sleep

architecture changes seen with the anatomical defects in

these structure are similar to those seen in OSA or any of

these structures may have a more marked effect than the

other. In the past a few studies have been conducted to
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assess the effect of nasal pathologies and adenotonsillar

enlargement on sleep macro-architecture, however, studies

assessing effects of other structures are probably never

attempted [8–11]. Hence, present study attempts to find out

the effect of each naso-oro-pharyngeal structure on the

sleep architecture in subjects suspected of OSA. Other aim

of the study was to see if CPAP therapy can change the

sleep architecture in these subjects.

Methodology

Study was conducted at Sleep and Headache Care, Jaipur

after approval of ethics committee. 51 consecutive patients

attending the sleep clinic for suspected OSA were included

in this study after obtaining a written informed consent.

However, subjects with obesity hyperventilation syndrome,

with major cardio-respiratory or neurological conditions

that might cause OR aggravate sleep apnea, pregnant

females, subjects consuming substance of abuse except

tobacco, those taking psychotropic medicines were exclu-

ded from the study. Their demographic data was recorded

in a semi-structured performa. Sleep history was taken in

the presence of a reliable informant, preferably a bed-

partner. Clinical examination was done that included visual

analysis for nares asymmetry, deviated nasal septum, col-

lapsed nasal valve, turbinate hypertrophy, retrognathia,

dental over-jet, dental occlusion, overlapping teeth, dental

attrition, tongue base, macroglossia, ascertainment of oral

cavity volume, position of hard palate, enlargement of soft

palate, uvula, tonsils, presence of submental fat, tenderness

of temporo-mandibular joints, hypertrophy of muscles of

mastication, enlargement of thyroid, neck circumference at

the level of cricoids and BMI. Then they were subjected to

complete neurological, psychiatric and cardio-respiratory

examination.

Then they were subjected to Level I whole night diag-

nostic polysomnography following the procedure men-

tioned below.

PSG Protocol

The 24 channel polysomnography was started at usual

bedtime for the respective subjects. They were prepared for

the study well before and whole of the procedure was

explained. They were given enough time to get familiar-

ized with the room. Attended polysomnography was per-

formed. Electrophysiological sleep parameters included:

frontal (F4/A1 and F3/A2), central (C4/A1 and C3/A2) and

occipital (O2/A1 and O1/A2) electroencephalogram

(EEG); right and left electro-occulogram (ROG and LOG)

and submentalis electromyogram (EMG). Limb movements

were observed using anterior tibialis electromyogram. Car-

diac rhythm was continuously recorded (ECG). The patient

was tested while breathing room air. Airflow was detected

using pressure transducers and respiratory motion was

detected using chest and abdomen movements. Arterial

pulse oximetry was measured by an oximeter set in the fast

response mode using a finger probe. Apneas and hypopneas

were scored on the basis of absence or reduction of airflow

for continuous ten seconds, respectively. Obstructive and

mixed events were defined by the presence of respiratory

efforts and characteristics changes of inspiratory flow

pattern.

Raw data was manually scored in 30 s epochs for sleep

staging using American Academy of Sleep Medicine cri-

teria by a trained sleep specialist (RG) who was blind to the

ENT pathologies [12]. The raw data was reviewed for

arousals using standard criteria by the scorer [12].

Surgery

Relevant surgeries according to prevailing guidelines were

done for the deviated nasal septum, adenotonsillar

enlargement, hypertrophied turbinates and nasal polyps by

an ENT surgeon (PS).

Titration of CPAP

Manual CPAP titration according to AASM guidelines was

done by a trained sleep specialist (RG) in subjects with

moderate to severe OSA [13].

Subjects where AHI \ 5 were operated for their ENT

problem. Subjects with mild apnea (AHI 6–15) were

operated and they were suggested sleep hygiene techniques

and were enrolled under weight reduction program.

Statistical Analysis

Analysis was performed using SPSS 17.0. Chi-Square test

was applied on the non-parametric variables. Two tailed

t test was used to assess difference between continuous

variables. Paired t test was used to find out the difference

between pre and post CPAP sleep architecture. One way

ANOVA with post hoc Tukey analysis was run on the

continuous variables divided in more than 2 groups.

Results

This study included a total of 51 subjects out of which 40

were males and 11 were females. Mean age of the subjects
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was 38 years (range 8–60 years). There was no difference

between the male and female members in this group based

upon the frequency of craniofacial and otorhinolaryngo-

logical anatomy. There was no difference between the

frequency of deviated nasal septum, overlapping teeth,

macroglossia, high tongue base, high arched palate,

edematous soft palate and uvula, tonsillar enlargement,

submental fat, nares asymmetry, hypertrophied facial

muscles and tenderness in the TMJs. However, more

females were suffering from dental over-jet (P = 0.003),

dental attrition (P = 0.001), poor dental occlusion

(P = 0.04) and hypertrophied turbinates (P = 0.004).

Similarly, the age and BMI did not differ significantly

across genders. However, mean collar size was more in

males as compared to females (Males: 39.94 ? 2.97 cms;

Females: 36.11 ? 5.77; P = 0.007). Mallampatti grading

was also not different between genders (X2 = 4.77;

P = 0.9). Polysomnography related variables did not differ

across genders except that females spent statistically but,

not clinically, more time awake than males (male:

12.20 ? 8.99 min; females: 20.8 ? 12.88; P = 0.01).

Desaturation Index, NREM AHI and REM AHI did not

differ across genders. Hence, largely the group was

homogenous.

DNS correction was attempted in 16 cases, turbinectomy

in ten subjects, tonsillectomy in nine, polyp removal in

three (not shown in table). Few of these cases had more

than one problem. Out of 51 subjects included in this study,

32 patients were found to have clinically significant

obstructive sleep apnea. Because of moderate to severe

sleep apnea, CPAP titration was done in 20 cases. Effect of

anatomical variables on sleep macro-architecture is shown

in Table 1; Table 2 shows effect of Mallampatti grading on

polysomnographic variables. Fig. 1 shows the difference

between the sleep architecture of test and titration night in

20 moderate to severe OSA subjects.

Discussion

In short, to best of our knowledge, for the first time this

kind of study has been conducted and data suggests that

high tongue base, macroglossia, decreased volume of oral

cavity, edematous uvula, edematous soft palate, hypertro-

phied facial muscles and submental fat were consistently

related with the change in sleep architecture. Other features

e.g., dental over-jet, dental attrition, tender TMJ, and ton-

sillar enlargement had effect on some of the sleep related

variables. Of these, tonsillar enlargement had opposite

effect as compared to other variables. Interestingly, nasal

pathologies did not affect the sleep architecture at all.

Hence, three assumptions can be made first, structures that

make a person prone to develop obstructive events are

involved in change in sleep architecture. However, it must

be remembered that these structures did not show any

consistent pattern and many of them influenced different

parameters of sleep. Secondly, for unknown reasons, ton-

sillar hypertrophy had an opposite effect of the sleep

macro-architecture as compared to other cranio-facial

structures. Thirdly, nasal structures perhaps do not con-

tribute to sleep apnea and consequently do not produce any

change in sleep architecture. This study also suggests that

structures that make a person prone to obstructive sleep

apnea consistently increase the sleep efficiency, decrease

REM latency, increase REM, increase REM cycles and

lessen the wake time.

Studies conducted in the past show that subject with

sleep apnea show inconsistent changes in sleep architec-

ture. A study done in Singapore on the OSA subjects,

shows that REM sleep decreases consistently as the

severity of sleep apnea measured by AHI progresses while

the light sleep shows opposite trend [7]. Another study

suggested that sleep efficiency, sleep latency, and N1 did

not differ between control group, mild apnea and severe

apnea. On the other hand, N2 and REM latency increased

with the severity of AHI with the decrease in N3 and REM

[14]. Other literature suggests that at least in children sleep

architecture do not differ with the position dependent AHI

[15]. Moreover, animal experiments suggest that sleep

stages particularly, N2 decreases with the initial periods of

intermittent hypoxia akin to sleep apnea, to again reach the

baseline after few days. While the delta portion of NREM

(N3 sleep) show a persistent decrement over days [16].

However, these studies do not provide any data regarding

the naso-oro-pharyngeal anatomy. They have considered

the either the presence of OSA or severity of AHI as the

defining criteria for classifying the population. Upper air-

way anatomy plays an important role which is shown by

the fact that subjects with upper airway resistance syn-

drome, although do not have clinically significant desatu-

ration or apnic events, yet they have frequent arousals to

disrupt their daytime wakefulness and probably altering

sleep architecture [17]. Moreover, presence of major

depressive disorder may also affect the sleep architecture in

OSA subjects. OSA subjects without depression have short

sleep latency while those with depression show higher

REM period [18]. Previous studies are silent in this regard.

In the present study we have excluded subjects with any

kind of comorbidity or drugs that could alter sleep archi-

tecture except hypertension, diabetes and coronary artery

disease.

First night effect must also be taken into account while

analyzing the data of the present study. It has been shown

that first night polysomnograms in OSA subjects shows

reduced sleep efficiency, N3 and REM all of which

increase on the second night [19]. Another study that
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compared the first night effect in OSA subjects studied

either in sleep laboratory or a hotel room failed to find any

difference of sleep architecture between two groups, con-

cluding that first night effect may not be apparent [20].

First night effect was demonstrated in normal healthy

volunteers in one study with increased alpha activity that

diminished over consecutive nights [21]. In present study

subjects were asked to attend the sleep laboratory 3–4 h

before their usual bedtime and they were allowed to do

their activities in the room to promote their familiarity with

Table 1 Effect of ENT pathology on sleep architecture (N = 51)

Pathology Present Absent P SED

Dental overjet N = 7 N = 44

Sleep efficiency 89.0 ? 3.25 83.23 ? 11.61 0.01 2.19

Dental attrition N = 8 N = 43

Sleep efficiency 88.55 ? 3.99 83.04 ? 11.8 0.02 2.3

N1 6.75 ? 4.8 12.28 ? 7.45 0.05 2.75

High tongue base N = 34 N = 17

SE 87.57 ? 6.34 76.18 ? 14.8 0.009 3.85

REM latency 108.88 ? 61.86 154.81 ? 78.55 0.03 20.47

Awake 10.52 ? 6.10 21.12 ? 13.64 0.008 3.56

REM 15.23 ? 7.51 11.37 ? 4.73 0.03 1.74

Macroglossia N = 32 N = 19

SE 88.05 ? 6.09 76.6 ? 14.06 0.004 3.68

REM latency 103.84 ? 61.62 158.66 ? 72.54 0.007 19.35

Awake 10.06 ? 5.09 20.77 ? 13.32 0.004 3.28

Decreased oral cavity volume (N = 33) (N = 18)

SE 87.68 ? 6.37 77.42 ? 14.5 0.01 3.59

Awake 10.75 ? 5.9 19.55 ? 13.86 0.01 3.43

High hard palate N = 17 N = 34

Awake 10.0 ? 5.81 15.76 ? 11.51 0.02 2.45

REM cycling 3.0 ? 1.63 3.88 ? 1.34 0.04 0.43

Edematous soft palate N = 6 N = 45

REM cycling 2.33 ? 0.51 3.77 ? 1.49 0.02 0.61

Edematous uvula N = 11 N = 40

SE 90.78 ? 6.41 82.21 ? 11.34 0.02 3.27

Awake 7.20 ? 4.68 15.6 ? 10.71 0.001 2.25

REM 19.6 ? 2.71 12.6 ? 6.98 \0.001 1.39

Hypertrophied tonsils N = 9 N = 42

SE 72.9 ? 14.87 86.02 ? 8.99 0.001 3.88

REM latency 186.75 ? 45.72 111.54 ? 67.92 0.004 25.13

Awake 23.25 ? 13.76 12.14 ? 8.68 0.004 3.69

REM 9 ? 3.29 14.95 ? 7.06 0.001 1.59

Increased submental fat N = 30 N = 21

SE 86.96 ? 6.07 79.38 ? 14.98 0.04 3.52

REM cycling 3.2 ? 1.44 4.2 ? 1.26 0.01 0.4

Tender TMJ N = 6 N = 45

SOL 3.83 ? 3.23 10.88 ? 15.23 0.01 2.64

REM 19.33 ? 2.25 13.27 ? 7.05 \0.001 1.40

Hypertrophied facial muscles N = 26 N = 25

SE 88.55 ? 6.25 78.91 ? 13.00 0.002 2.92

REM latency 96.84 ? 59.86 152.54 ? 70.61 0.004 18.41

Awake 10 ? 5.64 18.16 ? 12.53 0.006 2.78

N2 46.61 ? 13.7 38.58 ? 13.91 0.045 3.9
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the room. This could have increased the sleep efficiency as

well as the REM sleep [22]. Another reason for better sleep

efficiency in subjects predisposed to OSA could be because

of their sleepiness [23, 24]. Post hoc inspection of our data

showed that these subjects were suffering from excessive

daytime sleepiness. Hence, it is possible that first night

effect is apparent only in those patients who are sleep

deprived below a critical limit.

In this study, contrary to our assumptions, enlarged

tonsils reduced the sleep efficiency, REM, and increased

wake time and REM latency. Previous studies suggest that

children with adenotonsillar hypertrophy but with or

without OSA do not differ with respect to sleep architec-

ture [9]. Adenotonsillar hypertrophy is associated with

decrease in REM sleep but removal of lymphoid tissue

does not improve the obstructive events [10]. Recent study

suggests that adenotonsillectomy do not change the slow

wave sleep duration but may change it’s dynamics [25]. On

the contrary, Zhang et al. [26] found that adenoid

enlargement increases the REM latency with decrease in

REM sleep in children. Similarly, restless sleep with fre-

quent arousals is also common in the presence of tonsillar

hypertrophy [27].

Previous reports provide conflicting results with regards

to the change in sleep architecture after nasal surgery.

While one study suggested the improvement in nasal

resistance after nasal surgery, it did not find any change in

snoring and nocturnal breathing. However, REM sleep

increased on the second polysomnographic study that was

delayed for a mean of 113 days after surgery [8]. Another

study conducted on the UARS patients found that applica-

tion of nasal dilators decreased the time spent in N1 sleep.

In these cases sleep studies were conducted 1–2 weeks

apart [28]. McLean et al. [11] suggested that nasal surgery

may improve the airway and decrease the resistance, but

reduction in OSA severity was only modest. But, they

reported an improvement in sleep architecture with a

decrease in N1, N2 and increment of sleep efficiency, N3

and REM after surgery. However, in their study they con-

sidered only the turbinate hypertrophy excluding other

anatomical variables included in present study. On the

contrary two other studies failed to show any improvement

in sleep architecture by nasal dilatation in subjects with

mild sleep apnea [29, 30]. Similar results were reported by

Li et al. [31] in a recent meta-analysis. Thus, it is possible

that nasal structures do not cause obstructive apnea and in

selected cases they may alter the sleep macro-architecture,

especially in the presence of other contributing pathologies.

Table 2 Sleep architecture based upon Mallampatti score

N Mean SD P

Sleep efficiency \0.001

II 10 68.98 13.56

III 10 88 7.77

IV 31 87.55 5.97

SOL 0.01

II 10 21.70 21.0

III 10 4.00 1.97

IV 31 8.16 12.39

REM latency 0.02

II 10 174.90 64.56

III 10 128.70 74.36

IV 31 104.76 63.60

Awake \0.001

II 10 27.20 13.08

III 10 11.20 8.46

IV 31 10.40 5.40

N2 0.002

II 10 29.40 11.74

III 10 47.60 12.60

IV 31 45.60 13.16

REM 0.04

II 10 10.00 5.03

III 10 17.60 7.13

IV 31 14.13 6.90

Post Hoc Tukey: Sleep efficiency- II is different from III, IV; Sleep

onset latency- II is different from III, IV; REM latency- II is different

from IV; Awake- II is different from III, IV; N2- II is different from

III, IV; REM- II is different from III

Fig. 1 Comparison of sleep

macroarchitecture before and

after CPAP therapy
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On the night of manual titration of CPAP a change in

sleep architecture was seen. Wake time and N2 decreased

with the improvement of REM duration and REM cycling.

Earlier studies report decrement of N1/N2 stages with

consequent rebound of N3 and REM sleep period during

the first CPAP night [32, 33]. Kondo et al. [34] found that

beneficial effects of CPAP treatment on sleep architecture

lasts till the device is used for controlling apneas. Macro-

architecture of sleep bounces back to that of pretreatment

stage even if it is not used for single night. This data

suggests that change in sleep architecture is related to

presence of sleep apneas and consequent arousals rather

than any permanent change in brain morphology.

However, this study had some methodological limita-

tions. Firstly, sample size was small as compared to

prevalence of illness and factors studied. Secondly, we did

not study the change in sleep study dynamics. Thirdly,

because of the technical limitations we could not perform

the spectral analysis and sleep stages were reported on

visual scoring only. Fourth, the study included subjects

who were not found to suffer from clinically significant

apnea. Fifth, some part of the night was spent in finding an

optimum pressure for CPAP, hence below that the sleep

was not normal. This could have affected the comparison

between diagnostic and titration night and consequently

could have affected the results. However, despite these

limitations, this is the first study of its kind and shows that

different anatomical structures may have different effects

on sleep stages.

In conclusion, this study suggests that nasal pathologies

do not change sleep stages significantly, while oro-pha-

ryngeal structures alter the sleep architecture except that

tonsillar enlargement have an opposite effect. This study

also shows that first night effect must be considered when

analyzing the sleep architecture.
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