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Abstract Obstructive sleep apnea/hypopnea syndrome

(OSAHS) is an important and more common public health

problem with increasing incidence. Polysomonography

(PSG) is the gold standard test in OSAHS diagnosis.

Apnea-hypopnea index (AHI) is the main parameter of

PSG, which is correlated with OSAHS severity. The main

complaint of OSAHS patients is daytime sleepiness and the

Epworth Sleepiness Scale (ESS) used for evaluation of

disease severity. The correlation of AHI with daytime

sleepiness and ESS is well known. But there are many

patients, which have uncorrelated daytime sleepiness with

AHI. This data calls this hypothesis; Are there any other

parameters which may affect daytime sleepiness. 648

patients with complaining of snoring and apnea were

evaluated by polysomnography and anthropometric

measurements. The cut-off value of ESS was accepted 10

as an indicator of severe daytime sleepiness. Patients were

divided to groups with the aim of homogenization,

according to AHI values. The patients with similar AHI

values were analyzed according to their ESS scores. BMI

and neck circumference were elevated in daytime sleepi-

ness patients. The nocturnal hypoxemia markers; apnea

number/index, maximum duration of apnea, at least SO2

concentration, duration of SO2 less than 90 % were much

effected in the group of daytime sleepiness. Beside the fact

that our research, AHI is not enough for predicting the

daytime sleepiness; anthropometric measurements and the

nocturnal hypoxemia markers should be evaluated.

Keywords Obstructive sleep apnea syndrome �
Daytime sleepiness � Epworth Sleepiness Scale �
Nocturnal hypoxemia

Introduction

Obstructive sleep apnea/hypopnea syndrome (OSAHS) is

characterized with intermittent, complete or partial

obstruction of airway during sleep with the incidence of

2 % in the middle aged women and 4 % in middle aged

men [1]. Patients’ complaints are mainly daytime sleepi-

ness, snoring and apnea. The gold standard test is poly-

somnography (PSG) for detecting OSAHS [2]. The main

parameter of PSG is apnea/hypopnea index (AHI) with the

correlation of disease severity [3]. Many patients’ disease

severity can be predictable according to AHI values. A

high AHI value may be thought a severe daytime sleeping

complaint vice versa a low AHI value may be thought a

mild or not daytime sleeping complaint. However, there are

many patients who have uncorrelated AHI values and
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daytime sleepiness. This situation is the limitation of the

gold standard test. There are many patients who have

severe daytime sleepiness with low AHI values; vice versa

patients have high AHI values with no complaint of day-

time sleepiness. The current data are not enough to explain

its pathophysiology. Clinicians need additional data for

evaluating these patients.

We aimed to investigate PSG parameters in the patients

who have uncorrelated daytime sleepiness and AHI values.

Materials and Methods

Study Design

We analyzed 648 patients according to PSG parameters,

daytime sleepiness, age, gender, BMI, neck and abdominal

circumference retrospectively. The ethic committee

approval was taken from The Ethic Commission of Diskapi

Yildirim Beyazit Training and Research Hospital prior to

study. Epworth Sleepiness Scale (ESS) was applied for

evaluating the daytime sleepiness. The patients were

accepted as a mild daytime sleepiness that has 10 or lower

than 10 points in ESS. The patients were accepted as a

severe daytime sleepiness that has more than 10 points in

ESS. A standard form was used in routine ENT examina-

tion. The patients’ mallampati scores, palatine tonsil sizes,

posterior tonsillar plica and uvula sizes were assessed. A

routine arterial blood gas analysis and spirometry tests

were performed for evaluating the other co morbid dis-

eases. Spirometry test abnormalities and affected daytime

arterial blood gas analysis like hypoxia, hypercarbia were

accepted as exclusion criteria. The patients were not

accepted to study that have chronic obstructive pulmonary

disease and obesity hypoventilation syndrome. The routine

PSG test evaluated which describes sleep time, sleep effi-

cacy, sleep periods, apnea/hypopnea number, apnea/hypo-

pnea index, obstructive-central-mix sleep apnea number,

hypopnea number, mean apnea time, the longest apnea

time, mean hypopnea time, the longest hypopnea time,

mean SO2 concentration, the lowest SO2 concentration, the

time of SO2 concentration under than 90 %, leg move-

ments, PLM index, arousal number, arousal index

parameters.

Patients ESS and AHI values were analyzed. Patients

were classified according to AHI and ESS values. Patients

in the same groups according to AHI values were accepted

as homogenised about disease severity. Each group divided

into two sub-groups according to ESS. Subgroups were

assessed about PSG parameters and anthropometric mea-

surements. The crosshatch analyses were used for eluci-

dating the parameters which make the differences in

daytime sleepiness.

Patients

There are 648 patients, 467 male and 181 female with the

47, and 74 ± 11.32 median age (Fig. 1). Snoring was

observed in 635 patients, apnea in 530 patients, and day-

time sleepiness in 457 patients (Fig. 2). The mean com-

plaining time was 89.42 ± 85.64 months.

The mean height, weight and BMI were 167 ± 9.22,

85 ± 14, 30.34 ± 5.63 respectively. The mean neck cir-

cumference was 40.76 ± 4.09. The mean abdominal cir-

cumference was 97.30 ± 20.34 (Table 1).

The mean ESS score was 10.90 ± 6 (0–24). Daytime

sleepiness was accepted as a mild in the ESS \ 10 patients.

Daytime sleepiness was accepted as a severe in the patients

who have ESS C 10. Patients were divided into two groups

according to AHI; 30 was accepted as a cut-off value.

Disease severity was accepted severe in the group of

AHI C 30; AHI \ 30 as a mild or moderate. Then cross-

hatch analyses were performed in the four subgroups

(Table 2). Group I includes the patients who have

AHI \ 30 and ESS B 10; group II, AHI \ 30 and

ESS [ 10. Group III includes the patients who have

AHI C 30 and ESS B 10; group II, AHI C 30 and

ESS [ 10. There are 253 patients in the group I, 252

patients in the group II, 49 patients in the group II and 94

patients in the group IV.

Statistical Analyses

SPSS-15 was used for statistical analyses. One-way

ANOVA test was used for comparing the groups.

Results

Group II was statistically significantly different from group

I according to neck circumference; S2 sleep period and

Sex

Male

Female

Fig. 1 Gender disturbance

Indian J Otolaryngol Head Neck Surg (Jan–Mar 2015) 67(Suppl 1):S16–S20 S17

123



arousal index (Table 3). The mean neck circumference was

39.89 ± 4.01 in the group I and 40.06 ± 3.36 in the group

II (p \ 0.05, one-way ANOVA). The mean S2 sleep period

was 73.90 ± 64.22 in the group I, 78.79 ± 74.17 in the

group II (p \ 0.05, one-way ANOVA). The mean arousal

index was 18.45 ± 2.16 in the group I, 26.20 ± 60.13 in

the group II (p \ 0.05, one-way ANOVA).

Group IV was statistically significantly different from

group III according BMI, S2 sleep period, obstructive

apnea number, the lowest SO2 saturation, the time of

SO2 B 90 (Table 4). The mean BMI was 31.24 ± 4.47

in the group III, 33.69 ± 9.37 in the group IV (p \ 0.05,

one-way ANOVA). The mean S2 sleep period was

72.26 ± 67.04 in the group III, 84.98 ± 89.14 in the group

IV (p \ 0.05, one-way ANOVA). The mean obstructive

apnea number was 123.83 ± 141.73 in the group III,

199.98 ± 197.87 in the group IV (p \ 0.05, one-way

ANOVA). The mean value of the lowest SO2 saturation

was 74.46 ± 11.35 in the group III, 69.76 ± 11.91 in the

group IV (p \ 0.05, one-way ANOVA). The mean value of

the time of SO2 B 90 was 29.01 ± 33.05 min in the group

III, 45.18 ± 37.88 min in the group IV (p \ 0.05, one-way

ANOVA).

Discussion

PSG is the gold standard test for evaluating OSA, but it is

not enough to explain some patients’ DS. Some patients

have severe OSA according to AHI values despite none

DS; some patients have mild OSA according to AHI values

despite severe DS. This situation is the limitation of the

gold standard test and AHI values which is the main

parameter of PSG. The ethiopathogenesis of OSA is not

completely clear yet. Is not it the main determining

parameter for predicting DS, apnea ? hypopnea index? Do

they have the same severity of disease; a patient has 40

apnea indexes with no hypopnea and a patient has 40

hypopnea index with no apnea? We investigated to explain

these questions in this research.

We tried to make homogenization in the groups with

classification the all patients according to AHI values. Then

the homogeny groups were divided into two groups

according to their ESS scores. ESS was described in 1991

as a simple questionnaire form by Johns [3]. Many clini-

cians use it for evaluating the DS. It depends on patients’

cultures, daily habits and socioeconomic situations [4].

Karakoç et al. [4] were reported as an association of ESS

and AHI value in 264 moderate/severe OSA patients. A

score of more than 10 is accepted as a severe DS in many

investigations.

The parameter were analyzed which may influence the

DS. The results were associated with that BMI, neck cir-

cumference, obstructive apnea number, the longest apnea

duration, the lowest SO2 concentration, the time of SO2

lower than 90 %, mean apnea duration, OD may influence

the DS in the 95 % confident interval. Many parameters are

related with nocturnal hypoxemia. This result indicates the

main parameter of the DS is nocturnal hypoxemia.

Obesity is a well-known risk factor for OSA. Airway

obstruction occurs due to increased adipose tissue on the

neck. Increased BMI may affect the severity of OSA. Katz

et al. [5] reported the association of BMI and neck cir-

cumference with AHI. This situation points out the possible

role of obesity hypoventilation syndrome (OHS). OHS is

characterized with; morbid obesity, daytime sleepiness,

morning headaches, depressed mood, memory and learning

problems, hypoxemia and hypercarbia at blood gas analysis

[6]. We excluded the patients who have hypoxia or

hypercarbia at daytime arterial blood gas analyses for

avoiding the OHS. We detected that, patients have severe
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Fig. 2 Complaining disturbance

Table 1 Anthropometric measurement

Mean Std.

deviation

Minimum Maximum

Height 167 9.22 115 192

Weight 85 14 42 140

BMI 30.34 5.63 18 62

Neck circumference 40.76 4.09 28 54

Abdominal

circumference

97.30 20.34 54 151

Table 2 Patient disturbance according to AHI and ESS

AHI \ 30 AHI C 30

ESS B 10 Group I (253) Group III (49)

ESS [ 10 Group II (252) Group IV (94)
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Table 3 Statistical compeering of group I and group II

AHI \ 30; ESS B 10 AHI \ 30; ESS [ 10 P value

(Group I) (Group II)

BMI 39.95 ± 9.9 30.15 ± 6.73 0.09

Age 47.96 ± 10.98 46.52 ± 11.76 0.19

Neck circumference 39.89 ± 4.01 40.06 ± 3.36 0.00

S1 9.12 ± 11.8 11.65 ± 28.18 0.16

S2 73.90 ± 64.22 78.79 ± 74.17 0.01

Obst apnea 11.93 ± 18.68 13.25 ± 26.39 0.18

Hypopnea 36.86 ± 32.19 41.84 ± 36.92 0.06

Mean apnea duration 11.98 ± 8.15 11.90 ± 6.44 0.06

The longest apnea duration 19.48 ± 17.07 18.91 ± 14.71 0.05

Mean hypopnea duration 14.74 ± 5.62 15.17 ± 5.10 0.66

The longest hypopnea duration 30.43 ± 19.73 33.72 ± 20.68 0.21

OD 15.27 ± 21.03 15.77 ± 23.94 0.72

Mean SO2 92.98 ± 3.37 92.50 ± 4.17 0.09

The lowest SO2 saturation 81.04 ± 12.75 81.56 ± 10.38 0.42

Mean desaturation 5.53 ± 5.39 5.19 ± 1.15 0.13

The time of SO2 B 90 11.88 ± 26.94 15.98 ± 53.16 0.07

PLM 2.65 ± 7.93 2.79 ± 7.60 0.95

Arousal 119.07 ± 148.60 127.24 ± 149.155 0.46

Arousal index 18.45 ± 2.16 26.20 ± 60.13 0.01

Bold values signify P \ 0.05 value accepted as a meaningful difference (Confident interval: 95 %)

Table 4 Statistical compeering of group III and group IV

AHI C 30; ESS B 10 AHI C 30; ESS [ 10 P value

(Group III) (Group IV)

BMI 31.24 ± 4.47 33.69 ± 9.37 0.04

Age 48.30 ± 49.36 49.36 ± 10.81 0.14

Neck circumference 43.17 ± 4.25 43.43 ± 3.84 0.45

S1 10.33 ± 12.48 14.46 ± 38.07 0.28

S2 72.26 ± 67.04 84.98 ± 89.14 0.00

Obst apne 123.83 ± 141.73 199.98 ± 197.87 0.00

Hypopnea 103.22 ± 61.98 104.08 ± 79.04 0.10

Mean apnea duration 18.45 ± 5.47 19.11 ± 5.62 0.49

The longest apnea duration 45.41 ± 52.00 24.11 ± 29.29 0.50

Mean hypopnea duration 17.45 ± 3.82 17.66 ± 6.28 0.18

The longest hypopnea duration 49.12 ± 26.85 50.14 ± 27.70 0.33

OD 60.74 ± 97.26 86.18 ± 93.73 0.23

Mean SO2 91.02 ± 4.49 93.61 ± 59.85 0.23

The lowest SO2 saturation 74.46 ± 11.35 69.76 ± 11.91 0.01

Mean desaturation 8.54 ± 9.51 9.76 ± 8.25 0.61

The time of SO2 B 90 29.01 ± 33.05 45.18 ± 37.88 0.02

PLM 2.19 ± 4.61 1.99 ± 3.90 0.57

Arousal 86.10 ± 145.14 105.01 ± 157.97 0.28

Arousal index 12.51 ± 21.42 16.94 ± 32.60 0.23

Bold values signify P \ 0.05 value accepted as a meaningful difference (Confident interval: 95 %)

Indian J Otolaryngol Head Neck Surg (Jan–Mar 2015) 67(Suppl 1):S16–S20 S19

123



DS who have increased BMI in the same groups. It indi-

cates the obesity as an independent risk of DS.

The main complaint of OSA patients is DS. Its patho-

physiology is not clear yet [7]. We can observe variated

degree of DS at the patients who have same AHI values [8].

If we accept the AHI as a main determining factor of

disease severity, we assume the same influence of apnea

and hypopnea on the disease. We detect that apneas

influence the DS more than hypopnea in our investigation.

Sleep stages disturbance may be changed by severity of

OSAHS. Severe patients couldn’t pass the deep sleep (S3,

S4, and REM) with increased duration of S1 and S2 stages.

As a result of this pathologic disturbance, patients have

decreased sleep quality with increased DS. Increased slow

wave sleep duration was detected in the severe patients in

our investigation.

Mediano et al. have been reported the association of

nocturnal hypoxemia with DS. They advocated the noc-

turnal hypoxemia as a main determining factor of DS [9,

10]. Intermittent hypoxemia during sleep may start the

oxidative stress and chronic hypoxemia. Recently pub-

lished investigations report that the neurovascular damage

and apoptosis via oxidative stress and chronic hypoksemia

[11].This data supports the association of OSA with DM,

HT and HL. Roure et al. [7] reported an effective and

longer sleep period with better nocturnal okigenisation in

mild DS patients than severe DS patients. Another report

advocated the association of DS with daytime PaPO2

concentration [12]. Our results indicate the increased

nocturnal hypoxemia in patients who have severe DS. A

statistical significantly difference was found at the longest

apnea duration, the lowest SO2 concentration, duration of

SO2 lower than 90 %.

The limitation of our study is that patients were not

evaluated about their co-morbid diseases.

AHI value is not enough alone for predicting DS

according to our results and literature. When we mainly use

the AHI value for classification of OSAHS, we accept the

same effectively of apnea and hypopnea to disease severity.

Our results indicate that, apnea dependent patients have

more DS than hypopnea dependent patients. We found the

nocturnal hypoxemia as an important parameter for pre-

dicting of DS. These findings may explain the patients’ DS

who have extensive nocturnal hypoxemia intervals with

mild AHI values.

The association of obesity and OSA is well known. We

analyzed the patients who have same AHI values. Our

results indicate the extensive DS in patients who have more

much BMI and neck circumference.

Conclusion

We report that, AHI is not enough for predicting DS;

anthropometric measurements, apnea/hypopnea index and

nocturnal hypoxemia should be evaluated.
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