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Summary

Introduction. Nocturnal hypoxia is responsible for many obstructive sleep apnea syn-
drome (OSA) complications, therefore the saturation values-exponents of hypoxia are im-
portant for assessing the risk of complications.

Aim. Aim of this work was to compare the oxygen saturation in OSA vs non OSA patients.

Material and methods. We included 907 patients. On the basis of polysomnogra-
phy (PSG) according to AHI (Apnea-Hypopnea Index) they were divided into 2 groups:
OSA (AHI > 5) and non OSA (AHI < 5). The OSA group was divided into 3 stages:
mild (5 < AHI < 15), moderate (15 < AHI < 30), and severe (AHI > 30). In all patients aver-
age (Av Sa0,) and minimum (Min S8a0,) oxygen saturation was evaluated. The outcomes
were analyzed by Statistica 6.0.

Results. OSA group (n = 557): Av Sa0O, = 91.69%, Min SaO, = 77.21%; non
OSA (n = 350): Av Sa0, = 93.62%, Min SaO, = 87.26%. These differences were statisti-
cally significant (p < 0.0001). For each stage of OSA the mean saturations: mild - Av Sa0O,
= 92.93%, Min Sa0, = 81.83%; moderate — Av Sa0, = 92.24%, Min Sa0, = 78.9%; severe
- Av 8a0, = 90.06%, Min Sa0, = 71.44%. Statistically significant differences were found
between Av Sa0, (p < 0.05) and Min Sa0, (p < 0.0005) in the mild and moderate OSA
stage and Av Sa0, and Min SaQ, in the moderate and severe stage (p < 0.0001).

Conclusions. We concluded in more advanced OSA lower Av SaO, and Min SaO, were
observed which is additional to AHI hint to apply the treatment and prevent complications
associated with hypoxia.

Streszczenie

Wstep. Nocne niedotlenienie jest odpowiedzialne za wiele powiktan zespotu zaburzen
oddychania o charakterze bezdechu obturacyjnego (OSA), dlatego saturacja jako wyktad-
nik wartosci niedotlenienia jest istotna dla oceny ryzyka powiktan.

Cel pracy. Celem pracy byto poréwnanie saturacji pacjentdéw z i bez OSA.

Materiat i metody. Do badania wigczono 907 pacjentéw. Na podstawie polisomnogra-
fii (PSG) podzielono ich wg AHI na 2 grupy: z OSA (AHI > 5) i bez OSA (AHI < 5). Grupe
OSA podzielono na 3 stadia: fagodne (5 < AHI < 15), umiarkowane (15 < AHI < 30) i ciez-
kie (AHI > 30). U wszystkich pacjentéw oceniano srednig (Av Sa0,) oraz minimalng (Min
Sa0,) saturacje. Wyniki analizowano za pomoca programu Statistica 6.0.

Wyniki. Grupa OSA (n = 557): Av Sa0, = 91,69%, Min Sa0O, = 77,21%; grupa bez
OSA (n = 350): Av Sa0, = 93,62%, Min Sa0O, = 87,26%. Roznice te byly statystycznie
znamienne (p < 0,0001). Dla stadibw OSA saturacje wynosity odpowiednio: fagod-
ne — Av Sa0, = 92,93%, Min Sa0, = 81,83%; umiarkowane — Av 8a0, = 92,24%, Min
Sa0, = 78.9%,; ciezkie — Av Sa0, = 90,06%, Min SaO, = 71,44%. Roznice istotne staty-
stycznie stwierdzono miedzy Av SaO, (p < 0,05) i Min Sa0, (p < 0,0005) w tagodnym
i umiarkowanym stadium OSA oraz migdzy Av Sa0, i Min SaO, w umiarkowanym i cigzkim
stadium (p < 0,0001).
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Whioski. Nizsze wartosci Av SaO, i Min SaO, obserwowano w bardziej zaawansowa-
nych stadiach OSA, moze to by¢ dodatkowg obok AHI wskazdwkg do wdrozenia leczenia
i w zapobieganiu powiktaniom.

INTRODUCTION

Obstructive sleep apnea (OSA) is an important prob-
lem of the developed world (affects more than 4% of
male population and 2% women population) (1) and
is characterized by repetitive upper airway obstruc-
tion during sleep that leads to intermittent hypoxia.
Repetitive episodes of oxygen desaturation of 2-4%
are a typical symptom of obstructive sleep apnea syn-
drome (OSA). They are the consequences of respi-
ratory apnea and hypopnea incidents. A unique form
of hypoxia with repetitive short cycles of desaturation
followed by rapid reoxygenation is termed intermit-
tent hypoxia (IH) and it probably plays a significant
role in pathogenesis of cardiovascular complications
in OSA (2, 3). In some studies intermittent hypoxia is
considered as the main factor involved in cardiovascu-
lar remodelling in OSA (4, 5). It has also been noticed
that in OSA patients, early signs of atherosclerosis are
correlated with hypoxia severity even after adjustment
for confounding factors (6). Average and minimum sat-
uration is together with AHI (Apnea-Hypopnea Index)
and ODI (Oxygen Desaturation Index) an important
predictor of the severity OSA.

Obesity is closely associated with OSA. White adi-
pose tissue is a major secretory and endocrine organ.
Obesity induces a chronic low-grade inflammatory
state and many of the inflammatory pathways pro-
posed to be activated by intermittent hypoxia in OSA
are also activated in adipose tissue (7-9).

In our opinion average and minimum oxygen satura-
tion are indirect markers of hypoxia and help — in addi-
tion to AHI — to assess severity of OSA.

AIM

With regard to the important role of night hypoxia
in OSA we wanted to compare the average and mini-
mum oxygen saturation in OSA patients (AHI > 5) vs
non-OSA population (AHI < 5) during sleep in poly-
somnography (PSG) and see the differences in aver-
age and minimum oxygen saturation in these patients
for different OSA stages. We also wanted to investigate
a possible correlation between both mean values of
saturations and AHI.

MATERIAL AND METHODS

We examined retrospectively 907 (n = 907) poly-
somnograms recruited from patients (both sexes) re-
ferred to a sleep laboratory for suspected sleep apnea.
We included bariatric patients, patients before laryngo-
logical procedures, and patients who snored regularly.
Patients were referred to sleep laboratory by physi-
cians of many specialties: family doctors, surgeons,
internists, otolaryngologists.

The reasons for referring patients to clinical poly-
somnography were as follows:
— snoring,
— snoring with apnea observed by persons sleeping
in one room with the patient,
— abnormal nasal patency, and throat — before any
surgery,
— excessive daytime sleepiness,
— insomnia,
— heart problems, such as hypertension, resistant
to treatment,
— obesity,
— prior to the surgery of obesity (bariatric surgery).
Anthropometric characteristics of the group are list-
ed in tablet.

Table1. Anthropometric characteristics of the group

Parameters Women Men Total
(n =271) (n = 636) (n = 907)
Mean age (SD) 51.9 (14.7) 51.9 (13.1) 51.9 (13.6)
Mean BMI kg/m? (SD) 35.2 (10.5) 31.3(7.3) 32.5 (8.6)

SD - standard deviation

Polysomnographic studies were performed and
evaluated in accordance to current international stan-
dards (10-12).

PSG included the following variables: electroen-
cephalograms, electrooculograms, electromyelograms of
submental muscules, electrocardiogram, airflow (nasal
and oral), chest and abdominal efforts, snoring (mi-
crophone) and arterial oxyhemoglobin saturation and
pulse (finger probe).

Polysomnographic recordings were evaluated with
respect to:

— amount of disordered breathing during sleep,

— type disorders: obstructive sleep apnea, mixed,

central, hypopnea,

— AHI number of apnea/hypopnea incidents per

one hour of sleep,

— disease severity based on AHI (a mild form of 5 <AHI

< 15, moderate 15 < AHI < 30; severe AHI > 30),

— the number of desaturations,

- the average oxygen saturation (Av Sa0,),

— minimum oxygen saturation (Min Sa0,),

— heart rate (HR),

— the length of non REM (non-rapid eye movement)

sleep composed of light sleep stages 1and 2 (1 + 2),
and composed of deep sleep stages 3and 4 (3 + 4),

— the length of REM sleep (rapid eye movement).

Statistical analysis included:

— descriptive statistic on the parameters (mean val-

ue, standard deviation),

— correlations between the assessed parame-

ters (r-Pearson correlation),
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— rate differences in the evaluated parame-
ters (t-Student test for dependent and indepen-
dent samples, Z-test, Ch? NW test, Ch? Pearson
test, Ch2 with Yate’s correction),

— we considered statistically significant 95% confi-
dence level (p < 0.05).

All statistical analyses were carried out using statisti-

cal software Statistica version 6.0.

RESULTS

We analyzed 907 patients with suspected OSA.
557 patients with AHI > 5 were treated as the OSA group,
which was composed of 155 females and 402 males.
The group with AHI < 5 named as the non-OSA group
included 350 people consisting of 116 females and
234 males. We compared average (Av Sa0O,) and mini-
mum (Min Sa0,) saturation between the OSA group AHI
> 5 and the non-OSA AHI < 5 both in women and men.

Depth of hypoxia estimated by average and mini-
mum oxygen saturation was statistically different in the
group with AHI > 5 than in the non-OSA for all patients
and separately for men and women (tab. 2-4; fig.1-3).

Additionally we compared average and minimum
saturation in various stages of OSA severity assessed by
AHI. The lowest saturations values were noticed in pa-
tients in the severe stage of OSA (Av Sa0, — 90.06%, Min
Sa0, - 71.44%), higher in the moderate OSA (Av Sa0,
—92.23%, Min Sa0, - 78.9%) and in the mild stage of OSA
Av Sa0, - 92.93%, Min Sa0, - 81.83%) (tab. 5).

Table 2. Average and minimum saturation in patients AHI < 5
and AHI >5

Parameters AHI <5 AHI > 5 p-value in
comparison
between
Number of patients 350 557 AHI < 5 and
AHI > 5
[o) O,
Av Sa0, in % (SD) 9(‘?’3";%)‘ 9(13'2% p < 0.0001
Oy o)
Min Sa0, in % (SD) 8(762266)/" 7(2?2)/ p < 0.0001

Table 3. Average and minimum saturation (SD) in women with
AHI < 5 and women with AHI > 5

Women Women p-value in
Parameters with with comparison
AHI < 5 AHI>5 between women
with AHI < 5
Number of females 116 155 and AHI >5
. 94.28% 91.94%
(o)
Av Sa0, in % (SD) ©.77) (3.82) p < 0.0001
. . 88.42% 77.77%
[
Min Sa0, in % (SD) 6.37) 9.73) p < 0.0001

Table 4. Average and minimum saturation (SD) in male with
AHI < 5 and with AHI > 5

Male with | Male with p-value in

Parameters AHI < 5 AHI > 5 comparison
between women

Number of males 234 402 with AHI < 5
and AHI >5

Av Sa0, in % (SD) 9(’328/) 9(13'%%;”’ b < 0.0001

(o) [»)
Min Sa0, in % (SD) 8(76%3;)/0 7(;'2 4f’ p < 0.0001
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Table 5. Average and minimum saturation in various stages of
severity OSA assessed by AHI

5 < AHI 15 < AHI
OSA stages by AHI <15 <30 AHI > 30
. severe
mild moderate
Number of patients 201 152 205
o 92.93% 92.24% o
Av Sa0, in % (SD) (3.03) (3.23) 90.06% (4.3)
. o 81.83% 78.9% o
Min SaQ, in % (SD) (6.8) (7.9) 71.44% (9.95)
100.00%
T
90.00% . T
80.00% T
70.00%
60.00%
50.00% 93.62% 91.69% 87.69% 77.21%
R (3.29) (3.81) (6.26) (9.52)
40.00% Av Sa0, | AvSa0O, | Min Sa0O, | Min Sa0O,
30.00% AHI <5 AHI >5 AHI <5 AHI >5
20.00%
10.00%
0.00%

Fig. 1. Average and minimum saturations (SD) in people with z AHI
<5and AHI >5

100.00% -
= T
90.00% | 1
80.00% T
70.00% -
60.00% -

50.00% | 94.28% 91.94% 88.42% T7.77%
e (2.77) (3.82) (6.37) (9.73)
40.00% 1 Av SaO, Av Sa0, | Min Sa0O, | Min Sa0O,
30.00% | AHI <5 AHI >5 AHI <5 AHI >5
20.00% -
10.00% A
0.00% -

Fig. 2. Average and minimum saturation (SD) in women with AHI < 5
and with AHI > 5

100.00% -
T T
90.00% A T
80.00% A T
70.00%
60.00%

50.00% | 93.30% | 91.59% | 87.33% 77%
s (348) | (38 | (619 | (9.44)
4000% { | AvSaO, | AvSaO, | Min SaO, | Min SaO,
s000% | | AHI<5 [ AHI>5 | AHI<5 | AHI>5
20.00% A
10.00% 1
0.00%

Fig. 3. Average and minimum saturation (SD) in male with AHI < 5
and with AHI > 5

In the average and minimum saturation comparison
we found statistically significant differences in average
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saturation between the mild and the moderate stage
of OSA p < 0.05, and between the moderate and the
severe OSA stage (p < 0.0001). We also noticed differ-
ences in minimum saturation between the mild and the
moderate stage of OSA (p < 0.0005) and the moderate
vs the severe stage (p < 0.0001).

We also evaluated correlations between AHI and the
average and minimum saturation in various stages of
OSA severity.

No correlation was found between AHI and average
and minimum saturation in mild and moderate stages
of OSA severity. However we found negative statisti-
cally significant correlation in the severe OSA stage for
average and minimum saturation for the whole group
in the severe OSA stage and separately for women and
male (tab. 6-8; fig. 4-9).

Additionally in the whole OSA group (AHI > 5) we no-
ticed statistically significant correlations between BMI
and the average and the minimum saturation (tab. 9;

fig. 10, 11). No statistically significant correlations be-
tween age and the average and the minimum satura-
tion in AHI > 5 group.
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Fig. 4. Correlation AHI vs average saturation in severe OSA

Fig. 6. Correlation AHI vs average saturation in women in severe
OSA stage

Table 6. Correlation AHI vs average and minimum saturation in severe OSA stage

Standard
Oy
Parameters Average (%) deviation n r t p
AHI 52.71 18.05
Av Sa0, 90.06 4.30 205 -0.3634 -5.5575 < 0.0001
Min Sa0, 71.44 9.95 205 -0.4134 -6.4695 < 0.0001

Table 7. Correlation AHI vs average and minimum saturation in women in severe OSA stage

Parameters Average (%) 33?;?;: n r t p
AHI 52.26 20.13
Av Sa0, 89.87 4.73 42 -0.5669 -4.3524 < 0.0001
Min Sa0, 71.24 10.93 42 -0.5295 -3.9481 < 0.0005

Table 8. Correlation AHI vs average and minimum saturation in male in severe OSA stage

Parameters Average (%) i;?,?;?;: n r t p
AHI 52.82 17.54
Av Sa0, 90.11 419 163 -0.2973 -3.9507 < 0.0002
Min Sa0, 71.50 9.72 163 -0.3758 -5.1457 < 0.0001
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Fig. 7. Correlation AHI vs minimum saturation in women in severe
OSA stage

Fig. 10. Correlation BMI vs average saturation in AHI > 5 group
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Fig. 8. Correlation AHI vs average saturation in male in severe OSA
stage
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Fig. 9. Correlation AHI vs minimum saturation in male in severe OSA
stage

Fig. 11. Correlation BMI vs minimum saturation in AHI > 5 group

DISCUSSION

Average and minimum oxygen saturations and time
with saturation less than 90% saturation during sleep
are very important predictors in clinical assessment of
OSA patients. Saturation reflects the partial pressure
of oxygen in the blood. Typical SaO, values for given
PaO, (pH = normal) is presented in table 10.

Table 10. Typical Sa0O, values for given PaO,

PaO, (mmHg) Sa0, (%)
30 60
40 75
60 90

In our study we showed significantly lower values
of average and minimum saturations in patients with

Table 9. Correlation BMI vs average and minimum saturation in AHI > 5 group

Parameters Average (%) 33?;?;: n r t p
BMI 33.36 8.37
Av Sa0, 91.69 3.81 557 -0.0931 -2.2038 < 0.05
Min Sa0, 77.21 9.52 557 -0.1572 -3.7497 < 0.0002
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AHI > 5 comparing to people with AHI < 5. If we com-
pare results in the AHI > 5 group (OSA-group) in our
study to the results of multi-center international project
ESADA (The European Sleep Apnea Database) (13)
which included 22 sleep medicine centers, in our study
we noticed lower average (91.62 (2.29)% vs ESADA
93.2 (4.4)% and minimum saturation 77.21 (9.52)% vs
ESADA 81.9 (11.3)%). The differences may be related
to anthropometric group characteristic and concomi-
tant clinical factors such as smoking. Unfortunately in
our study we have no clinical data to explain the differ-
ences. Generally lower values of oxygen saturation at
night in OSA patients confirm a tendency for night hy-
poxia in those patients. We found the lowest values of
average and minimum saturations in patients with the
severe stage of OSA what can indicate that not only AHI
but also night hypoxia are the important OSA severity
factors. Also a negative correlation between AHI and the
average and the minimum saturation only in the severe
stage of OSA may pay particular attention to the severe
OSA stage as a complex medical problem.

The night hypoxia is considered as a cause of many
OSA symptoms and metabolic complications. For ex-
ample, one published study showed that in OSA pa-
tients who could not use the standard CPAP therapy
or surgical treatment of OSA only night oxygen ad-
ministration by nasal cannula increasing of minimum
saturation can improve subjective symptoms of OSA.
Decreased ESS (Epworth Sleepiness Scale) score was
noticed. However Apnea-Hypopnea Index did not sig-
nificantly change (14). Considering OSA symptoms
morning headache is the next which can be consid-
ered related to low minimum and average saturation at
night, but published data questioned the relation be-
tween morning headache and night hypoxia (15). From
the metabolic point of view the role of night hypoxia in
OSA has to be also considered as an important factor.
In published data independent association of minimum
night saturation with IL-6 (Interleukin-6) and CRP level
was found (16). In another study, AHI and mean desat-
uration (sleep time spent below oxyhemoglobin satura-
tion of 90%) was perceived as a significant indepen-
dent predictor for elevated sVCAM-1 and leptin (17).

Medical data highlight not only the role of noctur-
nal hypoxia but also the role of intermittent hypoxia on
the metabolism of human body. Intermittent hypoxia
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