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ABSTRACT
Background and objectives: Nocturnal pulse-oximetry is a screening method used in the diagnostic 

approach of Obstructive Sleep Apnea Syndrome (OSAS). As the pattern of the overnight pulse-oximetry 
is different in patients with morbid obesity, we assessed the role of overnight pulse-oximetry as a screen-
ing method in subjects with a BMI >40 kg/m2 and in those with a BMI <30 kg/m2.

Material and methods: We prospectively evaluated 199 individuals with high pre-test clinical sus-
picion of OSAS. Of these, 123 patients were morbidly obese (Group A) and 76 were non-obese (Group 
B). We performed six channel cardio-respiratory polygraphy and assessed the correlation between the 
Desaturation Index (DI) and the Apnea Hypopnea Index (AHI) for both groups. 

Results: In group A: 116 patients (94.3%) were diagnosed with OSAS (AHI>5/hour); mean age: 
59.4±10.9 years; mean BMI: 44.8±4.9 kg/m2. The mean DI was 47.2±27.6/hour and the mean AHI: 
46.5±27.6/hour. Mean average SaO2 was 88.5±6.3 %. In group B, 65 patients (85.52%) were diagnosed 
with SAS; mean age: 51.2 ± 12.7 years; mean BMI: 27.24±2.2 kg/m2.The mean DI was 23.12 ± 18.35/
hour and the mean AHI: 28.8 ± 18.5/hour. Mean average SaO2 was 93.7±2.07 %. 

A significant positive correlation (correlation index rA= 0.863 and rB= 0.877) was found between DI 
and AHI in both groups (p<0.001). 

Conclusion: Assessment of the Desaturation Index by nocturnal pulse-oximetry maintains its utility 
as a screening method for OSAS in both obese and non-obese patients with high clinical pre-test suspi-
cion, despite the fact that the basal nocturnal saturation was found to be lower in group A.
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INTRODUCTION

Obstructive sleep apnea syndro-
me (OSAS) is a disorder charac-
terized by intermittent narrow-
ing (hypopnea) and/or total 
clo sure (apnea) of the upper 

air way during sleep. The intermittent lack of air 
flow during these events leads to episodic oxy-
he moglobin desaturations (intermittent hypox-
emia). Each hypopnea or apnea is resolved by 
an arousal from deep sleep, resulting in sympa-
thetic activation, sleep fragmentation and day-
time sleepiness (increased risk of car crashes) 
(1). Due to intermittent hypoxemia and sympa-
thetic activation, patients with severe OSAS are 
ex posed to long term cardiovascular consequ en-
ces (resistant arterial hypertension, stroke, my o -
cardial infarction, cardiac arrhythmias) (2-5).

The prevalence of OSAS in the general po-
pu lation is approximately 20% if OSAS is de-
fined by an apnea hypopnea index (AHI) of 
more than five events per hour. (6) The preva-
lence decreases to 2-9% if OSAS is defined by 
an AHI of more than five events per hour and 
daytime sleepiness (7,8). It is therefore impor-
tant to recognize, adequately diagnose and 
subsequently treat this medical condition.

The diagnostic approach includes: patient 
his tory (snoring, witnessed apneas, daytime 
som  no lence), clinical examination (obesity, lar-
ge neck size, systemic hypertension), screening 
(over night continuous pulse-oximetry) and 
diag   nos tic confirmation by cardio-respiratory 
po   ly  gra phy and/or polysomnography (deter mi-
na  tion of Apnea Hypopnea Index: the number 
of apneas and hypopneas per hour of re cor d-
ing or sleep time) (Figure1).

Nocturnal (overnight) pulse-oximetry is not 
recommended for the definitive diagnosis of 
OSAS, or to exclude the presence of OSAS, but 
it may be used as a screening method for pa-
tients with high clinical pre-test suspicion (9). 
The definitive diagnosis is established by poly-
som nography (the gold standard). Portable 
(am bulatory) cardio-respiratory polygraphs 
which record at least oxygen saturation, air-
flow, respiratory effort, heart or pulse rates, and 
body position may only be used in patients 
with high clinical pre-test suspicion, without 
pul mo nary, cardiovascular, mental, neurologi-
cal or neuromuscular disorders and if the pro-
ce du res are supervised by trained and certified 
sleep medicine physicians (10).

In OSAS the qualitative analysis of nocturnal 
pulse-oximetry curve has a distinct “sawtooth” 
pattern (intermittent hypoxemia) (Figure 2).

By calculating the Desaturation Index (the 
number of independent desaturations starting 
from the baseline per hour of recording) we 
could estimate the existence and severity of 
OSAS and refer the patient for diagnostic con-
firmation (10).

The Desaturation Index (DI) evaluated by 
overnight pulse-oximetry in patients with mor-
bid obesity may not reflect the severity of OSAS 
as accurately as for patients with BMI <30 Kg/
m2 (non obese), as the pattern of nocturnal pul-
se oximetry is different in patients with morbid 
obesity.

In morbidly obese (BMI >40 Kg/m2) pati-
ents with OSAS, the basal nocturnal saturation 
is decreased due to hypoventilation in supine 
po sition during sleep, and the aspect of the 
pul se-oximetry curve is often a combination 
be tween “continuous hypoxemia” and “inter-
mittent hypoxemia” (Figure 3).

FIGURE 1. Poligraphy, 2 minutes aspect: obstructive apneas. FIGURE 2. Intermittent hypoxemia pattern.
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A similar pattern is observed in patients with 
overlap syndrome (OSAS and chronic obstruc-
tive pulmonary disease) (11).

The aim of this study is to evaluate the role 
of nocturnal pulse-oximetry as a screening me-
thod for subjects with BMI >40 kg/m2 when 
com pared with those with BMI <30 kg/m2, by 
assessing the correlation between the Desatu-
ration Index (DI) and the Apnea Hypopnea In-
dex (AHI) for both groups.  

MATERIALS AND METHODS

We prospectively evaluated 123 obese 
(BMI>40 kg/m2) patients (Group A) and 

76 non obese (BMI <30 kg/m2) patients (Group 
B) with a high pre-test clinical suspicion of 
OSAS (daytime sleepiness, snoring and witnes-
sed apneas). A result of more than 10 out of 24 
points on the Epworth Sleepiness scale was 
used to define significant daytime sleepiness. 
We performed an ambulatory nocturnal six 
cha n nels cardio-respiratory polygraphy (overni-
ght pulse-oximetry, nasal airflow, thoraco-ab do  -
minal movements, body position and snoring).

The Desaturation Index (DI) was determi-
ned by automatic analysis of the recording after 
manually excluding the periods without pulse-
oximetry signal. The cut-off (threshold) for in-
dependently significant desaturation (drop in 
oxyhemoglobin saturation) was set at 3%.

The Apnea Hypopnea Index (AHI) was es-
tablished by visual analysis and manual valida-
tion of the recording (at least 4 hours of good 
quality sample). Apnea was defined as the ab-
sence of breathing (nasal/oral airflow) for at 
least 10 seconds associated with significant 
oxyhemoglobin desaturation (SaO2 drop) and 
hypopnea as a decrease in nasal/oral airflow 
signal by 50% for at least 10 seconds, associat-
ed or not with a SaO2 drop.

The diagnosis of OSAS was established if an 
AHI >5/hour and daytime sleepiness (Epworth 
Sleepiness scale >10/24) were found. The se-
verity of OSAS was defined as mild (AHI: 
5-14,9/hour), moderate (AHI: 15-30/hour) and 
severe (AHI >30/hour).

We assessed the correlation between the 
Desaturation Index (DI) and the Apneea Hy-
popnea Index (AHI) for both groups.

The results were expressed as mean ± stan-
dard deviation. Statistical analysis of the data 
was performed using SPSS version 17. A non-
parametric Spearman rank correlation analysis 
was used. Results were considered statistically 

significant for p<0.05. The diagrams are Scat-
ter/Dot plots.

Informed consent was obtained from the 
pa tients regarding the study procedures and 
the use of data for research purposes.  

RESULTS

In group A, 116 patients (94.3%) were diagno-
sed with OSAS (AHI >5/hour and significant 

daytime sleepiness). Out of these, 15% had 
mild, 16% had moderate and 69% had se vere 
OSAS.

The mean age in group A was 59.4±10.9 
years (range 28 to 79); mean BMI: 44.8±4.9 
kg/m2 (range 40 to 67.5); 60% were men and 
40% women.

44 patients were nonsmokers (38%) while 
72 were active smokers (62%). 73 patients 
(63%) had dyslipidemia or were under hypoli-
pe miant medication and 19 (16%) had diabe-
tes mellitus (fasting glycemia >126 mg /dL or 
us ing antidiabetic medications). Systemic arte-
rial hypertension (systolic pressure >140 
mmHg and/or diastolic pressure >90 mmHg) 
was found in 68 patients (59%) and 12 of them 
used more than three antihypertensive drugs.

The mean Desaturation Index was: 47.2 
±27.6/hour (range 2 to 131) and the mean Ap-
nea Hypopnea Index: 46,5±27,6/hour (range 
7 to 131). Mean average SaO2 was 88.5±6.3% 
and mean lowest SaO2: 68.2±12.9% (Figure 4).

In group B, 65 patients (85.52 %) were diag-
nosed with OSAS (AHI >5/hour and daytime 
sleepiness). Out of them, 31% had mild, 29% 
moderate and 40% severe OSAS.

The mean age in group B was 51.2±12.7 
years (range 28 to 77); mean BMI: 27.24±2.2 
kg/m2 (range 21 to 30); 72% of the patients 
were men and 28% women.

In this group 30 patients were nonsmokers 
(46%) and 35 active smokers (54%). 18 patients 

FIGURE 3. Continuous and intermittent hypoxemia pattern.
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(27%) had dyslipidemia or were using hypoli-
pemiant medication and 8 (12%) had diabetes 
mellitus. Systemic arterial hypertension was 
found in 15 patients (23%) and 4 of them were 
taking more than three antihypertensive drugs.

The mean Desaturation Index was 23.12 
±18.35/hour (range 3 to 73) and the mean Ap-
nea Hypopnea Index: 28.8±18.5/hour (range 
5.2 to 79). Mean average SaO2 was 93.7±2.07% 

and mean lowest SaO2: 78.5±7.4% (Figure 5).
A significant positive correlation (correlation 

index rA= 0.863 and rB= 0.877) was found 
between the Desaturation Index and Apnea 
Hypopnea Index in both groups (p<0.001).

Desaturation Index was inversely correlated 
with average SaO2 in both groups (correlation 
index rA= - 0.515 and rB= - 0.457; p<0.001). 
The re was a strong negative correlation in gro-

FIGURE 4. Statistical correlations Group A.

FIGURE 5. Statistical correlations Group B.
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up A (rA= - 0.515; p<0.001) and a moderate 
ne gative correlation in group B (rB= - 0.34; 
p=0.007) between Desaturation Index and 
low est SaO2.  

DISCUSSION

Morbidly obese patients (BMI >40 Kg/m2) 
suffer from chronic hypoventilation of the 

lung parenchyma secondary to large abdomi-
nal volume, reduced diaphragmatic excursions 
and low chest wall compliance (12).

While supine during sleep, hypoventilation 
is more severe, leading to carbon dioxide re-
tention with hypercapnia and secondary con-
tinuous hypoxemia, even if the lung parenchy-
ma is normal (a medical condition known as 
Obesity Hypoventilation Syndrome) (13). Up 
to 90% of these patients associate obstructive 
sleep apnea syndrome, characterized by inter-
mittent episodes of airway obstruction with 
secondary intermittent hypoxemia.

In this group of patients, the use of the over-
night pulse-oximetry to estimate the Desatura-
tion Index (in order to evaluate the coexistence 
of OSAS) could be influenced by the fact that 
the basal nocturnal saturation is decreased. 
This may lead to the underestimation of OSAS. 
There are no studies comparing the role of 
nocturnal (overnight) pulse-oximetry in recog-
nition of obstructive sleep apnea syndrome in 
morbidly obese and non obese patients with 
high clinical pre-test probability.

In group A (123 morbidly obese patients) 
OSAS was diagnosed in 94.3% of cases, with a 
predominance of male patients (60%), as we 
expected. Studies have revealed that hormonal 
influences on the muscles of the upper airway 
and its ability to collapse, body fat distribution, 
and differences in pharyngeal anatomy could 
play an important role in the pathogenesis of 
OSAS (14). In group B (76 non obese patients) 
OSAS was diagnosed in 85.5% of cases, most 
of them men (72%). The high predominance of 
men (72%) diagnosed with OSAS in group B 
may be explained by the fact that women tend 
to seek medical assistance when symptoms or 
consequences of the disease are more severe. 
However, it is important to note that in our 
study both groups had a high clinical pretest 
probability of OSAS.

In group A, severe and moderate OSAS was 
diagnosed in 85% of cases, while in group B in 

69% of cases. In non obese patients 31% were 
diagnosed with mild OSAS. This aspect could 
be explained by the fact that obesity is the ma-
jor risk factor for the appearance of OSAS (14). 

The major aim of this study was to compare 
the Desaturation Index evaluated by overnight 
pulse-oximetry with Apnea Hypopnea Index 
determined by ambulatory six channel cardio-
respiratory poligraphy. Upon comparison of 
the values of these parameters in both groups, 
we found a significant positive correlation (cor-
relation index rA= 0.863 and rB= 0.877) be-
tween the Desaturation Index and Apnea Hy-
popnea Index (p<0.001), despite the fact that 
basal nocturnal saturation is decreased in mor-
bidly obese patients.

Analyzing the overnight pulse-oximetry 
curves we found that the basal nocturnal satu-
ration (average SaO2) and the lowest nocturnal 
saturation are lower in group A as compared to 
group B, as we expected, due to hypoventila-
tion in supine position during sleep (13). The 
Desaturation Index tends to vary in the oppo-
site direction with the lowest nocturnal satura-
tion, and the cut off of 3% for independent 
desaturation seems to be adequate in morbidly 
obese patients, as well. It is important to note 
that the chosen oxyhemoglobin desaturation 
threshold (3% or 4%), used to calculate the DI 
or the hypopnea index in different studies, can 
lead to under or overestimation of the disease 
severity (10,15).  

CONCLUSION 

Desaturation Index assessed by nocturnal 
pulse-oximetry maintains its utility as a 

screening method in the recognition of ob-
structive sleep apnea in both morbidly obese 
and non obese patients with high clinical pre-
test suspicion, despite the fact that basal noc-
turnal saturation is decreased in morbidly obe-
se patients due to hypoventilation in supine 
po sition during sleep.

The Desaturation Index is useful in the diag-
nostic approach of obstructive sleep apnea in 
both obese and non-obese patients, and the 
cut off of 3% for independent desaturation 
seems to be adequate in morbid obese pati-
ents, as well.
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