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Abstract: Background: Obstructive sleep apnea (OSA) syndrome is associated with a high mortality, and blood oxy-
gen indexes play an important role in evaluating this disease. The objective of this study was to explore the value of
blood oxygen indexes, including minimum oxygen saturation (LSpO,), oxygen reduction index (ODI) and time spent
with oxygen saturation below 90% (TS 90%), as diagnostic markers for OSA syndrome. Methods: In this retrospec-
tive study, 320 patients with OSA treated in Ningbo First Hospital from June 2018 to June 2021 were included and
divided into mild, moderate, and severe groups according to the severity of the condition (n = 104, 92, and 124,
respectively). The blood oxygen indexes as well as the apnea-hypopnea index (AHI) were compared. The Spearman
correlation analysis was performed to explore the relationship between the parameters. Receiver operating char-
acteristic curves were generated to evaluate the diagnostic value of the blood oxygen indexes for OSA syndrome.
Results: There were significant differences in body weight, body mass index, and blood pressure before and after
sleep among the groups (P < 0.05). LSpO, levels followed a pattern with the severe group showing the lowest values,
followed by the moderate group, and then the mild group, whereas ODI and TS 90% levels showed the opposite (P <
0.05). Spearman correlation analysis showed that AHI, ODI, TS 90% were positively correlated with severity of OSA,
whereas LSpO, was negatively correlated with severity of OSA. ODI showed a high diagnostic value for OSA (area un-
der curve (AUC) = 0.823, 95% CI: 0.730-0.917). TS 90% showed a high diagnostic value for OSA (AUC = 0.872, 95%
Cl: 0.794-0.950). LSpO, showed high accuracy in diagnostic value for OSA (AUC = 0.716, 95% Cl: 0.596-0.835).
The combination of the 3 indexes demonstrated a high diagnostic value for OSA (AUC = 0.939, 95% CI: 0.890-
0.989). The diagnostic value of the combined signature was found to be significantly higher compared to the value
of individual indexes (P < 0.05). Conclusion: The evaluation of the severity of OSA should not rely solely on a single
observation index, but rather on a combination of ODI, LSpO, and TS 90%. This combined diagnostic signature can
provide a more comprehensive assessment of the patient’s condition and serve as an alternative diagnostic basis
to ensure timely diagnosis and appropriate clinical treatment for OSA.
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Introduction imately 60% or higher [2]. The prevalence of
OSA is 40% in patients with body mass index
(BMI) exceeding 30 kg/m? and 60% in patients
with metabolic syndrome. Epidemiological and
clinical data indicate that the incidence of
OSA is highly correlated with being overweight,
which is an independent risk factor for OSA [3].
Type 2 diabetes can aggravate sleep disordered

breathing, which is an independent risk factor

Obstructive sleep apnea (0SA) is a condition
characterized by recurrent episodes of partial
or complete cessation of breathing during
sleep, affecting the respiratory, cardiovascular,
neurological, digestive, and endocrine system.
This condition has been widely studied since
the 1970s. The incidence of OSA is approxi-

mately 14% in adult men, 5% in adult women
and 5-10% in children [1]. The incidence of OSA
in patients with myocardial infarction is approx-

for severe nocturnal hypoxia [4]. OSA occurs
when the upper airway narrows or collapses
intermittently during sleep, resulting in partial
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or complete cessation of airflow. These repeat-
ed episodes of airway obstruction can cause
interruptions in breathing and result in disrupt-
ed sleep patterns. Obesity (especially central
obesity), hypertrophy of the tongue, small man-
dibular structure (evident among Asians), long
upper airway and downward movement of the
hyoid bone are key risk factors for upper airway
stenosis or collapse of the upper airway. An epi-
sode of hypopnea or apnea lasts at least 10
seconds, although it can sometimes last even
longer, up to 60 seconds or more. Adults with
dysregulated breathing more than 5 times per
hour are considered to have mild OSA. Dy-
sregulation of breathing can be as frequent as
100 times per hour in severe cases [6]. Airway
obstruction can lead to several pathophysiolog-
ical conditions, such as decreased blood oxy-
gen saturation, increased carbon dioxide, in-
trathoracic pressure fluctuations, sympathetic
activation and frequent arousal, with hypox-
emia being a key pathological factor [7, 8].
Intermittent hypoxia caused by OSA comprises
a cascade of events leading to the onset
and/or progression of cardiovascular disease.
OSA-related hyperpnea, increased negative in-
trathoracic pressure and changes in arousal
can exacerbate cardiovascular disease pro-
gression [9]. OSA is associated with hyperco-
agulable states, including an increase in throm-
bogenic factors such as fibrinogen and platelet
activation, which further elevates the risk of
cardiovascular complications [10].

The risk of death in patients with OSA was pre-
dicted using several parameters. The findings
demonstrated that nocturnal hypoxemia was
an independent risk factor for the prediction
of sudden cardiac death. Previous results re-
vealed that OSA could cause sudden cardiac-
related death [11]. Myocardial infarction pa-
tients presenting with OSA have a higher risk
of major adverse cardiac events than those
without OSA [12]. A multivariate analysis after
adjusting for multiple variables demonstrated
that the lowest nocturnal oxygen saturation
less than 90% was the main cause of respira-
tory failure [13]. Clinically, polysomnography
(PSQG) is commonly used to assess the severity
of OSA. In China, the main diagnostic strategi-
es typically involve the apnea-hypopnea index
(AHI) and blood oxygen saturation (LSpO,) mea-
surements obtained from PSG. OSA severity is
determined using the AHI, which only deter-
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mines the frequency of apneas and hypopneas
per hour of sleep, without considering the dura-
tion or amplitude. Moreover, AHI does not ac-
curately reflect the pathophysiology or severity
of hypoxia [14]. Patients with the same AHI may
exhibit variations in clinical symptoms and com-
plications [15]. LSpO, cannot accurately deter-
mine the frequency and duration of nocturnal
hypoxemia. It can only provide information on
instantaneous blood oxygen saturation levels.
AHI is not correlated with the degree of hypox-
emia, whereas the degree of hypoxia in some
patients is weakly correlated with severe OSA
[16]. Nocturnal hypoxemia in patients with OSA
is used to determine the indexes that are useful
for estimating nocturnal hypoxemia. The time
spent with oxygen saturation below 90% (TS
90%) is an objective parameter that can be
easily obtained from PSG. In recent studies, TS
90% has been used as an assessment param-
eter to determine the degree of hypoxia in
Obstructive Sleep Apnea-Hypopnea Syndrome
(OSAHS), as it has been found to be positively
correlated to the duration and severity of hypox-
ia. Therefore, the aim of the present study was
to explore the value of blood oxygen indexes in
predicting the severity of OSA. At the same
time, we sought to explore the diagnostic value
of blood oxygen index LSpO,, oxygen reduction
index (ODI) and TS 90% for OSA syndrome.

Patients and methods
Basic patient information

A total of 320 patients with OSA admitted to
Ningbo First Hospital from June 2018 to June
2021 were retrospectively included in this
study as a research group. The control group
consisted of 320 non-OSA individuals who
underwent physical examinations during the
same period. In the control group, there were
173 men and 147 women, with ages ranging
from 36 to 69 years and an average age of
45.91+3.54 years. In the research group, there
were 186 men and 134 women, with ages
ranging from 35 to 70 years and an average
age of 45.68+3.64 years. The blood oxygen
indexes and AHI of the two groups were com-
pared. The patients were assigned into mild (n
= 104), moderate (n = 92) and severe groups (n
= 124) based on their disease severity. No sig-
nificant differences were found in age and sex
between groups (P > 0.05). The study was
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approved by the Medical Ethics Association of
Ningbo First Hospital.

Inclusion criteria: patients who met the diag-
nostic criteria of OSA based on the guidelines
for the diagnosis and treatment of OSA [17];
patients with age over 14 years old; patients
who did not take drugs affecting their mental
health and nervous system within 3 months;
patients who exhibited sleep efficiency more
than 60% after over 7 hours of monitoring and
recording. The patients were required to not
consume alcohol, tea and caffeine 24 hours
before monitoring.

Exclusion criteria: patients with a history of
neuromuscular diseases or upper airway tu-
mors that affected the local anatomical struc-
ture of the upper respiratory tract; patients
diagnosed with other diseases that could ca-
use hypoxia; patients with severe mental dis-
eases that may affect treatment compliance.

The OSA severity scale [18], formulated by the
American Sleep Medical Association (AASM) in
1999, defined OSA as having an average of 5 or
more apnea and hypopnea episodes per hour
during 7 hours of sleep. The severity is classi-
fied as mild with a score of 5 < AHI < 15 points,
moderate with a score of 15 < AHI < 30 points,
and severe with a AHI score > 30 points.

Methods

All subjects were monitored using an American
Embla N7000 PSG system (CFDA: 20142212
212) after the admission. The AHI, pulse oxy-
gen saturation (Sp0,), LSpO,, ODI and TS 90%
were recorded. TS 90% is a common indicator
in PSG data, representing the percentage of
time during the entire night that SpO, falls
below 90%. Patient data were analyzed by
SPSS22.0 software and manually according to
the latest interpretation guidelines of AASM.

Observation index

General information was collected from the
participants, including name, age, sex, height,
weight, history of hypertension, type 2 diabe-
tes, etc. (1) Secondary indicators included age,
sex, height, and weight. Patients were instruct-
ed to remove their shoes and wear only their
underwear, and to maintain an upright position
while looking straight ahead during the mea-
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surement of height and weight. All physical
parameters were measured twice to obtain an
average value. (2) Primary indicators were his-
tory of hypertension and type 2 diabetes.

Statistical analysis

Data processing was carried out using SPSS
v24.0 statistical software. Data with normal
distribution were expressed as mean * stan-
dard deviation. An independent sample t test
was adopted for comparison of the sample
mean of variables with normal distribution.
Count data were presented as n (%), and the x?
test was used to analyzed the data. Spearman
correlation analysis method was used for cor-
relation analysis. The diagnostic values of the
blood indexes (ODI, TS 90% and LSpO,) were
evaluated by receiver operating characteristic
(ROC) curves. The area under curve (AUC) was
used for indicating the diagnostic value. AUC >
0.5 indicated a low diagnostic value, 0.7 < AUC
< 0.9 indicated a moderate diagnostic value,
and AUC > 0.9 indicated a high diagnostic
value. P < 0.05 was considered a statistical
difference.

Results
Comparison of general data

There was no significant difference in height
and disease history between the two groups (P
> 0.05, Table 1). The body weight, BMI, blood
pressure before and after sleep were higher in
the research group than those in the control
group (P < 0.05).

Blood oxygen indexes and AHI

The AHI, ODl and TS 90% in the research group
were higher than those in the control group.
The LSpO, level was significantly lower in the
research group than that in the control group (P
< 0.05). There were significant differences in
the blood oxygen indexes and AHI between
patients with OSA and the healthy subjects (P <
0.05). See Table 2.

Blood oxygen indexes in different severity
groups

The levels of AHI, ODI and TS 90% followed a

pattern with the severe group showing the high-
est, followed by the moderate group, and then
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Table 1. Basic and clinical data of patients

Group Control Group (n =320)  Research Group (n = 320) t/x? P
Height (cm) 168.18+3.54 168.49+3.42 1.126 0.235
Body weight (kg) 84.95+4.31 94.59+4.42 27933 <0.001
BMI (kg/m?) 27.45+3.31 30.85+3.36 12.895 < 0.001
Before going to bed
Diastolic pressure (mmHg) 114.83+4.53 125.83+4.53 30.175 <0.001
Systolic blood pressure (mmHg) 71.94+3.66 83.19+3.54 39.522 <0.001
After sleep
Diastolic pressure (mmHg) 120.59+3.43 128.96+4.22 27532 <0.001
Systolic blood pressure (mmHg) 78.94+3.31 84.93+2.66 25.233 <0.001
Past disease
high blood pressure 241 (75.31) 248 (77.50) 0.424 0.463
diabetes 231 (72.19) 239 (74.69) 0.512 0.438
Abbreviations: BMI, Body Mass Index.
Table 2. The blood oxygen indexes and AHI (X * s) of the study subjects
Group Control Group (n = 320) Research Group (n = 320) t P
AHI (time/h) 1.35+1.21 25.93+2.31 168.614 <0.001
LSpO, (%) 89.95+3.42 82.95+4.53 22.061 <0.001
ODI (time/h) 1.28+0.64 20.9314.12 84.360 <0.001
TS 90% (%) 0.18+0.06 16.26+1.21 234.733 <0.001

Abbreviations: AHI, apnea-hypopnea index; LSpOz, the lowest peripheral oxygen saturation; ODI, oxygen desaturation index; Ts

90%, time spent below 90% oxygen saturation.

Table 3. The blood oxygen indexes and AHI in patients with different severities of OSA (X + s)

Group Mild group (n = 104) Moderate group (n =92) Severe group (n = 124) F P

LSpO, (%) 89.49+3.31 83.59+4.42 73.9419.03 172.829 < 0.001
ODI (time/h) 9.91+2.31 18.49+3.31 54.96+13.42 878.873 <0.001
TS 90% (%) 29.58+6.42 31.84+6.34 34.3845.87 17117 < 0.001

Abbreviations: LSpO,, the lowest peripheral oxygen saturation; ODI, oxygen desaturation index; Ts 90%, time spent below 90%

oxygen saturation.

Table 4. Relationship between blood oxygen
indexes and AHI of patients with varying
severity of OSA

Index r P

LSpO, -0.923 <0.001
ODI 0.646 <0.001
TS 90% 0.682 <0.001

Abbreviations: LSpO,, the lowest peripheral oxygen
saturation; ODI, oxygen desaturation index; Ts 90%, time
spent below 90% oxygen saturation.

the mild group, and the level of LSpO,, exhibited
the opposite. There were significant differenc-
es in blood oxygen indexes and AHI among
patients with different severity of OSA (P <
0.05). See Table 3.
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Relationship between blood oxygen indexes
and severity of OSA

Spearman correlation analysis showed that
AHI, ODI, TS 90% were positively correlated
with the severity of OSA. On the contrary,
LSpO, was negatively correlated with the sever-
ity of OSA (P < 0.05). See Table 4.

ROC curve of the diagnostic value of the blood
oxygen indexes

ROC curves were generated to evaluate the
diagnostic value of ODI (AUC = 0.823, 95% Cl =
0.730-0.917), TS 90% (AUC = 0.872, 95% CI =
0.794-0.950), LSpO, (AUC = 0.716, 95% ClI
0.596-0.835), and the combination of the three
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Figure 1. ROC curve of the diagnostic value of the blood oxygen indexes. A: ROC curve of the diagnostic value of ODI,
TS 90% and LSpO, for OSA. B: ROC curve of the combination of blood oxygen indexes for diagnosing OSA. LSp02,
the lowest peripheral oxygen saturation; ODI, oxygen desaturation index; TS 90%, time spent below 90% oxygen
saturation. Obstructive sleep apnea (OSA).

Table 5. Partial ROC related data for each predictive variable under their respective optimal cut-off
values

Predictive variable Cut-off value sensitivity Specificity degree Positive predictive - Negative predictive Yoden

value value index
AHI 1.542 0.812 0.675 0.667 0.818 0.488
LSpO, 1.263 0.812 0.675 0.667 0.818 0.488
OoDI 1.728 0.938 0.700 0.714 0.933 0.637
TS 90% 1.552 0.781 0.600 0.610 0.774 0.381
Combination 0.039 0.903 0.878 0.848 0.923 0.781

Abbreviations: AHI, apnea-hypopnea index; LSpO,, the lowest peripheral oxygen saturation; ODI, oxygen desaturation index; Ts
90%, time spent below 90% oxygen saturation.

indexes (AUC = 0.939, 95% CI = 0.890-0.989) interruption, and drowsiness [20]. The condi-
(P < 0.05) for OSA. The AUC value of the com- tion is also associated with mental and neuro-
bined signature was found to be higher com- logical symptoms such as loss of attention,
pared to the value of the individual indexes lack of concentration, irritability, anxiety and
(P < 0.05). The results are presented in Figure depression [21]. Recent studies have reported
1A, 1B and Table 5. that about 425 million people aged between

30 and 69 worldwide have moderate to severe
Discussion OSAHS [22]. A higher prevalence of mental ill-

ness is observed among men than among
OSA is one of the main clinical pathogenic fac- women (about 49.7% versus 23.4%), with a
tors of sudden cardiac death. It is characterized male-to-female ratio of 2:1 to 4:1 [23]. Current-
by upper airway collapse during sleep. Chronic ly, AHI is the most commonly used parameter
intermittent hypoxia, sleep fragmentation, and in PSG data. AHI has been widely used in OSA
inflammatory activation are the main patho- research for nearly 40 years. OSA scores have
physiological mechanisms of OSA [19]. The been used to diagnose and determine the
common clinical manifestations of OSA include severity of OSA. However, the OSA scores do
loud snoring, apnea observed by others, sleep not accurately reflect clinical manifestations
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and long-term prognoses. Therefore, some
scholars have raised questions about the sci-
entific and statistical characteristics of AHIl as a
gold standard for the diagnosis of OSA. Recent
studies have identified significant physiological
changes in patients with OSA between day and
night, but the AHI did not capture these chang-
es [24]. Besides, AHI does not accurately pre-
dict the prognosis of OSA associated condi-
tions, such as cardiovascular diseases and
continuous positive airway pressure [25]. In
addition, studies have shown that relying solely
on the AHI is insufficient for accurately assess-
ing the severity of OSA. Anthropometric mea-
surements and the nocturnal hypoxemia mark-
ers should also be evaluated [26]. AHI is a
dependent variable of OSA, but is not the pre-
ferred indicator for studying the possible out-
comes of OSA, such as drowsiness, stroke,
hypertension and death [27]. Previous studies
have explored diagnostic methods that are
more effective in predicting the prognosis of
OSA [28, 29]. Identification of prognostic fea-
tures of diseases facilitates risk stratification
and exploration of interventions for specific
physiological disorders. Therefore, studies sh-
ould be conducted to explore whether other
characteristics of OSA can be used to predict
the OSA-associated morbidity and mortality
and provide insight into the underlying patho-
physiological differences that may affect the
outcomes [30]. Studies have reported the limi-
tations of AHI [31]. It is not effective for predict-
ing the duration of respiratory events, which is
as vital as apnea and hypopnea, when assess-
ing the severity of OSA. A longer apnea time is
associated with more severe hypoxemia. A lon-
ger apnea time is associated with poor long-
term and short-term prognosis [32]. The de-
crease in oxygen caused by apnea is highly cor-
related with time, area and depth compared
with hypopnea. Prolonged duration of respira-
tory events can lead to prolonged time and
area of hypoxia, prolonged apnea time, and
increased severity of related hypoxia. Apnea
should be attributed a higher weightage when
evaluating the severity of cardiovascular events
in OSA [33].

The gold standard test for the diagnosis of OSA
is nocturnal PSG. AHI only determines the num-
ber of times a subject has hypopnea and apnea
per hour, but it does not indicate the severity
or duration of intermittent nocturnal hypoxia.
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OSAHS patients with the same AHI value may
have diverse clinical symptoms and cardiovas-
cular risks, markedly affecting the symptoms
and outcomes of the disease. Excessive day-
time sleepiness (EDS) is associated with a
higher nocturnal oxygen saturation index and
longer apnea duration. Although no significant
difference was observed in AHI between the
study group and the controls, a correlation
between arousal index and overall sleep struc-
ture was revealed by a previous study [34].
Hypoxia duration is determined by TS 90%. TS
90% was proposed to be an objective index to
evaluate the condition of patients with OSAHS
[35] and believed to be the best indicator for
nocturnal hypoxia [36]. A study conducted in
China reported the clinical utility of TS 90% as
an evaluation parameter for chronic intermit-
tent hypoxia (CIH) in patients with OSAHS,
revealing a correlation between TS 90% and
AHI. Sleepiness on the Epworth scale was high-
er than LSpO, after adjusting BMI and other
factors associated with cardiovascular risk.
The evaluation of OSAHS severity should con-
sider a combination of variables, including AHI,
as well as other parameters such as TS 90%
and ODI, which reflect nocturnal CIH, rather
than relying solely on AHI alone [37]. Previous
findings showed that TS 90% was highly corre-
lated with AHI and the total duration of apnea (r
= 0.770 and 0.776, respectively) [38]. AHI has
been widely used to evaluate the severity of
OSA for many years, but some studies reported
that AHI was not a reliable predictor of surgical
prognosis in some patients [39]. A previous
study was conducted on 119 patients with
OSA who had undergone velopharyngeal sur-
gery, including repair uvulopalatopharyngoplas-
ty, uvula-sparing and dilated velopharyngoplas-
ty [40]. The results showed that TS 90% was
an independent predictor of the prognosis of
patients. In the current study, the results indi-
cated that TS 90% was a more accurate prog-
nostic indicator for surgery than AHI. This is
possibly because TS 90% reflects the severity
of intermittent hypoxia during sleep, which may
be attributed to unstable respiratory control
and respiratory chemoreceptors. Reduced sen-
sitivity is associated with impaired pharyngeal
dilator function [41], so TS 90% can also be
used to predict subjects eligible for surgery.
The present study showed that TS 90% in-
creased with the aggravation of OSA, especially
in patients with moderate to severe OSA. This
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indicated that the increase of TS 90% was
resulted from the aggravation of OSA. Addi-
tionally, the increase of TS 90% may represent
the severity of OSA. A blood oxygen saturation
of less than 90% is considered harmful to the
human body.

The ODI represents the decreasing frequency
of oxygen saturation > 3% per hour. Our results
showed that AHI and ODI were consistent in
reflecting the severity of OSA. This indicates
that ODl is also a reliable parameter to evaluate
the condition of OSA. Pulse oxygen saturation
measurement is a noninvasive and continuous
method that can effectively reflect the SpO,
level of human body. The SpO, level of healthy
people is usually over 90%, and several physi-
cal and chemical factors can compromise the
SpO, level. Notably, factors that reduce pulsa-
tile blood flow, such as cold stimulation, sympa-
thetic nerve excitement, shock, and arterioscle-
rosis, can affect the accuracy SpO, level detec-
tion [42]. Currently, LSpO,, ODI and TS 90%
are commonly used to evaluate the severity of
hypoxia in OSAHS patients during sleep. LSpO,
is the most widely used parameter but it only
reflects the maximum extent of nocturnal oxy-
gen saturation decline. On the contrary, ODI
and TS 90% reflect the frequency and duration
of nocturnal oxygen saturation decline, respec-
tively, but cannot be used independently to
evaluate the degree of hypoxia in OSAHS
patients [43]. LSpO, is used to evaluate human
hypoxia caused by one or several apneas in
OSA patients during night sleep, whereas TS
90% is used to evaluate hypoxia during the any
type of sleep [44].

Spearman correlation analysis in this study
demonstrated that AHI, ODI, TS 90% were posi-
tively correlated with OSA, whereas LSpO, was
negatively correlated with OSA. AHI is consid-
ered an accurate diagnostic marker of OSA.
ODI could accurately predict OSA. TS 90% sh-
owed high accuracy as a diagnostic predictor of
OSA. LSpO, is a potential diagnostic predictor
of OSA. The combination of these parameters
showed a high accuracy in diagnostic value for
OSA, significantly higher than that of the indi-
vidual indexes. Previous research has shown a
positive correlation between AHI and ODI [45].
ODl is a reliable predictor of AHI, with ODI val-
ues greater than 5, 15 and 30 being good pre-
dictors of AHI values greater than 5, 15 and 30,
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respectively. Studies report that ODI > 10
exhibits a high sensitivity (93%) and a reliable
specificity (75%) in detecting moderate and
severe sleep disordered breathing, thus it can
be used for the diagnosis of moderate and
severe OSAHS [46]. The present study exhibit-
ed that the increase of AHI and the decrease
of LSpO, at night were correlated with severity
of OSAHS. However, TS 90% and ODI showed
stronger correlation with AHI than LSpO,, indi-
cating that TS 90% and ODI can better reflect
the severity of hypoxia in patients with OSAHS.
Therefore, ODl and TS 90% can be used to eval-
uate the severity of nocturnal hypoxemia. The
blood oxygen indexes consider the number of
times of apnea and hypopnea and the duration
of respiratory events in patients with OSA. This
partially makes up for the limitation of AHI and
evaluates respiratory disorders throughout the
night, thus contributing to a more comprehen-
sive diagnosis and severity grading of OSA [47-
49]. The 2011 edition of the guidelines for diag-
nosis and treatment of OSAHS indicates that
AHI and hypoxemia are significantly different
clinically [50], but there is no correlation analy-
sis conducted between them in the guidelines.
The degree of hypoxia in some patients with
severe OSA is low, but the level of hypoxia is
high in some patients with mild and moderate
OSA. AHI can be affected by the structural dys-
regulation of the upper airway, which is signifi-
cantly correlated with the severity of OSAHS.
Previous findings indicate that frequent distinc-
tion between AHI and hypoxemia may be attrib-
uted in part to the difference in pulmonary dif-
fusion function and the decrease in ventilation/
perfusion ratio [51]. However, due to the limited
sample size included in this study, subsequent
clinical studies and systematic evaluation with
large sample data are required.

In summary, relying solely on a single index may
be insufficient for accurately assessing the
severity of OSA. IN addition to AHI, ODI, LSpO2
and TS 90% indexes should be combined for
the comprehensive evaluation of the disease
severity. These indexes serve as an auxiliary
diagnostic basis for exploring treatment strate-
gies for OSA.
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