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ABSTRACT

Objectives: The relationship between pulmonary function tests (PFT) performed while awake and sleep-related
breathing disorders is not yet well defined. This study aimed to examine the potential of flow-volume curve
abnormalities in assessing both the presence and severity of obstructive sleep apnea syndrome.

Methods: This retrospective study reviewed medical records of patients evaluated for suspected obstructive
sleep apnea syndrome (OSAS) between May 2011 and April 2013. Among 141 patients with available PFT,
99 were diagnosed with OSAS, and 42 were normal based on polysomnography results. Patients were classified
into OSAS and control groups, and pulmonary function parameters, including flow-volume curve features,
were analyzed.

Results: Of the OSAS patients, 80 (80.8%) were male, while 22 (52.4%) males were present in the control
group, which consisted of patients not diagnosed with obstructive sleep apnea syndrome. Among pulmonary
function test parameters, the ratio of maximal mid-expiratory flow to forced vital capacity (FEF25-75/FVC)
was lower in the obstructive sleep apnea syndrome group than in the control group (P<0.05). Patients with the
sawtooth sign showed significantly higher apnea-hypopnea index, apnea-hypopnea index during rapid eye
movement sleep, and total apnea scores (P<0.05). The presence of sawtooth signs in the flow-volume loop
was useful for identifying more severe cases of obstructive sleep apnea syndrome.

Conclusions: The complex pathophysiology of obstructive sleep apnea syndrome complicates the identification
of patients who need polysomnography. Flow-volume curve abnormalities, indicating airway instability in the
upper respiratory tract, are common in these patients and may serve as early indicators of obstructive sleep
apnea syndrome.

Keywords: Obstructive sleep apnea, sleep apnea, polysomnography, pulmonary function test, flow-volume
curve, spirometry

type of sleep-related breathing disorder (SBD), mentation, increased daytime sleepiness, and typically
1s characterized by recurrent episodes of com- a reduction in blood oxygen saturation [1]. URT pa-
plete (apnea) or partial (hypopnea) obstruction of the tency maintains the balance between the collapsing ef-

Obstructive sleep apnea syndrome (OSAS), a upper respiratory tract (URT), resulting in sleep frag-
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fect of negative intraluminal pressure during inspira-
tion and the activity of dilator muscles in the URT.
This balance is highly complex, as it is influenced by
several anatomical, mechanical, neuromuscular, and
central factors. In OSAS patients, URTs differ signif-
icantly from those of healthy individuals, with more
than 75% experiencing airway collapse in the
retropalatal region. The obstruction is typically not lo-
calized to a single level [2].

Factors that reduce the width of the URT or facil-
itate obstruction increase the susceptibility to OSAS.
Risk factors for OSAS include obesity, male gender,
and increasing age [3]. Epidemiological studies have
reported an OSAS incidence of 24% in men and 9%
in women aged 30-60 years [4]. Male gender is an in-
dependent risk factor, as men tend to accumulate more
fat in the abdomen and neck. Obesity is the most crit-
ical factor, with weight gain directly correlating to in-
creased sleep apnea severity. Fat accumulation in the
tongue narrows the URT, raising the risk of collapse
[3]. Furthermore, SBD have been reported in several
congenital and inherited diseases involving structural
alterations in the URT and affecting the respiratory
control center [4].

The gold-standard diagnostic method for SBD is
polysomnography (PSG) [3]. This test, which is per-
formed under the supervision of a trained technician,
is both time-consuming and costly. PSG requires the
patient to be hospitalized overnight. According to PSG
results, stages of sleep should be examined in detail.
Therefore, reliable screening tests are needed to iden-
tify patients who require PSG, particularly in cases
with a high clinical suspicion index.

Spirometry, a non-invasive physiological test, is
commonly used as a general respiratory screening tool
[5]. Previous studies have reported flow-volume curve
abnormalities that suggest airway instability in the
URT of OSAS patients [6]. However, the predictive
value of spirometric parameters for OSAS diagnosis
remains unclear.

This study aimed to investigate whether flow-vol-
ume curve abnormalities and pulmonary function test
(PFT) parameters differ between OSAS patients and
controls, as well as their association with PSG results
and clinical significance. In particular, this study pro-
vides a focused evaluation of sawtooth sign prevalence
and the FEF50/FIF50 ratio - parameters that are not
routinely assessed in OSAS patients - to explore their

potential utility in clinical screening. In addition to
conventional spirometric indices, previous studies
have emphasized the potential value of specific pa-
rameters such as the FEF25-75/FVC ratio and
FEF50/FIF50 ratio, and saw tooth sign in reflecting
upper airway instability in OSAS patients [7-10].
Based on this literature, we hypothesized that these
parameters, although not routinely assessed in OSAS
evaluation, might show measurable differences be-
tween OSAS patients and controls and could correlate
with PSG-derived severity markers.

METHODS

Study Design

This retrospective cross-sectional study was approved
by the Ethics Committee (approval no: 2012-28) in ac-
cordance with the principles of the Declaration of
Helsinki. The medical records of 196 patients who un-
derwent PSG due to suspected OSAS between May
2011 and April 2013 were reviewed. Patients with a
previous diagnosis of OSAS, obstructive lung disease,
active smoking status, or incomplete medical records
were excluded from the study. All patients had also
undergone an ear, nose, and throat (ENT) examination
as part of their clinical evaluation. Patients with sig-
nificant upper airway abnormalities were excluded
based on this assessment. Among the remaining pa-
tients, 141 individuals with available and complete
PFT results were included in the final analysis. These
inclusion and exclusion criteria were applied to mini-
mize potential confounding factors affecting spirom-
etry results and to ensure data integrit.

The diagnosis of OSAS was made by a pulmo-
nologist specializing in sleep disorders based on the
combination of clinical symptoms and PSG results,
following AASM guidelines. Patients with an AHI >5
accompanied by relevant symptoms were diagnosed
with OSAS, while those with an AHI <5 and no sig-
nificant symptoms were classified as controls.

Patients’ demographics, clinical histories, and lab-
oratory results were obtained from the patient files and
electronic medical records. Anthropometric measure-
ments, including body mass index (BMI), neck cir-
cumference, and waist circumference, were recorded.
BMI was calculated as weight (in kilograms) divided
by height (in meters squared). Neck circumference
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was measured at the widest part of the neck at the level
of the cricoid cartilage.

Polysomnography

Our sleep laboratory used a digital polysomno-
graphic system (VIASYS Healthcare GmbH, Leib-
nizstrafe 7, 97204 Hoechberg, Germany).
Electroencephalography (EEG), electrooculography
(EOG), and submental electromyography (EMG)
recordings were obtained to evaluate sleep. Respira-
tion was monitored using an oro-nasal flowmeter and
a thermistor placed in the nose. Thoracic and abdom-

inal movements were recorded with a thoracoabdom-
inal motion sensor. Oxyhemoglobin saturation and
heart rate were monitored using a pulse oximeter. Leg
motions were recorded by an EMG sensor placed on
the anterior tibial muscle of one leg. Scoring of sleep
stages was performed manually according to the
AASM scoring criteria [11, 12].

Obstructive apnea was defined as a reduction in
airflow by >90% for a duration of >10 seconds with
ongoing respiratory effort. Hypopnea, on the other
hand, was defined as a reduction in airflow by >30%
for a duration of >10 seconds, accompanied by an oxy-

Table 1. Demographic, clinical, and polysomnography features of the OSAS patients and the

control group

Parameter OSAS Control P value*
(n=99) (n=42)

Demographic and clinical features
Age (years) 48.41+10.37 44.33+12.66 0.048
Height (cm) 169.41+9.83 167.38+10.59 0.274
Weight (kg) 93.89+16.48 83.14+20.01 0.001
BMI (kg/m?) 33.64+9.88 29.93+8.84 0.038
Neck circumference (cm) 44.02+13.34 38.78+3.17 0.013
Waist circumference (cm) 106.54+12.76 97.04+9.10 <0.001
Systolic blood pressure (mm Hg) 133.23+£19.42 121.43+£10.94 <0.001
Diastolic blood pressure (mm Hg) 73.74+12.74 64.29+11.07 <0.001
Hemoglobin (g/dl) 14.64+1.58 13.90+1.72 0.014
Hematocrit (%) 44.43+4.56 42.1943.77 0.006

PSG results
AHI total 36.60+24.97 2.24+1.55 <0.001
AHI side 26.20+25.29 2.83+5.94 <0.001
AHI supine 50.06+30.59 3.49+3.51 <0.001
Total apnea 26.40+23.38 0.81£0.97 <0.001
Total hypopnea 10.5548.75 1.42+1.14 <0.001
Minimum SaO; (%) 73.74+12.10 87.85+3.30 <0.001
Mean Sa0; (%) 88.91+5.08 93.42+1.98 <0.001
Duration of <90% SaO; 40.91+35.69 5.68+13.02 <0.001
Duration of REM (%) 10.18+6.91 5.65+6.28 <0.001
Sleep efficiency 78.15+13.63 73.58+15.90 0.085

Data are shown as meantstandard deviation. OSAS=Obstructive sleep apnea syndrome, PSG=Polysomnography,
AHI=Apnea hypopnea index, Mean SaO,=Mean oxygen saturation, Min SaO,=Minimum oxygen saturation,

REM=Rapid eye movement.
*Mann-Whitney U test
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gen desaturation of >3% or arousal.

The Apnea-Hypopnea Index (AHI) value was cal-
culated by dividing the total number of apnea and hy-
popnea episodes by the total sleep duration (in hours).
When the AHI was between 5 and 15, it was classified
as mild OSAS, 16-30 as moderate OSAS, and >30 as
severe OSAS [4]. The diagnosis of OSAS was estab-
lished by considering both symptoms and polysomno-
graphic results together.

From the full-night standard polysomnography
(PSG) reports of the patients, the following parameters
were recorded: total AHI, AHI during the rapid eye
movement (REM) sleep stage (AHI REM), AHI in the
supine position (AHI supine), total apneas, minimum
oxygen saturation (min Sa0:), the lowest value of oxy-
gen saturation during sleep, mean oxygen saturation
(mean Sa0:) recorded night long, the mean of oxygen
saturation during sleep, and the ratio of the duration
with oxygen saturation below 90% to the duration of
full-night sleep (ratio of duration of <90% Sa0O,) were
recorded. Additionally, for all patients, sleep efficiency
(SE), defined as the ratio of total sleep duration to the
total time spent in bed, and the ratio of the REM sleep
stage duration to the total sleep duration (ratio of du-
ration of REM) were also recorded.

Pulmonary Function Test

PFT was performed in the sitting position using a
computerized system (Vmax 22, Sensormedics, USA).
The patients exhaled into the mouthpiece at normal
tidal volume for spirometric maneuvers, followed by
deep inhalation and exhalation. The exhalation dura-
tion was at least 6 seconds without interruption. Pul-
monary function tests were conducted in accordance
with the American Thoracic Society/European Respi-
ratory Society (ATS/ERS) guidelines [13]. A techni-
cian instructed each patient to perform at least three
maneuvers, and the best values were recorded. PFT
data were recorded in liters and as a percentage of the
expected values based on age, gender, weight, and
height.

From the PFT results of the patients, the following
parameters were recorded: forced vital capacity
(FVC), forced expiratory volume in the 1st second
(FEV1), peak expiratory flow (PEF), FEV1/FVC ratio
(Tiffeneau ratio), expiratory flow rates (FEF), maxi-
mal mid-expiratory flow rate (FEF %25-75), and max-
imal expiratory flow rates measured at 25% (FEF

25%), 50% (FEF 50%), and 75% (FEF 75%) of FVC
exhaled. From the inspiratory curve, the following pa-
rameters were estimated and recorded: forced inspira-
tory volume at 1 second (FIV1), peak inspiratory flow
(PIF), forced inspiratory flow at 50% (FIF 50%), and
FEFS50/FIF50 ratio. The FEF25-75/FVC ratio was de-
rived by dividing the FEF25-75 value by FVC.

Maximal inspiratory and expiratory flow-volume
curves were examined for the presence of a sawtooth
sign. According to the definition by Sanders and col-
leagues, the sawtooth sign was determined by the pres-
ence of at least three consecutive, periodic fluctuations
in the inspiratory and/or expiratory flow-volume curve
[14].

Statistical Analysis

Continuous variables were expressed as
meantstandard deviation (SD), whereas categorical
variables were expressed as numbers and percentages.
Normally distributed variables were compared using
the Independent Samples t-test, while non-normally
distributed variables were compared using the Mann-
Whitney U test. Pearson’s chi-squared test and Fisher’s
exact test were used to compare categorical variables.
The relationships between PSG parameters and PFT
values were analyzed using Spearman correlation
analysis. Statistical analyses were performed using
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). A
P-value < 0.05 was considered statistically significant.

RESULTS

Demographic, Clinical, and Polysomnography Results
A total of 141 patients who underwent PSG due to sus-
pected OSAS and whose PFT results were obtained
were included in the study. Of these patients, 99 were
diagnosed with OSAS, while 42 were considered nor-
mal. Among the OSAS patients, 80 (80.8%) were
male, whereas 22 (52.4%) of the control group were
male (P=0.001). OSAS patients had significantly
higher age, weight, neck circumference, waist circum-
ference, and BMI compared to the control group
(Table 1). There were no significant differences be-
tween the groups in terms of the ratio of ex-smokers,
smokers, and smoking-naive individuals.

PSG findings were within normal limits in the
control group, while the OSAS group showed signif-
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Table 2. PFT parameters of the OSAS patients and the control group

PFT parameters OSAS Control P value
(n=99) (n=42)
FEV1 (L) 3.40+1.10 3.41£1.10 0.946
FVC (L) 4.19+1.34 4.17+1.47 0.940
FIV1 (L) 3.38+1.19 3.2241.02 0.456
FEF50 (L/sec) 4.33+1.74 4.40+1.25 0.834
FIF50 (L/sec) 4.41£1.73 3.96+1.70 0.155
PEF (L/sec) 8.16+6.48 7.1442.60 0.324
PIF (L/sec) 4.73+£1.74 4.31+1.67 0.188
FEV1/FVC (%) 81.10+7.90 83.14+5.44 0.129
FEF50/FIF50 ratio 1.15+£0.92 1.21+0.37 0.721
FEF25-75/FVC ratio 0.87+0.30 2.55+1.62 <0.001

Data are shown as mean+tstandard deviation. OSAS=Obstructive sleep apnea syndrome, PFT=Pulmonary function
test, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, FIV1=Forced inspiratory
volume in the 1st second, FEF50=Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%,
PEF=Peak expiratory flow, PIF=Peak inspiratory flow, FEF25-75=Maximal mid-expiratory flow rate

*Mann-Whitney U test

icant abnormalities. Group differences in PSG param-
eters are summarized in Table 1.

Pulmonary Function Test Results

In Table 2, PFT parameters were compared be-
tween the two groups. The FEF25-75/FVC ratio was
significantly lower in the OSAS patients compared to
the control group (P<0.001). Sawtooth signs were ob-
served in 4 OSAS patients and 2 controls; however,
this difference was not statistically significant due to
the small sample size.

Correlation Between PSG Parameters and Spirometry
Results

In OSAS patients, correlation analysis revealed
that total hypopnea count was significantly negatively
associated with FEV1, FVC, FIV1, FEF50, FIF50, and
PEF (P<0.05). Total apnea count showed a significant
positive correlation with PEF (P<0.05). Minimum
Sa0; levels correlated positively with FEV1, FVC,
FIV1, and FEF50, whereas mean SaO, was only pos-
itively correlated with FEF50 (P<0.05). Additionally,
the duration of time with oxygen saturation below
90% was negatively correlated with FEV1, FVC,
FIV1, and FEF50 values. These results are summa-
rized in Table 3.

Comparison of OSAS Patients with and without Saw-
tooth Sign

In OSAS patients with a sawtooth sign, AHI total,
AHI REM, AHI side, and total apnea were higher
compared to those without a sawtooth sign. Mean
Sa0,, however, was significantly lower in OSAS pa-
tients with a sawtooth sign than in those without
(Table 4).

Comparison of OSAS Patients with and without
FEF50/FIF50> 1

Forty-six (46.5%) of the OSAS patients had an
FEF50/FIF50 > 1, whereas 30 out of 42 individuals
(71.4%) in the control group had this value. A com-
parison between OSAS patients with and without an
FEF50/FIF50 > 1 is summarized in Table 5.

DISCUSSION

In this study, no significant differences were observed
in PFT parameters between OSAS patients and the
control group, except for the FEF25-75/FVC ratio,
which was significantly lower in OSAS patients
(0.87+0.30) compared to controls (2.55+1.62). AHI,
AHI REM, AHI side, and total apnea values of the
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Table 3. Correlation between PSG parameters and PFT values in patients with OSAS

PFT values
PEF (L/sec) PIF (L/sec) FEV1/FVC (%) FEF50/FIF50 ratio FEF25-75/FVC ratio

FIF50 (L/sec)

FEV1 (L) FVC(L) FIV1(L) FEF50 (L/sec)

PSG results

0.017

0.041

0.035

-0.024
-0.075
-0.040
0.004
-0.177
0.173
0.103
-0.104

0.065

0.117
-0.003
0.168
0.208*
-0.244*
0.121

-0.069
-0.104
-0.078
-0.022
-0.210*

0.009
-0.075

-0.028
-0.129

0.077

-0.019
-0.127

0.098

-0.028
-0.129

0.077

AHI total

0.008

0.007
0.110
0.038

0.027
0.044

0.031

AHI side

0.044
0.017

0.094
0.077
-0.237*
0.236*
0.225*
-0.203*

AHI supine

0.052
-0.295*
0.307*

0.054

-0.269*

0.052

Total apnea

0.017

0.005

0.009

-0.295%*
0.307*
0.188
-0.214*
0.130
0.046

Obstructive sleep apnea syndrome, PFT

expiratory volume in the 1st second, FEF50

Total hypopnea
Min Sa0: (%)
Mean SaO2 (%)

0.032

0.066
0.108
-0.074
0.090
0.003

0.021

0.170

0.092
-0.100

0.291*
0.149
-0.183
0.120
0.040

0.139
-0.112

0.117

0.035

0.188
-0.214%*

-0.098
0.112

-0.079
0.165

0.075

Duration of <90% SaO>
Duration of REM (%)

0.105
0.058

0.066

0.161

0.130

0.046
Pulmonary function test, PSG

0.059

-0.008

0.012
Polysomnography, FEV1

0.073

Sleep efticiency

OSAS

Forced vital capacity, FEV1: Forced

Forced expiratory volume in the 1st second, FVC

=Maximal mid-expiratory flow

Peak expiratory flow, FEF25-75

Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%, PEF=

Apnea hypopnea index, REM:

Rapid eye movement, Mean SaO>=Mean oxygen saturation, Min SaO>=Minimum oxygen saturation

Peak inspiratory flow, AHI=

*r=Spearman correlation coefficient; P<0.05

rate, PIF

OSAS patients with sawtooth signs were determined
to be significantly higher than those without sawtooth
signs. The presence of sawtooth signs in the OSAS pa-
tients was found to be beneficial in indicating severe
OSAS. Furthermore, correlation analysis also demon-
strated significant associations between specific PFT
parameters and hypopnea and desaturation indices in
OSAS patients.

Alterations in the URT seen in OSAS may be re-
flected in PFTs performed while awake. A previous
study showed that the quantitative flow-volume curve
standard has high sensitivity and specificity in detect-
ing upper airway obstruction [15]. Notably, a
FEF50/FIF50 ratio >1 and the sawtooth pattern ob-
served in the flow-volume curve were both strongly
associated with OSAS, indicating URT obstruction
and tissue vibration [6, 16]. In a study of 138 OSAS
patients, 26.1% had a FEF50/FIF50 ratio >1. No sig-
nificant differences in age, BMI, AHI, desaturation, or
standard PFT parameters were found between patients
with and without a FEF50/FIF50 ratio >1 [7]. In our
study, while the FEF50/FIF50 ratio did not differ sig-
nificantly between OSAS patients and controls, a note-
worthy distinction emerged within the OSAS group
itself. OSAS patients with a ratio >1 exhibited signif-
icantly lower inspiratory flow values (PIF and FIV1)
compared to those with a ratio <1. Additionally, pa-
tients with a lower FEF50/FIF50 ratio <I had signifi-
cantly reduced FEF25-75/FVC and FEV1/FVC ratios,
suggesting both small airway dysfunction and poten-
tially greater upper airway resistance. These findings
indicate that while the FEF50/FIF50 ratio may offer
insights into upper airway resistance, its utility as a
predictor of OSAS severity remains limited.

The FEF25-75/FVC ratio has been suggested to
reflect small airway function and possibly dispropor-
tionate development between the pulmonary
parenchyma and airways, which may be associated
with increased upper airway resistance [17]. Previous
studies have linked a low FEF25-75/FVC ratio to air-
way hypersensitivity and to a higher prevalence of
OSAS in patients with unstable asthma or obesity [8,
18]. While some reports have found no direct correla-
tion between this ratio and PSG parameters [19], our
findings demonstrated a significant decrease in the
FEF25-75/FVC ratio among OSAS patients compared
to controls. This reduction may reflect elevated upper
airway collapsibility or resistance, potentially related
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Table 4. Demographic features, PFT parameters, and PSG results of the OSAS patients with and

without the sawtooth sign

Variables Those with the sawtooth sign Those without the sawtooth sign P value*
(n=4) (n=95)
Age (years) 49.50+£4.45 48.37+10.55 0.832
BMI (kg/m?) 32.77£5.15 33.61£10.04 0.859
FEV1 (L) 2.95+0.98 3.42+1.11 0.378
FVC (L) 3.45+1.08 4.22+1.35 0.263
FEV1/FVC ratio 84.00+6.61 80.97+7.95 0.457
PEF (L/sec) 6.16+1.18 8.23+6.60 0.531
FEF50 (L/sec) 3.85£1.60 4.36+1.75 0.557
FIF50 (L/sec) 3.05+1.31 4.40+1.73 0.110
FEF50/FIF50 ratio 1.44+0.97 1.19+0.92 0.524
FEF25-75/FVC ratio 0.97+0.27 0.86+0.30 0.492
AHI total 64.27+29.84 35.43+24.24 0.023
AHI REM 78.47+£30.37 32.66+25.09 0.001
AHI supine 69.65+39.67 49.24+30.14 0.193
AHI side 60.954+37.83 24.74+23.82 0.004
Total apnea 56.37+27.73 25.114£22.46 0.008
Mean SaO; (%) 84.00+8.40 89.12+4.85 0.048
Min Sa0:; (%) 64.75+15.84 74.12+11.87 0.130

OSAS=0Obstructive sleep apnea syndrome, PFT=Pulmonary function test, PSG=Polysomnography, BMI=Body
mass index, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, PEF=Peak expiratory
flow, FEF50=Maximal expiratory flow rates 50%, FIF50=Maximal inspiratory flow rates 50%, FEF25-
75=Maximal mid-expiratory flow rate, AHI=Apnea hypopnea index, REM=Rapid eye movement, Mean
SaO’=Mean oxygen saturation, Min SaO,=Minimum oxygen saturation

*Mann-Whitney U test

to increased BMI and reduced pharyngeal muscle
tone, both of which are commonly observed in OSAS
patients. These findings support the potential utility of
this ratio as a supportive indicator of upper airway in-
stability in the context of OSAS.

In this study, correlation analysis revealed signif-
icant relationships between total hypopnea and oxygen
saturation parameters and spirometric indices that re-
flect inspiratory and expiratory flow limitations in
OSAS patients. Total hypopnea count showed nega-
tive correlations with FEV1, FVC, FIV1, FEF50,
FIF50, and PEF, suggesting that increased hypopnea
burden may be associated with notable impairments
in respiratory function. While minimum and mean
Sa0, values showed positive correlations with PFT
parameters, the duration of <90% SaO, was nega-

tively correlated. These findings support the notion
that individuals with better respiratory function may
experience less desaturation in the context of OSAS.
However, the lack of a significant correlation between
AHI and spirometric parameters suggests that PFT
may not directly indicate the presence of OSAS but
may instead reflect URT instability. Similar findings
have been reported in previous studies, where no sig-
nificant correlation was found between AHI severity
and spirometric values such as FEV1 or FVC, despite
the presence of pulmonary function abnormalities in
OSAS patients [20].

In a previous study, among patients undergoing
spirometry for any indication, those with the sawtooth
sign were found to have a higher likelihood of being
diagnosed with OSA compared to those without the
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Table 5. Comparison of demographic features, PFT parameters, and PSG results of the OSAS

patients with and without a FEF50/FIF50 >1

Variables FEF50/FIF50 >1 FEFS50/FIF50 <1 P value
(n=46) (n=53)
Age (years) 48.15+10.66 48.65+10.21 0.810
BMI (kg/m?) 33.03+6.62 34.19+12.14 0.564
FEV1 (L) 3.52+1.07 3.29+1.13 0.292
FVC (L) 4.13+1.32 4.25+1.37 0.640
FEV1/FVC ratio 85.78+4.97 76.86+7.69 <0.001
PEF (L/sec) 7.57+2.56 8.70+8.62 0.391
PIF (L/sec) 4.08+1.54 5.31£1.71 <0.001
FIV1 (L) 3.09+1.16 3.64+1.17 0.021
FEF25-75/FVC ratio 1.06+0.24 0.70+0.24 <0.001
AHI total 37.88+£25.62 35.43+£24.57 0.628
AHI REM 36.38+28.81 32.854+24.86 0.519
AHI supine 53.55+31.35 46.91+29.84 0.283
AHI side 26.27+£25.18 26.14+25.62 0.981
Total apnea 27.02+23.43 25.83+23.55 0.804
Mean SaO; (%) 89.00+5.41 88.84+4.80 0.881
Min Sa0O; (%) 73.51+12.98 73.96£11.36 0.854

OSAS=0bstructive sleep apnea syndrome, PFT=Pulmonary function test, PSG=Polysomnography, BMI=Body
mass index, FEV1=Forced expiratory volume in the 1st second, FVC=Forced vital capacity, PEF=Peak expiratory
flow, PIF=Peak inspiratory flow, FIV1=Forced inspiratory volume in the Ist second, FEF25-75=Maximal mid-
expiratory flow rate, AHI=Apnea hypopnea index, MeanSaO,=Mean oxygen saturation, MinSaO,=Minimum

oxygen saturation
*Mann-Whitney U test

sign [10]. Several studies have since explored this as-
sociation in more detail. In a study examining flow-
volume curves of 401 patients who presented with
snoring and were investigated for OSAS, apnea was
found to be more severe in patients with a sawtooth
sign during both inspiration and expiration. Sensitivity
and specificity of the sawtooth sign in identifying
OSAS have been reported to vary widely, ranging
from 29% to 85% and 56% to 95%, respectively [10].
In another study, the FEF50/FIF50 ratio >1 and/or
sawtooth sign was observed in 40% of OSAS patients,
while these features were absent in the control group.
OSAS patients with a sawtooth sign had significantly
larger height, weight, and neck circumference, and
worse PSG results. However, there were no differ-
ences in spirometric parameters between OSAS pa-
tients with and without the sawtooth sign [19]. In a

study investigating the diagnostic value of the flow-
volume curve for OSAS, sawtooth signs were signif-
icantly more prevalent in OSAS patients compared to
other groups (P <0.01). OSAS patients with sawtooth
signs had a higher apnea index and more significant
reductions in SaO; [21]. Another study found that
12.3% of 138 OSAS patients exhibited sawtooth signs,
but no significant differences were observed in age,
BMI, AHI, desaturation index, or spirometric param-
eters between those with and without sawtooth signs
[7]. In this study, sawtooth signs were present in 4
OSAS patients and 2 controls. While no significant
differences were found between these groups regard-
ing demographic or PFT parameters, OSAS patients
with sawtooth signs had significantly higher AHI val-
ues, AHI REM, AHI side, and total apnea values, as
well as lower mean SaO». The small sample size of the
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subgroup with sawtooth signs (n=4) limits the statis-
tical power and generalizability of these findings.
Therefore, the results should be interpreted with cau-
tion, and further studies with larger cohorts are needed
to validate these observations.

Flow-volume curves and PFT parameters are not
reliable screening tools for differentiating OSAS pa-
tients, as features like the sawtooth sign and
FEF50/FIF50 ratio >1 were also observed in the con-
trol group. However, the lower FEF25—75/FVC ratio
observed in OSAS patients may reflect increased
upper airway resistance or instability. This spiromet-
ric finding may be associated with OSAS; however,
further prospective studies are required to evaluate its
diagnostic utility. Notably, the sawtooth sign appeared
to be useful in identifying more severe cases of
OSAS.

Strengths and Limitations

This study addresses a relatively underexplored
area by investigating the relationship between spiro-
metric parameters and OSAS. Additionally, the use of
correlation analyses between PSG findings and PFT
parameters strengthens the clinical relevance of our
results. Finally, by focusing on commonly used and
cost-effective spirometric measurements, this study
highlights a potentially accessible adjunct tool in the
evaluation of OSAS. However, several limitations
should be considered, including the small control
group and single-center design, which may affect gen-
eralizability. Additionally, the lack of a detailed eval-
uation of confounding factors and the retrospective
nature of the study may influence data accuracy. Al-
though the study had a retrospective design, the rela-
tionship between flow-volume curve abnormalities
and OSAS remains an underexplored area in the liter-
ature. To our knowledge, few studies have evaluated
whether these PFT patterns can help predict the sever-
ity of OSAS. Therefore, we believe that our findings
still provide relevant clinical insight. Further prospec-
tive studies with standardized methods are necessary
to better understand the relationship between PFT ab-
normalities and OSAS.

CONCLUSION

Given the complex pathophysiology of OSAS, identi

fying abnormalities in flow-volume curves may serve
as an early indicator of disorders leading to OSAS. This
approach can help in determining which patients
should undergo PSG, which is time-consuming and
costly. We suggest that multi-center studies, involving
a larger number of cases and identifying modifying fac-
tors, are needed to assess the reliability of changes in
flow-volume curves for predicting OSAS in patients.
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