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Introduction

Obstructive sleep apnea (OSA) is a common condition, which 
develops due to the constant collapse of  the pharyngeal airway 
during sleeping.[1,2] Obesity and craniopharyngeal malformation 
are considered as the main risk factors for the OSA.[3‑5] However, 
the incomplete or complete obstruction of  the large airways 
results in a reduced or absent airflow at the nose and mouth 
orifices that contributes to hypopnea or apnea, respectively.[6] As 

a result, the individuals suffering OSA are obligated to transient 
arousal from sleep, to compensate for the airflow reduction and 
to restore the upper airway patency.[7] Several techniques have 
been introduced to evaluate the pathophysiology of  OSA. Of  
these, nocturnal polysomnography has been suggested as the 
gold standard diagnostic technique in patients, who suffer OSA; 
however, despite its accuracy, time‑consuming, expensiveness, 
and unfeasible in many institutes and centers.[8] In recent decades, 
the forced oscillation technique (FOT) is introduced to be a 
more user friendly and applicable technique in the evaluation 
of  the respiratory functions.[9,10] During the FOT examination, 
the airway responses to pressure and flow of  the inhaled and 
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exhaled air to small forced oscillations delivered at the mouth or 
nose are being analyzed that provides a remarkable priority over 
previously used approaches.[11] In order to fulfill this aim, sound 
waves are being transmitted through the airways in different 
frequencies. Therefore, in FOT, the resistance of  the airways is 
being measured concerning the resistance at 5 Hz (R5), resistance 
at 15 Hz or higher (R15), area of  a reactance with low frequency 
integrated impedance (AX).

Besides, thank its ability to measure the reactance of  both large 
and small airways and resistance capacity of  the lung, FOT 
turns out to be a practical and less time‑consuming technique 
for respiratory effort assessment.[12] On the contrary, analysis of  
FOT is being performed through tidal breathing, which makes 
FOT as a practical technique in all ages and any patients, even 
in individuals with altered consciousness.[13] Considering the 
several advantages of  the FOT in the diagnosis of  the respiratory 
diseases that are in association with the airways resistance, it can 
be suggested that FOT might be capable of  providing beneficial 
data regarding the screening of  the patients with OSA and 
assessing the disease progression.

Hence, the aim of  this study was to evaluate the correlation of  
the forced oscillometry technique’s parameters with severity 
of  the apnea‑hypnea index (AHI) in patients suffering severe 
obstructive sleep apnea without breathing disorder.

Methods and Materials

In the current case series, for 6 months, all patients referred to 
a sleep laboratory with OSA diagnosis to underwent complete 
nocturnal polysomnography were evaluated according to 
the inclusion and exclusion criteria. Patients with body mass 
index (BMI) ranging between 30 and 35, suffering severe OSA 
with AHI of  more than 30 times per hour were enrolled. 
However, individuals, who had a complete history and physical 
manifestations of  respiratory diseases, such as asthma, chronic 
obstructive pulmonary diseases, infiltrative pulmonary diseases, 
and cardiac diseases, were excluded, as well as the patients 
with obesity hypoventilation syndrome. All patients provided 
informed consent before enrollment, and the study protocol was 
confirmed by the ethics committee of  the Tehran University of  
Medical Sciences.

Before therapeutic interventions administration, such as 
continuous positive airway pressure, patients underwent FOT 
examination, which required no specific cooperation or effort 
from the patients, and is feasible through normal breathing. 
During the examination, sound waves were transmitted through 
the load speaker in a frequency ranging between 5 Hz to 25 Hz 
into patients’ lungs, while the patient breathed normally, to 
measure pulmonary impedance, which includes resistance 
and reactance. With due attention to the capability of  the 
low‑frequency sound waves traveling a long way, these waves were 
used to evaluate the small and large airways resistance. However, 
high‑frequency sound waves travel a shorter route; therefore, 

they were used to evaluate the considerable airway resistance. For 
assessing the airway’s reactance, including inertance and capacity, 
the lung tissue elasticity and airway stenosis were evaluated.

All patients underwent FOT before treatment to measure 
the following FOT parameters: Respiratory resistance at 5 
and 20 Hz (R5 and R20, respectively), resistance difference 
between R5 and R20, reactance at 5 Hz (X5), and resonant 
frequency (Fres), which were subsequently compared to reference 
values.

Statistical analysis
All results were expressed by mean  ±  SE for quantitative 
variables. The Pearson product‑moment correlation was used 
to determine the strength and direction of  a linear relationship 
between AHI and FOT parameters. Besides, a multiple regression 
was run to predict AHI from variables obtained through 
FOT. There was linearity as assessed by partial regression 
plots and a plot of  studentized residuals against the predicted 
values. There was independence of  residuals, as assessed by a 
Durbin–Watson statistic of  2.66. There was homoscedasticity, as 
assessed by visual inspection of  a plot of  studentized residuals 
versus unstandardized predicted values. There was no evidence 
of  multicollinearity, as assessed by tolerance values greater 
than 0.1. There were no studentized deleted residuals greater 
than ±3 standard deviations, no leverage values greater than 
0.2, and values for Cook’s distance above 1. The assumption of  
normality was met, as assessed by a Q‑Q Plot. Finally, the level 
of  significance was set at 0.05.

Ethical Consideration
This article was approved by ethical coommite of  Tehran 
university of  Medical Sciences with code IR.TUMS.VCR.
REC.1398.72.

Results

In the current study, 22 patients with severe OSA, who had AHI 
higher than 30, were enrolled. Of  these patients, 12 (54.5%) 
were male, and 10 (45.5%) were female with a mean age of  
50.27 ± 4.34. Patients’ demographic data, including body height 
and weight, BMI, AHI, and mean values of  FOT parameters are 
summarized in Table 1. The FOT parameters were respiratory 
resistance at 5 and 20 Hz (R5 and R20, respectively), resistance 
difference between R5 and R20, reactance at 5 Hz (X5), and 
resonant frequency (Fres).

Pearson’s product‑moment correlation was run to assess the 
relationship between AHI and FOT parameters, including, 
R5, R20, R5‑R20, X5, and Fres. The relationship between 
the AHI and R5, R20, R5‑R20, and X5 was not statistically 
significant [Table 2].

However, preliminary analyses showed the relationship to be linear 
between AHI and Fres, with both variables normally distributed, as 
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assessed by Shapiro‑Wilk’s test (P >.05), and there were no outliers. 
Therefore, there was a statistically significant, strong negative 
correlation between Fres and AHI, r (20) =0.59, P < 0.0001, with 
Fres value explaining 45% of  the variation in AHI severity.

Subsequently, a multiple regression was run to predict AHI 
from FOT parameters of  R5, R20, R5‑R20, X5, and Fres. The 
multiple regression model statistically significantly predicted AHI, 
F (5, 17) =3.542, P = 0.02, adj. R2 = 0.32. Similar to correlation 
analysis, only Fres variable added statistically significantly to the 
prediction, P = 0.01. Regression coefficients and standard errors 
are shown in Table 3.

Discussion

Since its introduction in the 1960s,[6] FOT has been used as a 
noninvasive measurement method for evaluating function and 
elasticity of  airways.[14] Although FOT was primarily used to 

assess obstructive pulmonary conditions, particularly in asthmatic 
patients, currently, benefiting its unique features, FOT provides 
considerable advancement in the assessment of  respiratory 
system resistance and reactance, not only in patients who are able 
to cooperate with the examination, but also during anesthesia 
and sleep, considering its performance independence to patients 
interaction.[11,15‑17] On this basis, the technique has been favorably 
administered in patients with respiratory disorders during sleep 
time, to monitor the dysfunction of  both upper and lower airway 
obstruction.[18] Therefore, the current study aimed to test the 
feasibility of  the FOT system to measuring respiratory resistance 
in patients with severe sleep apnea during sleep, to examine the 
efficacy of  the technique in the diagnosis of  the disease severity in 
victims. The results of  the study showed that in patients suffering 
severe OSA according to the AHI, FOT parameters fail to predict 
the severity of  the sleep apnea, except Fres, which was negatively 
correlated with the AHI of  patients; whereas, increased resonant 
frequency was associated with decreased values of  the AHI. The 
novel feature of  the study was taking the correlation of  FOT 
findings with AHI in patients suffering sleep apnea during an 
overnight sleep study, into consideration.

Resonant frequency or Fres is described as the intermediate 
frequency at which the total reactance is null in the lungs. 
Therefore, similar magnitudes of  capacitative and inertive 
pressure drops result in Fres. Fres is commonly used to 
discriminating between low‑frequency and high‑frequency 
reactance values: Below the Fres, the elastic properties of  the 
lung (represented by capacitance) are dominant, which is opposed 
by intertance dominance above the Fres.[19] On this basis, Bickel 
et al. suggested a higher Fres values in children, which decreases 
with aging and elevates concomitantly, in both restrictive and 
obstructive pulmonary conditions.[20] Thus, it was not of  great 
surprising that in our study, a negative correlation was established 
between AHI and Fres. On this basis, it can be hypothesized 
that FOT derived Fres is not only a valid and reliable predictor 
of  AHI severity in patients with severe OSA, but also might be 
useful in monitoring the disease progression and screening the 
patients manifestation during follow‑up periods.

In an early investigation, Badia et al. administered FOT for the 
evaluation of  severe sleep apnea and hypopnea syndrome and 
suggested it as a noninvasive tool for the diagnosis of  respiratory 
disturbances that makes physicians capable of  approaching a 
quantitative for continuous monitoring of  airflow alterations 
during sleep in patients with sleep apnea.[21] Similarly, our results 
showed that Fres can be obtained through FOT, which is known 
as a non‑invasive tool, and considering the significant correlation 
between Fres and AHI, FOT can be used as a beneficiary 
technique in evaluation of  the sleep apnea severity.

In a previous study by Abdeyrim et al., obese and preobese 
patients with healthy spirometry outcomes, underwent impulsed 
oscillometry in sitting and supine position, and airway resistance 
and reactance in patients with obstructive sleep apnea were 
associated with severity of  the obstruction according to the 

Table 1: Mean values of patients demographic data and 
FOT outcomes

Variable Mean±SD
Age 50.27±4.34
Body weight 85.68±7.11
Body height 1.7±0.08
BMI 29.56±1.93
AHI 42.42±7.74
R5 5.88±1.43
R20 4.98±1.31
R5‑20 0.99±0.99
FRES 10.77±3.02
X5 3.81±0.69
BMI: Body mass index; AHI; Apnea‑hypnea index; R5: Respiratory resistance at 5 Hz; R20: Respiratory 
resistance at 20 Hz; R5‑20: Resistance difference between R5 and R20; X5: Reactance at 5 Hz; 
Fres: Resonant frequency

Table 2: Pearson’s correlation for main study variables
Variable Correlation (AHI)

Pearson Pv
R5 0.292 0.187
R20 0.399 0.066
R5‑20 ‑0.178 0.429
Fres ‑0.593** 0.004
X5 ‑0.071 0.755
AHI; Apnea‑hypnea index; R5: Respiratory resistance at 5 Hz; R20: Respiratory resistance at 20 Hz; 
R5‑20: Resistance difference between R5 and R20; X5: Reactance at 5 Hz; Fres: Resonant frequency

Table 3: Summary of multiple regression analysis
Variable B Std. error Beta
Constant 45.387 9.759
R5 0.766 4.543 0.142
R20 0.315 4.869 0.054
R5‑20 ‑1.555 2.507 ‑0.198
Fres ‑1.616 0.62 ‑0.631*
X5 2.599 2.78 0.232
AHI; Apnea‑hypnea index; R5: Respiratory resistance at 5 Hz; R20: Respiratory resistance at 20 Hz; 
R5‑20: Resistance difference between R5 and R20; X5: Reactance at 5 Hz; Fres: Resonant frequency. 
*P<0.05
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AHI classification.[22] Besides, the authors carried out a study on 
obese patients, who had no history of  pulmonary and respiratory 
diseases, regarding the presence and absence of  OSA according to 
polysomnography, which showed a higher resistance and reactance 
in patients suffering OSA.[23] Hence, concerning the results of  the 
previous studies, it could be assumed that OSA affects pulmonary 
elasticity. Since, Fres is in correlation with the elasticity of  the 
airways, with due attention to our findings, it can be estimated that 
FOT results are in association with the severity of  AHI that might 
be helpful in the primary assessment of  the patients with OSA.

Our study had a few numbers of  limitations. First, a technical 
concern during FOT is the more massive contribution of  the 
upper airway resistance in the total resistance, which might 
influence the evaluation of  changes in lower airway resistance 
during sleep. Second, although, the resistance of  the chest wall 
does not vary significantly during sleep, respiratory system 
resistance has been made up of  both chest wall resistance and 
airway resistance that prohibited us from the individual evaluation 
of  involved airways structures. Third, due to the high costs of  
the sleep laboratory, a few numbers of  patients are referred to 
undergo sleep analysis and evaluation of  the obstructive sleep 
apnea; therefore, we obligated to carry on our survey with 
low sample size. Forth, patients with severe AHI are at risk of  
irreversible and serious pathological alterations to airways and 
pulmonary function; therefore, enrollment of  these patients 
concerning their pulmonary function might resulted in an 
inevitable bias, which prohibited us from evaluating the role of  
FOT in screening of  the patients with sleep apnea.

Conclusion

In summary, FOT could be a useful tool in evaluation of  AHI 
severity in patients suffering OSA, since Fres, obtained via FOT 
measurement, was in strong correlation with AHI of  patients; 
thus, AHI severity is predictable by acquiring FOT. Besides, 
monitoring Fres changes at different sessions can be used as a 
diagnostic technique to evaluate disease progression. However, 
further studies and randomized trials are needed to conclude 
FOT overall advantages and disadvantages in patients with OSA.
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