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Abstract

Introduction: Obstructive sleep apnea is a condition characterized by frequent respiratory pauses lasting > 10 seconds,
accompanied by desaturation/reoxygenation cycles and repetitive arousals triggered by complete (apnea) or partial
(hypopnea) cessation of airflow during sleep. Objective: To determine the prevalence and to assess the respiratory and
anthropometric parameters of patients with obstructive sleep apnea in Vale do S&o Francisco area. Methods: This is a
descriptive, cross-sectional study using secondary data collected from 466 patients between June 2015 and June 2017.
Patients who underwent home polysomnography were included while those who did not perform the lung function
test and/or failed to present a medical report were excluded. Results: Obstructive sleep apnea was observed in 79.2%
(n = 126) of the patients enrolled. Cases with greater severity were observed in males and were more prevalent among
those aged 60 years or above. Forced expiratory volume in 1 second (P = 0.006) and forced vital capacity (P = 0.001)
decreased with increased obstructive sleep apnea severity. Significant correlations were observed between the severity
of obstructive sleep apnea and age, body mass index and Apnea-Hypopnea Index, while pulmonary function variables
presented a low negative correlation with obstructive sleep apnea severity. Conclusion: Greater severity of obstructive
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sleep apnea was more prevalent in males and the involvement of the pulmonary function was more pronounced in the
groups with severe obstructive sleep apnea. Reductions in lung function were also found in this population, with
negative linear correlations between ventilatory parameters and obstructive sleep apnea severity.

Keywords: Obstructive sleep apnea syndrome; Sleep disorders; Epidemiology; Diagnosis; Complications.

Resumo

Introducdo: A apneia obstrutiva do sono é uma condicdo caracterizada por pausas respiratérias frequentes com
duragdo > 10 segundos, acompanhadas por ciclos de dessaturagdo/reoxigenagdo e despertares repetitivos
desencadeados pela cessacdo completa (apneia) ou parcial (hipopneia) do fluxo de ar durante o sono. Obijetivo:
Determinar a prevaléncia e avaliar os parametros respiratdrios e antropométricos de pacientes com apneia obstrutiva
do sono na regido do Vale do Sao Francisco. Métodos: Trata-se de estudo transversal descritivo feito a partir de dados
secundarios de 466 pacientes avaliados entre junho de 2015 e junho de 2017. Foram incluidos os pacientes que
realizaram a polissonografia domiciliar. Dentre esses, foram excluidos os pacientes que ndo realizaram o teste de
funcédo pulmonar e/ou exames que ndo apresentaram laudo médico. Resultados: Presenca de apneia obstrutiva do sono
foi observada em 79,2% (n = 126) dos pacientes incluidos. Casos com maior gravidade foram observados no sexo
masculino, sendo mais prevalentes apds 60 anos de idade. O volume expiratdrio forcado no primeiro segundo (P =
0,006) e a capacidade vital forcada (P = 0,001) diminuiram com o aumento da gravidade da apneia obstrutiva do sono.
Correlagdes significativas foram verificadas entre a gravidade da apneia obstrutiva do sono com idade, indice de
massa corporea e indice de Apneia-Hipopneia, enquanto as variaveis de funcdo pulmonar avaliadas neste estudo
apresentaram baixa correlacdo negativa com gravidade da apneia obstrutiva do sono. Conclusfes: Foi constatada
maior gravidade da apneia obstrutiva do sono nos homens e maior comprometimento na fungdo pulmonar nos grupos
com apneia obstrutiva do sono grave. Redugfes na funcdo pulmonar também foram identificadas nessa populacéo
com correlagdes lineares negativas entre os pardmetros ventilatorios e a gravidade da apneia obstrutiva do sono.
Palavras-chave: Sindrome da apneia obstrutiva do sono; Distirbios do sono; Epidemiologia; Diagnostico;
Complicagdes.

Resumen

Introduccidn: La apnea obstructiva del suefio es una condicion caracterizada por pausas respiratorias frecuentes de >
10 segundos, acompafadas de ciclos de desaturacién/reoxigenacion y despertares repetitivos desencadenados por cese
completo (apnea) o parcial (hipopnea) del flujo aéreo durante el suefio. Objetivo: determinar la prevalencia y evaluar
los pardmetros respiratorios y antropométricos de pacientes con apnea obstructiva del suefio en el area del Valle de
Sédo Francisco. Resultados: Se observo apnea obstructiva del suefio en el 79,2% (n = 126) de los pacientes incluidos.
Se observaron casos de mayor gravedad en varones y fueron mas prevalentes entre los de 60 afios 0 mas. El volumen
espiratorio forzado en 1 segundo (P = 0,006) y la capacidad vital forzada (P = 0,001) disminuyeron con el aumento de
la gravedad de la apnea obstructiva del suefio. Se observaron correlaciones significativas entre la gravedad de la apnea
obstructiva del suefio y la edad, el indice de masa corporal y el indice de apnea-hipopnea, mientras que las variables
de funcién pulmonar presentaron una baja correlacién negativa con la gravedad de la apnea obstructiva del suefio.
Conclusién: la mayor gravedad de la apnea obstructiva del suefio fue més prevalente en los hombres y la afectacion de
la funcién pulmonar fue méas pronunciada en los grupos con apnea obstructiva del suefio grave. También se
encontraron reducciones en la funcién pulmonar en esta poblacion, con correlaciones lineales negativas entre los
parametros ventilatorios y la gravedad de la apnea obstructiva del suefio.

Palabras clave: Sindrome de apnea obstructiva del suefio; Trastornos del suefio; Epidemiologia; Diagndstico;
Complicaciones.

1. Introduction

Obstructive sleep apnea (OSA) is a public health issue currently affecting between 5 and 20% of the world population
(Gautier-Veyret et al., 2018). OSA is a condition characterized by frequent respiratory pauses lasting > 10 seconds,
accompanied by desaturation/reoxygenation cycles and repetitive arousals triggered by complete (apnea) or partial (hypopnea)
cessation of airflow during sleep (Canales et al., 2018; Chen et al., 2020). The incidence increases with age, and OSA is more
prevalent among males. It is generally associated with obesity (Jehan et al., 2018; Sun et al., 2019) and currently 70% of
Americans with OSA are obese [6]. Anatomical variations can constitute an important risk factor in a lot of cases (Osman et
al., 2018).

OSA is also related with the prevalence of cardiovascular diseases, especially those patients whose symptoms are
sleep disturbances and excessive sleepiness during the day (Mazzotti et al., 2019). The intermittent hypoxia and the sleep

fragmentation also affect the glucose metabolism, thus making OSA a condition being a risk factor do type 2 diabetes (Da Cruz
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Carvalho et al., 2020; Reutrakul & Mokhlesi, 2017).

Despite the epidemiological relevance of OSA, it remains an underdiagnosed clinical condition that requires early
diagnosis to reduce the comorbidities associated with the condition, e.g., cardiorespiratory changes such as interruption of the
sleep-wake cycle, increased sympathetic activity, reduced oxygen flow to the brain, arrhythmias and even sudden death (Qian
et al., 2016). OSA also increases cardiovascular morbidity (Peppard et al., 2013). Patients diagnosed with OSA are also
considered more prominent to automobilistic events (Veasey & Rosen, 2019).

Anthropometric standards can be related to the severity of OSA, especially neck circumference, waist circumference
and the body mass index (Liu et al., 2017). Anthropometric analysis of craniofacial structures makes it possible to identify risk
factors (Capalbo et al., 2021; Maresky et al., 2019). Exercise level and dietary composition are also clinical parameters utilized
for OSA prognostic previews (L. P. da C. Carvalho et al., 2020; Souto et al., 2020).

In this context, polysomnography (PSG) is considered the gold standard test to identify and assess the severity of OSA
(Barbosa et al., 2021; Cunha et al., 2020). Comparing PSG and anthropometric metrics can be a valuable source of information
for prognostic of patients with OSA (Genta et al., 2020). For assessing severity, the apnea-hypopnea index (AHI) is commonly
used, and it is obtained from PSG by calculating the total apneas and hypopneas events and dividing them by the total sleep
time in hours (Sreedharan et al., 2016). PSG is also of immense value on determining the treatment of patients with OSA
(Gottlieb & Punjabi, 2020; Patil et al., 2019).

Regionalization of studies about OSA are of incredible value to determine clinical traits of this pathology in a certain
area, with the objective of increasing the number of medical protocols. Given the association between OSA and the increase in
cardiovascular morbidity and mortality, along with and the scarcity of studies on clinical variables of patients with OSA,
especially on the Northeast, the present study aims to determine the prevalence of OSA and to analyze the respiratory and

anthropometric parameters of patients with OSA in Vale do S&o Francisco area.

2. Methodology
Study design

This is a quantitative, descriptive, cross-sectional study, based on secondary data through medical records collected at
Clinica Todo Ser, a referral clinic for patients with OSA in Vale do S&o Francisco region, located in the city of Petrolina (PE).

Data collection took place between June 2015 and June 2017.

Ethical considerations

The study was approved by the Research Ethics Committee of the Federal University of Vale do S&o Francisco (CEP-
UNIVASF) (approval number 2,148,141). The study complies with the revised Helsinki declaration in 2000 and the relevant
regulations of the National Health Council (466/2012 and 510/2016). Since this is a retrospective study, the Free and Informed
Consent Form (ICF) was waived, according to the CNS 466/12 Resolution.

Sample selection
Patients who underwent home PSG oriented by Clinica Todo Ser were included. Among these, patients who did not

undergo the pulmonary function test and/or failed to present tests together with medical reports for OSA were excluded.

Polysomnography and pulmonary function test
PSG was performed at home using the ApneaLink™ device (ResMed Bella Vista, Sydney, NSW, Australia), which
records nasal airflow through a pressure transducer, while breathing efforts, pulse rate and peripheral oxygen saturation were
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measured by pulse oximetry. The default device configuration defines apnea as episodes with an 80% decrease in airflow and
hypopnea as events with a 50 to 80% decrease in airflow, both for a period > 10 seconds. Desaturation was considered to be a
decrease > 4% of oxygen saturation. The cutoff parameter for diagnosing OSA was AHI > 5 obstructive events per hour of
sleep. The pulmonary function test was performed using the Bodystik® plethysmograph (Geratherm Medical AG,
Geschwenda, Germany) to obtain the values of VC, FVC and FEV1 in percentages predicted for age, height, and sex.

Assessment of Covariables

The body mass index (BMI) in kg.m? and age in years were assessed before the pulmonary function test was
performed. The respiratory variables assessed were: lowest oxygen saturation during sleep (SpO2min), obtained from home
PSG, the predicted percentage of tidal volume (TD), forced vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1), according to the pulmonary function test.

OSA was classified as such: absence of OSA (AHI <5 events/hour), mild OSA (AHI between 5 and 15 events/hour),
moderate OSA (AHI between 15 and 30 events/hour) and severe OSA (AHI > 30 events hour) (Sweed et al., 2019).

Statistical analysis

Continuous variables are presented as mean + standard deviation after determining normality using the Kolmogorov-
Smirnov test. Categorical variables are presented in absolute and relative frequencies. Correlations between continuous
variables were calculated using Pearson's linear correlation coefficient. Pearson's chi-square test (X?) was used to compare
proportions. Means were compared using one-way analysis of variance (ANOVA) while the Tukey post-test was used to test
differences among sample means for significance. A two-tailed test was used, P values were calculated, and the level of
significance was set to 5%. Data were processed and analyzed using Prism (GraphPad Software, Inc., San Diego, CA, USA,
Release 6.01, 2012).

3. Results and Discussion

Secondary data were collected from 466 patients who underwent PSG in the sample period of which 159 patients
remained after using the exclusion criteria. These patients were divided into four groups according to the severity of the
disease: patients without OSA (used as a reference for comparison), with mild OSA, with moderate OSA and severe OSA
(Figure 1).
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Figure 1 - Flowchart for inclusion in the study.

[ Patients undergoing polysomnography between 2015 and 2017 (N = 446) ]

~
Inclusion criteria:
—————> | *Expected exams
*Spirometry

v

Severity of the obstructive sleep apnea (OSA) (n = 159)

l ) ) !

[ Without OSA ][ Mild OSA ][ Moderate OSA ][ Severe OSA |

(n=33) (n = 46) (n =40) (n=40)
) ) | }
[ Descriptive and inferential analvsis ]

Legend: OSA: obstructive sleep apnea. Source: Authors.

The sample consisted of 159 patients (94 women), with a mean (+ SD) age of 48.7 (+ 15.5) years and BMI = 33.7 (+
8.0) kg.m. Regarding PSG findings, the mean AHI was 21.4 ( 20.6) events/hour (Table 1). 33 and 46 individuals composed
the groups without OSA and with mild OSA, respectively, while both moderate and severe OSA groups had 40 patients each.

Table 1 - Clinical characteristics of the patients included in the study (n = 159).

Characteristics Results
Age, Years 48.7 (£15.5)
Males, n (%) 65 (41)
BMI, kg.m? 33.7 (£8.0)
AHI, events per hour of sleep 21.4 (x20.6)

Notes: BMI: body mass index; AHI: Apnea-hypopnea index. Source: Authors.

Moderate and severe OSA were observed in 50.3% (n = 80) of the patients, while 20.8% were not diagnosed with the
disease. Moderate and severe OSA were more frequent among men (n = 44; 55.0%). On the other hand, the frequency of
patients without OSA was higher in females (26.6%), and a statistical association (P = 0.0029) was found between the gender
of patients and the classification of OSA severity (Table 2). It was also found that the number of cases of moderate or severe
OSA increased with age (P = 0.0018).
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Table 2 - Distribution of patients according to the severity of obstructive sleep apnea and to gender and age

group variables.

GROUPS
VARIABLES Total Without Mild Moderate Severe
sample OSA OSA OSA OSA pa2
(n=159) (n=33) (n=46) (n=40) (n=40)
Gender, n (%)
Male 65 (40.9) 8(12.3) 13 (20.0) 16 (24.6) 28 (43.1) 0.0029*
Female 94 (59.1) 25(26.6) 33(35.1) 24 (25.5) 12 (12.8) '
Age range, n (%)
19 - 40 years 49 (31.4) 17 (34.7) 14 (28.6) 9(18.4) 9(18.4)
41 — 60 years 72 (46.2) 11(15.3) 24(33.3) 18 (25.0) 19 (26.4) 0.0018**
> 60 years 35 (22.4) 3(8.6) 8 (22.9) 10 (28.6) 14 (40.0)

Notes: OSA: Obstructive Sleep Apnea; @ Chi-square test for independent samples; * The statistical difference between
genders when the group without OSA was compared to the moderate / severe OSA groups; ** The statistical difference
between the age groups 19-40 and> 60 years when the groups without OSA and moderate / severe OSA were compared.
Source: Authors.

Anthropometric and respiratory variables were grouped according to the severity of OSA (Table 3). BMI was directly

related to severity in patients, and the mean BMI (38.0 + 9.4 kg.m) in the severe OSA group was significantly higher when

compared to the means of the other groups (P < 0.0001). The mean percentage of SpO2min during sleep showed an inversely
proportional association with the severity of OSA: 87.1 (£ 3.9) in the group without OSA and at 83.0 (£ 5.9) in the mild OSA

group. For the moderate OSA and severe OSA groups, the mean percentages were 78.8 (£ 7.1) and 70.1 (£ 11.7), respectively.

The severe OSA group showed a statistical difference when compared to the others (P < 0.0001). There was a significant

reduction in the predictive percentage of all pulmonary function variables (CV, FEV1 and FVC) in the severe OSA group, as

demonstrated by ANOVA, which found statistical differences when the mean of this group was compared to the others.

Table 3 - Comparative assessment of respiratory and anthropometric parameters according to the severity of

obstructive sleep apnea.

GROUPS
Without Mild Moderate Severe pa

VARIABLES OSA OSA OSA OSA

(n=33) (n=46) (n=40) (n=40)
Age, years 38.0+14.52 47.5+14.2° 51.5+14.2° 53.9+15.4¢ 0.0006
BMI, kg/m? 30.1+6.82 32.546.5% 33.8+7.6% 38.0+9.4° <0.0001
SpO2min(%) 87.1£3.92 83.05.9%P 78.8+7.1° 70.1+11.7° <0.0001
TV (Ypred) 99.5+17.82 102.4+14.52 100.5+19.92 88.6+18.8" 0.0011
FEV1 (%pred) 89.7+£20.12 90.4+17.4 88.3+18.02 75.8+16.5 0.0062
FVC (%pred) 92.6+19.12 90.8+15.72 89.2+16.52 78.7+15.4 0.0011

Notes: 2Anova test for independent samples. Different letters indicate statistically different means obtained by the Tukey test at
5% significance. BMI: body mass index. SpOzmin: minimum oxygen saturation. FEV:: forced expiratory volume in 1 second.
FVC: forced vital capacity.TV: tidal volume. Pred%: Predicted percentage.

Source: Authors.

Correlations between the severity of the disease and the variables assessed in the study (age, BMI, SpO2min, VC,

FEV1 and FVC) were also evaluated. Age and BMI showed positive and weak statistical correlations. In the sample, the older

the age, the higher the AHI values (Figure 2) and, therefore, the greater the severity of the disease (r = 0.3; r2 = 0.09; P <
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0.001). Likewise, the higher the individual's BMI, the greater the severity of OSA (r = 0.3; r2 = 0.09; P < 0.0001). In contrast,
SpO2min during sleep showed a strong negative correlation with AHI, showing an inverse correlation with the severity of the
disease (r = -0.7; r2 = 0.5; P <0.0001). The pulmonary function variables showed a low negative correlation with severity, the
VC correlation value was -0.25 with a coefficient of determination (r?) calculated at 0.07 (P = 0.02), FEV1 had a coefficient
correlation of -0.32 with r? = 0.10 (P < 0.0001), while the FVC showed a correlation of -0.35 and r? = 0.12 (P < 0.0001).

Figure 2 - The apnea-hypopnea index by age, minimum oxygen saturation and forced vital capacity.
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Legend: AHI: Apnea-hypopnea index; SpO2min: minimum oxygen
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Source: Authors.

4. Discussion

This study found that half of the patients who underwent PSG had a diagnosis of moderate to severe OSA. These two
groups were composed mainly of patients over 60 years of age, with a predominance of males. Heinzer et al. (Heinzer et al.,
2015) have reported similar results, thus corroborating the findings of our study. The authors conducted a study in Switzerland
with 2,168 patients and observed a higher frequency of cases of moderate and severe OSA in men, while in women mild OSA
was more frequent. Furthermore, men aged 60 years or above have twice as much moderate to severe OSA when compared to
women. The present study also observed similar results in this age group. This is an important finding, given that
cardiovascular events are more prevalent in groups with moderate to severe OSA than patients with mild OSA, or who do not

have the condition (Jean-Louis et al., 2009).
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In line with other research (Wali et al., 2017), this study found that men were more affected by severe OSA when
compared to women. This may be due to the greater central adiposity of males when compared to females (Degache et al.,
2013). As one ages, this pattern tends to increase in both sexes, probably due to the higher incidence of obesity in older
individuals (Barbosa et al., 2021; Franklin & Lindberg, 2015). In this study, in general, the prevalence of OSA increased with
age, the same epidemiological behavior observed by Edwards et al. (Edwards et al., 2014). This may be explained by the fact
that the ability to maintain tonus in the pharyngeal region changes is affected by aging. Another important finding in the
present study is the increase in the mean age, reflected in the heightened severity of the disease, ranging from 38 (+ 15) years
in the group without OSA to 54 (+ 15) years in the group with severe OSA. This association was also demonstrated by a
positive correlation between AHI and age. The association between increased AHI and aging was also observed in a
retrospective study with a larger sample size (n = 23,806) (Gabbay & Lavie, 2012).

In this study, a statistically significant reduction was observed in both FEV1 and FVC, along with an increase in the
severity of OSA. These findings corroborate the study carried out by Carvalho et al. (Carvalho et al., 2018). The limitation of
respiratory function in these patients seems to be related to the dysfunction of the muscles involved in ventilatory mechanics
and to arterial hypoxemia, and to a more pronounced component in individuals with OSA when compared to those who did not
have the condition. However, despite the reduction in FEV1 and FVC, no association was found between OSA and chronic
obstructive pulmonary disease (COPD) (Vukoja et al., 2017).

Obesity seems to play an important role in the pathogenesis of altered lung function in patients with OSA. A
randomized clinical trial undertaken in Brazil has demonstrated a significant improvement in FEV1 and FVC after bariatric
surgery when compared to the values of these variables in the preoperative period (Aguiar et al., 2014). Another
pathophysiological mechanism underlying pulmonary changes triggered by OSA may be the decreased amount of adiponectin
in obese individuals when compared to eutrophic individuals (Masserini et al., 2006). This adipokine exerts anti-inflammatory
activity and, in theory, it may reduce the pulmonary effects of the systemic inflammatory reaction and oxidative stress
resulting from OSA. However, this hypothesis remains controversial. While one study (n = 486) showed an association with
statistical significance between serum adiponectin and OSA, another (n = 529) did not find any association between
adiponectin and lung function (Caspersen et al., 2018; Zeng et al., 2017).

In this study, we observed an association observed between OSA severity and SpO2min during PSG and found that
the greater the severity of the disease, the lower the percentage of oxygen saturation. This association may be closely linked to
the increase in the formation of reactive oxygen species, triggering oxidative stress and increasing the risk of cardiovascular
diseases (Asker et al., 2015; Tichanon et al., 2016). A prospective Japanese study found that urinary excretion of
deoxyguanosine (a critical biomarker of oxidative stress in DNA) and the oxygen desaturation index were significantly higher
in patients with severe OSA. This seems to show a direct association between oxidative stress and the severity of this disease
(Yamauchi et al., 2005), which would contribute to the increase in cardiovascular morbidity and mortality of patients with
OSA (Drager et al., 2013).

This study has limitations, such as the lack of analysis of other factors which can alter the value of AHI, for example
exercise level. Dietary composition and exercise habits were also not stratified, same for anatomical variations which can
affect the diagnosis of OSA. This was also a study restricted for a small group of patients in Vale do S&o Francisco region,
which can limit results generalization for other groups in other areas. A cross-sectional study is also limited in the evaluation of
prognosis. Future studies are required for a better understanding of OSA risk factors and severity, leading to the creation of

medical protocols for these patients.
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5. Conclusion

A greater severity of obstructive sleep apnea was more prevalent in men while impairment of lung function was more
pronounced in groups with severe obstructive sleep apnea. Reductions in lung function were also found in this population, with
negative linear correlations between ventilatory parameters and severity of obstructive sleep apnea. These findings may

contribute to identify groups at risk for obstructive sleep apnea and to design strategies to prevent this condition.
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