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ABSTRACT

Objectives: Obstructive sleep apnea (OSA) affects approximately one third of the population and
can reach 90% prevalence in the elderly. There are screening tools to track the disease, however,
their performance may differ according to population characteristics. This study aims to determine
sensitivity, specificity, predictive value, likelihood ratio and accuracy of the Berlin (BQ) and STOP-
Bang (S-Bang) questionnaires and the Epworth Sleepiness Scale (ESS), comparing their performances,
using polysomnography (PSG) as a gold standard, in a sample of eldetly. Methods: The study
was cross-sectional, retrospective, included patients aged 60 or older who underwent PSG type 1,
regardless of the BQ, S-Bang and ESS results, during the period of June 1, 2017 to April 30, 2019.
OSA diagnosis was by PSG in which the hypopnea apnea index was greater than or equal to 5. Results:
Sixty- two patients were evaluated; the prevalence of OSA was 72.58%. The mean age in the sample
with OSA was 73.0 sd 8.4 years and without it was 74.7 sd 8.1 years. The sample was predominantly
female, 58.1% with OSA. The BQ showed the best results for specificity, predictive value, likelihood
ratio and accuracy. S-Bang had the best result for sensitivity and ESS showed the worst results. The
BQ odds ratio showed that an individual with a positive BQ has 335% more chance of developing
OSA. Conclusion: The QB showed the best performance in the measures for identifying OSA, for
a sample of elderly individuals, with a predominance of females and a high prevalence of the disease.
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INTRODUCTION

Obstructive sleep apnea (OSA) is the most common type
of sevete sleep-related breathing disorders'?. Its overall prevalence
is high, varying from 9% to 38% in the general population and
increasing with age. In some groups of eldetly people it reaches a
rate of 90% prevalence in men and 78% in women **. Regarding the
incidence of OSA, this is often underestimated, affecting between
2% and 5% of the middle-aged population, however this percentage
can change with aging’. Thete ate studies that have estimated
OSA incidence rates of 5.6% to 60% in people over 65 years of age
and aging has been linked to an increase in the incidence of OSA®.

Due to the potentially serious adverse consequences
associated with untreated OSA, prompt diagnosis and treatment
are essential’. All-night polysomnography (PSG) is considered the
gold standard exam for the diagnosis of OSA*". However, its use in
the public health system is limited due to its cost and complexity™*”.
A suitable screening method could be advantageous to detect those
at higher risk, with follow-up and further evaluation using PSG".

A variety of screening tools are employed for the
evaluation of OSA. The Berlin (BQ) and STOP-Bang (S-Bang)
questionnaires and the Epworth Sleepiness Scale (ESS) are the
most frequently used'".

The BQ was the result of the Conference on Sleep in
Primary Care, held in April 1996 in Berlin, Germany, a gathering
that involved 120 primary care physicians from the United States
of America (USA) and Germany'2. Questions are divided into
three categories. In Category 1, there are four questions related to
snoring and one about breathing pauses during sleep. In Category
2, the questions refer to fatigue and tiredness, in addition to a
question about sleep during the act of driving, Category 3 is
related to body mass index (BMI) and the presence of systemic
arterial hypertension (SAH). In the end, two or more positive
categoties can indicate high risk for OSA". Despite being widely
used in clinical practice, these tools have variations in sensitivity
and specificity in different groups of patients, depending on age,
gender and the presence of comorbidities'>'".

The STOP-Bang questionnaire was developed at the
University of Toronto, Canada, initially for use in surgical

patients and later for clinical patients”’

. It is an easy-to-execute
method that is self-administered and consists of a setries of
eight questions referring to snoring, daytime fatigue, apnea,
SAH, BMI, neck circumference, age and gender. The answers
are yes and no, and the presence of at least 3 positive answers
charactetizes the individual at high risk for OSA'. Although
widely used, there is still no consensus in the literature on
subsequent indication of PSG based solely on S-Bang tresults'”.

ESS was developed by Dr. W. Johns Murray in 1991,
and was conceived based on observations related to the nature
and occurrence of daytime sleepiness'®. The questionnaire
is self-administered, and individuals are asked to rate the
probability of napping or falling asleep in eight different
everyday situations on a scale of 0-3, generating a possibility
of a result that varies from 0 to 24 points. Scores above 10
suggest the diagnosis of excessive daytime sleepiness (EDS).
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Although some authors highlight the subjectivity of this
instrument'’, Murray assetts its objectivity and points out that,
like any other method, its use depends on understanding,
interpretation and honesty in the patient’s responses®. It’s a
quick scale, easy to apply and doesn’t involve any costs?..

Howevet, studies show relevant variations in these tools’
sensitivity and specificity, depending on the characteristics of
the individuals to whom such tools are applied, such as gender
and age®.

The aim of this study is to verify sensitivity, specificity,
positive and negative predictive value, and positive and negative
likelihood ratio, and accuracy in the Berlin and STOP-Bang
questionnaires, and the Epworth Sleepiness Scale using PSG
as a gold standard, comparing the performance of these tools
applied to a sample of eldetly patients.

MATERIAL AND METHODS

Study design

The study is part of the project entitled “Obstructive
sleep apnea syndrome in adult individuals: risk analysis using
measurement tools in clinical practice and the association of
risk factors and preexisting diseases”, approved by the Ethics
and Research Committee of the Gaffrée e Guinle University
Hospital (Hospital Universitario - Gaffrée e Guinle - HUGG),
through Plataforma Brasil, under number 3.298.539 in May
2019.

This is a cross-sectional, retrospective study, whose
information came from elderly individuals, participants of the
interdisciplinary program to promote health and quality of life
for the elderly, the Renascer Group at HUGG. Participants were
referred to the Sleep Laboratory of Federal University of the
State of Rio de Janeiro (LABSONO UNIRIO).

Materials

Demographic information about the individuals was
collected using the LABSONO consultation data sheet and
from medical records and the Renascer Group at HUGG. The
data that make up the BQ and S-Bang tools, and the ESS, as
well as the PSG results, were collected using the LABSONO
consultation data spreadsheet. These data refers to the period
from June 1, 2017 to April 30, 2019.

The inclusion criteria were: all patients aged 60 years or
over; the BQ and S-Bang questionnaires and ESS had to have
been applied in all patients, they all had to have underwent PSG
at HUGG, regardless of the results of the BQ, S-Bang and ESS,
and the result was available in the LABSONO spreadsheet were
included in the study.

Patients were excluded from the study if information
and the results of the BQ, S-Bang, ESS and PSG were not
available in the LABSONO spreadsheet or in the medical
records of HUGG or the Renascer Group did not include the
study analysis variables and those who underwent PSG, but
already had a diagnosis of OSA and/or were in treatment.



All included patients underwent polysomnography performed
in a sleep laboratory (PSG type 1)%, in the LABSONO. The OSA
diagnosis was obtained via PSG type 1 in individuals whose apnea
hypopnea index (AHI) was greater than or equal to 5.

The degree of apnea was classified according to the
Guidelines and Recommendations for Diagnosis and Treatment
of Adult Obstructive Sleep Apnea Syndrome of the Brazilian
Sleep Association®. Thus, patients with an AHI greater than or
equal to 5 and less than or equal to 15 per hour of sleep were
considered to have mild OSA. Those with an AHI greater than
15 and less than or equal to 30 per hour of sleep as moderate
OSA and greater than 30 per hour of sleep as severe OSA.

Statistical analysis

Statistical analysis was performed using the R program®
and results are presented as absolute numbers or frequencies,
mean F standard deviation, as appropriate. The T or Wilcoxon
test was used to compare quantitative variables and the
chi-square or Fisher’s exact test was used for qualitative variables.

Sensitivity (SEN), specificity (SPEC), positive (PPV)
and negative (NPV) predictive value, and positive (LR+) and
negative (LR-) likelihood ratios and accuracy (ACC) were
estimated for each one of the three tools in relation to PSG,
considered the gold standard.

There was also an investigation of the association of the
tools with OSA in the sample through the chi-square test. The
variables BQ, S-Bang and ESS were also applied in a univariate
model and the odds ratio (OR) was estimated for each one.

RESULTS

The sample consisted of 74 patients who were identified
using the LABSONO data sheet, which contained patients from
the RENASCER Group, from June 1, 2017 to April 30, 2019.
Among these, 62 patients met the inclusion criteria. Of the 62
patients included, 45 had OSA, constituting 72.58% prevalence.

Regarding the characteristics of the patients who constituted
the sample, the mean age was 73.5 £ 8.3 years. For those with
OSA it was 73.0 £ 8.4 years and for those without OSA it was
74.7 £ 8.1 years. Female participants were predominant in the
sample, representing 58.1% of those with OSA and 24.2% without
OSA. All patients in the sample declared themselves retired,
reporting domestic activities. Patients with OSA had a higher body
mass index (BMI) and there was an association in the exploratory
data analysis performed. Considering preexisting diseases, systemic
arterial hypertension (SAH) was the most frequent. It was present
in more than 80% of the sample and in 86.7% in the group of
patients with OSAS, but there was no association. Among the
three analyzed tools, the Berlin questionnaire was the only one that
showed an association in the exploratory analysis (Table 1).

As for the grade of OSA, it was found that among the 45
patients, 17 had mild, 18 moderate and 10 had severe.

Table 1 shows the characteristics of the patients with
and without OSA, diagnosed using PSG, including the number
of individuals identified with and without OSA, according to
the screening tools applied in the sample.
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Table 1. Characteristics of the patients with and without obstructive sleep apnea,
diagnosed according to polysomnography, including the analyzed screening tools.

Variables Sample With OSA  Without OSA  p-value
(n=62) (n=45) (n=17)
Age
Mean SD 73.0+84 73.0+84 74.7 £ 8.1 0.49
Sex
Man 11 9 2 0.71
Woman 51 36 15
BMI
Mean SD 2840t 64 292166 26.20 £ 5.7 0.03
SAH
Presence 51 39 12 0.15
Absence 11 5 5
Diabetes Mellitus
Presence 21 16 5 0.65
Absence 41 29 12
Dyslipidemia
Presence 32 23 9 0.90
Absence 30 22 8
Chronic IHD
Presence 17 10 7 0.20
Absence 45 35 10
Asthma
Presence 6 4 2 0.66
Absence 56 41 15
Depression
Presence 13 8 5 0.32
Absence 49 37 12
BQ
Positive 34 29 5 0.01
Negative 28 16 12
S-Bang
Positive 42 32 10 0.35
Negative 20 13 7
ESS
Positive 22 17 5 0.54
Negative 40 28 12

OSA - obstructive sleep apnea; BMI - higher body mass index; SAH - systemic arterial
hypertension; Chronic IHD - chronic ischemic heart disease; BQ - Betlin questionnaire;
S-Bang - STOP-Bang questionnaire; ESS - Epworth Sleepiness Scale.

As in the exploratory analysis, in the univariate modeling
performed for the three tools, only the BQ showed an association
with OSA. The odds ratio showed that an individual with a
positive BQ has 335% more chance of developing OSA than an
individual with a negative BQ (Table 2).

Table 2. Univariate modeling of screening tools for association with obstructive
sleep apnea and odds ratio.

Tools p-value OR (CI 95%)

BQ 0.02 435 (1.30 - 14.57)
S-Bang 0.36 1.72 (0.54 — 5.50)
ESS 0.54 1.46 (0.44 — 4.86)

BQ - Betlin questionnaire; S-Bang - STOP-Bang questionnaire; ESS - Epworth Sleepiness
Scale.
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With regard to SEN, the S-Bang was the instrument with
the best performance, of 71%. The BQ and the ESS performed
better in identifying individuals without OSA, with a SPEC of
71% for both tools. The ACC was low for all tools, with the BQ
showing the best results, but with little difference in relation to
the S-Bang, 66% and 62%, respectively (Table 2).

If the S-Bang was the tool that most identified patients
with OSA in the presence of the disease (SEN), the BQ) was the
one that, when it had a positive and negative result, presented
the highest frequency of patients with and without OSA, PPV
and NPV, respectively (Tables 1 and 2). The PPV above 75%
for the three tools is notable, a fact expected due to the high
prevalence of the disease in the sample.

The BQ stood out, among the tools, with the best results
for the PPV, NPV, LR+ and LR- (Table 3)

Table 3. Analysis of screening tools for OSA according to sensitivity,
specificity, positive and negative predictive value, positive and negative
likelihood ratio, and accuracy, in the sample.

Measures BQ S-Bang ESS

SEN 0.64 (0.49-0.78)  0.71 (0.56—0.84)  0.38 (0.24 — 0.53)
SPEC 0.71 (0.44—-0.90)  0.41 (0.18-0.67)  0.71 (0.44 — 0.90)
PPV 0.85 (0.69 - 0.95)  0.76 (0.61-0.88)  0.77 (0.55-0.92)
NPV 0.43 (0.24-0.63)  0.35(0.15-0.59) ~ 0.30 (0.17 — 0.47)
LR+ 219 (1.02-4.72)  1.21 (0.78-1.88)  1.28 (0.56 —2.94)
LR- 0.50 (0.31-0.83)  0.70 (0.34 —1.46) ~ 0.88 (0.60 — 1.29)
ACC 0.66 (0.53—0.78)  0.62 (0.49—0.74)  0.47 (0.34 — 0.60)

BQ - Berlin questionnaire; S-Bang - STOP-Bang questionnaire; ESS - Epworth Sleepiness
Scale; SEN - sensitivity; SPEC — specificity; PPV - positive predictive value; NPV -
negative predictive value; LR+ - positive likelihood ratio; LR- - negative likelihood ratio;
ACC - accuracy.

DISCUSSION

The present study constitutes an important contribution
to be observed in clinical practice as regards the application of
screening tools for OSA, particularly the BQ, S-Bang and ESS, in
a distinct and growing part of the Brazilian population, the elderly.

Regarding the results for the BQ), although high sensitivity
(64%) - which is normally required for screening tests - was not
found, the specificity was 71%, with consequent better PPV,
85%, and fewer false positive results. Since the sample had a high
prevalence of OSA, it was expected that the PPV for all tools
would be high. Among all the tools analyzed, the BQ was the
one with the best PPV. The NPV was 43%, corroborating the
low sensitivity.

The likelihood ratio (LR) combines sensitivity and
specificity to estimate how much a given test contributes to the
probability of disease detection, as compared to the prevalence
of this disease®. In the sample, the BQ LR+ was 2.19, increasing
the probability of OSA, since the higher the LR+, the greater
the probability that a positive test result increases the probability
of disease®™. Among all tools, the BQ showed the best LR+,
with a result greater than 1.6 times compared to the others. The
LR- of the BQ, 0.5, also gave the best result among the analyzed
tools, since the closer to zero, the lower the probability of illness
in the presence of a negative test result.
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The accuracy of the test takes into account the identification
of individuals with a specific disease and the exclusion of those
who do not have the disease”. In the present study, there was only
one condition, OSA. The accuracy result for the tools was not good
in any of them and as these were dichotomous tests, the sample
size may have influenced this result. Among the tools, the BQ had
the best accuracy (66%), closely followed by the S-Bang (62%),
with the ESS delivering the worst result in terms of accuracy.

Still, in the exploratory analysis and univariate model,
the BQ was the only instrument that showed an association
with OSA, potentially corroborating the greater probability of
identifying the disease in the sample through use of this particular
screening instrument.

In the study conducted by Mardas et al® containing 64
patients with a mean age of 56.6 years, lower than that of the
present study, using PSG as a diagnostic criterion, a high prevalence
of OSA was also found: 72.58%, close to the prevalence in
this investigations sample. It is possible that this shows that
investigations in which PSG is used may find a higher prevalence
of the disease, due to greater detection capacity. Although the
studies cannot be compared, due to the different characteristics
in the samples, it can be argued that despite the similar prevalence
of disease, the SEN and SPEC, 87.2% and 11.8%, respectively,
the PPV of 73.2% and 25% NPV, with an LR of approximately 1,
desctibed in the study by Matdas®, were quite different from those
found in the present investigation. The study by Miller et al.?
involving 170 people, with a mean age of 54.5 years and consisting
of 51.76% males, showed that although the BQ was not the
instrument with the best performance, it had a similar sensitivity
(88.9%) to the Mardas study. Given these results, it is possible
that the fact that the sample in this research was characterized by
eldetly individuals, may have contributed to better results in BQ
measurements, compared to studies that considered gender and
age without breaking them down by categories.

In 2016, the S-Bang was adapted and translated into
Portuguese™ and, in 2017, it was validated for the identification
of OSA in adults in Brazil*. In this study, the sample consisted
of 456 adult patients, with a mean age of 43.7 years, 63.8%
male. The method used for diagnosis was overnight PSG. High
sensitivity of 83.5% was noted, in addition to low specificity of
45.5%. The accuracy for the sample was good, reaching 75.2%.
Given these results, the author concluded that the S-Bang proved
to be adequate for identifying OSA in the sample’.

In the present study, the S-Bang was the instrument with the
best results for sensitivity, 71%, and the second best for accuracy, 62%,
but with less specificity, 41%, the lowest among the three investigated
tools. Higher sensitivity is important for screening tests, however, in
the context of OSA, whose diagnosis includes a more costly test such
as PSG, the most important question would be: once the individual
is positive according to the instrument, what is the probability of
the patient having the disease? Sensitivity does not answer this
question, rather it shows the probability of a positive result, given
that the patient has the disease™. The answer to the question lies in
the predictive value, and in the present study both the PPV (76%) and
the NPV (35%) were lower than those found for the BQ.



In interpreting the likelihood ratios, it is observed that
the LR+ was greater than 1 (1.21), but it was the lowest value
among the tools, therefore, showing a lesser probability that a
positive test result increases the probability of disease detection
when compared to the BQ. The LR- in the S-Bang questionnaire
deviated more than zero than that observed in the BQ, meaning
less possibility of identifying the lowest probability of disease
in the presence of a negative result of the instrument when
comparing them.

Most of the available studies investigating tools for
sleep apnea screening were performed including individuals
with a mean age between 50 and 60 years”. However, the
investigation by Martins et al.**, which also involved the S-Bang,
had a sample with similarities to the present study, mean age of
71 years, female predominance and high prevalence of OSA,
83%. The study showed high sensitivity and low specificity, PPV
of 85% and NPV of 37%, with a LR+ of 1.237. Considering
the proportions, these results were close to those found in the
present investigation. The authors conclude that with a PPV of
85% in a sample with a prevalence of 83%, the risk of false
positives, with an AHI cut-off point 2 5 events/h, is negligible
and that, given a high prevalence of OSA in this age range, it
may be wiser to indicate more objective tests as a first step in the
investigation of OSA.

Regardless of the tools evaluated, what is exposed
by Martins et al* in relation to a high prevalence for the
disease could serve for the sample of this study. However, it
is necessary to know the demographic characteristics and
prevalence of diseases in a sample or population before drawing
such a conclusion.

Another important aspect to be discussed in relation to
the S-Bang questionnaire is that the risk markers present may
have different characteristics in the young and old, which may
require a restructuring of this tool™, and justify investigations in
which the instrument is applied in different age and sex groups.

Excessive daytime sleepiness, identified in the ESS,
despite not being related exclusively to OSA, has a significant
correlation between the ESS scores and the AHI*®. In 2009,
Bertolazi et al.*® validated the use of ESS for Brazil, however, as
the main objective was to develop the Portuguese version, and
SEN, SPEC, VPP, VPN and SVR were not analyzed.

In the present study, the ESS showed good specificity,
71%, like the BQ. However, the sensitivity was very low, the
worst among all tools, 38%. The high prevalence of OSA in the
sample contributed to the higher PPV and the lower NPV value,
as observed with the other tools. The LR+ and LR~ were better,
but close to those obtained for the S-Bang and worse when
compared to the SVR of the BQ. The ESS was the instrument
that presented the worst results of the measurements in the
sample.

Exploratory — analysis and  univariate = modeling
corroborated these findings, as ESS had the worst resultin terms
of association with OSA, in addition to the lowest odds ratio.

In the study by Miller et al.”, which analyzed the ESS,
among other tools, including 170 individuals, with a mean age
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of 54.5 years and a predominance of males, similar results
were described, despite the different characteristics between
the samples. Among the tools evaluated, ESS was the one
with the highest specificity, 88.24%, and the worst sensitivity
17.92%, therefore seemingly the least desirable for screening
for OSA?. Even in studies with larger samples, ESS is referred

%, In

to as an inferior instrument for screening for the disease
the study conducted by Martins et al**. mentioned above, which
worked with a sample similar to the one in the present study,
ESS also did not have good results, as it identified only 39%
of individuals with the disease, a result very close to that found
in the present study, 38%?%. The authors also suggest that the
assessment of sleepiness in the elderly may be less useful for
tracking OSA than in adults of other age groups™.

It should be considered that although the evidence
demonstrates that the isolated use of ESS is not ideal for
screening for OSA, its combination with other tools, even
using a lower cutoff point, can be useful when the objective is
to increase the PPV of the instrument, as demonstrated in the
study by Senaratna et al.””.

With regard to the characteristics of the individuals
who constituted the sample, it is important to mention the
high frequency of women found in the sample and the non-
association of OSA with previous diseases in the sample. This
fact may be related to the sample size, but on the other hand, it is
a characteristic of the health promotion program for the elderly,
which reflects the greater demand of women in the health system
and the particularity of the characteristics of individuals assisted
in programs such as this one. Even the mean BMI found in the
sample refers to overweight, if we consider the largest standard
deviation, there is at most grade 1 obesity. The difference
in BMI between the group with and without OSAS was not
large, but it was greater in the group with OSA. Also as in the
investigation by Sforza et al*®; there was an association of BMI
with the presence of OSA in the exploratory analysis, however,
this was not confirmed in the univariate model. Perhaps the
constitution of the elderly, with factors such as decreased muscle
mass, greater adipose tissue and reduced height due to arching
of the spine, can explain conflicting aspects of studies with the
elderly that involve these measures.

Finally, it is important to mention that the limitation of
the present study was the small sample size. However, it should
be considered that this is a retrospective study, whose sample of
patients came from a health promotion program for the elderly
and not from a specific outpatient clinic for the investigation
of sleep disorders. It emphasizes the inclusion criteria in the
study, in which elderly patients should have completed all the
questionnaires involved in the investigation and performed the
PSG in a sleep laboratory, type 1.

Despite the small sample of patients, the study suggests
the importance of screening elderly individuals for OAS, even
if they come from a prevention or health promotion program,
and shows the performance of the instruments most commonly
used for this type of screening, in these individuals, although
future investigations will be carried out with a larger sample.
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In conclusion, among the tools evaluated, the BQ
showed the best results in measures, specificity, predictive
values and LR in identifying OSA in a sample of individuals
over 60 years of age, with a predominance of females and a
high prevalence of the disease. The STOP-Bang questionnaire
showed intermediate performance and ESS the worst results.
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