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Background: The obstructive sleep apnea syndrome (OSA) is a highly prevalent
condition. In Spain and other countries, only 5%—-9% of patients with OSA have
been diagnosed and treated. The lack of accessibility to diagnosis is considered
the main cause of this situation through easy-to-use screening instruments, it is
necessary to check their validity and reliability in the context where they are to
be used.

Objective: To validate the Spanish translation of the Berlin questionnaire for
screening for moderate or severe OSA in patients aged 40 years or more detected
in primary care.

Methods: A descriptive observational study, with a first qualitative phase of
transcultural adaptation to Spanish using the translation-back-translation
method. Setting: primary care level of the Spanish National Health System.
A total of 255 patients recruited from 7 healthcare centers completed the
study. The Berlin questionnaire was administered to the recruited patients, and
subsequently, a respiratory polygraphy was performed to confirm the diagnosis
of OSA. The concurrent criterion validity of the questionnaire and its reliability in
terms of internal consistency and reproducibility (intra-observer agreement) were
analyzed.

Results: The patients’ mean age was 54.76years (SD: 6.57; 95% Cl. 53.53-
54.99), and 54.12% were men (95% Cl: 47.96-60.27). We found that 61.57% (95%
Cl: 55.57-67.57) presented OSA (apnea-hypopnea index-AHI >5), and 45.5%
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(95% Cl: 17.05-57.92) presented moderate or severe (AHI >15) OSA. The Berlin
questionnaire, with a cut-off point of 4.5, showed a sensitivity of 76.77% (95% Cl:
67.94-85.59), a specificity of 74.49% (95% Cl: 65.35-83.63), a positive predictive
value of 75.25% (95% Cl: 66.34-84.16), a negative predictive value of 76.04% (95%
Cl: 66.98-85.10), and an area under the curve of 0.786 (95% CI: 0.721-0.851).
Cronbach'’s alpha coefficient was 0.730 (95% Cl: 0.668-0.784), and the Kappa
index was 0.739 (95% Cl, 0.384-1.000).

Conclusion: The Spanish adaptation of the Berlin questionnaire has good validity
and reliability as a test for the diagnostic screening of moderate or severe OSA
in patients aged 40 years or older. The findings of our study confirm that primary

care physicians should use such screening tools to predict OSA.

obstructive sleep apnea, validity, reliability, questionnaire, primary care, Berlin
questionnaire, home respiratory polygraphy, screening

Introduction

Obstructive sleep apnea syndrome (OSA) is a multifactorial
clinical condition whose pathophysiology is produced by the
conjunction of anatomical, muscular, neurological factors and other
factors not yet identified, causing a collapse of the upper airway as a
result of an imbalance between forces that tend to close it and those
that keep it open, resulting in multiple episodes of complete (apnea)
or partial (hypopnea) obstruction of the upper airway. This
obstruction leads to poor sleep quality and intermittent hypoxemia
with vascular repercussions (1). OSA is a risk factor related to
cardiovascular diseases (1-3), hypertension, and stroke (4, 5), so the
frequent association with other comorbidities makes management
more complex. The most frequent nocturnal symptoms are snoring,
observed apneas, gasping or choking episodes, abnormal movements,
diaphoresis, or frequent awakenings. In contrast, the usual daytime
symptoms are excessive daytime sleepiness, nonrestorative sleep,
tiredness, headache, irritability, or depression (3). The most important
risk factors are age, male sex, and body mass index (BMI), and
variables influencing their onset or aggravation are alcohol, tobacco,
sedatives, hypnotics, barbiturates, and supine position (5).

OSA is a highly prevalent condition (1, 3, 6-8). Benjafield et al.
(6), in their study indicate OSA prevalence in the general population
is between 4% and 30%. The International Consensus Document on
obstructive sleep apnea, indicates that in men over 40 years of age, the
prevalence of OSA ranges between 48% and 73% (7). In Spain,
between 3% and 6% of the population suffers from OSA, with a very
severe condition between 24% and 26% of this (3). It affects 0.7%-3%
of children aged between 4 and 5years (8). In adult women, the
prevalence of OSA is 2%-4%, with the ratio between men and women
being 2-3/1, with a tendency to equalize after menopause. The
prevalence of OSA increases with age, tripling in the elderly compared
to the middle-aged population (8, 9).

In Spain and other countries, only 5%-9% of patients with OSA
have been diagnosed and treated. The lack of accessibility to diagnosis
is considered the main cause of this situation (10). Polysomnography
(PSG) has been considered the gold standard for diagnosing
OSA. However, PSG requires an infrastructure and human resources
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that not all centers of the health system can cover because it requires
the nocturnal hospitalization of the subjects. One of the alternative
methods to PSG to try to avoid these drawbacks is home respiratory
polygraphy (HRP), a procedure that consists of nocturnal monitoring
of oxygen saturation, oronasal airflow, and breathing movements; it
can be performed at home by the patients themselves, with the
convenient prior training of the patient. This tool has high accuracy,
with a sensitivity of 93.3%-96.6%, a specificity of 82.9%-100%, and a
positive predictive value of 96.5% for diagnosing OSA. In patients
with a strong or moderate suspicion of OSA, HRP represents a
procedure that can replace PSG. However, given its lower specificity,
doubtful results, although few, should be confirmed by PSG (11, 12).

Currently, no curative treatment is available for OSA, but the
mechanical problem (upper airway closure) can be solved with the use
of continuous positive airway pressure (CPAP) devices (1, 3), which
has been associated with decreased risk of falls (13), strokes,
cardiovascular, morbidity and mortality (5), and with an improvement
in health-related quality of life (14).

Given the high hidden morbidity of OSA, and the lack of
accessibility to the diagnostic procedures usually used, OSA screening
tools, such as the Berlin questionnaire (BQ) (12), could be useful tools
for healthcare professionals in primary care settings (PC). To date, no
validated version of the BQ is available in Spain, so more studies are
needed to provide higher consistency to the results obtained.

The main aim of this study was to validate the Spanish translation
of the BQ to detect moderate or severe OSA in a population aged
40years or older residing in Spain. The specific objectives were: (a) to
perform the transcultural adaptation of the BQ from English into
Spanish, (b) to determine the criterion validity, and (c) to verify its
reproducibility in terms and its internal consistency.

Methodology
Study design

Multicenter descriptive observational study to validate a
measuring tool.
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Setting

The study has been carried out by the Andalusian Health System
(SAS), part of the decentralized Spanish National Health System,
which provides free universal health insurance to all Spanish citizens.
The project was carried out in 7 primary care centers of the Cordoba-
Guadalquivir Health District, located in the province of Cérdoba, 5 of
them urban and 2 rural.

Participants

The selection criteria were: (a) inclusion criteria: patients aged
40years or over, of both sexes, who attended the health center for any
reason and gave informed consent. (b) Exclusion criteria: patients
with a previous diagnosis of OSA or who, due to illness, cognitive
status, or low level of studies, were not able to answer the questions of
the BQ or to perform the HRP, or patients receiving hypnotics
treatment or with chronic alcoholism problems.

Sample size and selection

Based on results of previous studies (3, 12), and using the
statistical program Epidat (Program for epidemiological data analysis.
V. 4.2. Ministry of Health, Xunta de Galicia, Spain; Pan american
Health Organization -PAHO-WHO-; CES University, Colombia), for
a sensitivity of the test of 77%, a specificity of 44%, a ratio of non-ill/
ill -probable OSA- of 0.624, an absolute accuracy of 10%, and for a
95% confidence level, the sample size needed for conducting our study
was estimated to be 248 subjects, of whom 153 should be ill and 95
healthy. The final sample size was 255 subjects, 157 ill and 98 healthy.
Subjects were recruited by consecutive sampling among those who
attended the participating health centers and met the selection criteria.

Interventions and measurements

The steps followed in the process of validating the BQ to Spanish
were as follows:

1. Transcultural adaptation: The reverse translation (forward-
translation and-backward-translation) methodology was used
for the cross-cultural adaptation of questionnaires for use in
clinical research, proposed by the WHO (15). Forward and
backward-translations were performed, followed by a synthesis
and cultural adaptation through a qualitative methodology.
A Spanish translator proficient in the source language of the
tool (English) performed the forward-translation of the
questionnaire from English into Spanish. Then a second
translator, native English and fluent Spanish speaker, blind to
the original questionnaire, performed the backward-translation
(16). Each translator scored (0 to 10) their difficulty in finding
a conceptually equivalent expression between both languages
for each question in the questionnaire. A group of experts,
composed of the research team members, classified the
elements according to the difficulty the first two translators had
in finding a conceptually equivalent expression. It was
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considered necessary to perform a new translation and a
reverse translation of the elements of serious difficulty.
2. Validation of the questionnaire BQ: In a second step,
health
opportunistically of the subjects meeting the selection criteria.

recruitment was conducted in the centers
A face-to-face interview was conducted with the subjects who
agreed to participate in the study and signed the informed
consent. In this interview, a form collecting sociodemographic
data (age and sex), anthropomorphic data (weight and height,
calculating the BMI), and the BQ was completed. Subsequently,
each patient was individually trained in the management of
HRP, for which an in situ simulation of the placement of all the
device electrodes was performed. The instructor ensured that
the patients had correctly assimilated all the information
necessary for the device to be placed that same night, which
must be returned the next day.

The polygraph used was Screen & Go (Sibelmed), with 6 channels
(air flow, thoracoabdominal movements, snoring, body position,
pulse, and oxygen saturation). The recording time for each study was
6h. A total of 16 out of the 255 HRPs performed were not recorded
correctly, so they were repeated the next day, obtaining valid values on
this second occasion.

Polygraphic studies were automatically analyzed by Bitmelad
polygraph software and reviewed by an expert researcher in sleep-
disordered breathing following the criteria of the Spanish Society of
Pulmonology and Thoracic Surgery (SEPAR). This collaborating
researcher remained blind to the result of the questionnaire. Between 6
and 8weeks, a collaborating researcher, other than the one who
previously collected the data, randomly selected a subsample of 31 people
from all subjects recruited for the study to evaluate the reproducibility or
reliability of BQ in terms of the intra-observer concordance. This
interview was conducted by telephone. Fieldwork began in June 2019,
had to be discontinued in 2020-21 due to the COVID-19 pandemic, and
resumed in January 2022, ending in December 2022.

Variables and data sources

The independent variables of the study were age, sex, body mass
index (BMI=weight in kg/height in square meters), and neck
circumference (in centimeters). The dependent variables were the
apnea-hypopnea index (AHI), defined as the number of apneas plus
hypopneas per 1h of polygraphy or polysomnographic study (3), and
questions from the BQ (9). BQ is a widely used non-invasive screening
tool for identifying subjects with a high probability of having OSA. Tt
includes five items on snoring (category 1), three items on daytime
sleepiness (category 2), and one item on history of hypertension
(category 3). The overall score is determined from responses to all 3
categories, classifying patients as high risk of OSA when they have a
positive score in 2 or more categories; otherwise, they are considered
low risk.

Statistical analysis

A descriptive analysis of the quantitative variables

(calculating the arithmetic mean, the standard deviation, and the
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TABLE 1 Prevalence of obstructive sleep apnea (OSA) and its level of severity, according to sex.

Non-OSA AHI <5%

(95% Cl)

Mild OSA 5 <AHI
<15% (95% Cl)

Moderate OSA 15
<AHI <30% (95% Cl)

Severe OSA AHI
>30% (95% Cl)

Men n=117 32.61 (24.69-40.53) 17.39 (10.99-23.79) 26.09 (18.67-33.51) 23.91 (16.71-31.12)
Women n=138 45.30 (36.15-54.45) 29.06 (20.71-37.41) 18.80 (11.62-25.99) 6.84 (2.20-11.48)
Total n=255 38.43 (32.43-44.70) 22.74 (17.75-28.89) 22.74 (17.75-28.89) 16.08 (11.79-21.17)

Non-OSA: Pearson’s chi-square=4.310; p=0.038. Mild OSA: Pearson’s Chi-square =4.906; p=0.027. Moderate OSA: Pearson’s Chi-square=1.191; p=0.167. Severe OSA: Pearson’s Chi-

square=13.682; p<0.001. AHI, apnea-hypopnea index. 95% CI: 95% confidence interval.

distribution limits) and the qualitative variables (tabulation and
calculation of the absolute and relative frequencies for the
different groups) was performed. The statistical parameters were
expressed with their 95% confidence intervals (95% CI). Then, a
bivariate analysis was performed for sex and degree of OSA,
using the Pearson’s chi-square test, a p-value <0.05 was
considered significant, using two-tailed tests. Statistical analyzes
were performed using SPSS V.19 (IBM, United States).

Criterion validity parameters were calculated (concurrent criterial
validity), namely sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood ratio
(LR*), and negative likelihood ratio (LR7), in addition to the
prevalence or overall efficacy of the test, with their corresponding 95%
CI. The AHI obtained by HRP was compared with the sum of the
scores of the BQ, calculating the area under the ROC curve (AUC)
and determining the optimal cut-off points, performing the
sex-disaggregated analysis.

The internal consistency of the questionnaire was determined
through Cronbachs alpha coefficient, interpreting the results
according to the Oviedo and Campo (17) criteria, which state that the
minimum acceptable value for Cronbach’s alpha is 0.70; below that
value the internal consistency of the scale used is low. For its part, the
maximum expected value is 0.90; above this value it is considered that
there is redundancy or duplication. The concordance between
observers was evaluated through the Cohen’s Kappa coefficient (K),
interpreting the agreement level according to the Landis and Koch
scale, which establishes the following categories according to the value
found: K<0, poor agreement; K: 0.01-0.20, slight agreement; K: 0.21-
0.40, fair agreement; K: 0.41-0.60, moderate agreement; K: 0.61-0.80,
substantial and K: 0.81-1.00, almost

agreement; perfect

agreement (18).

Ethical-legal aspects

The project has been approved by the Research Ethics Committee
of the Reina Sofia Hospital of Cérdoba (Act No. 279, ref. 3915) and
obtained the authorization of the Management / Direction of the
Cordoba and Guadalquivir Health District. The principles established
in the Declaration of Helsinki, in the European Convention (Council
of Europe) on Human Rights and Biomedicine, and the requirements
established in Spanish law were respected. The study complied with
the standards of good clinical practice (art. 34 RD 223/2004; EU
Directive 2001/20/EC). The processing of the personal data of the
subjects participating in the study was in accordance with the
provisions of the European Data Protection Regulation and Organic
Law 3/2018 on Personal Data Protection and guarantee of
digital rights.
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Results

The cross-cultural adaptation was successful because 8 out of the
10 items of the BQ were equivalent, and only 2 items showed minor
modifications without affecting the meaning of the question.
Consequently, this questionnaire was used to analyze its validity
and reliability.

Initial eligibility of 283 was evaluated, of which 255 were invited
to participate, signing the informed consent. No patient was excluded
or withdrew from the study (completion rate: 100%).

The patients had a mean age of 54.76 years (SD: 6.57; range: 40-60;
95% CI: 53.53-55.99), without statistical differences between men and
women, men being 54.12% (95% CI: 47.96-60.27). Regarding the
BMI, the mean was 31.17 kg/m? (SD: 6.57; range: 19.53-60.18; 95% CIL:
30.36-31.98), and the mean neck circumference was 38.33 cm (SD:
5.78; range: 24-53; 95% CI: 37.62-39.05), with significant differences
by sex in neck circumference (p <0.001) and BMI (p=0.002).

A total of 61.57% (95% CI: 55.57-67.57) of the patients were
diagnosed with OSA (AHI >5). Moderate/severe OSA (AHI >15) was
found in 38.43% of subjects (Table 1).

Table 2 shows the results of criterion validity parameters according
to sex. The BQ validated in Spanish for the population of 40 years or
older, with a cut-off point of 4.5, presented a sensitivity of 76.77, a
specificity of 74.49%, a positive predictive value of 75.25% (95% CI:
66.34-84.16), a negative predictive value of 76.04% (95% CI: 66.98—
85.10), a LR* of 3.01, and LR~ of 0.312. The AUC was 0.786 (95% CI:
0.721-0.851) (Figure 1).

Regarding the reliability of the questionnaire, Cronbach’s alpha
coeficient was 0.730 (95% CI: 0.668-0.784), and the kappa index was
0.739 (95% CI: 0.384-1.000).

Discussion

The BQ is an easy and quick to complete tool. From its origin, it
has already proven to be of clinical utility as a screening tool because
it has a high predictive capacity to detect OSA in those patients with
high clinical suspicion of presenting this condition. This questionnaire
resulted from the Sleep Conference, which brought together 120
American and German family practice physicians and sleep
researchers in Berlin, Germany, in 1966 (12). Questions were selected
from the literature to obtain factors or behaviors that, in all studies,
systematically predicted the presence of sleep-disordered breathing.
By consensus, the tool focused on a limited set of known risk factors
for OSA. Its validation was conducted on 744 adults, of which only
100 underwent sleep studies, representing a methodological
limitation. It presented a sensitivity of 86%, a specificity of 77%, and a
positive predictive value of 89%. Questions about symptoms
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TABLE 2 Criterion validity of the Berlin questionnaire for the detection of moderate or severe apnea syndrome [apnea-hypopnea index (AHI) >15],

based on sex.

Parameters

AUC value (95% CI)

Women n =117

0.773 (0.663-883)

0.786 (0.700-0.872)

10.3389/fmed.2023.1229972

Total n = 255

0.786 (0.721-0.851)

Sensitivity % (95% CI)

80.00 (64.02-95.98)

75.36 (64.47-86.25)

76.77 (67.94-85.59)

Specificity % (95% CI)

75.47 (62.94-88.00)

73.33 (59.30-87.36)

74.49 (65.35-83.63)

PPV % (95% CI)

64.86 (48.13-81.60)

81.25(70.91-91.59)

75.25 (66.34-84.16)

NPV % (95% CI)

86.96 (76.14-97.78)

66.00 (51.87-80.13)

76.04 (66.98-85.10)

LR* % (95% CI)

3.26 (1.97-5.40)

2.84 (1.72-4.69)

3.01(2.11-4.29)

LR~ % h (95% CI)

0.27 (0.13-0.55)

0.33 (0.21-0.52)

0.31 (0.21-0.45)

Prevalence % (95% CI)

36.14 (25.21-47.08)

60.87 (51.51-70.22)

50.25 (43.01-57.49)

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; LR", positive likelihood ratio; LR™, negative likelihood ratio; 95% CI, 95% confidence interval.
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FIGURE 1
ROC curves of the Berlin questionnaire (cut-off point = 4.5).

demonstrated good internal consistency (Cronbach’s alpha from 0.86
10 0.92) (12).

In the Spanish language, the validation of this questionnaire in the
Colombian population detected in sleep centers was published in 2013
(19). This validation obtained a sensitivity of 87%, a specificity of 70%,
a PPV of 98%, a NPV of 21%, and an AUC of 0.785, presenting an
acceptable internal consistency with a Cronbach’s alpha coefficient of

Frontiers in Medicine

0.725, and a high reproducibility, with a Cohen’s kappa index of 0.815.
The authors found a clinically and statistically significant correlation
between the adaptation performed and the PSG.

No validated version of the BQ for the Spanish adult population
was available to date. Therefore, for cultural reasons or idiosyncrasies
of each Spanish-speaking country (and probably also clinical or
epidemiological reasons), it is necessary to ensure that it has the same
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TABLE 3 Validity and reliability of the Berlin questionnaire obtained in different published studies.

Studies Netzer ( ) DPolanla- Bouloukaki () Lauritzen () Present study
ussan ()

Place and year Germany 1996 Colombia 2013 Greece 2013 Denmark 2018 Spain 2022

Type and number of patients | General primary care General n =212 General primary care n =189 Sleep clinic n =206 General. primary care

studied n=744 n =266

Used sleep test PSG PSG PSG CRM HRM

Sex NA Men: 54.25% Men: 61.9% Men: 69.4% Men: 54.12%

‘Woman: 45.75% Woman: 38.1% Woman: 30.6% ‘Woman: 45.88%

AUC NA 0.785 0.59 NA 0.786

Sensitivity 86% 87% 76% (AHI >5 y <15) 84% (AH 84% 76.77%
>15y <30) 79% (AHI >30)

Specificity 77% 70% 40% (AHI >5y <15) 61% (AHI 17% 74.49%
>15y <30) 39% (AHI >30)

VPP 89% 98% 80-94% 69% 75.25%

VPN NA 21% NA 33% 76.04%

Cronbach’s alpha coefficient 0.86-0.92 NA NA NA 0.730

Kappa index 0.68-0.98 0.7257 NA NA 0.739

PSG, polysomnography; CRM, cardiac respiratory monitoring; HRP, home respiratory polygraphy; AUC, area under the curve; AHI, apnea-hypopnea index; PPV, positive predictive value;

NPV, negative predictive value; NA, not available.

qualities regarding its psychometric properties when applied to a
population recruited in PC.

In the present study, we have successfully translated the BQ
according to established guidelines. This study aligned with previous
studies that examined sensitivity, specificity, PPV, and NPV. Table 3
shows that the sensitivity results are similar to the studies conducted
in Greece (20), which are slightly higher than in Denmark (21).
However, the specificity of our study is higher than that obtained in
the rest of the published studies with which it has been compared.

There are other questionnaires, such as the STOP-Bang (22-27)
for the detection of OSA, that also show consistent results, as we have
been able to confirm by administering it to the same sample of our
population (23). This questionnaire showed a sensitivity not very
different to BQ (range: 84.85%-93.8%), but a lower specificity (range:
55.10% to 63.4%) (23, 24, 26, 27), although presents the advantage of
its greater usability, being even easier to fill in and interpret
than the BQ.

Conclusion

Our study demonstrates that BQ has a highly diagnostic capacity
to detect clinically relevant OSA (AHI >15). BQ is simple and easy to
understand and fill in, so it can be applied in a PC setting. The use of
BQ could potentially identify many patients with OSA, especially
when it is moderate or severe, leading to earlier correct diagnosis and
faster treatment, decreasing the risk of complications and unwanted
effects. With the translation, back-translation, and consensus of
experts, a final version of the BQ applicable to Spain was obtained,
which is understandable and usable, and retains the meaning of the
questionnaire in its source language. This final version can be used for
any Spanish patient over 40 years old, regardless of gender, educational
level, and/or socioeconomic status. Extending the study with a PSG
would be indicated only in the cases of a possible mild OSA. The
results of this validation were similar to those of the source version,
obtaining a qualified, affordable, and easy-to-use prediction tool in the
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PC setting with high diagnostic efficacy and acceptable reliability. This
tool allows identifying patients with a higher risk of having OSA
to schedule treatment more quickly and thus reduce the
associated comorbidities.

Strengths and limitations

The coronavirus disease (COVID-19) pandemic interrupted
fieldwork, and although it was subsequently resumed, it has impacted
the predetermined timelines, noticeably delaying the analysis and
dissemination of results.

Although there may be a doubt that a selection bias could have
occurred because we have not used probabilistic sampling techniques,
it should be considered that convenience and consecutive sampling
are usually used in this type of validation study. It has also been
possible to produce a selection bias when including in the study
patients who demand health care in health centers, since these may
differ in terms of their personal or physical characteristics from those
from the population who do not attend the centers primary care of the
health system. It is possible that health professionals tended to include
in the study those patients with symptoms suggestive of OSA, which
would partly explain the high prevalence found. Likewise, and in
consistency with what the stated by epidemiologist experts in
methodology for validation of measuring tools (28), what is of
primary importance is that the sample includes a wide range of
subjects, from asymptomatic to patients with clear symptomatology
of the studied disease, thus being represented the entire spectrum of
the disease, so we understand that if there is a possible selection bias,
this would be irrelevant.

Our study achieved the advantages of RP over polysomnography,
especially in patients with a high probability of suffering from
OSA. RP is a diagnostic modality of great interest because it represents
a way of bringing the sleep study closer to the patient’s home and
allows detection in a setting similar to that of the patient when he or
she is about to sleep, without this being altered when performed in
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their natural environment and not in a setting, such as a hospital,
which can cause dysfunctions and, as a consequence, increase the rate
of false negatives or inconclusive results. This is supported by previous
studies such as the one by Borsini et al. (29), where it is shown that the
rate of study loss or equipment damage is low. Home PR, preceded by
a meticulous instruction on the day the equipment is delivered, is a
safe and reliable method. According to said study, 92.6% of the records
met the pre-established quality criteria and allowed the diagnosis of
moderate to severe OSA in a third of the population.

The blinded process used can be considered as a strength of the
study, preventing the researcher who performed the polygraphic
analysis from having prior knowledge of the results of the BQ,
ensuring the decrease in committing a bias of information inherent to
the psychological influence of knowledge of the interventions
performed on the study participants.
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