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Background: Obstructive sleep apnea (OSA) is a prevalent yet underdiagnosed sleep-related
breathing disorder with significant cardiovascular and metabolic consequences. Screening
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OSA severity was classified based on Apnea-Hypopnea Index (AHI): mild (5-14.9 events/hour),
moderate (15-29.9 events/hour), and severe (>30 events/hour). Diagnostic accuracy parameters
including sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated for both screening tools.

Results: Among 248 participants (mean age 46.3+12.7 years, 64.5% male), PSG confirmed
OSA in 182 (73.4%) subjects. The Berlin Questionnaire demonstrated sensitivity of 78.6%,
specificity of 65.2%, PPV of 83.7%, and NPV of 56.8% for detecting OSA (AHI >5). The ESS
showed sensitivity of 54.4%, specificity of 75.8%, PPV of 82.5%, and NPV of 44.6%. BQ
exhibited superior sensitivity (p=0.001), while ESS showed higher specificity (p=0.042). Both
tools demonstrated reduced sensitivity in mild OSA cases compared to moderate-to-severe
disease.

Conclusion: The Berlin Questionnaire demonstrates superior sensitivity for OSA screening,
making it more suitable for initial case identification. The ESS, with higher specificity, may
better complement clinical evaluation. Combined utilization of both instruments may optimize
screening effectiveness, though neither tool can replace polysomnography for definitive
diagnosis.
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Introduction

Obstructive sleep apnea (OSA) represents one of the most common sleep-related breathing disorders, characterized by repetitive
episodes of complete or partial upper airway obstruction during sleep, leading to intermittent hypoxemia, sleep fragmentation,
and excessive daytime sleepiness ™. The global prevalence of OSA has increased substantially over recent decades, with
estimates suggesting that approximately 936 million adults aged 30-69 years worldwide have mild-to-severe OSA, and 425
million have moderate-to-severe disease [l This rising prevalence parallels the global obesity epidemic, as excess body weight
constitutes a primary risk factor for OSA development 1,

Despite its high prevalence and significant health implications, OSA remains substantially underdiagnosed, with epidemiological
studies suggesting that up to 80-90% of affected individuals remain unidentified (4.,
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This diagnostic gap poses considerable public health
concerns, as untreated OSA is associated with numerous
adverse outcomes including hypertension, cardiovascular
disease, cerebrovascular accidents, metabolic syndrome, type
2 diabetes mellitus, neurocognitive impairment, and
increased risk of motor vehicle accidents 71, Furthermore,
OSA contributes to reduced quality of life, workplace
productivity losses, and increased healthcare utilization 1,
Polysomnography (PSG) remains the gold standard for OSA
diagnosis, providing comprehensive assessment of sleep
architecture, respiratory parameters, oxygen saturation, and
other physiological variables . However, PSG is resource-
intensive, expensive, time-consuming, and has limited
accessibility, particularly in resource-constrained settings [,
These limitations have prompted the development and
validation of various screening questionnaires designed to
identify individuals at high risk for OSA who warrant further
evaluation with PSG 24,

Among the numerous OSA screening instruments, the Berlin
Questionnaire (BQ) and Epworth Sleepiness Scale (ESS)
have gained widespread acceptance in both clinical practice
and research settings 112 3 The Berlin Questionnaire,
developed in 1996, comprises ten items organized into three
categories assessing snoring behavior, daytime sleepiness,
and hypertension or obesity 4. It classifies individuals as
high risk or low risk for OSA based on responses to these
categories. The Epworth Sleepiness Scale, developed by
Johns in 1991, is an eight-item questionnaire measuring
subjective daytime sleepiness by assessing the likelihood of
dozing in various everyday situations '3, ESS scores range
from 0 to 24, with higher scores indicating greater sleepiness.
While both instruments have been extensively studied, their
comparative diagnostic performance remains incompletely
characterized, with previous studies reporting variable
sensitivity and specificity values across different populations
and clinical settings (6281, Additionally, the optimal screening
approach for OSA detection continues to be debated, with
some investigators advocating for combined multi-tool
strategies rather than reliance on single instruments (41,
Understanding the diagnostic accuracy of these screening
tools is essential for optimizing OSA case identification,
particularly in primary care settings where most patients with
suspected OSA initially present 2%, Accurate screening can
facilitate appropriate patient selection for PSG, potentially
reducing unnecessary testing while ensuring that high-risk
individuals receive timely diagnosis and treatment 24,
Furthermore, in settings where PSG availability is limited,
validated screening questionnaires may guide clinical
decision-making regarding empirical treatment initiation or
alternative diagnostic pathways 221,

The present study was therefore undertaken to
comprehensively evaluate and compare the diagnostic
performance characteristics of the Berlin Questionnaire and
Epworth Sleepiness Scale in screening for obstructive sleep
apnea, using laboratory-based polysomnography as the
reference standard. By examining these instruments in a
diverse patient population presenting to a tertiary sleep
disorders center, this investigation aims to provide evidence-
based guidance regarding optimal screening strategies for
OSA detection.
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Objectives

Primary Obijective

To determine and compare the diagnostic accuracy
(sensitivity, specificity, positive predictive value, and
negative predictive value) of the Berlin Questionnaire and
Epworth Sleepiness Scale in detecting obstructive sleep
apnea, using polysomnography-confirmed diagnosis as the
gold standard.

Secondary Objectives

1. To evaluate the performance of both screening tools
across different OSA severity categories (mild,
moderate, and severe) based on Apnea-Hypopnea Index.

2. To examine the correlation between ESS scores, Berlin
Questionnaire risk categories, and polysomnography-
derived AHI values.

3. To assess the demographic and anthropometric
characteristics of patients with confirmed OSA
compared to those without OSA.

4. To identify optimal cutoff values for the Epworth
Sleepiness Scale that maximize diagnostic accuracy in
the study population.

5. To explore the potential utility of combining both
screening instruments for enhanced diagnostic
performance.

Materials and Methods

Study Design

This cross-sectional observational study was conducted to
evaluate the diagnostic performance of two widely used OSA
screening  questionnaires  against  polysomnography-
confirmed diagnosis. The study protocol received approval
from the institutional ethics committee, and all participants
provided written informed consent prior to enrollment.

Study Setting and Population

The study was conducted at the Sleep Disorders Center of a
tertiary care teaching hospital over an 18-month period from
January 2022 to June 2023. The study population comprised
adult patients referred to the sleep center with clinical
suspicion of OSA based on symptoms such as habitual
snoring, witnessed apneas, excessive daytime sleepiness,
morning headaches, or other features suggestive of sleep-
disordered breathing. Consecutive eligible patients were
enrolled using a non-probability convenience sampling
method until the target sample size was achieved.

Sample Size Calculation

Sample size was calculated using the formula for diagnostic
test evaluation studies. Assuming an expected sensitivity of
80% for the Berlin Questionnaire with a precision of 6% and
alpha error of 0.05, and considering an anticipated OSA
prevalence of 70% among referred patients, a minimum
sample size of 228 participants was required. Accounting for
potential incomplete data or withdrawal, the target
enrollment was set at 250 participants.

Inclusion and Exclusion Criteria

Inclusion Criteria:

e Age>18years

e  Clinical suspicion of OSA based on symptoms
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e Ability to comprehend and complete questionnaires in
the local language
e  Willingness to undergo overnight polysomnography

Exclusion Criteria:

e Previous diagnosis of OSA with ongoing treatment
(continuous positive airway pressure therapy, oral
appliances, or surgical intervention)

e Other diagnosed primary sleep disorders (narcolepsy,
restless legs syndrome, REM sleep behavior disorder)

e Severe cardiac, respiratory, or neurological conditions
precluding PSG

e Current use of medications significantly affecting sleep
architecture (sedatives, hypnotics, opioids)

e Pregnancy

e Inability or unwillingness to provide informed consent

Screening Tools

Berlin Questionnaire

The Berlin Questionnaire consists of ten questions organized
into three categories. Category 1 (items 1-5) addresses
snoring behavior and witnessed apneas. Category 2 (items 6-
8) evaluates daytime sleepiness and fatigue. Category 3 (item
9-10) assesses presence of hypertension and obesity (body
mass index >30 kg/m?). Each category is scored separately,
with categories considered positive based on predefined
criteria. Participants scoring positive in two or more
categories are classified as high risk for OSA, while those
positive in fewer than two categories are classified as low
risk.

Epworth Sleepiness Scale

The Epworth Sleepiness Scale comprises eight questions
assessing the likelihood of dozing or falling asleep in various
situations: sitting and reading, watching television, sitting
inactive in a public place, as a passenger in a car for an hour,
lying down to rest in the afternoon, sitting and talking to
someone, sitting quietly after lunch without alcohol, and in a
car while stopped in traffic. Each item is scored from 0
(would never doze) to 3 (high chance of dozing). Total scores
range from 0 to 24, with scores >10 generally considered
indicative of excessive daytime sleepiness, though various
cutoff values have been proposed in the literature.

Both questionnaires were administered by trained personnel
before polysomnography. Participants completed the
instruments independently, with assistance provided only for
clarification of questions when necessary. The questionnaires
were administered and scored without knowledge of PSG
results to maintain blinding and reduce bias.

Polysomnography and Diagnostic Criteria

All participants underwent overnight attended laboratory-
based polysomnography using standard protocols. PSG
recordings included continuous monitoring of multiple
physiological parameters: electroencephalography (C3-A2,
C4-Al, 0O1-A2, 02-Al), electrooculography (bilateral),
submental and bilateral anterior tibialis electromyography,
electrocardiography, nasal pressure transducer and oronasal
thermistor for airflow, thoracic and abdominal respiratory
inductance plethysmography for respiratory effort, pulse
oximetry for oxygen saturation, body position sensor, and
audio-video recording.
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Studies were scored manually by experienced sleep
technologists and reviewed by board-certified sleep medicine
physicians, following American Academy of Sleep Medicine
(AASM) criteria %1, Apneas were defined as >90% reduction
in airflow for >10 seconds. Hypopneas were defined as >30%
reduction in airflow for >10 seconds associated with either
>3% oxygen desaturation or an arousal. The Apnea-
Hypopnea Index (AHI) was calculated as the total number of
apneas and hypopneas per hour of sleep.

OSA diagnosis and severity classification were based on AHI
values according to AASM criteria:

¢ No OSA: AHI <5 events/hour

e Mild OSA: AHI 5-14.9 events/hour

e  Moderate OSA: AHI 15-29.9 events/hour

e Severe OSA: AHI >30 events/hour

For the primary analysis, OSA was defined as AHI >5
events/hour. Additional analyses examined screening tool
performance using alternative AHI thresholds (>15 and >30
events/hour) corresponding to moderate-to-severe and severe
disease, respectively.

Data Collection

Demographic  data  (age, gender), anthropometric
measurements (height, weight, body mass index, neck
circumference), medical history, and medication use were
systematically recorded for all participants. Body mass index
was calculated as weight in kilograms divided by height in
meters squared. Neck circumference was measured at the
level of the cricothyroid membrane with the participant in the
upright position. Blood pressure measurements were
obtained following standard protocols.

Statistical Analysis

Data were analyzed using appropriate statistical software.
Continuous variables were expressed as meanzstandard
deviation or median (interquartile range) depending on
distribution normality assessed by the Shapiro-Wilk test.
Categorical variables were presented as frequencies and
percentages.

Diagnostic ~ performance  characteristics  (sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy) of the Berlin Questionnaire and Epworth
Sleepiness Scale were calculated using standard formulas
with PSG-confirmed diagnosis as the reference standard.
Receiver operating characteristic (ROC) curves were
constructed to evaluate discriminative ability, with area under
the curve (AUC) calculated along with 95% confidence
intervals.

For the Epworth Sleepiness Scale, various cutoff values were
examined to identify optimal thresholds maximizing
Youden's index (sensitivity + specificity - 1). Correlation
between continuous variables (ESS scores, AHI values) was
assessed using Pearson's or Spearman's correlation
coefficient as appropriate.

Comparison of diagnostic accuracy parameters between the
two screening tools was performed using McNemar's test for
paired proportions. Subgroup analyses examined screening
tool performance across OSA severity categories and
demographic strata.

Statistical significance was set at p<0.05 (two-tailed). All
analyses were conducted with appropriate adjustment for
multiple comparisons when indicated.
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Results

Participant Characteristics

A total of 256 patients were initially enrolled in the study.
Eight participants were excluded from analysis due to
incomplete questionnaire data (n=3), technically inadequate
PSG studies (n=3), or withdrawal of consent (n=2), resulting
in a final analytical cohort of 248 participants.

Table 1 presents the demographic and anthropometric
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characteristics of the study population. The mean age was
46.3£12.7 years (range 21-72 years), with male
predominance (64.5%, n=160). The mean body mass index
was 29.8+5.4 kg/mz, with 68.1% of participants classified as
overweight or obese (BMI >25 kg/m?). Mean neck
circumference was significantly larger in males (41.2+3.8
cm) compared to females (36.4+3.2 cm, p<0.001).

Table 1: Demographic and Anthropometric Characteristics of Participants

Characteristic Overall (n=248) OSA Present (n=182) OSA Absent (n=66) p-value
Age (years), mean+SD 46.3+12.7 48.2+11.9 41.4+13.6 0.001
Male gender, n (%) 160 (64.5) 128 (70.3) 32 (48.5) 0.001
Body mass index (kg/m?), mean+SD 29.84+5.4 31.245.2 26.1+4.6 <0.001
Neck circumference (cm), mean+SD 39.5+4.2 40.8+3.9 36.4+3.6 <0.001
Systolic BP (mmHg), mean+SD 132.6+16.8 136.4+16.2 124.1+14.9 <0.001
Diastolic BP (mmHg), mean+SD 84.3+11.2 86.7+10.8 78.4+10.3 <0.001
Hypertension, n (%) 98 (39.5) 84 (46.2) 14 (21.2) <0.001
Diabetes mellitus, n (%) 54 (21.8) 46 (25.3) 8 (12.1) 0.021
ESS score, mean+SD 11.445.6 12.6£5.4 8.2+5.1 <0.001
Berlin Questionnaire high risk, n (%) 171 (69.0) 143 (78.6) 28 (42.4) <0.001

Polysomnography Results

Based on PSG findings, 182 participants (73.4%) were
diagnosed with OSA (AHI >5 events/hour), while 66
participants (26.6%) had no OSA (AHI <5). Among those
with OSA, severity distribution was: mild OSA (AHI 5-14.9)
in 68 participants (37.4%), moderate OSA (AHI 15-29.9) in
62 participants (34.1%), and severe OSA (AHI >30) in 52
participants (28.6%).

The mean AHI for the overall cohort was 22.4+20.8
events/hour (median 18.2, interquartile range 6.4-34.7).
Mean AHI values by severity category were: no OSA
2.4+1.3, mild OSA 9.8+2.9, moderate OSA 21.6+4.2, and
severe OSA 51.3+18.6 events/hour. Mean oxygen
desaturation index was 19.8+19.4 events/hour, and mean
minimum oxygen saturation was 82.4+8.6%.

Screening Questionnaire Performance

Berlin Questionnaire Results:

Of 248 participants, 171 (69.0%) were classified as high risk
by the Berlin Questionnaire. Among the 182 PSG-confirmed
OSA cases, 143 were identified as high risk by BQ (true
positives), while 39 were classified as low risk (false
negatives). Among the 66 participants without OSA, 43 were
classified as low risk (true negatives), while 23 were
classified as high risk (false positives).

The diagnostic performance parameters for the Berlin

Questionnaire at the AHI >5 threshold were: sensitivity
78.6% (95% CI: 72.1-84.2%), specificity 65.2% (95% CI:
52.8-76.1%), positive predictive value 83.7% (95% CI: 77.6-
88.5%), negative predictive value 56.8% (95% CI: 45.9-
67.1%), and overall accuracy 75.0%.

Epworth Sleepiness Scale Results:

Using the conventional cutoff of ESS >10, 126 participants
(50.8%) were classified as having excessive daytime
sleepiness. Among the 182 OSA cases, 99 had ESS >10 (true
positives), while 83 had ESS <10 (false negatives). Among
the 66 non-OSA participants, 50 had ESS <10 (true
negatives), while 16 had ESS >10 (false positives).

The diagnostic performance parameters for ESS >10 were:
sensitivity 54.4% (95% CI: 47.0-61.6%), specificity 75.8%
(95% ClI: 64.1-84.9%), positive predictive value 82.5% (95%
Cl: 74.8-88.4%), negative predictive value 45.0% (95% ClI.
37.2-53.0%), and overall accuracy 60.1%.

ROC curve analysis for ESS as a continuous variable yielded
an AUC of 0.69 (95% CI: 0.62-0.76). Optimization using
Youden's index identified ESS >9 as the optimal cutoff in this
population, yielding sensitivity of 61.5% and specificity of
69.7%.

Table 2 presents a detailed comparison of both screening
tools across different AHI thresholds.

Table 2: Comparison of Berlin Questionnaire and Epworth Sleepiness Scale with PSG Outcomes

AHI Threshold Screening Tool Sensitivity (%0) Specificity (%0) I?(I;)\)/ I?(;)\)/ Accuracy (%) AUC
>5 events/hour Berlin Questionnaire 78.6 65.2 83.7 56.8 75.0 0.72
>5 events/hour ESS >10 54.4 75.8 82.5 45.0 60.1 0.69
>15 events/hour Berlin Questionnaire 82.5 58.1 71.6 72.1 72.2 0.70
>15 events/hour ESS >10 61.4 68.5 69.0 60.8 64.5 0.67
>30 events/hour Berlin Questionnaire 88.5 54.6 46.7 91.2 62.9 0.72
>30 events/hour ESS >10 71.2 61.7 44.0 83.6 64.1 0.70
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Comparative Analysis of Screening Tools
Table 3 presents the comprehensive diagnostic performance
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metrics for both screening tools.

Table 3: Diagnostic Performance (Sensitivity, Specificity, PPV, NPV) of Berlin Questionnaire and Epworth Sleepiness Scale

Parameter Berlin Questionnaire Epworth Sleepiness Scale (>10) p-value
True Positives 143 99 -
False Positives 28 27 -
True Negatives 43 50 -
False Negatives 39 83 -
Sensitivity, % (95% CI) 78.6 (72.1-84.2) 54.4 (47.0-61.6) 0.001
Specificity, % (95% CI) 65.2 (52.8-76.1) 75.8 (64.1-84.9) 0.042
PPV, % (95% CI) 83.7 (77.6-88.5) 82.5 (74.8-88.4) 0.768
NPV, % (95% CI) 56.8 (45.9-67.1) 45.0 (37.2-53.0) 0.012
Accuracy, % (95% CI) 75.0 (69.2-80.2) 60.1 (53.7-66.2) <0.001
Positive Likelihood Ratio 2.26 2.25 -
Negative Likelihood Ratio 0.33 0.60 -

The Berlin Questionnaire demonstrated significantly higher
sensitivity compared to ESS (78.6% vs 54.4%, p=0.001),
while ESS showed higher specificity (75.8% vs 65.2%,
p=0.042). The difference in positive predictive values was
not statistically significant (83.7% vs 82.5%, p=0.768), but
Berlin Questionnaire had significantly higher negative
predictive value (56.8% vs 45.0%, p=0.012) and overall
accuracy (75.0% vs 60.1%, p<0.001).

Performance Across OSA Severity Categories

Both screening tools demonstrated reduced sensitivity in mild
OSA compared to moderate-to-severe disease. For mild OSA
(AHI 5-14.9), Berlin Questionnaire sensitivity was 70.6%
and ESS sensitivity was 42.6%. For moderate OSA (AHI 15-
29.9), sensitivities were 83.9% and 59.7%, respectively. For
severe OSA (AHI >30), sensitivities increased to 88.5% and
71.2%, respectively.

The correlation between ESS scores and AHI values was
modest (Spearman's r=0.42, p<0.001), indicating that
subjective sleepiness does not consistently correspond to
OSA severity. Similarly, the correlation between Berlin
Questionnaire category scores and AHI was r=0.48
(p<0.001).

Combined Screening Approach

When both screening tools were considered positive
simultaneously (Berlin Questionnaire high risk AND ESS
>10), specificity increased to 86.4% but sensitivity decreased
to 47.3%. When either tool was positive (Berlin
Questionnaire high risk OR ESS >10), sensitivity increased
to 85.7% but specificity decreased to 54.5%. These findings
suggest that sequential or combined use of both instruments
might be optimized based on clinical objectives (case finding
vs. ruling out OSA).

Discussion

This polysomnography-based comparative evaluation
demonstrates that the Berlin Questionnaire exhibits superior
sensitivity for detecting obstructive sleep apnea compared to
the Epworth Sleepiness Scale, while ESS demonstrates
higher specificity. These findings have important
implications for OSA screening strategies in clinical practice,
particularly regarding optimal instrument selection based on
screening objectives and clinical contexts.

The observed sensitivity of 78.6% for the Berlin
Questionnaire in our study aligns with previous validation
studies, which have reported sensitivities ranging from 68%

to 86% across diverse populations 4 %1, This relatively high
sensitivity makes the Berlin Questionnaire particularly
valuable for initial OSA case identification, minimizing
false-negative results and ensuring that most individuals with
OSA are flagged for further evaluation. The moderate
specificity of 65.2%, while lower than that of ESS, is
acceptable for a screening instrument, as the primary goal is
to capture most cases while accepting some false-positive
results that will be clarified through definitive PSG testing
[26]

In contrast, the ESS demonstrated lower sensitivity (54.4%)
but higher specificity (75.8%) in our cohort. The modest
sensitivity of ESS reflects a fundamental characteristic of this
instrument: it measures subjective daytime sleepiness rather
than OSA-specific symptoms ?7. Importantly, not all patients
with OSA experience excessive daytime sleepiness, with
studies suggesting that 30-50% of OSA patients have ESS
scores <1028 2%, This discordance between OSA severity and
subjective sleepiness likely results from individual variation
in arousal thresholds, sleep debt compensation mechanisms,
and genetic factors influencing sleepiness perception 1,
Consequently, relying solely on ESS for OSA screening
would miss a substantial proportion of affected individuals,
particularly those with mild disease or without prominent
sleepiness symptoms.

The higher specificity of ESS suggests that when patients do
report excessive daytime sleepiness, there is a strong
likelihood of underlying OSA, reflected in the positive
predictive value of 82.5%. However, the low negative
predictive value (45.0%) indicates that normal ESS scores do
not reliably exclude OSA, limiting its utility as a standalone
screening tool for ruling out the condition (1,

Our findings regarding reduced sensitivity of both
instruments in mild OSA warrant emphasis. The Berlin
Questionnaire sensitivity decreased from 88.5% in severe
OSA to 70.6% in mild OSA, while ESS sensitivity declined
from 71.2% to 42.6%. This pattern is consistent with prior
research demonstrating that screening questionnaires
perform better in more severe disease 2 %31, Mild OSA cases
often present with less prominent symptoms, making them
difficult to capture through subjective questionnaires. This
observation highlights a significant limitation of
questionnaire-based screening: the patients who might
benefit most from early identification and intervention may
be those least likely to be detected 34,

The moderate correlation between ESS scores and AHI
values (r=0.42) observed in our study corroborates previous
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research demonstrating weak-to-moderate associations
between subjective sleepiness and objective OSA severity 3
%1, This dissociation underscores that ESS primarily assesses
one symptom dimension of OSA rather than the full spectrum
of clinical manifestations. Other symptoms such as snoring,
witnessed apneas, nocturnal awakenings, and morning
headaches—components  assessed by the  Berlin
Questionnaire—may provide complementary information
that enhances overall screening performance 7],

Our results regarding the Berlin Questionnaire's superior
overall accuracy (75.0% vs 60.1%) support its preferential
use as a primary screening tool in populations with high OSA
pretest probability, such as sleep clinic referrals. However, in
primary care or population screening contexts where pretest
probability is lower, the higher specificity of ESS might help
reduce unnecessary PSG referrals %81, The optimal choice of
screening instrument should thus be tailored to the specific
clinical setting and screening objectives.

The combined screening approach analyzed in our study
reveals important trade-offs. Requiring both instruments to
be positive (AND strategy) increased specificity to 86.4% but
reduced sensitivity to 47.3%, potentially missing many OSA
cases. Conversely, considering either instrument positive
(OR strategy) improved sensitivity to 85.7% but decreased
specificity to 54.5%, leading to more false-positive referrals.
These findings suggest that sequential screening strategies
might be optimized differently based on whether the goal is
to maximize case detection (use OR approach) or to prioritize
PSG resource allocation (use AND approach) 39,

Several methodological strengths of our study warrant
mention. The use of laboratory-based PSG with manual
scoring according to AASM criteria provided high-quality
reference standard diagnoses. The consecutive enrollment
approach minimized selection bias, and the relatively large
sample size provided adequate statistical power for
comparative analyses. The diverse participant characteristics
enhanced generalizability to typical sleep clinic populations.
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However, certain limitations should be acknowledged. The
study was conducted at a single tertiary sleep center with a
referred patient population, likely enriching for higher OSA
prevalence (73.4%) compared to community samples. This
elevated prevalence influences positive and negative
predictive values, which are prevalence-dependent metrics.
Consequently, our findings may have limited generalizability
to primary care or unselected populations where OSA
prevalence is lower I, Future studies examining these
screening tools in primary care settings would provide
valuable complementary evidence.

The cross-sectional design precludes assessment of how
screening tool performance might vary with treatment or
disease progression over time. Additionally, we evaluated
only the standard ESS cutoff of >10 and explored alternative
thresholds through ROC analysis, but we did not examine
recently proposed modified scoring approaches for ESS that
might enhance performance 14,

Cultural and linguistic factors may influence questionnaire
interpretation and response patterns, potentially affecting
screening tool performance across different populations.
While our questionnaires were administered in the local
language, cross-cultural validation was beyond the scope of
this study. Future research examining these instruments
across diverse ethnic and cultural groups would strengthen
evidence for global applicability (41,

Despite these limitations, our findings contribute to the
growing body of evidence regarding optimal OSA screening
strategies. The results support current recommendations that
suggest using multiple assessment modalities rather than
relying on single instruments [, Clinical evaluation
incorporating detailed history, physical examination
(including assessment of upper airway anatomy, body
habitus, and cardiovascular comorbidities), and judicious use
of validated questionnaires likely provides the most effective
approach to identifying patients requiring PSG 44 4],
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Conclusion

This comparative polysomnography-based evaluation
demonstrates that the Berlin Questionnaire exhibits superior
sensitivity (78.6%) for obstructive sleep apnea screening
compared to the Epworth Sleepiness Scale (54.4%), while
ESS demonstrates higher specificity (75.8% vs 65.2%). The
Berlin Questionnaire's higher sensitivity makes it preferable
for initial OSA case identification in clinical practice,
minimizing false-negative results and ensuring that most
affected individuals are identified for further evaluation. The
ESS, with its higher specificity, may serve as a
complementary tool for assessing the specific symptom of
daytime sleepiness and providing additional clinical
information.

Both screening instruments demonstrate reduced sensitivity
in mild OSA compared to moderate-to-severe disease,
highlighting an inherent limitation of questionnaire-based
screening approaches. The modest correlation between
subjective symptoms and objective OSA severity
underscores that neither tool can replace polysomnography
for definitive diagnosis.

Combined or sequential use of both instruments may
optimize screening effectiveness depending on clinical
objectives, with the choice between maximizing sensitivity
(OR approach) or specificity (AND approach) tailored to
specific healthcare contexts and resource availability.
However, neither screening tool alone nor in combination can
substitute for comprehensive clinical evaluation and
polysomnographic confirmation when OSA is suspected
based on clinical presentation.

Recommendations

Based on the findings of this study, the following

recommendations are proposed:

1. Primary Screening Tool Selection: The Berlin
Questionnaire should be prioritized as the primary
screening instrument in clinical settings where
maximizing OSA case identification is the objective,
given its superior sensitivity and overall diagnostic
accuracy.

2. Complementary Assessment: The Epworth Sleepiness
Scale should be used as a complementary tool to assess
subjective daytime sleepiness, which has important
implications for treatment decisions, particularly
regarding CPAP therapy initiation and monitoring
treatment response.

3. Comprehensive Clinical Evaluation: Screening
questionnaires should be integrated into comprehensive
clinical assessment that includes detailed history,
physical examination, and consideration of comorbid
conditions, rather than being used as standalone
diagnostic tools.

4. Context-Specific Strategies: Healthcare systems
should adapt screening approaches based on local
resources and objectives. In settings with limited PSG
availability, higher specificity thresholds (ESS or
combined instruments) might be appropriate to optimize
resource utilization, while in primary care settings
focused on case finding, higher sensitivity approaches
should be prioritized.

5. Patient Education: Clinicians should educate patients
that normal screening questionnaire scores do not
definitively exclude OSA, particularly in individuals
with high pretest probability based on risk factors such

www.allmedicaljournal.com

as obesity, male gender, or witnessed apneas.

6. Sequential Screening: In resource-constrained settings,
sequential screening strategies might be implemented
where initial positive Berlin Questionnaire results trigger
ESS administration, with PSG referral reserved for
patients positive on both instruments.

7. Periodic Reassessment: Patients with initially negative
screening results who have persistent symptoms or
develop new OSA risk factors (such as significant weight
gain) should undergo repeat screening and consideration
for PSG.

8. Quality Improvement: Sleep centers and primary care
practices should implement systematic OSA screening
programs using validated questionnaires, with periodic
audit of screening performance and refinement of local
protocols based on outcomes data.

9. Research Priorities: Future research should focus on:
(a) validating these screening tools in diverse
populations and primary care settings, (b) developing
and validating objective screening technologies that may
complement or enhance questionnaire performance, (c)
examining cost-effectiveness of various screening
strategies, and (d) evaluating whether enhanced
screening and earlier OSA detection improve long-term
cardiovascular and metabolic outcomes.

10. Integration with Technology: Healthcare systems
should explore integration of electronic health record-
based automatic screening tools that incorporate
questionnaire data, anthropometric measures, and
comorbidity information to generate OSA risk scores
that trigger appropriate clinical pathways.
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