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A B S T R A C T   

Introduction: Obstructive sleep apnea (OSA) is highly prevalent with serious health consequences. Demand for 
diagnostic studies is high, in many countries exceeding capacity. 
Purpose: The objective of this cross-sectional study was to identify predictors of severe OSA among patients on 
waiting lists for sleep studies, to better prioritize time to examinations. 
Methods: The sample comprised 3646 patients (30.3% women) referred to a university clinic in Western Norway 
with suspected OSA. All patients underwent respiratory polygraphy. Severe OSA was defined by an apnea- 
hypopnea index ≥30. Information on symptoms (snoring, breathing cessations, daytime sleepiness) and medi-
cal history was collected with questionnaires, including prior diagnosis of angina, myocardial infarction, stroke, 
hypertension, depression or diabetes. Blood pressure was measured with thresholds of 90 and 140 mmHg 
defining diastolic and systolic hypertension. 
Results: 15.7% had severe OSA. In multivariate logistic regression analysis, factors positively associated with 
severe OSA were increasing age, male sex, snoring, breathing cessations, BMI ≥30, diastolic hypertension, self- 
reported history of hypertension, and self-reported myocardial infarction. A prediction score (range 0–5) devised 
from 5 of these items (age ≥50, snoring, breathing cessations, BMI ≥30, and self-reported hypertension) had a 
sensitivity of 96.2% and a negative predictive value of 97.1% for severe OSA, when a score ≥2 was set as cut-off. 
Conclusions: Based on a prediction score derived from simple, easily available data, patients unlikely to suffer 
from severe OSA can be identified, and thus facilitate more urgent consideration of patients more likely to have 
severe OSA.   

1. Introduction 

Obstructive sleep apnea (OSA) is a major public health challenge, 
affecting a large proportion of the European population. According to 
recent publications, the prevalence in adults of moderate-to-severe OSA, 
defined by an apnea-hypopnea index (AHI) ≥ 15, is as high as 20–50% 
[1–3]. 

Although the diagnostic capacity for OSA in many countries has 
increased by utilizing home portable respiratory polygraphy (PG) as the 
diagnostic tool rather than the more time-consuming polysomnography 
(PSG), many reference centers have long waiting lists, reflecting the 
increased public health burden of OSA. In Norway, the waiting time for 

evaluation at a specialist center varies from two to 52 weeks [4]. Adding 
to this, several Norwegian centers report of waiting times of more than 
100 weeks for continuous positive airway pressure (CPAP) titration [5], 
meaning some patients will have to wait more than two years from 
referral until treatment is initiated. This is of major concern, since 
postponed diagnosis and treatment may lead to poorer outcomes, 
especially in severe OSA patients [6]. Consequently, the prioritizing of 
referred patients for a diagnostic study should be based on probability of 
severe OSA rather than a first-come-first-serve routine. 

Unfortunately, studies of general populations have found that the 
relationships between objective indices of disease severity from sleep 
recordings and the cardinal symptoms of OSA (snoring, observed 
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breathing cessations and excessive daytime sleepiness) are poor [3]. 
Thus, there is a need for better characterization of factors increasing the 
pretest likelihood of having OSA for better prioritizing the health ser-
vices. Patients referred to a specialist center for a sleep study under 
suspicion of OSA are usually symptomatic and/or have other risk fac-
tors, such as morbid obesity, cardiovascular disease, hypertension, 
depression, or diabetes mellitus [7]. OSA prevalence increases with 
older age [6,8]. However, several studies have described a very low or 
non-existent association between OSA, morbidity and mortality in older 
subjects, indicating that sleep apnea represents a particular entity in 
seniors compared with the middle-aged [9]. Furthermore, symptoms of 
sleep apnea, such as snoring and daytime sleepiness, also seem to decline 
after the age of about 60 years in both women and men [10,11], 
complicating the selection of patients from primary health care to 
specialist centers for objective sleep studies. OSA prevalence also varies 
significantly by sex. Population-based studies have reported male to 
female ratios ranging from 3:1 to 5:1, whereas in clinical populations it 
is substantially higher, ranging from 8:1 to 10:1 [12]. This discrepancy 
indicates considerable under-diagnosis of OSA in women. Women are 
more likely than men to complain of daytime fatigue, lack of energy, 
insomnia symptoms, morning headaches, mood disturbances and 
nightmares, and are less likely to report snoring or witnessed apneas 
[13]. This “atypical” presentation might explain why sleep apnea often 
remains undiagnosed in women [14]. Even though standardized 
screening check lists and questionnaires may be useful to identify 
high-risk patients [15], most GPs use their clinical experience, otherwise 
unaided, in deciding when to refer for a diagnostic procedure [16]. 

The Centre for Sleep Medicine, Department of Thoracic Medicine, 
Haukeland University Hospital examines about 1000 new patients 
annually on suspicion of OSA. Since 2011, pre- and post-test data on all 
consenting patients referred with suspected OSA has been collected in a 
register. Taking advantage of this database, the aim of the current study 
was to use the pre-test information to identify predictors of severe OSA 
among patients on waiting lists. We hypothesized that all clinical pre-
dictors would have a weaker relationship with severe OSA in older 
compared to younger patients, and in women compared to men. 

2. Methods 

2.1. Study design 

In this cross-sectional study, we examined data collected from pa-
tients referred to our sleep clinic between 2011 and 2016 with suspicion 
of OSA. All consenting patients (n = 3770) with suspected sleep apnea 
were recruited. Exclusion criteria were insufficient diagnostic data from 
polygraphy (n = 124), leaving 3646 patients for further analyses. Fewer 
than 10% of the referred patients refused to participate in the study. 

2.2. Measurements 

Information about prior medical history and symptoms suggestive of 
OSA was collected using questionnaires. 

Questions included self-reported hypertension, myocardial infarc-
tion, stroke, angina pectoris, diabetes, and depression. All questions had 
the same phrasing: “Have you ever been diagnosed with (condition)?” 

OSA symptoms were assessed by three items from the Karolinska 
Sleep Questionnaire: snoring, breathing cessations during sleep (as 
observed by others) and fatigue or sleepiness at work or during leisure 
time. For each item, there were five optional answers to describe how 
often one has experienced this symptom during the last three months 
(“never”, “rarely”, “sometimes”, “mostly” or “always”). As “I do not 
know” is not among the predefined options on this questionnaire, it 
might be difficult for some patients to provide answers to all of these 
questions. This is particularly relevant to the questions about snoring 
and breathing cessations, as knowledge of this relies on observations 
made by others. Thus, data were only considered missing if all three of 

the questions on OSA symptoms were left unanswered. Missing answers 
to one or two of these questions were recoded to “never”. Further, an-
swers were dichotomized by recoding “mostly” and “always” to “yes”, 
and “sometimes”, “rarely” and “never” to “no”. 

All patients’ height and weight were measured, from which the body 
mass index (BMI) was calculated. A trained nurse measured blood 
pressure (BP) with a machine reader after the patients had been sitting 
for 10 min. Two recordings were taken, and the second recording was 
selected. Diastolic hypertension was defined as a diastolic BP of at least 
90 mmHg, and systolic hypertension was defined as a systolic BP of at 
least 140 mmHg. 

All patients (n = 3646) included in our analyses successfully un-
derwent a PG sleep recording, using a portable type 3 device (Embletta 
or Nox). These recordings were scored in accordance with the 2007 
American Academy of Sleep guidelines, using desaturations of 4% or 
more to define hypopnea. OSA severity was determined from the apnea- 
hypopnea index (AHI); no OSA if AHI <5, mild if AHI between 5 and 
14.9, moderate if AHI between 15 and 29.9, and severe if AHI ≥30. 

2.3. Statistical analyses 

Bivariate analyses were performed for different categorical explan-
atory variables with OSA severity in three categories (AHI<15 = no or 
mild OSA; AHI 15–29.9 = moderate OSA; AHI≥30 = severe OSA) as the 
outcome variable, using two-sided Chi square tests to determine sig-
nificance. To further explore how symptoms and comorbidities were 
related to AHI cut-offs of 15 and 30, multiple logistic regression analyses 
were performed. Age, sex, BMI and symptoms of OSA were included as 
adjusting variables in all analyses, but due to possible collinearity be-
tween the different comorbidities, including diastolic and systolic hy-
pertension, these were entered separately. To test the effects of age and 
sex on these relationships, interaction analyses were performed for all 
explanatory variables. Receiver-operator characteristic (ROC) curves 
were constructed from variables associated with severe OSA, to assess 
their combined predictive utility. Based on results from ROC analysis, a 
prediction scoring model was devised, and predictive parameters 
(sensitivity, specificity, negative predictive value (NPV), and positive 
predictive value (PPV)) for different score cut-offs were calculated. 
Statistical analyses were done in SPSS 26, except for the interaction 
analyses which were performed using the effmenu2 function in Stata 12. 
Statistical significance was set to 5% for all analyses. 

3. Results 

Characteristics of the study population stratified by sex are sum-
marized in Table 1. In total, 69.7% of the patients were men (p < 0.001) 
and the mean age of the population was 49 years (SD = 13.4). Compared 
to men, women were older and less frequently reported snoring and 
breathing cessations, but more frequent daytime sleepiness. There was 
no sex difference in measured BMI, or in the occurrence of self-reported 
hypertension, stroke, angina pectoris, and diabetes. BP measurements 
consistent with hypertension (both diastolic and systolic), and a history 
of myocardial infarction were more common in men than in women, 
whereas women were more likely than men to report a history of 
depression. PG sleep recordings were within normal range (AHI <5) in 
35.1% of the patients. 31.9% had mild OSA, 17.3% had moderate OSA, 
and 15.7% had severe OSA. Women had PG readings consistent with no 
OSA more often than men, whereas moderate/severe OSA was signifi-
cantly more common in the male population. 

Bivariate analyses are presented in Table 2. Moderate and severe 
OSA was more common with increasing age and among male patients. 
Two of the symptoms (snoring, breathing cessations), all measurements 
(diastolic and systolic hypertension, BMI), and four of the self-reported 
comorbidities (hypertension, myocardial infarction, angina, diabetes) 
were more common in more severe OSA. Self-reported depression 
correlated negatively to OSA severity, whereas no relationship was 
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found between OSA and a history of stroke. 
In the multivariate analyses, older age, male sex, two of the OSA 

symptoms (snoring, breathing cessations during sleep), and clinical 
measurements of BMI ≥30 and diastolic BP ≥ 90 mmHg were all asso-
ciated with OSA for AHI cut-offs of both 15 and 30 (Table 3). Systolic 
hypertension was only associated with OSA for an AHI cut-off of 15. Of 
the self-reported co-morbidities, only hypertension correlated positively 

with OSA when an AHI cut-off of 15 was applied; for an AHI cut-off of 30 
both hypertension and a history of myocardial infarction were associ-
ated with OSA. Depression remained negatively correlated with OSA for 
an AHI cut-off of 15, but not for an AHI cut-off of 30 (Table 3). 

Interaction analyses between age and all other explanatory variables 
were statistically significant for sex, breathing cessations, measurements 
of a BMI ≥30 and a systolic BP ≥ 140 mmHg, and self-reported hyper-
tension, when an AHI ≥15 was the outcome variable (Table 4). For AHI 
≥30 as an outcome, statistically significant interactions were found 
between age and breathing cessations and BMI, with both variables 
conferring more than a two-fold risk of OSA in patients below 40 years of 
age, compared to in patients aged 60 years and higher (Table 4). 
Interaction analyses between sex and explanatory variables other than 
age returned statistically insignificant results. 

Based on the above findings, we wanted to create a simple-to-use 
prediction score for clinical practice. 

A predicted probability variable generated from age, sex, symptoms 
of snoring and breathing cessations, BMI, and self-reported hypertension 
discriminated well between patients with an AHI ≥30 and patients with 
an AHI <30 (Fig. 1). Adding self-reported myocardial infarction to the 
regression model did not significantly improve the area under the curve 
(AUC) of the ROC curve. Diastolic hypertension, although associated 
with severe OSA, was not included, as the purpose of this analysis was to 
examine the predictive properties of easily available data usually 
included in referrals for sleep studies. 

A clinical prediction model for severe OSA was developed, based on 
the presence or absence of six items associated with severe OSA, with 
each item assigned a score of either 0 or 1, making a total score ranging 
from 0 (no items present) to 6 (all items present). The items included in 
the model were age ≥50 years, male sex, snoring, breathing cessations, 
BMI ≥30, and self-reported hypertension. Overall, this model had a 
sensitivity of 94.0% and NPV of 96.8% for severe OSA when a score ≥3 
was set as cut-off, but analyses stratified by sex revealed sensitivities of 
82.7% and 95.9% in women and men, respectively. By removing male 
sex from the items included in the score, and thus ending up with a score 
ranging from 0 to 5, the sensitivity for severe OSA in women improved to 
97.5%, with a score ≥2 as cut-off. The predictive properties of this 
model are presented in Table 5. 

4. Discussion 

The main findings of this study were that older age, male sex, 
symptoms of snoring and breathing cessations, an elevated BMI, and 
hypertension (both reported and measured) were all strong predictors of 
severe OSA in a sleep clinic population. A score calculated from five of 
these variables (age ≥50 years, snoring, breathing cessations, BMI ≥30 
and self-reported hypertension) had a high sensitivity and NPV for se-
vere OSA, when a score ≥2 was set as cut-off. Consequently, a diagnosis 
of severe OSA is unlikely in patients positive for less than two of the 
aforementioned predictors. Breathing cessations and elevated BMI had 
weaker associations with severe OSA in patients aged 60 or higher, 
compared to the younger segment of the study population. Sex, how-
ever, did not significantly impact any of the predictors’ relationships to 
severe OSA. For self-reported daytime sleepiness and co-morbid 
depression, trends for negative associations to severe OSA were found. 

The major strength of the study was a large sample size, allowing for 
precision in estimates. Another asset was the ample collection of 
objectively measured data, such as height and weight, blood pressure, 
and PG sleep recordings. 

There were some limitations to the study. Firstly, OSA was diagnosed 
by PG and not PSG, leading to underestimation of the AHI. Secondly, 
former guidelines were applied in PG scoring, using desaturations of 4% 
to define hypopneas. Consequently, the occurrence of severe OSA 
probably was significantly lower than it would have been if PGs had 
been scored according to current guidelines. Thirdly, information about 
comorbidities was not collected from health records, but obtained via 

Table 1 
Characteristics of 3646 patients referred with suspicion of OSA.   

Women n = 1103 Men n = 2543 p* 

Age – yrs 50.6 ± 14.0 48.5 ± 13.1 <0.01 
Symptoms of OSA - no. (%) 

Snoring 793 (73.2) 2153 (85.6) <0.01 
Breathing cessations 353 (32.6) 1291 (51.3) <0.01 
Daytime sleepiness 827 (76.4) 1806 (71.8) <0.01 

Measurements 
BMI - Median (Range) 28.7 (16.7–64.2) 28.7 

(17.4–70.3) 
0.38 

Diastolic hypertension - no. 
(%) 

169 (16.8) 634 (27.1) <0.01 

Systolic hypertension - no. (%) 273 (27.1) 854 (36.5) <0.01 
AHI - no. (%) 
<5 514 (46.6) 766 (30.1) <0.01 
5–14.9 364 (33.0) 799 (31.4) 
15–29.9 137 (12.4) 494 (19.4) 
≥30 88 (8.0) 484 (19.0) 

Comorbidities - no. (%) 
Hypertension 358 (33.9) 870 (35.3) 0.42 
Myocardial infarction 27 (2.5) 159 (6.5) <0.01 
Stroke 22 (2.1) 66 (2.7) 0.26 
Angina pectoris 35 (3.4) 95 (4.0) 0.44 
Diabetes 99 (9.3) 209 (8.5) 0.42 
Depression 378 (36.2) 493 (20.2) <0.01 

BMI, body mass index; AHI, apnea hypopnea index. 
*Chi-Square test for all variables except Age (independent samples T-test) and 
BMI (Mood’s median test). 

Table 2 
Polygraphy results by age, sex, symptoms, clinical measurements or comorbid-
ities in 3646 patients with suspicion of OSA.   

AHI <15 15 ≤ AHI 
<30 

AHI ≥30 p* 

n %a n %a n %a 

Age 
<40 yrs. 736 85.6 56 6.5 68 7.9 <0.01 
40–59 yrs. 1259 65.5 364 19.0 297 15.5 
≥60 yrs. 448 51.7 211 24.4 207 23.9 

Sex 
Women 878 79.6 137 12.4 88 8.0 <0.01 
Men 1565 61.5 494 19.4 484 19.0 

Symptoms of OSA 
Snoring 1886 78.3 540 86.5 520 91.9 <0.01 
Breathing cessations 926 38.5 321 51.4 397 70.1 <0.01 
Daytime sleepiness 1792 74.4 439 70.4 402 71.0 0.06 

Measurements 
BMI ≥30 817 34.3 247 40.2 359 64.2 <0.01 
DBP ≥90 mmHg 440 19.8 165 28.1 198 36.8 <0.01 
SBP ≥140 mmHg 659 29.6 235 40.0 233 43.2 <0.01 

Comorbidities 
Hypertension 692 29.4 251 40.9 285 51.4 <0.01 
Myocardial infarction 90 3.8 39 6.4 57 10.3 <0.01 
Stroke 50 2.1 20 3.3 18 3.4 0.10 
Angina 71 3.1 28 4.7 31 5.7 <0.01 
Diabetes 171 7.3 69 11.2 68 12.3 <0.01 
Depression 636 27.3 126 20.9 109 19.7 <0.01 

*Chi-Square test. 
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood 
pressure. 

a Column percentages presented for all explanatory variables except Age and 
Sex, presented by row percentages. 
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self-reports, thereby introducing possible recall bias. 
The predictors of severe OSA in this study are in line with previously 

published reports as multiple studies have found OSA to be associated 
with increasing age, male sex, symptoms of snoring and breathing ces-
sations, elevated BMI, and hypertension [17]. 

The score calculated from the presence or absence of these items 
performed well in identifying patients unlikely to suffer from severe 
OSA. No previous study on exactly this prediction model has been 
published, but our results are comparable and non-inferior to data 
published on other clinical prediction tools. A recent meta-analysis, 
comparing four commonly used screening tools for OSA, the Berlin 
questionnaire, STOP-BANG questionnaire (SB), STOP questionnaire and 
Epworth sleepiness scale (ESS), found the SB to be the most accurate tool 
for detecting OSA, with sensitivity and specificity levels of 93% and 35% 
for severe OSA [18]. SB consists of eight dichotomous items (snoring (S), 
tiredness (T), observed apneas (O), high blood pressure (P), BMI (B), age 
(A), neck circumference (N), gender (G)) and was originally validated 
for use by anesthetists to screen surgical patients preoperatively [19], 

but has since also been widely used in sleep clinics. In a meta-analysis of 
nine studies from sleep clinic populations, the pooled sensitivity of a SB 
score ≥3 to predict severe OSA was 96%, and the corresponding NPV 
was 90% [20]. In fact, a recent study of a sleep clinic population in South 
Korea found that excluding tiredness and neck circumference, and thus 
only assessing six items, of which five were the same as the items 
constituting the prediction tool developed in our study, did not affect the 
screening performance of the questionnaire [21]. In our opinion, the 
prediction score developed in our study offers a clear advantage over the 
SB in that it consist of only five items, and information on these is usually 
provided in referrals for diagnostic evaluation of OSA. 

Finding no association between self-reported daytime sleepiness and 
severe OSA will perhaps be surprising to many, as daytime sleepiness is a 
common symptom in patients with OSA. Of note, in the present study 
sleepiness/tiredness was only assessed with a single question, and not by 
use of a more elaborate questionnaire. An earlier investigation of 
sleepiness in a subset of the same study population found a positive 
relationship between OSA severity and sleepiness, when sleepiness was 

Table 3 
Crude and adjusteda odds ratios for having OSA as defined by AHI cut-offs of 15 and 30.   

AHI ≥15 AHI ≥30 

Crude OR 95% CI Adjusted OR 95% CI Crude OR 95% CI Adjusted OR 95% CI 

Age 
<40 1  1  1  1  
40-59 3.12 2.52–3.85 2.96 2.36–3.71 2.13 1.62–2.81 1.89 1.41–2.55 
≥60 5.54 4.39–6.99 6.81 5.28–8.78 3.66 2.73–4.90 4.31 3.13–5.95 

Sex 
Women 1  1  1  1  
Men 2.44 2.06–2.88 2.61 2.16–3.14 2.71 2.13–3.44 2.64 2.03–3.44 

Symptoms of OSA 
Snoring 2.26 1.84–2.77 1.76 1.39–2.23 2.82 2.06–3.87 1.86 1.31–2.65 
Breathing cessations 2.44 2.11–2.81 1.97 1.67–2.31 3.36 2.77–4.08 2.71 2.19–3.36 
Daytime sleepiness 0.83 0.71–0.97 0.85 0.72–1.01 0.88 0.72–1.07 0.84 0.67–1.04 

Measurements 
BMI ≥30 2.04 1.77–2.36 2.24 1.92–2.62 3.26 2.70–3.94 3.65 2.98–4.47 
DBP ≥90 mmHg 1.93 1.64–2.27 1.58 1.32–1.89 2.12 1.74–2.58 1.72 1.39–2.15 
SBP ≥140 mmHg 1.69 1.45–1.96 1.20 1.01–1.42 1.63 1.35–1.97 1.13 0.92–1.40 

Comorbidities 
Hypertension 2.03 1.76–2.35 1.28 1.09–1.52 2.27 1.89–2.72 1.46 1.18–1.80 
Myocardial infarction 2.26 1.68–3.04 1.23 0.89–1.71 2.51 1.81–3.48 1.54 1.07–2.22 
Stroke 1.59 1.03–2.43 0.98 0.61–1.57 1.43 0.85–2.42 0.95 0.53–1.68 
Angina 1.71 1.20–2.43 0.98 0.66–1.45 1.70 1.12–2.57 1.08 0.68–1.71 
Diabetes 1.70 1.34–2.15 1.14 0.87–1.49 1.60 1.20–2.13 1.06 0.76–1.46 
Depression 0.68 0.57–0.81 0.78 0.65–0.95 0.70 0.56–0.88 0.83 0.65–1.07 

BMI = body mass index, DBP = diastolic blood pressure, SBP = systolic blood pressure. 
a Adjusting variables were age, sex, symptoms of OSA, and BMI. The other explanatory variables were added separately. 

Table 4 
Interaction analyses by age: Adjusteda odds ratios for having OSA as defined by AHI cut-offs of 15 and 30.   

AHI≥15 AHI≥30 

<40 yrs. 40–59yrs. ≥60yrs. <40yrs. 40–59yrs. ≥60yrs. 

OR 95% CI OR 95%CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Sex 
Women 1  1  1  No significant interaction 
Men 3.29 1.76–6.16 3.24 2.49–4.21 1.79 1.32–2.43 

Symptoms of OSA 
No breathing cessations No significant interaction 1  1  1  
Breathing cessations 3.34 1.98–5.86 3.53 2.61–4.76 1.63 1.14–2.34 

Measurements 
BMI<30 1  1  1  1  1  1  
BMI≥30 4.11 2.71–6.24 2.15 1.76–2.63 1.76 1.30–2.39 6.18 3.41–11.20 3.94 2.98–5.20 2.66 1.88–3.76 
SBP<140 mmHg 1  1  1  No significant interaction 
SBP≥140 mmHg 1.58 1.00–2.49 1.32 1.06–1.65 0.88 0.65–1.20 

Comorbidities 
No hypertension 1  1  1  No significant interaction 
Hypertension 2.45 1.46–4.09 1.31 1.06–1.62 1.14 0.85–1.53 

BMI, body mass index; SBP, systolic blood pressure. 
a Adjusting variables were age, sex, symptoms of OSA and BMI. 
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assessed using ESS [22]. The ESS was not utilized in the present study, as 
the main purpose was to identify easily available information predictive 
of OSA, and a questionnaire like the ESS was considered too cumber-
some for use by GPs. The results from the present study are, neverthe-
less, supported by several earlier reports, with sleepiness being neither 
specific nor sensitive to the diagnosis of OSA. Firstly, in a large com-
munity sample, Bixler et al. [23] identified the following risk factors for 
sleepiness in descending order: depression, obesity, increasing age, sleep 
duration, diabetes, smoking, and severity of OSA. Secondly, in devel-
oping a simplified screening questionnaire for OSA, Chai-Coetzer et al. 
[24] found no relationship between excessive daytime sleepiness and 

OSA. Although daytime sleepiness might not be predictive of severe 
OSA, it is an important factor to take into account when making treat-
ment decisions, as sleepy OSA patients are more likely than non-sleepy 
patients to respond and adhere to CPAP [25]. 

Depression, like OSA, is a common disorder with a prevalence in the 
adult Norwegian population of about 10% [26]. The prevalence of 
depression in the study population was substantially higher than in the 
general population, as 23% of the patients reported ever having been 
diagnosed with depression. Analyses revealed no positive correlations 
between depression and OSA, but rather the contrary in that increasing 
OSA severity was associated with reduced prevalence of depression. In a 
previous study from our research group, the negative correlation be-
tween depression and OSA severity in these patients was also evident 
when depression was assessed using the Hospital Anxiety and Depres-
sion Scale questionnaire [27]. Although a positive association between 
depression and OSA has been suspected, most studies have failed to 
demonstrate its existence [28,29]. A possible explanation to the high 
prevalence of depression in sleep clinic populations could be the 
aforementioned strong association between depression and daytime 
sleepiness [23]. 

According to the study hypothesis, we expected to find that pre-
dictors of severe OSA would have weaker relationships in older 
compared to younger adults, and in women compared to men. However, 
only two of the predictors (breathing cessations and BMI) had an age- 
dependent relationship to severe OSA, and none of the predictors were 
found to interact with sex and severe OSA. A possible explanation to the 
finding that breathing cessations confer a larger risk of severe OSA in 
younger compared to older adults, could be that older people are more 
likely to live alone, something that was not adjusted for in the analysis. 
The finding of obesity being more common in middle-aged than in older 
OSA patients, confirmed the results of a recent study [30]. As to the 
reason why age- and sex-dependent relationships to severe OSA were not 
found for more of the predictors, this probably relies on the selection of 
the study population, which consisted of patients referred mainly by GPs 
on the basis of classic symptoms of OSA. Thus, women with atypical 
symptoms and older adults with little or no symptoms were probably 
under-considered for referral. 

Past studies have reported that long waiting times for evaluation of 
sleep apnea is an international problem [31]. More recent statistics from 
Norway show considerable delay both from referral to diagnostic eval-
uation for OSA, and from a diagnosis of OSA is made until CPAP treat-
ment is initiated [4,5]. Further increases to these waiting times can be 

Fig. 1. Receiver operator curve: A predicted probability variable discrimi-
nating between patients with and without severe OSA, as defined by an apnea- 
hypopnea index above and below 30. Predicted probability variable calculated 
from regression model including age, sex, snoring, breathing cessations, BMI 
and self-reported hypertension. AUC 0.81. 

Table 5 
The predictive properties of an OSA score* in detecting severe OSA in 3456 patients referred for diagnostic respiratory polygraphy: The absence or presence of severe 
OSA for OSA score cut-offs of 1, 2, 3 and 4 in different age strata and in total study population.   

<40 yrs. 40–59 yrs. ≥60 yrs. Total 

AHI<30 AHI≥30 AHI<30 AHI≥30 AHI<30 AHI≥30 AHI<30 AHI≥30 

n % n % n % n % n % n % n % n % 

OSA score <1 90 12.2 1 1.6 52 3.3 0 0.0 0 0.0 0 0.0 142 4.9 1 0.2 
OSA score ≥1 650 87.8 60 98.4 1504 96.7 288 100.0 613 100.0 198 100.0 2767 95.1 546 99.8 
PPV (%) 8.5 16.1 24.4 16.5 
NPV (%) 98.9 100.0 no value 99.3 
OSA score <2 371 50.1 4 6.6 301 19.3 10 3.5 43 7.0 7 3.5 715 24.6 21 3.8 
OSA score ≥2 369 49.9 57 93.4 1255 80.7 278 96.5 570 93.0 191 96.5 2194 75.4 526 96.2 
PPV (%) 13.4 18.1 25.1 19.3 
NPV (%) 98.9 96.8 86.0 97.1 
OSA score <3 620 83.8 25 41.0 799 51.3 55 19.1 180 29.4 25 12.6 1599 55.0 105 19.2 
OSA score ≥3 120 16.2 36 59.0 757 48.7 233 80.9 433 70.6 173 87.4 1310 45.0 442 80.8 
PPV (%) 23.1 23.5 28.5 25.2 
NPV (%) 96.1 93.6 87.8 93.8 
OSA score <4 725 98.0 51 83.6 1270 81.6 159 55.2 422 68.8 77 38.9 2417 83.1 287 52.5 
OSA score ≥4 15 2.0 10 16.4 286 18.4 129 44.8 191 31.2 121 61.1 492 16.9 260 47.5 
PPV (%) 40.0 31.1 38.8 34.6 
NPV (%) 93.4 88.9 84.6 89.4 

PPV, positive predictive value; NPV, negative predictive value. 
*OSA score calculated from the presence or absence of age ≥50 yrs, snoring, observed apneas, BMI ≥30, and hypertension, range 0–5. 
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expected as a consequence of the ongoing Covid-19 pandemic, under-
scoring the need for improved health prioritization. 

To conclude, by applying the prediction score devised from pretest 
data in this study, patients referred under suspicion of OSA with a 
negative score are unlikely to have severe OSA and thus should be 
considered for less urgent diagnostic evaluation than patients with a 
positive score. However, we would advise this score to be used as a 
supplement to, rather than a replacement for, clinical judgement, when 
prioritizing referrals for sleep diagnostics, as OSA is a multidimensional 
disorder and its severity is dependent on several factors, not just the AHI. 
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