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TO THE EDITOR:

Obstructive sleep apnea syndrome (OSAS) is a common 
condition, affecting 5-20% of the adult population.(1) 
Validated diagnostic methods, including polysomnography 
and home sleep apnea testing (HSAT), are not available 
at every center, making them poorly accessible in most 
countries, including Chile.

Clinical prediction models are useful in order to evaluate 
the population at risk for OSAS.(2) However, it remains 
unclear which instrument or measure is most effective. 
It seems to depend on the population studied, and there 
are no surveys or clinical parameters that have been 
validated for use in Chile. We designed a study to evaluate 
the performance of the Snoring, Tiredness, Observed 
apnea, high blood Pressure, Body mass index, Age, Neck 
circumference, and Gender (STOP-Bang) questionnaire, 
the Epworth Sleepiness Scale,(3) the snoring scale,(4) the 
Sleep Apnea Clinical Scale (SACS),(5) and determination 
of neck circumference in patients suspected of having 
OSAS in Chile.

Adult patients undergoing sleep studies were prospectively 
evaluated for clinical suspicion of OSAS and were referred 
for HSAT. Initially, we evaluated a population of such 
patients treated at a clinical hospital between 2013 and 
2016. We subsequently evaluated a population of such 
patients treated at a private clinic between 2016 and 2018. 
Patients suspected of having a sleep disorder other than 
OSAS were excluded. Before conducting the diagnostic 
study, we applied the following instruments in all of the 
patients: the Epworth Sleepiness Scale(3); the modified 
snoring scale(6); the STOP-Bang questionnaire(7); and the 
SACS,(5) which is used in order to calculate the adjusted 
neck circumference (ANC).(2) The study was approved by 
the local research ethics committee, and all participating 
patients gave written informed consent.

To perform HSAT, we used a portable sleep monitoring 
device (Embletta; Natus Medical, Foster City, CA, USA). 
In accordance with the requirements of the American 
Academy of Sleep Medicine recommendations for level 
3 sleep studies (those involving the use of portable 
equipment, performed in the home or elsewhere),(8) 
the tests were performed in the home of the patient, 
who is given prior instruction. The HSAT results were 
analyzed manually by a pulmonologist. The patient was 
categorized as having OSAS if the apnea-hypopnea index 

(AHI) was ≥ 5 events/h and as having severe OSAS if 
the AHI was ≥ 30 events/h.

The results are expressed as mean ± standard deviation. 
Quantitative variables were analyzed by Student’s t-tests, 
and qualitative variables were compared by chi-square 
tests with confidence intervals (CIs). The result of the 
HSAT was used as the reference standard, normal HSAT 
results being used as the reference population.

Discrimination was evaluated by constructing ROC 
curves for each AHI cutoff point. We calculated the values 
for sensitivity, specificity, positive likelihood ratio, and 
negative likelihood ratio. The ROC curves were used 
in order to evaluate tests that presented area under 
the curve (AUC) > 0.7. Data analysis and recording 
were performed with Excel 2011 software and with the 
Statistical Package for the Social Sciences, version 12.0 
(SPSS Inc., Chicago, IL, USA). Values of p < 0.05 were 
considered statistically significant.

A total of 759 patients were included in the study: 520 
in the clinical hospital group; and 239 in the private clinic 
group. In the clinical hospital group, the AUC for the risk 
of a diagnosis of OSAS, as determined with the various 
instruments, were as follows: STOP-Bang questionnaire 
(AUC = 0.77; CI: 0.70-0.84); SACS (AUC = 0.77; CI: 0.71-
0.84); ANC determination (AUC = 0.79; CI: 0.72-0.85); 
snoring scale (AUC = 0.63; CI: 0.55-0.70); and Epworth 
Sleepiness Scale (AUC = 0.48; CI: 0.39-0.56). The risk 
of a diagnosis of severe OSAS was comparable for the 
SACS, STOP-Bang questionnaire, and ANC determination 
(AUC = 0.852, 0.837, and 0.863, respectively). As can 
be seen in Table 1, the best STOP-Bang cutoff score 
was ≥ 5 points, which had a sensitivity and specificity 
of 81.7% and 61.4%, respectively, for predicting an AHI 
≥ 5 events/h and of 90.0% and 61.4%, respectively, for 
predicting an AHI ≥ 30 events/h. The best cutoff score 
on the SACS was ≥ 48 points, which had a sensitivity 
and specificity of 66.2% and 72.4%, respectively, 
for predicting a diagnosis of OSAS and of 77.4% and 
72.4%, respectively, for predicting a diagnosis of severe 
OSAS. Finally, the best cutoff ANC was ≥ 40 cm, which 
had a sensitivity and specificity of 77.3% and 67.2%, 
respectively, for predicting a diagnosis of OSAS and of 
87.5% and 67.2%, respectively, for predicting a diagnosis 
of severe OSAS. In our validation cohort (private clinic 
group), contingency tables showed that those cut-off 
points still had the best sensitivity and specificity for 
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Table 1. Performance of instruments employed for predicting an apnea-hypopnea index ≥ 5 events/h or ≥ 30 events/h 
in patients suspected of having obstructive sleep apnea syndrome in Chile.

Cutoff Clinical hospital group Private clinic group
(n = 520) (n = 239)

Se Sp PPV NPV LR+ LR− Se Sp PPV NPV LR+ LR−
STOP-Bang (AHI ≥ 5 events/h)

≥ 1 pt 100.0 0.0 88.7 * 1.0 * 100.0 0.0 81.7 * 1.0 *
≥ 2 pts 99.8 1.8 88.8 50.0 1.02 0.13 99.5 2.3 82.0 50.0 1.02 0.22
≥ 3 pts 99.8 8.8 89.6 83.3 1.09 0.03 98.4 20.9 84.8 75.0 1.24 0.07
≥ 4 pts 96.0 22.8 90.7 41.9 1.24 0.18 92.7 41.9 87.7 56.3 1.59 0.17
≥ 5 pts 81.7 61.4 94.3 29.9 2.12 0.3 78.1 72.1 92.6 42.5 2.8 0.3
≥ 6 pts 55.0 80.7 95.7 18.6 2.85 0.56 46.9 88.4 94.7 27.1 4.03 0.6
≥ 7 pts 23.3 91.2 95.4 13.2 2.65 0.84 19.8 97.7 97.4 21.4 8.51 0.82
8 pts 5.1 100.0 100.0 11.9 * 0.95 4.7 100.0 100.0 19.0 * 0.95

STOP-Bang (AHI ≥ 30 events/h)
≥ 1 pt 100.0 0.0 78.7 * 1.0 * 100.0 0.0 59.0 * 1.0 *
≥ 2 pts 100.0 1.8 78.9 100.0 10.2 0.0 100.0 2.3 59.6 100.0 1.02 0.0
≥ 3 pts 100.0 8.8 80.2 100.0 1.1 0.0 100.0 20.9 64.6 100.0 1.26 0.0
≥ 4 pts 99.0 22.8 82.5 86.7 1.28 0.04 100.0 41.9 71.3 100.0 1.72 0.0
≥ 5 pts 90.0 61.4 89.6 62.5 2.33 0.16 92.1 72.1 82.9 86.1 3.3 0.11
≥ 6 pts 69.0 80.7 92.9 41.4 3.58 0.38 55.6 88.4 87.5 57.6 4.78 0.5
≥ 7 pts 30.5 91.1 92.8 25.9 3.41 0.76 27 97.7 94.4 47.7 11.6 0.75
8 pts 5.7 100.0 100.0 22.4 * 0.94 9.5 100.0 100.0 43.0 * 0.9

SACS (AHI ≥ 5 events/h)
38-42 pts 98.7 19.0 90.6 64.7 1.22 0.07 98.5 15.9 83.8 70.0 1.17 0.1
43-47 pts 91.6 39.7 92.4 37.1 1.52 0.21 89.2 50.0 88.8 51.2 1.78 0.22
≥ 48 pts 66.2 72.4 95.0 21.2 2.4 0.47 54.9 84.1 93.9 29.6 3.45 0.54

SACS (AHI ≥ 30 events/h)
38-42 pts 100.0 19.0 82.5 100.0 1.23 0.0 100.0 15.9 62.6 100.0 119.0 0.0
43-47 pts 98.2 39.7 86.1 85.2 1.63 0.05 98.4 50.0 73.5 95.7 1.97 0.03
≥ 48 pts 77.4 72.4 91.4 45.7 2.8 0.31 66.1 84.1 85.4 63.8 4.16 0.4

Neck circumference (AHI ≥ 5 events/h)
38 cm 86.8 46.6 92.8 30.7 1.62 0.28 92.3 34.1 86.1 50.0 1.4 0.23
39 cm 83.1 60.3 94.3 31.0 2.1 0.28 87.7 40.9 86.8 42.9 148.0 0.3
40 cm 77.3 67.2 94.9 27.1 2.36 0.34 81.5 59.1 89.8 41.9 1.99 0.31
41 cm 68.0 75.9 95.7 22.9 2.82 0.42 69.2 68.2 90.6 33.3 2.18 0.45
42 cm 56.5 84.5 96.7 19.6 3.64 0.51 55.4 77.3 91.5 28.1 2.44 0.58
43 cm 45.0 87.9 96.7 16.7 3.73 0.63 42.7 88.6 94.3 26.2 3.76 0.65
44 cm 36.6 94.8 98.3 15.8 7.07 0.67 31.3 95.5 96.8 23.9 6.88 0.72
≥ 45 cm 28.4 96.6 98.5 14.5 8.22 0.74 21.5 100.0 100.0 22.3 * 0.78

Neck circumference (AHI ≥ 30 events/h)
38 cm 94.6 46.6 87.1 69.2 1.77 0.12 93.5 34.1 66.7 78.9 1.42 0.19
39 cm 92.3 60.3 89.9 67.3 2.33 0.13 90.3 40.9 68.3 75.0 1.53 0.24
40 cm 87.8 67.2 91.1 59.1 2.68 0.18 87.1 59.1 75.0 76.5 2.13 0.22
41 cm 78.7 75.9 92.6 48.4 3.26 0.28 77.4 68.2 77.4 68.2 2.43 0.33
42 cm 67.0 84.5 94.3 40.2 4.32 0.39 59.7 77.3 78.7 57.6 263 0.52
43 cm 57.0 87.9 94.7 34.9 4.72 0.49 54.8 88.6 87.2 58.2 4.83 0.51
44 cm 48.0 94.8 97.2 32.4 9.27 0.55 41.9 95.3 92.9 53.2 9.02 0.61
≥ 45 cm 38.9 96.6 97.7 293 11.29 0.63 29.0 100.0 100.0 50.0 * 0.71
Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; LR+: positive 
likelihood ratio; LR−: negative likelihood ratio; STOP-Bang: Snoring, Tiredness, Observed apnea, high blood 
Pressure, Body mass index, Age, Neck circumference, and Gender (questionnaire); AHI: apnea-hypopnea index; 
pt(s): point(s); and SACS: Sleep Apnea Clinical Scale. *Not estimable.

predicting a diagnosis of OSAS—STOP-Bang score 
≥ 5: 78.1% and 72.1%, respectively; SACS score ≥ 
48: 54.9% and 84.1%, respectively; and an ANC ≥ 
40 cm: 81.5% and 59.1%, respectively—as well as 

for predicting a diagnosis of severe OSAS—STOP-Bang 
score ≥ 5: 92.1% and 72.1%, respectively; SACS score 
≥ 48: 66.1% and 84.1%, respectively; and an ANC ≥ 
40 cm: 87.1% and 59.1%, respectively.
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In the present study, the STOP-Bang questionnaire 
showed the best performance in a population at risk 
for OSAS, similar to what was reported in a study 
conducted in Brazil.(9) In a systematic review and 
meta-analysis, a STOP-Bang cutoff score ≥ 3 had 
an AUC of 0.72 (with a sensitivity and specificity of 
90% and 49%, respectively) for predicting an AHI ≥ 
5 events/h.(10) For predicting an AHI ≥ 30 events/h, 
the authors found the sensitivity and specificity of that 
same cut-off score to be 96% and 25%, respectively. 
However, when they applied a STOP-Bang cutoff score 
≥ 5, the predictive performance of the questionnaire 
was similar to that found in the present study.

The SACS is easy to use, and a score of < 43 makes the 
presence of OSAS less likely. It can thus help clinicians 
exclude patients with very low probability of presenting 
OSAS. In addition, the simplicity of the index, which 
evaluates only four domains (daily functioning, social 
interactions, emotional functioning, and symptoms), 
makes it very attractive to use. A score ≥ 48 has a 
sensitivity and specificity of 72% and 84%, respectively, 
for the diagnosis of OSAS; therefore, patients meeting 
that criterion could be studied by HSAT.(2)

The ANC is the most useful anthropometric measure 
for the study of OSAS, more useful than weight and 
body mass index. Even when compared with nocturnal 
oximetry parameters, ANC has been shown to be 
better,(11) with an OR of 3.72 (CI: 2.2-6.31) when an 
ANC cut-off ≥ 41 cm is applied. In the present study, 
the ANC with the best sensitivity and specificity was 
40 cm. This measurement is very useful in men who 

know their shirt size, because wearing a shirt with a 
≥ 17-inch neck translates to having an ANC ≥ 43 cm, 
which has a sensitivity of 45% and a specificity of 88% 
for the diagnosis of OSAS. 

Other questionnaires showed unclear utility in clinical 
practice. First, the Epworth Sleepiness Scale had the 
lowest sensitivity of the instruments used in predicting 
OSAS. Second, for the selected targets of ≥ 5 and ≥ 
30 events/h, the snoring scale presented AUCs of 0.63 
and 0.69, respectively. Another candidate, the Berlin 
questionnaire, was not tested, because of its documented 
poor performance in the Chilean population.(12)

In conclusion, among individuals suspected of having 
OSAS in Chile, the STOP-Bang questionnaire and the 
SACS, by virtue of their high sensitivity, may help 
clinicians identify those who do not require further 
study. In contrast, individuals with a STOP-Bang 
score ≥ 5, a SACS score ≥ 48, or an ANC ≥ 43 cm 
are likely to present OSAS, requiring prioritization of 
their diagnosis and treatment.
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