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Overnight pulse oximetry for screening of obstructive sleep apnea 
in at-risk adult patients in the primary care setting: prospective case 
series

Lap-Kin Chiang1, Cheuk-Wai Kam1, Lorna V. Ng1

Abstract

Objective: To estimate prevalence of OSA among at risk adult patients in primary care setting. 

To test the correlation and agreement between overnight pulse oximetry and polysomnography 

(PSG). To test the OSA screening performance of overnight pulse oximetry.

Design and Setting: Prospective case series involving adult Chinese patients with risk fac-

tors for OSA at a primary care clinic of Hong Kong.

Methods: The prevalence and severity of OSA were established based on overnight pulse 

oximetry derived oxygen desaturation index (ODI). Screening performance of overnight pulse oxi-

metry was compared directly with gold standard diagnostic test PSG.

Results: Three hundred and five male and 229 female patients were recruited. Snoring 

(48.3%) was the top presenting symptom. Three hundred and twenty five patients (60.9%) were 

screened positive to have OSA. One hundred and nine patients had performed PSG, the ODI_4 and 

apnoea-hypopnea index (AHI) had Pearson correlation coeffi cient 0.71 (P<0.001). Bland and Alt-

man plot showed good agreement. Using designation criteria of ODI_4≥5 events/hr, the sensitivity 

and specifi city for OSA diagnosis are 94.4% and 78.9% respectively.

Conclusion: The prevalence of OSA is 60.9% among adult primary care population who are 

at risk for OSA. Overnight pulse oximetry shows good performance as a screening tool for the 

screening of OSA.
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Introduction

Obstructive sleep apnea (OSA) is a common 

sleep condition characterized by complete or 

partial airway obstruction caused by pharyn-

geal collapse during sleep, resulting in health 

impairment and other related injuries. The prev-

alence of OSA was estimated to be as high as 

20%–30% in the middle-aged population [1, 2]. 

According to an epidemiological study in Hong 

Kong, the prevalence of OSA (apnea–hypopnea 

index (AHI) ≥5) was 8.8% in men and 3.7% 

in women, and the prevalence of OSA syn-

drome (AHI ≥5 and daytime sleepiness) 

was 4.1% in men and 2.1% in women [3, 4]. 

Cardiovascular [5–10], metabolic [11–13], 

and neuropsychological morbidities [14–16] 

and increased risk of motor vehicle accidents 

[17–19] have been demonstrated in individu-

als with untreated OSA. Overnight full-chan-

nel polysomnography (PSG) performed in 
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a sleep laboratory remains the gold standard diagnostic test. 

However, PSG is time-consuming and costly and requires 

expertise for interpretation [20]. Young et al. [21] reported that 

in 82% of men and 93% of women with moderate to severe 

sleep apnea, sleep apnea had not been diagnosed.

There is some evidence that the prevalence of OSA among 

patients in the primary care setting is higher than in epide-

miological studies conducted in the community because of the 

higher prevalence of risk factors or comorbidities associated 

with OSA [22]. The pretest probability for OSA is approxi-

mately 30% [23, 24]. Because of limitations of clinical assess-

ment and the lack of a diagnostic test, the usual practice for 

primary health care physicians is referral of all such patients to 

a respiratory physician or sleep center for a confi rmation test. 

According to Flemons et al. [25], the waiting time for the sleep 

service in fi ve countries ranged from 2 to 60 months.

Oximetry alone is often used as the fi rst screening tool for 

OSA because of the universal availability of cheap recording 

pulse oximeters [26]. According to a review by Nikolaus et al. 

[27], there is a broad range of sensitivity and specifi city for pulse 

oximetry as a screening tool for sleep-disordered breathing, with 

sensitivity ranging from 31% to 98% and specifi city ranging 

from 41% to 100%.

Chiang et al. [28] conducted a study in a regional primary 

care clinic in Hong Kong and concluded that overnight pulse 

oximetry has good correlation with PSG. This study recruited 

consecutive subjects to estimate the prevalence of OSA among 

at-risk adult patients in the primary care setting to test the cor-

relation and agreement between overnight pulse oximetry and 

PSG and to test the screening performance of portable over-

night pulse oximetry.

Methods

Study population

Consecutive patients aged 18 years or older attending a pri-

mary care clinic affi liated with a regional hospital in Hong 

Kong with one or more of the following criteria were selected 

for OSA screening: body mass index greater than 25 kg/m2; 

neck circumference greater than 16 inches for women and 

greater than 17 inches for men; young hypertension;1 poorly 

1 Young hypertension refers to diagnosed hypertension and to anti-

hypertensive treatment before the age of 40 years.

Study population 

Adult patient with any risk factor for OSA in the primary
care setting   

OSA screening: From April 2010 to June 2014
Overnight pulse oximetry performed at home: 534 

Analysis:  

Based on overnight pulse oximetry
-    Prevalence of OSA
-    Severity of OSA

Selected patients had PSG done: 109 

-    By sleep service at hospital or at
      community Sleep Centre
-    Confirmation of OSA   

Analysis: 109 

Based on overnight pulse oximetry and PSG 
-    Correlation between overnight pulse oximetry and PSG
-    Screening performance of overnight pulse oximetry 

Fig. 1. Study fl ow chart.

OSA, obstructive sleep apnea; PSG, polysomnography.

controlled hypertension;2 poorly controlled type 2 diabetes 

mellitus;3 congestive heart failure; cardiac arrhythmia; erec-

tile dysfunction of undetermined cause; subjective daytime 

sleepiness; excessive snoring during sleep; ambulatory blood 

pressure monitoring – confi rmed nocturnal nondipper; and 

cerebrovascular disorders. Exclusion criteria included the fol-

lowing: hemoglobin level below 10 g/dL; poor tissue perfu-

sion (such as Raynaud disease, nail vanish, fungal infection of 

nails); chronic obstructive pulmonary disease; and diffi culty 

in cooperation (such as dementia).

Study design

After operation of the portable pulse oximeter had been mas-

tered, the machine was loaned to recruited patients to perform 

overnight pulse oximetry by themselves at home (Fig. 1). The 

computer-generated overnight pulse oximetry data were man-

ually verifi ed by the investigator for validity. If the report sug-

gested the patient had moderate or severe OSA, the patient was 

referred to the sleep service for further confi rmation. Besides, 

2 Poorly controlled hypertension refers to blood pressure persis-

tently higher than 140/90 mm Hg despite optimal treatment with 

three or more antihypertensive agents.

3 Poorly controlled type 2 diabetes mellitus refers to two consecu-

tive glycated hemoglobin measurements greater than 8% despite 

optimal treatment with oral hypoglycemic agents.
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patients could consider having an overnight sleep study (PSG) 

performed at the community sleep study center. The poly-

somnograms of selected patients if done were collected for 

analysis.

Measurement

Portable pulse oximeter: A Konica Minolta Pulsox-300i 

portable pulse oximeter was used for this study. Pulse rate and 

arterial oxygen saturation (SaO
2
) were continuously measured 

overnight, and the data were stored in the oximeter. Recorded 

data were then transferred to a computer for processing and 

analysis. The SaO
2
 analysis, pulse rate analysis, oxygen desat-

uration index (ODI; number of oxygen desaturation events per 

hour of measurement time), and pulse disorder index (pulse 

rise events per hour of measurement time) will be generated in 

oximetry report.

Polysomnography: Some patients had at-home PSG done 

by the community sleep center. All PSG data were recorded by 

a computerized polysomnographic system (Alice 5, Philips). 

These included standardized montage: two-channel electro-

encephalograms, electro-oculograms, submental and leg elec-

tromyograms, electrocardiograms, airfl ow measurement by a 

thermistor, thoracoabdominal movements measured by induc-

tive plethysmography, and SaO
2
 measured with a pulse oxi-

meter.

Event defi nition: For both PSG and overnight pulse oxime-

try, apneas, hypopneas, AHI, oxygen desaturation, and ODI 

were defi ned according to standard criteria. The PSG AHI was 

considered as the diagnostic defi nition for OSA, where OSA 

severity is categorized as mild (AHI=5–14 events per hour), 

moderate (AHI=15–30 events per hour), and severe (AHI>30 

events per hour) [29].

Oxygen desaturation was defi ned as a decrease of 4% or 

more from the baseline SaO
2
 [27]. ODI_4 was used as the 

screening diagnostic criterion in this study. Participants who 

had sleep-disordered breathing events associated with fi ve or 

more oxygen desaturation events of the peripheral artery of 

4% or more per hour (ODI_4≥5 events per hour) were defi ned 

as screening-positive patients. For screening-positive patients, 

the severity of OSA was also determined by cutoff as mild 

(ODI_4=5–14 events per hour), moderate (ODI_4=15–30 

events per hour), or severe (ODI_4>30 events per hour).

Statistical analysis

Descriptive statistics including mean, standard deviation (SD), 

frequency, and percentage were used to summarize the charac-

teristics of the variables. The diagnosis of OSA was determined 

by PSG (i.e., the gold standard test). The correlation and agree-

ment of overnight pulse oximetry and PSG in the diagnosis of 

OSA were assessed by Pearson’s product-moment correlation 

coeffi cient (r value) and Bland–Altman plots [30] respectively. 

The sensitivity and specifi city of overnight pulse oximetry at 

various cutoff points in screening of OSA were tabulated and 

plotted as a receiver operating characteristic (ROC) curve. The 

analysis was conducted with MedCalc (version 14.10.2).

Ethics approval

The study was approved by Hong Kong Hospital Authority 

Kowloon West Cluster Research Ethics Committee.

Results

From April 1, 2010, to June 30, 2014, 305 male patients (57.1%) 

and 229 female patients (42.9%) were involved in the OSA 

screening study. Table 1 summarizes the patients’ character-

istics, anthropomorphic measurements, and overnight pulse 

oximetry results.

Their mean (SD) age was 54.1 (13.5) years, the mean 

(SD) body mass index was 27.0 (4.7) kg/m2, the mean (SD) 

neck circumference was 37.8 (2.9) cm, and the mean (SD) 

Epworth Sleepiness Scale score was 9.8 (5.5). Two of the lead-

ing  presenting symptoms were snoring (48.3%) and excessive 

 daytime sleepiness (15.2%), while the commonest comorbidities 

were hypertension (44.9%), obesity (44.9%), and hyperlipidemia 

(20.2%). The mean clinic blood pressure was 130.1/77.6 mm Hg.

Prevalence of OSA

On the basis of the screening designation of overnight 

pulse oximetry (ODI_4≥5 events per hour), 60.9% patients 

(325/534) were screened as having OSA. The proportions 

of mild, moderate, and severe OSA based on ODI_4 deter-

mination were 57.6% (187/325), 28.9% (94/325), and 13.5% 

(44/326) respectively.
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Table 1. Summary of patient characteristics

 Number Percentage Mean SD

Study population

 Male

 Female

 534

305

229

 

57.1

42.9

 

–

–

 

–

–

Age (years)    54.1 13.5

Smoker/ex-smoker  42 7.9  

Chronic comorbidities

 Hypertension

 Diabetes mellitus

 Impaired fasting glucose

 Hyperlipidemia

 Ischemic heart disease

 Congestive heart failure

 Atrial fi brillation

 Stroke

 Obesity (BMI≥25 kg/m2)

 

289

93

23

108

12

9

6

14

240

 

54.1

17.4

4.3

20.2

2.2

1.7

1.1

2.6

44.9

 

–

–

–

–

–

–

–

–

–

 

–

–

–

–

–

–

–

–

–

Primary symptoms/indication

 Snoring

 Witnessed apnea/apneic attack

 Excessive daytime sleepiness

 Tiredness/malaise

 Obesity

 Young hypertension

 Nocturnal nondipper

 Other symptoms/indication

 

258

6

81

22

47

29

73

18

 

48.3

1.1

15.2

4.1

8.8

5.4

13.7

3.4

 

–

–

–

–

–

–

–

–

 

–

–

–

–

–

–

–

–

BMI (kg/m2)  – – 27 4.7

Neck circumference (cm)  – – 37.8 2.9

Systolic BP (mm Hg)  – – 130.1 13.9

Diastolic BP (mm  Hg)  – – 77.6 11.4

Epworth Sleepiness Scale score  – – 9.8 5.7

ODI_4 (events per hour)

 <5 (overall OSA categories)

 5–14 (mild OSA categories)

 15–30 (moderate OSA categories)

 >30 (severe OSA categories)

 –

325

187

94

44

 –

60.9

35.0

17.6

8.3

 11.8

–

–

–

–

 14.5

–

–

–

–

BMI, body mass index; BP, blood pressure; ODI_4, oxygen desaturation index of 4%; SD, standard deviation.

Overnight pulse oximetry and PSG

In 109 patients PSG was performed either at the hospital sleep 

center or at home by the community sleep service center. 

The PSG-derived AHI was a mean 29.2 events per hour 

and the SD was 24.6 events per hour, while overnight pulse 

oximetry–derived ODI_4 was a mean 18.6 events per hour and 

the SD was 17.7 events per hour.

The scatter plot (Fig. 2) demonstrates a linear relationship 

between ODI_4 and AHI. ODI_4 and AHI have r=0.71 (95% 

confi dence interval 0.59–0.79, P<0.001). The mean difference 
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Fig. 3. Bland–Altman plot illustrating the agreement between ODI_4 

and apnea–hypopnea index (AHI).

SD, standard deviation.

Scatterplot of AHI vs ODI_4
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D
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AHI
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Fig. 2. The scatterplot of ODI_4 against apnea–hypopnea index (AHI).

Table 2. Screening performance of overnight pulse oximetry for various designation

ODI designation Sensitivity 95% CI Specifi city 95% CI PPV (%) NPV (%)

ODI_4≥5 94.4 87.5–98.2 78.9 54.4–93.9 95.5 75.0

ODI_4≥10 73.3 63.0–82.1 84.2 60.4–96.6 95.7 40.0

ODI_4≥15 62.2 51.4–72.2 100 82.4–100 100 34.5

CI, confi dence interval; ODI, oxygen desaturation index; ODI_4, oxygen desaturation index of 4%; NPV, negative predictive value; PPV, 

positive predictive value.

between ODI_4 and AHI is −10.5 events per hour, while the 

SD of the difference is 8.9 events per hour. The Bland–Altman 

plot is illustrated in Fig. 3. The mean difference between 

AHI and ODI_4 and its ±1.96 SD gives the limits of agree-

ment between the two measurement tools. Most of the dots 

lie between the boundary of ±1.96 SD of the mean difference 

lines except for a few outliers, which indicates good agreement 

between ODI_4 and AHI.

Screening performance of overnight pulse oximetry

The screening performance of overnight pulse oximetry at 

various values of ODI_4 is tabulated in Table 2. An ROC 

curve of ODI_4 in the diagnosis of OSA is shown in Fig. 4. On 

the basis of the ROC curve of ODI_4, the best cutoff criterion 

is 4.42 events per hour, with sensitivity of 76.7% and specifi c-

ity of 78.9%. With use of the case designation criterion of fi ve 

or more events per hour for ODI_4, the sensitivity and speci-

fi city for OSA diagnosis are 94.4% and 78.9% respectively.

Discussion

This prospective case series study revealed that OSA is com-

mon among at-risk adult patients in the primary care setting, 

and that overnight pulse oximetry shows good performance as 

a screening tool for OSA.

A vast number of patients have risk factors or are sus-

pected of having OSA in primary care. Oximetry alone is 

often used as the fi rst screening tool for OSA because of 

the universal availability of cheap recording pulse oxime-

ters [26]. In Japan, overnight pulse oximetry has been used 

for OSA screening for workers in transport, construction, 

retail, and security companies [31]. Nikolaus et al. [27] con-

cluded that there is wide range of sensitivity and specifi city 
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for overnight pulse oximetry and there is no uniform defi ni-

tion for a normal or abnormal ODI [27]. In the studies by 

Stradling and Crosby [32] and Kripke et al. [33] the threshold 

for an abnormal ODI was fi ve or more desaturation events 

per hour. With use of the same cutoff designation of ODI_4 

in our study, 60.9% of the selected population in primary 

care was screened positive for OSA, while 42.4% had at least 

moderate severity.

For a screening test, sensitivity measures how good the test 

is at correctly identifying ‘diseased’ individuals and speci-

fi city measures how good the test is at correctly identifying 

‘nondiseased’ individuals. To be an effective screening tool 

for OSA, overnight pulse oximetry must be able to screen 

out patients with all levels of disease severity and to rule out 

patients without disease in a manner that is less expensive 

than current diagnostic procedures. We investigated the per-

formance of overnight pulse oximetry as a screening tool for 

OSA by comparing its screening performance directly with 

that of PSG.

In our study, ODI_4 and AHI had good correlation. 

Nevertheless, ODI_4 was globally less useful than AHI, the 

reasons for which are unclear. Decreased sleep effi ciency may 

decrease the ODI since it is derived from the total probe-on 

ODI_4

0 20 40 60 80 100

0

20

40

60

80

100

100-Specificity

S
en

si
tiv

ity

 Sensitivity: 96.7
 Specificity: 78.9
 Criterion: >4.42

Fig. 4. Receiver operating characteristic curve of ODI_4 designation 

in the diagnosis of obstructive sleep apnea.

time and not the total sleep time [34]. Furthermore, technical 

limitations may impair the detection of hypopneic changes. 

The typical cyclical drop in SaO
2
 in patients with OSA lags 

45–60 s behind a respiratory event and should be accurately 

detected at this measurement speed [35]. With use of this des-

ignation in our study, the sensitivity and specifi city are 94.4% 

and 78.9% respectively, while the positive predictive value and 

negative predictive value are 95.5% and 75.0% respectively. 

The results support the proposition of overnight pulse oxime-

try as the screening tool for OSA for selected populations in 

the primary care setting.

Implications

On the basis of current available evidence or recommendations 

from American Academy of Sleep Medicine, it is suggested 

that continuous positive airway pressure might be initiated in 

selected patients if they have OSA-associated symptoms and 

overnight pulse oximetry–confi rmed OSA of at least moderate 

severity [29]. It can avoid unnecessary referrals and the cur-

rent long waiting time needed to see a respiratory specialist in 

the public health sector. It can also expedite early management 

of OSA, resulting in prevention of OSA-related complications. 

For those patients with severe OSA (i.e., indication for contin-

uous positive airway pressure), urgent referral to a respiratory 

specialist is justifi ed.

Limitation

This is a case series study, and not all patients with risk fac-

tors for OSA were recruited for OSA screening, and there may 

have limitations in the generalizability of the results. A well-

designed cross-sectional study may be constructed to investi-

gate the actual prevalence of OSA in the primary care setting. 

Most PSG investigations are done by a community sleep 

center, and computer-generated PSG reports may be limited 

in their validity.

Conclusion

It is estimated that there is high prevalence of OSA among at-

risk adult patients in primary care. Overnight pulse oximetry 

shows good correlation and agreement with PSG and has good 

screening performance as a screening tool for the screening of 

OSA in the primary care setting.
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Signifi cance statement

Pulse oximetry is often used as the fi rst screening tool for 

obstructive sleep apnea (OSA) but with variable range of sen-

sitivity and specifi city. This study recruits consecutive and rep-

resentative patients from the primary care setting indicated for 

OSA screening with overnight pulse oximetry. There is high 

prevalence of screening positive OSA among at-risk patients in 

primary care. As compared directly with gold standard diag-

nostic test polysomnography (PSG), overnight pulse oximetry 

shows good screening performance and is a good screening tool 

for OSA in the primary care.
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