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Purpose: Mixed events in obstructive sleep apnea (OSA) patients (mixed-OSA) indicate respiratory regulation instability and are
essential for OSA pathogenesis and prognosis. It also shows a decreased compliance with continuous positive airway pressure (CPAP).
Using predictors to identify mixed-OSA has significant clinical guidance for OSA precise diagnosis and treatment. This study aimed to
establish a simple and accessible method for rapid screening of mixed-OSA, thus promoting OSA precise diagnosis.
Patients and Methods: A total of 907 patients with suspected OSA were screened, of which 513 OSA patients, including 344 with
pure-OSA and 169 with mixed-OSA, were finally included in the study. The clinical characteristics and polysomnography (PSG)
parameters of the two OSA groups were compared. Multivariate logistic regression analysis was used to investigate the factors
affecting the morbidity of mixed-OSA. The receiver operating characteristic (ROC) curve was used to explore if some convenient PSG
parameters can be used to predict mixed-OSA.
Results: About 33% of OSA patients were identified as mixed-OSA. Multivariate logistic regression analysis showed that apnea hypopnea
index (AHI) and lowest oxygen saturation (LSO2) were independently associated with mixed-OSA after adjusting for age, sex, body mass
index (BMI), smoking, drinking, hypertension, and Epworth Sleepiness Score (ESS) (AHI: OR=1.046, 95% CI 1.032–1.060, P < 0.001;
LSO2: OR=0.958, 95% CI 0.936–0.981, P < 0.001). ROC curve analysis showed that AHI > 47 or LSO2 < 77% indicated mixed-OSA. The
sensitivity and specificity of AHI> 47 was 0.952 and 0.652, respectively, and 0.822 and 0.675 for LSO2 < 77%, respectively.
Conclusion: Our research found that AHI > 47 or LSO2 < 77% are independently associated with mixed-OSA and can be used to
quickly identify the occurrence of mixed-OSA. Therefore, this study can help detect mixed-OSA and precise individual diagnosis of
OSA patients.
Keywords: mixed events, apnea hypopnea index, lowest saturation, precise individual diagnosis

Introduction
Obstructive sleep apnea (OSA) significantly impacts human health and has a high and increasing prevalence
worldwide.1–5 A previous study found that untreated OSA is related to increased mortality in patients with heart
failure.6 Therefore, it is necessary to screen OSA patients for early treatment to improve OSA-related chronic diseases
and health levels of the general population. Studies have confirmed that continuous positive airway pressure (CPAP) is
among the widely accepted methods for improving OSA symptoms.7–12 Nevertheless, the acceptability and adherence of
patients to CPAP have different and unsatisfactory responses, affecting its effectiveness.13–16 Low CPAP compliance and
non-individualized diagnosis and treatment cause varying damages to the target organ in OSA patients.17,18 The
occurrence of mixed events in OSA patients (mixed-OSA) was related to the stability of the ventilatory control and
the severity of the disease. Studies had demonstrated that mixed-OSA was associated with more complex sleep apnea,
less optimal therapy, higher titrated CPAP and lower compliance to CPAP.19,20 Therefore, it is necessary to do an early
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screening of mixed-OSA for precise OSA diagnosis and treatment. Some PSG parameters used to describe OSA can be
used as predictors to identify mixed-OSA patients.

This study investigated the clinical features of mixed-OSA and pure-OSA patients. Moreover, the incidence of mixed-
OSA was predicted using apnea hypopnea index (AHI) and lowest oxygen saturation (LSO2), which are the main
parameters in portable polysomnography (PSG). This study aimed to establish a simple and accessible method for rapid
screening of mixed-OSA, thus promoting OSA precise diagnosis.

Materials and Methods
Study Design and Subject
Data from 907 patients were obtained from the Third Hospital of Hebei Medical University between Jan 25, 2017, and
Aug 1, 2020. Inclusion criteria were: (1) patients aged ≥ 18 years old; (2) patients completing an overnight PSG; (3)
patients with an initial diagnosis of OSA and did not receive any treatment before admission; (4) patients with pure-OSA
(no central part of the whole event) or mixed-OSA (the duration of the central part more than 10 seconds and less than
80% of the whole event); (5) patients with mixed sleep apnea index (MAI) ≥ 5. Exclusion criteria were: (1) patients with
MAI < 5; (2) patients with central sleep apnea (no obstructive part of the whole event or the duration of the central part
more than 80%) index (CAI) >5, or CAI > obstructive sleep apnea index (OAI), or the occurrence of Cheyne-Stokes
respiration (CSR); (3) patients with other sleep disorders, such as insomnia, narcolepsy, periodic leg movement, and
restless legs syndrome; (4) patients with other diseases or taking drugs that can affect sleep and daytime sleepiness; (5)
patients with incomplete data. A total of 223 of 907 patients had a CAI > 5, CAI > OAI, and CSR presence. A total of
171 of the remaining 684 patients had a MAI ranging from 0 to 5 and were excluded from the analysis. Eventually, 513
OSA patients were included in the study. Based on the MAI, the patients were further divided into pure-OSA and mixed-
OSA groups (344 and 169, respectively). The Ethics Committee of the Third Hospital of Hebei Medical University
approved this study (No. Science2020-037-1), and each patient signed informed consent. The information that could
cause privacy disclosure was concealed during data collection.

Definition of Pure-OSA and Mixed-OSA
A generally recognized criterion, AHI ≥5 (which was scored according to the American Academy of Sleep Medicine
(AASM), 2007 criteria), was used to define OSA.12,21 OSA patients were further screened based on MAI. OSA patients
with an MAI = 0 were classified as a pure-OSA group, and those with MAI ≥ 5 were classified as mixed-OSA group
based on the criteria used in previous literature.20,22

Polysomnography
All patients underwent overnight standard PSG (EMBLA S4500, USA), including electroencephalography (the recording
electrodes were placed according to the international 10/20 system), submental electromyography, electrooculography,
and electrocardiography. Thoracoabdominal movements and airflow were recorded using respiratory inductance plethys-
mography and an oronasal thermistor. A position sensor was used to monitor the positions of patients. A pulse oximeter
(Nonin, USA) fixed on the middle finger was used to detect oxygen saturation continuously during sleep. An infrared
video camera was used to record the behaviors of patients throughout the night.

The scoring of sleep stages and respiratory events was conducted based on the AASM Manual for the Scoring of
Sleep and Associated Events. A technician with more than ten years of work experience on PSG scoring provided rules,
terminologies, and technical specifications. Apnea events were defined as the absence of oronasal airflow that persisted
for more than 10 seconds. Mixed apnea was defined as a central event that persisted for more than 10 seconds in the
beginning, with an obstructive subsequent event type and the duration of the central part less than 80% of the whole
event. Hypopnea events were defined as the occurrence of a more than 50% decrease in airflow from the baseline for
more than 10 seconds and simultaneous oxygen saturation decline ≥3% from the baseline.
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Data Collection
Clinical data of patients, including age, sex, body mass index (BMI), Epworth Sleepiness Score (ESS), history of
smoking and drinking, diabetes, hypertension, hyperlipidemia, coronary heart disease (CHD), cerebrovascular diseases
(CVD), were obtained from the medical records. The PSG parameters, including total sleep time (TST), sleep efficiency
(SE), sleep latency (SLT), rapid eye movement sleep (REM) latency (RSLT), percentage of non-rapid eye movement
(NREM), sleep stage 1, 2 and 3 (N1, N2, and N3), percentage of REM sleep, arousal index (ArI), AHI, CAI, OAI, MAI,
mean saturation (MSO2), and LSO2 were recorded and analyzed.

Statistical Analyses
SPSS 22.0 software (IBM Corp., NY, USA) was used for statistical analyses. A normality test was conducted before
statistical comparisons. Continuous variables with normal distribution are expressed as mean ± standard deviation.
Between-group comparisons were conducted using an independent sample t-test. Non-normally distributed data were
expressed as median (first quartile, third quartile) and were compared using the Mann–Whitney U method. Enumeration
data were expressed as numbers (proportion) of cases, and the differences in constituent ratios between the two groups
were assessed using the chi-square test. Multivariate logistic regression analysis was used to determine the association
between AHI and LSO2 and the morbidity of mixed-OSA. Receiver operating characteristic (ROC) curves were used to
determine the cut-off values of AHI and LSO2 for predicting the mixed-OSA. P < 0.05 was considered as the statistically
significant difference.

Results
A total of 513 of 907 OSA patients were included in this study. The patients were divided into the pure-OSA group
(n=344) and the mixed-OSA group (n=169). The average age of patients in the pure-OSA and mixed-OSA groups was
47.8±12.3 and 49.2±10.6 years, respectively. The two groups had no significant difference in age. The proportion of
males was significantly higher in mixed-OSA (94.7%) than in pure-OSA (78.2%, P < 0.001, Table 1). Similarly, the
percentage of smoking, drinking, and hypertension were higher in the mixed-OSA group (smoking: P < 0.05, drinking:
P < 0.001, hypertension: P < 0.01, Table 1) than in pure-OSA. Mixed-OSA Patients also had higher BMI and ESS (BMI:
P < 0.001, ESS: P < 0.001, Table 1) than pure-OSA patients. The two groups had no significant differences in the
proportion of patients with diabetes, hyperlipidemia, CHD, and CVD.

Sleep quality, respiratory events, and oxygen saturation were assessed using the PSG data of the two OSA subgroups
to clarify the distinctive characteristics of mixed-OSA patients further. Mixed-OSA patients had a significantly increased
AHI and decreased MSO2 and LSO2 compared with pure-OSA patients (P < 0.001, Table 2).

This study further explored the role of AHI and LSO2 in the morbidity of mixed-OSA. This study showed that sex,
BMI, and ESS were associated with mixed-OSA, consistent with previous studies (P < 0.01, Table 3).20,23 Multivariate

Table 1 Clinical Characteristics of Patients with Pure-OSA and Mixed-OSA

Pure-OSA (n=344) Mixed-OSA (n=169) P value

Age (years) 47.8±12.3 49.2±10.6 0.212
Sex, male/female (male%) 269/75 (78.2) 160/9 (94.7) < 0.001

BMI 28 (25.9, 30.5) 30 (27.7, 33) < 0.001

Smoking (n, %) 144 (41.9) 91 (53.8) < 0.05
Drinking (n, %) 188 (54.7) 104 (61.5) < 0.001

Diabetes (n, %) 41 (11.9) 18 (10.6) 0.64

Hypertension (n, %) 153 (44.5) 97 (57.4) < 0.01
Hyperlipidemia (n, %) 92 (26.7) 59 (34.9) 0.10

CHD (n, %) 31 (9) 22 (13) 0.185

CVD (n, %) 25 (7.3) 16 (9.5) 0.465
ESS 7 (4, 12) 14 (9, 18) < 0.001

Abbreviations: BMI, body mass index; CHD, coronary heart diseases; CVD, cerebrovascular diseases; ESS, Epward sleepiness scale.
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logistic regression analysis also showed that AHI and LSO2 were independently and significantly associated with mixed-
OSA after adjusting for age, sex, BMI, smoking, drinking, hypertension, and ESS (AHI: OR=1.046, 95% CI 1.032–
1.060, P < 0.001; LSO2: OR=0.958, 95% CI 0.936–0.981, P < 0.001, Table 3). AHI and LSO2 were positively and
negatively related to the incidence of mixed-OSA, respectively.

This study then investigated if a quantized value of AHI and LSO2 can predict the occurrence of mixed-OSA. ROC
curves were used to determine the cut-off values of AHI and LSO2 for predicting mix-OSA. AHI > 47 could predict mixed-
OSA at MAI ≥ 5, with a sensitivity and specificity of 0.952 and 0.652, respectively (AUC = 0.822, P < 0.001, Figure 1A and
Table 4). Similarly, LSO2 < 77% could also predict mixed-OSA at MAI ≥ 5, with a sensitivity and specificity of 0.822 and
0.675, respectively (AUC = 0.792, P < 0.001, Figure 1B and Table 5). This study used different criteria to further verify the
results since previous studies also used the different criteria to define mixed-OSA.19,23 At MAI > 0, the cut-off value for AHI
and LSO2 to predict mixed-OSAwere 47 and 77%, respectively (AHI: sensitivity = 0.752, specificity = 0.652, AUC = 0.731,
P < 0.001, Figure 1C and Table 4; LSO2: sensitivity = 0.652, specificity = 0.675, AUC = 0.696, P < 0.001, Figure 1D and
Table 5). Moreover, at MAI > 30%, the cut-off value for AHI and LSO2 to predict mixed-OSA were 48 and 73%,
respectively (AHI: sensitivity =0.809, specificity = 0.438, AUC = 0.628, P < 0.001, Figure 1E and Table 4; LSO2: sensitivity
=0.642, specificity = 0.643, AUC = 0.636, P < 0.001, Figure 1F and Table 5).

Table 2 Sleep Characteristics of OSA Patients with Pure-OSA and Mixed-OSA

Pure-OSA (n=344) Mixed-OSA (n=169) P value

TST (min) 390.8 (335.5, 438.8) 428 (376, 475) < 0.001
SE (%) 87.8 (78.4, 92.2) 90.3 (87, 93.5) < 0.001

SLT (min) 6 (3, 13.6) 5 (2.4, 9) 0.001

RSLT (min) 84.3 (67.5, 122.6) 87.5 (65, 123) 0.792
N1% 21 (14.3, 29.5) 41.6 (31, 52) < 0.001

N2% 43.8±9.7 37.7±10.8 < 0.001

N3% 11.15 (5.2, 16.6) 0 (0, 3.2) < 0.001
REM% 19.25 (15, 23.6) 18 (14.4, 22) 0.071

ArI 32 (19.7, 53.6) 68.6 (60, 79.3) < 0.001
AHI 33.6 (15.5, 55.9) 70 (61.2, 81.4) < 0.001

15>AHI≥5 (n, %) 76 (22.1) 0 (0) < 0.001

30>AHI≥15 (n, %) 80 (23.3) 1 (0.6) < 0.001
AHI≥30 (n, %) 188 (54.7) 168 (99.4) < 0.001

MSO2 94.3 (92.8, 95.3) 91 (87.7, 93.1) < 0.001

LSO2 82 (75, 87) 67 (59, 74) < 0.001

Abbreviations: TST, total sleep time; SE, sleep efficiency; SLT, sleep latency; RSLT, REM sleep latency; NREM, non-rapid eye movement
sleep; N1, NREM sleep stage 1; N2, NREM sleep stage 2; N3, NREM sleep stage 3; REM, rapid eye movement sleep; ArI, arousal index; AHI,
apnea-hypopnea index; MSO2, mean oxygen saturation; LSO2, lowest oxygen saturation.

Table 3 Multivariate Logistic Regression Analysis of Factors Associated with
Mixed-OSA

OR 95% CI P value

Sex (male) 0.263 (0.11, 0.626) 0.003

BMI 1.099 (1.079, 1.164) 0.003

ESS 1.071 (1.027, 1.117) 0.001
AHI 1.046 (1.032, 1.060) 0.000

LSO2 0.958 (0.936, 0.981) 0.000

Abbreviations: BMI, body mass index; ESS, Epworth sleeping scale; AHI, apnea-hypopnea index; LSO2,
lowest oxygen saturation.
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Discussion
A major finding of this study is that AHI and LSO2 can predict occurrence of mixed-OSA. Specifically, AHI > 47 or
LSO2 < 77% can be used as clinical predictor of mixed events in patients with OSA. In our view, the most important and
clinically useful aspect of the current work is establishment of a novel, simple screening tool for patients with mixed-
OSA.

Herein, pure-OSA and mixed-OSA patients had significantly different clinical traits. Unlike previous studies,19,20,22,23

we found that patients with mixed-OSA are more likely to have a history of smoking, drinking, and hypertension. The
results also demonstrated that patients with mixed-OSA had a significantly increased percentage of N1 sleep, a reduced
percentage of N2 sleep, and an almost complete loss of N3 sleep compared with pure-OSA. Moreover, the increased ArI
indicated that sleep fragmentation is significant in mixed-OSA than in pure-OSA. Studies have indicated that more
arousal during sleep indicates poor stability of respiratory monitoring,24,25 consistent with this study. Besides, the
appearance of mixed events indicates the reduced stability of respiratory regulation, which is related to lower CPAP
compliance in some OSA patients.19 In this study, multivariate logistic regression analysis showed that AHI and LSO2

Figure 1 ROC curves of the cut-off value for AHI and LSO2 to predict mixed-OSA. (A, C, E) ROC curves of the cut-off values for AHI to predict mixed-OSA with different
criteria to define mixed-OSA, which were MAI ≥ 5 (A), MAI > 0 (C), and MAI > 30% AI (E), respectively. (B, D, F) ROC curves of the cut-off values for LSO2 to predict
mixed-OSA with different criteria to define mixed-OSA, which were MAI ≥ 5 (B), MAI > 0 (D), and MAI > 30% AI (F), respectively.

Table 4 Cut-off Value of AHI for Predicting Mixed-OSA with Different MAI Criteria

MAI Criteria Cut-off Value Sensitivity Specificity AUC P value

MAI > 0 47 0.752 0.652 0.731 < 0.001

MAI ≥ 5 47 0.952 0.652 0.822 < 0.001
MAI > 30% AI 48 0.809 0.438 0.628 < 0.001

Abbreviations: MAI, mixed sleep apnea index; AHI, apnea-hypopnea index; AUC, area under curve.
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were the risk factors for mixed-OSA. Of note, the AHI ≥ 5 was used to define OSA in this study. However, previous
studies on mixed-OSA, such as Lee and colleagues, defined OSA as AHI ≥ 1520 and Yamauchi as AHI > 20.19 However,
studies confirmed that mild OSA (5 ≤ AHI ≤ 15) is associated with clinical comorbidities, such as prevalent
hypertension,21 poorer sleep quality,26 cognitive impairments, and higher ESS,27 which are significantly correlated
with mixed-OSA. Moreover, CPAP can also treat patients with mild OSA, especially when diagnosis and treatment
are initiated early.12,28 Therefore, a criterion of AHI ≥ 5 is suitable to define OSA when assessing mixed-OSA. Besides,
previous studies have also different definitions of mixed OSA. To examine whether these different definitions influence
the prediction of mixed OSA, three different criteria (MAI > 0,23 MAI ≥ 5,20,22 and MAI >30% AI19) were employed to
calculate the cut-off values for predicting mixed-OSA based on the definition of mixed-OSA in previous studies.
Although MAI >0 and MAI ≥ 5 had the same cut-off values, MAI ≥ 5 had higher sensitivity and AUC. The cut-off
values of AHI and LSO2 were higher and lower, respectively, at MAI>30% AI than at MAI >0 and MAI ≥ 5, indicating
a more severe OSA. Therefore, MAI ≥ 5 is suitable for defining mixed-OSA.

Collectively, the aforementioned findings indicate that mixed-OSA is related to the demographic data, symptoms,
comorbidities, and outcomes of OSA.19,20,22,23 The results obtained here will guide the formulation of specific and
individualized diagnostic indicators for OSA patients. As far as we know, the diagnosis of mixed OSA mainly depends
on PSG. Although PSG is the gold standard for determining sleep disorder breathing events, including obstructive,
central, and mixed events,29 however, it has some disadvantages, such as its expensiveness, inconvenience, complexity,
and requirement to operate in a sleep laboratory, which limits its wide application.30,31 In recent years, portable PSG or
home sleep apnea test,1,32 have been widely adopted for OSA monitoring due to recognition of the importance of
screening OSA (especially during the current COVID-19 period) and the limited number of medical sleep centers to
conduct PSG monitoring.33 However, portable devices,34,35 such as Level 3 or 4 diagnostic equipment used to monitor
the overnight airflow or oxygen saturation for OSA detection, cannot directly detect mixed-OSA based on the
recommendations of the AASM, the American College of Chest Physicians, and the American Thoracic Society.34,36

Therefore, clinically convenient and accurate prediction indicators for mixed-OSA are urgently needed. The results from
our study suggest that the commonly used PSG parameters AHI and LSO2, which portable PSG can easily detect, are
independently associated with mixed-OSA. Furthermore, for the first time, this study showed that the cut-off values of
AHI > 47 and LSO2 < 77% can predict mixed-OSA. Therefore, this study provides faster and more practical indicators
for screening mixed-OSA, which marks the instability of the respiratory control system of OSA.19,20

To our knowledge, this is the largest study to investigate mixed-OSA to date. The study comprehensively analyzed
several factors such as population information, behavior habits, medical history, and PSG parameters. However, this
study had the following limitations: First, it is a retrospective study, and selection bias is inevitable. Further longitudinal
studies should be conducted to investigate the dynamic changes of mixed-OSA in OSA patients and analyze the effects of
these mixed events on OSA comorbidities. Second, this study only used data from one centre representative of patients in
central China. Multi-centre studies with larger populations are needed to further confirm the results. Third, this study has
not revealed the underlying mechanisms of the prevalence ratio of mixed-OSA. Further experiments should determine
the pathogenesis of mixed-OSA and develop effective treatments.

Conclusion
In summary, mixed-OSA is a common OSA with more severe clinical symptoms than pure-OSA. For instance, Mixed-
OSA patients are associated with more severe sleep apnea, lower oxygen supply, poor sleep quality, extreme daytime

Table 5 Cut-off Value of LSO2 for Predicting Mixed-OSA with Different MAI Criteria

MAI Criteria Cut-off Value Sensitivity Specificity AUC P value

MAI > 0 77 0.652 0.675 0.696 < 0.001
MAI ≥ 5 77 0.822 0.675 0.792 < 0.001

MAI > 30% AI 73 0.642 0.643 0.636 < 0.001

Abbreviations: MAI, mixed sleep apnea index; LSO2, lowest oxygen saturation; AUC, area under curve.
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sleepiness, multiple complications, and harmful living habits, affecting the quality of life and prognosis of OSA. AHI >
47 or LSO2 < 77% can be used as predictor for mixed-OSA and has important clinical significance for refining diagnosis
and improving the OSA treatment effectiveness.
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