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Purpose: Snoring patients, as a high-risk group for OSA, are prone to the combination of severe OSA and face serious health threats.
The aim of our study was to develop and validate a nomogram to predict the occurrence of severe OSA in snorers, in order to improve
the diagnosis rate and treatment rate in this population.

Patients and Methods: A training cohort of 464 snoring patients treated at our institution from May 2021 to October 2022 was
divided into severe OSA and non-severe OSA groups. Univariate and multivariate logistic regression were used to identify potential
predictors of severe OSA, and a nomogram model was constructed. An external hospital cohort of 210 patients was utilized as an
external validation cohort to test the model. Area under the receiver operating characteristic curve, calibration curve, and decision
curve analyses were used to assess the discriminatory power, calibration, and clinical utility of the nomogram, respectively.
Results: Multivariate logistic regression demonstrated that body mass index, Epworth Sleepiness Scale total score, smoking history,
morning dry mouth, dream recall, and hypertension were independent predictors of severe OSA. The area under the curve (AUC) of
the nomogram constructed from the above six factors is 0.820 (95% CI: 0.782—0.857). The Hosmer-Lemeshow test showed that the
model had a good fit (P = 0.972). Both the calibration curve and decision curve of the nomogram demonstrated the corresponding
dominance. Moreover, external validation further confirmed the reliability of the predicted nomograms (AUC=0.805, 95% CI: 0.748—
0.862).

Conclusion: A nomogram predicting the occurrence of severe OSA in snoring patients was constructed and validated with external
data for the first time, and the findings all confirmed the validity of the model. This may help to improve existing clinical decision
making, especially at institutions that do not yet have devices for diagnosing OSA.
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Introduction

Obstructive sleep apnea (OSA) is a common chronic sleep-related disorder characterized by recurrent airway
obstruction." The disease is associated with decreased oxygen saturation, sleep disruption, and excessive daytime
sleepiness, and can associated with hypertension, cerebrovascular disease, cognitive dysfunction, type 2 diabetes, and
other multisystem damage.? Typical symptoms of OSA include sleep snoring, apnea, decreased sleep quality, daytime
sleepiness or sleepiness, increased nighttime urination, and other neuropsychiatric symptoms, including poor concentra-
tion, memory loss, irritability, anxiety or depression.’ In 2007, the WHO estimated that more than 100 million people
worldwide were affected by OSA. However, in 2019, studies suggested that more than 936 million people worldwide are
already affected by OSA, with China being the highest (more than 170 million), followed by the United States, Brazil and
India.* Awareness of OSA in the general population is significantly low, and diagnostic and therapeutic approaches are

often nonexistent or inappropriate. Even in developed countries, most cases of OSA remain undiagnosed and untreated.’
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Snorers have a high prevalence of OSA, but some of them are also simple snorers.® Unfortunately, the majority of
studies have failed to distinguish patients with simple snoring from those with combined OSA in an objective manner.’
And the risk of severe OSA is significantly higher than that of mild and moderate OSA, which may be related to its
greater susceptibility to serious complications and vehicle accidents.® A study by Gunes et al’ revealed structural changes
and malformations in the corpus callosum of the brain in patients with severe OSA, but this change was not found in the
snoring-only group and in the mild and moderate OSA groups. Lin et al found that among asthma patients with combined
mild, moderate, and severe OSA, those with combined severe OSA had lower lung function parameters, such as peak
expiratory flow, forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), and FEV1/FVC, than those
with mild or moderate OSA.'® Pedrefio et al demonstrated that severe OSA impairs the latency of auditory event-related
potentials because of the increased latency of the P300 component of tone burst stimuli in patients with severe OSA
compared to patients with non-OSA or mild and moderate OSA, which implies a decreased speed of sound information
processing in patients with severe OSA.'' Therefore, it is advisable to be more sensitive to patients with suspected severe
OSA during clinical treatment, and early diagnosis and intervention can minimize their disability and mortality rates.

Currently, manual overnight Polysomnography (PSG) is the gold standard for confirming the diagnosis of OSA and
determining its severity, but manual overnight PSG suffers from high equipment and environmental requirements, complex
analytical techniques, and high costs, making it difficult to meet the clinical needs of screening and diagnosis of the large OSA
population.'* With the continuous updating of monitoring equipment and accumulation of clinical practice, the results of
a large number of studies have shown that portable monitoring (PM) has a high sensitivity and specificity in the diagnosis of
OSA under the premise of rational application, and plays an essential role in the current OSA diagnosis and treatment."> For
patients with a high likelihood of OSA and no serious comorbidities, PM is not inferior to laboratory PSG."*

The discomfort of wearing and the cumbersome process of both PSG and PM have caused a lot of inconvenience to
physicians and patients. Therefore, it is urgent to find easy ways to identify OSA, especially patients with severe OSA
should be identified in time to significantly reduce the danger of complications caused by the disease, reduce the burden
on families, and save medical resources. Based on this, in the present study, we attempted to explore the potential risk
factors for the occurrence of severe OSA in snoring patients and to construct a clinically feasible nomogram to improve
the diagnosis of severe OSA, followed by timely intervention to reduce the harm caused by it as much as possible.

Materials and Methods
Study Design and Population

In this retrospective study, patients who referred to the Department of Respiratory Medicine at the First Affiliated
Hospital of Anhui University of Chinese Medicine for snoring between May 2021 and October 2022 and underwent
overnight PM served as the training cohort for this study. Data for the validation cohort of 210 cases were obtained from
the Affiliated Hospital of Hangzhou Normal University. Patients were excluded based on the following criteria: (a) age
below 18 years; (b) combination of severe underlying disease (eg, acute heart failure, respiratory failure, or patients
requiring oxygen for other conditions); (c) incomplete clinical information; (d) previous diagnosis of OSA; (e) sleep
monitoring results of central sleep apnea.

Sleep Evaluation

All participants are required to use an Australian ApnealLink Air Class III portable sleep monitor for overnight sleep
breathing monitoring, and the main contents recorded included: chest and abdominal movements, oral and nasal airflow,
snoring, oxygen saturation, heart rate and body position. According to the American Academy of Sleep Medicine
(AASM) 2012 guidelines, sleep apnea is defined as a complete cessation of airflow during sleep, or a reduction in airflow
of more than 90% for >10 seconds. Hypoventilation was defined as a >30% decrease in nasal and oral airflow during
sleep from baseline levels for >10 s, accompanied by a >3% decrease in oxygen saturation or microarousals.'” The
degree of the condition was judged according to the sleep apnea hypoventilation index (AHI): simple snoring (AHI < 5
events/h), mild OSA (5 events/h < AHI < 15 events/h), moderate OSA (15 events/h < AHI < 30 events/h), and severe
(AHI > 30 events/h).
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Data Collection

Data collected from patients who met the inclusion criteria included general information (sex, age, height, weight, history
of smoking, history of alcohol consumption, where BMI was calculated by dividing weight by the square of height),
clinical manifestations common to OSA (dizziness, chest tightness, dry mouth in the morning, dream recall), and
comorbid underlying disease conditions (hypertension, diabetes, gastroesophageal reflux disease (GERD)). Among
them, dream recall refers to being able to recall dreams at least 5 mornings a week.'®!” In addition, patients were
asked to complete the Epworth Sleepiness Scale, which scores patients on the likelihood of falling asleep in eight
different situations. A score of 0 (never drowsy), 1 (mildly likely), 2 (moderately likely), and 3 (very likely), with a total
score of 0 to 24, meaning no daytime sleepiness to extreme sleepiness, and a score of >10 indicating excessive daytime
sleepiness.'®

Development and Assessment of the Nomogram

Single-factor regression analysis was employed to screen the influencing factors for the occurrence of severe OSA in
snoring patients (P < 0.05 was considered significant), and then multi-factor logistic regression analysis was performed to
analyze the screened influencing factors, and finally the independent influencing factors (P < 0.05) were selected to
develop a clinical prediction model and create the corresponding nomogram. The Hosmer-Lemeshow test was conducted
to determine the fit of the model (P >0.05 indicates a good scoring model), and the AUC and consistency index (C-index)
were used to evaluate the discrimination of the model, and the calibration curve and DCA were applied to assess the
calibration and the net clinical benefit of the model, respectively.

Statistical Analysis

The descriptive analyses were performed using SPSS version 23.0 for Windows (IBM, Chicago, IL, USA). Information
on numerical variables conforming to a normal distribution was expressed using the mean + standard deviation and
compared using the student’ #-test. Skewed distributions were then expressed as median (M) and interquartile range (P25-
P75) using the nonparametric Mann—Whitney U. Count data were expressed as ratios (%) using chi-square tests. The
nomograms, fit, discrimination, calibration, and clinical decision curves of the model were then statistically analyzed

EEINNT3

using the packages “rms”, “pROC”, “ggplot2”, and “rmda” in the R version 4.2.1 software (http://www.r-project.org/).

All statistics were tested using a two-sided test, and differences were considered statistically significant at P<0.05.

Results

General Characteristics

The clinical data of the 515 patients in the training cohort were collected from the First Affiliated Hospital of Anhui
University of Chinese Medicine. A total of 51 did not meet the inclusion criteria because 7 were younger than 18 years
old, 14 had severe combined underlying diseases (mainly acute heart failure, end-stage malignancy, liver failure, etc.), 16
had incomplete clinical data (missing information on age, height, weight, ESS questionnaire.), 6 were previously
diagnosed with OSA, and 8 others were finally diagnosed with CSA. Therefore, 464 patients were included in the
final training cohort (Figure 1). The mean BMI in the training group was 27.3 (24.4, 29.7) kg/m? and the mean ESS was
5.0 (3.0, 9.0) points. 42% of the patients had a history of smoking. The proportion of those presenting with morning dry
mouth and dream recall was 29.1% and 18.5%, respectively. The percentage of those with combined hypertension was
43.8% (Table 1). The 210 patients in the external validation group were obtained from the Affiliated Hospital of
Hangzhou Normal University. Their mean BMI was 26.4 (24.2, 28.4) kg/m® and mean ESS was 4.5 (1.0, 6.0) points.
The smokers accounted for 41.4%. The rates of people with symptoms of dry mouth in the morning and dream recall at
night were 58.6% and 33.8%, respectively. Combined hypertension was 41.0% (Table 1).

According to the AHI, 234 (50.4%) of the training group were included in the severe OSA group and 230 (49.6%) were
included in the non-severe OSA group. 60 (26.1%) of the non-severe OSA group had simple snoring, 75 (32.6%) had mild OSA,
and 95 (41.3%) had moderate OSA. Compared with the non-severe OSA group, the severe OSA group was characterized by
a larger proportion of males, higher BMI and ESS scores, a higher existence of a history of smoking and alcohol consumption,
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Figure | Process diagram for patient selection.

515 snoring patients admitted to The First Affiliated Hospital of Anhui University
of Chinese Medicine from May 2021 to September 2022
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a greater tendency to have dry mouth in the moming and dream recall, and often combined with a higher prevalence of

hypertension (P<0.05).However, there were no significant differences between the two groups in terms of age, dizziness, chest
stuffiness, diabetes and GERD, and a total of 14 relevant factors were incorporated (Table 2).

Table | Baseline Clinical Features of the Study Participants [M (P25, P75)/N (%)]

Variable Total Training Cohort | Validation Cohort P
(N=674) (N=464) (N=210)

Gender 0.006
Male 546 (81.0%) 363 (78.2%) 183 (87.1%)

Female 128 (19.0%) 101 (21.8%) 27 (12.9%)

Age (years) 47.0 (35.0, 58.0) 50.0 (38.8, 59.3) 40.0 (31.3, 48.8) 0.000
BMI (kg/m?) 27.0 (244, 29.4) 27.3 (244, 29.7) 26.4 (24.2, 28.4) 0.011
ESS total score 5.0 (3.0, 8.0) 5.0 (3.0, 9.0) 4.5 (1.0, 6.0) 0.000
Smoking history 0.884
Yes 282 (41.8%) 195 (42.0%) 87 (41.4%)

No 392 (58.2%) 269 (58.0%) 123 (58.6%)

Drinking history 0.931
Yes 313 (46.4%) 216 (46.6%) 97 (46.2%)

No 361 (53.6%) 248 (53.4%) 113 (53.8%)

(Continued)
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Table | (Continued).

Variable Total Training Cohort | Validation Cohort P
(N=674) (N=464) (N=210)

Dizzy 0.145

Yes 199 (29.5%) 145 (31.3%) 54 (25.7%)

No 475 (70.5%) 319 (68.7%) 156 (74.3%)

Chest tightness 0.146

Yes 162 (24.0%) 119 (25.6%) 43 (20.5%)

No 512 (76.0%) 345 (74.4%) 167 (79.5%)

Morning dry mouth 0.000

Yes 258 (38.3%) 135 (29.1%) 123 (58.6%)

No 416 (61.7%) 329 (70.9%) 87 (41.4%)

Dream recall 0.000

Yes 157 (23.3%) 86 (18.5%) 71 (33.8%)

No 517 (76.7%) 378 (81.5%) 139 (66.2%)

Hypertension 0.497

Yes 289 (42.9%) 203 (43.8%) 86 (41.0%)

No 385 (57.1%) 261 (56.2%) 124 (59.0%)

Diabetes 0.000

Yes 105 (15.6%) 90 (19.4%) 15 (7.1%)

No 569 (84.4%) 374 (80.6%) 195 (92.9%)

GERD 0.113

Yes 44 (6.5%) 35 (7.5%) 9 (4.3%)

No 630 (93.5%) 429 (92.5%) 201 (95.7%)

AHI 25.5 (9.2, 47.8) 30.3 (11.7, 49.9) 19.2 (4.8, 39.2) 0.000

Table 2 General Characteristics of Patients in the Training Cohort

Variable Total Non-Severe OSA Severe OSA P
(N=464) (N=230) (N=234)

Gender 0.007
Male 363 (78.2%) 168 (73.0%) 195 (83.3%)

Female 101 (21.8%) 62 (27.0%) 39V(16.7%)

Age (years) 50.0 (38.8, 59.3) 51.0 (40.0, 60.3) 49.0 (37.8, 59.0) 0.392
BMI (kg/m?) 27.3 (244, 29.7) 26.3 (23.9, 28.7) 28.3 (25.6, 31.1) 0.000
ESS total score 5.0 (3.0, 9.0) 3.0 (2.0, 6.0) 7.0 (4.0, 11.0) 0.000
Smoking history 0.000
Yes 195 (42.0%) 71 (30.9%) 124 (53.0%)

No 269 (58.0%) 159 (69.1%) 110 (47.0%)

Drinking history 0.001
Yes 216 (46.6%) 89 (38.7%) 127 (54.3%)

No 248 (53.4%) 141 (61.3%) 107 (45.7%)

Dizzy 0.670
Yes 145 (31.3%) 74 (32.2%) 71(30.3%)

No 319 (68.7%) 156 (67.8%) 163 (69.7%)

(Continued)

Notes: Numerical information is presented as mean * standard deviation or median (interquartile range); categorical data are
presented as numbers (percentages). N is the number of participants. The training cohort consisted of 464 participants with 60
simple snoring, 75 with mild OSA, 95 with moderate OSA, and 234 with severe OSA; the validation cohort consisted of 210
participants with 55 simple snoring, 33 with mild OSA, 45 with moderate OSA, and 77 with severe OSA.

Abbreviations: BMI, body mass index; ESS, Epworth sleepiness scale; GERD, Gastroesophageal Reflux Disease; AHI, apnea-
hypopnea index.
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Table 2 (Continued).

Variable Total Non-Severe OSA Severe OSA P
(N=464) (N=230) (N=234)

Chest tightness 0.394

Yes 119 (25.6%) 63 (27.4%) 56 (23.9%)

No 345 (74.4%) 167 (72.6%) 178 (76.1%)

Morning dry mouth 0.026

Yes 135 (29.1%) 56 (24.3%) 79 (33.8%)

No 329 (70.9%) 174 (75.7%) 155 (66.2%)

Dream recall 0.039

Yes 86 (18.5%) 34 (14.8%) 52 (22.2%)

No 378 (81.5%) 196 (85.2%) 182 (77.8%)

Hypertension 0.000

Yes 203 (43.8%) 76 (33.0%) 127 (54.3%)

No 261 (56.2%) 154 (67.0%) 107 (45.7%)

Diabetes 0.074

Yes 90 (19.4%) 37 (16.1%) 53 (22.6%)

No 374 (80.6%) 193 (83.9%) 181 (77.4%)

GERD 0.239

Yes 35 (7.5%) 14 (6.1%) 21 (9.0%)

No 429 (92.5%) 216 (93.9%) 213 (91.0%)

AHI 30.3 (11.7, 49.9) 11.6 (4.8, 18.6) 49.7 (36.7, 65.0) 0.000

Notes: Numerical information is presented as mean * standard deviation or median (interquartile range); categorical data are

presented as numbers (percentages). N is the number of participants.

Abbreviations: BMI, body mass index; ESS, Epworth sleepiness scale; GERD, Gastroesophageal Reflux Disease; AHI, apnea-
hypopnea index.

Screening Predictors for the Nomogram Construction

Predictors that were statistically significant in the univariate analysis were subjected to multiple covariance testing to
avoid interference of covariance between variables. The results demonstrated the absence of covariance between the
variables (Tolerance > 0.1, VIF < 5). These predictors were then entered into a binary logistic regression analysis, and the
results suggested that BMI (P=0.000, odds ratio [OR]=1.158, 95% confidence interval [CI]: 1.093-1.226), ESS total
score (P=0.000, OR=1.268, 95% CI: 1.192-1.349), Smoking (P=0.000, OR=1.268, 95% CI: 1.192-1.349), Morning dry
mouth (P=0.049, OR=1.633, 95% CI: 1.002-2.663), Dream recall (P=0.020, OR=2.228, 95% CI: 1.426-3.482), and
Hypertension (P=0.000, OR=2.394, 95% CI: 1.533-3.740) (Table 3) were independent predictors of severe OSA.
Consequently, a nomogram with six predictors was developed (Figure 2). For each patient, a high total score means

that snorers are at high risk of suffering from severe OSA.

Table 3 Covariance Diagnosis and Binary Logistic Regression Analysis of Screening Predictors

Variable Collinearity Statistics Multivariate Analysis
Tolerance VIF B SE Wald OR 95% ClI P

Gender 0.960 1.042 —0.176 0.301 0.340 0.839 0.465-1.514 0.560
BMI (kg/m?) 0.980 1.021 0.146 0.029 24.639 1.158 1.093-1.226 0.000
ESS total score 0.835 1.197 0.237 0.032 56.431 1.268 1.192-1.349 0.000
Smoking history 0.731 1.369 0.801 0.228 12.366 2.228 1.426-3.482 0.000
Drinking history 0.777 1.287 0.364 0.250 2.119 1.439 0.882-2.349 0.145
Morning dry mouth 0.984 1.016 0.491 0.249 3.867 1.633 1.002-2.663 0.049
Dream recall 0.992 1.008 0.680 0.292 5.431 1.973 I.114-3.495 0.020
Hypertension 0.962 1.039 0.873 0.228 14.711 2.394 1.533-3.740 0.000

Abbreviations: BMI, body mass index; ESS, Epworth sleepiness scale; VIF, variance inflation factor; SE, standard error; OR, odds ratio; Cl, confidence

interval.
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Figure 2 Nomogram for the prediction of the occurrence of severe OSA in snoring patients.

Notes: To illustrate the use of the nomogram, here we provide an example of a patient with the following clinical characteristics: BMI=36 kg/m?, total ESS score=6, and
a history of smoking, hypertension, dry mouth in the morning, and dream recall. Applying the above values to this nomogram, where the BMI reading is approximately 56.5
points, the ESS total score reading is approximately 25 points, and the presence of smoking, hypertension, dry mouth in the morning, and dream recall reads 14.5, 15.5, 8.5,
and 12 points, respectively. Therefore, this patient had a total score reading of approximately 132 and a corresponding risk of severe OSA of >0.95 (95%).

Assessment of the Discrimination, Accuracy and Clinical Utility of the Nomogram
In the training cohort, the AUC is 0.820 (Figure 3A) and the calibration curve is close to the ideal diagonal (Figure 4A).
The Hosmer-Lemeshow test also showed a good fit of the model (P=0.972). Besides, the DCA indicated that the model
has superior overall net benefits (Figure 5A).

Additionally, external validation of the nomogram using 210 patients from other hospitals. The nomogram also presented
good discrimination (AUC: 0.805) (Figure 3B) and calibration in the external validation set (Figure 4B). DCA likewise
demonstrated that when decisions are made through nomograms, there is still a net benefit to be gained (Figure 5B).
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Figure 4 Calibration curves predicting the probability of severe OSA in snoring patients. (A) Training cohort. (B) Validation cohort.
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Figure 5 Decision curve analysis for predicting the occurrence of severe OSA in snoring patients. (A) Training cohort. (B) Validation cohort.

Discussion
Our study utilized the clinical data collected to develop the first model capable of predicting the development of severe
OSA in snoring patients. This study revealed that BMI, ESS total score, smoking history, morning dry mouth, dream
recall, and hypertension were risk factors for the incidence of severe OSA in snoring patients. The results of our study
will help to assess the risk of severe OSA in snoring patients and help clinicians to identify such high-risk patients early.
Especially in areas where medical care is scarce, patients can be referred for definitive diagnosis and timely treatment.
As we know, obesity has become a global public health problem, with approximately 46% of adults and 15% of
children in China being obese or overweight.'® Obesity leads to increased upper airway resistance, heavier respiratory
system, and reduced respiratory center drive which predisposes to OSA.?° In a study of 251 patients diagnosed with OSA
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by PSG, Rezaie?' found that the severe OSA population showed higher BMI, increased respiratory impairment scores,
older age, and lower oxygen saturation compared to patients with mild to severe OSA. A prospective cohort study by
Peppard,” involving 690 participants showed that a 10% weight gain predicted an increase in AHI of approximately 32%
(95% CI: 20—45%) and a 10% weight loss predicted a 26% (95% CI: 18-34%) decrease in AHI relative to those with
more stable weight. In our study BMI was significantly higher in the severe OSA group than in the non-severe OSA
group, and BMI, as an independent risk factor for severe OSA, would increase the fractional risk of developing severe
OSA by 1.158 times for each unit of increase.

As the most common complication of OSA patients, daytime sleepiness is the tendency of patients to experience
involuntary weakness and sleepiness during the day, which can cause deterioration of mental and cognitive functions in
severe cases, thus reducing the ability to learn and work, quality of life, and even increasing the risk of work and traffic
accidents.”® While, The Epworth Sleepiness Scale (ESS) is one of the commonly used methods to screen for OSA. It is
a comprehensive assessment of a patient’s degree of sleepiness in different daytime settings to predict the likelihood of
OSA. The ESS is widely used in clinical practice because of its simplicity and ease of use, and an ESS score of >10 is
used as a criterion to determine the likelihood of OSA.?* It can be said that the more severe the OSA, the higher the
prevalence of excessive sleepiness.”> According to Shao,?® the ESS score was significantly higher in the severe OSA
group (8.75+£4.82) than in the mild and moderate groups (6.13+4.27 and 6.75£3.46, respectively; P<0.001). This is
generally consistent with the results of our current study. Therefore, it is reasonable to assume that the ESS score of OSA
patients correlates well with the severity of the disease and can be used as its predictor. This may be related to the fact
that OSA is characterized by frequent apnea and hypoventilation during nighttime sleep and the resulting increase in the
number of patient awakenings or microarousals, which affects sleep quality. Therefore, the ESS score, which assesses the
degree of daytime sleepiness, can visualize the quality of sleep and thus the severity of OSA.?’

As early as 1988, Bloom?® found that smokers were more likely to snore. In addition to active smoking, passive
smoking and previous smoking are associated with snoring.*” And snoring is considered to be a common symptom and
preclinical form of OSA. A series of studies is continuing to confirm the strong correlation between smoking and OSA
severity. The severity of smoking status and nicotine dependence were found to be higher in patients with more severe
OSA.*® Kim®' found that moderate to severe OSA was more common in smokers. In addition, the duration of smoking
was significantly associated with the severity of OSA.Bielicki** assessed the effect of smoking status on AHI through
3613 patients with OSA, similarly suggesting that smokers had higher AHI, lower MSa0O2, and higher ESS scores
compared to nonsmokers. And a recent study by Yosunkaya® again suggested that patients with severe OSA are often
accompanied by smoking and that AHI is positively correlated with the amount of smoking. In addition, smoking is
likewise associated with lower oxygen saturation and reduced deep sleep at night in patients with OSA. Our study
likewise showed that smoking was an independent predictor of the occurrence of severe OSA in snoring patients and was
included in the prediction model. Patients with a history of smoking have a correspondingly higher score on the
nomogram, correlating to a higher probability of developing severe OSA. This may be related to the effects of smoking
on OSA through various mechanisms, including sleep architecture, upper airway neuromuscular function, arousal
mechanisms, and enhanced upper airway inflammation.**

Dry mouth in the morning was also an independent risk factor for severe OSA and was similarly included in our
prediction model. Dry mouth in the morning is the main discomfort symptom when patients visit the clinic, mainly
caused by prolonged open-mouth breathing, which can be well distinguished from dry mouth caused by other diseases
such as diabetes, uremia and dry syndrome. Studies have shown that the incidence of dry mouth upon waking is fully two
times higher in OSA patients than in primary snorers, and increases linearly in mild, moderate and severe OSA,
respectively.®> The higher the AHI, the more pronounced the symptoms corresponding to dry mouth. Not only that,
but as OSA becomes more severe, the patient’s saliva volume decreases significantly and the saliva flow rate gradually
slows down, but the acidity of the saliva increases instead.*® Therefore, dry mouth symptoms should also be considered
as an important indicator for OSA screening and diagnosis.*’

Dreams are a special state of consciousness characterized by sensory, cognitive and emotional experiences that arise
during sleep and represent the mental-psychological activity during sleep.”® The International Classification of Sleep
Disorders, 3rd edition, also does not classify dream recall separately, and there is still a lack of unified and perfect
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diagnostic criteria.>® However, patients with the main complaint of dream recall are often accompanied by symptoms
such as post-waking fatigue and daytime sleepiness, which seriously affect normal work and study. Patients presenting
with sleep apnea are more likely to report dreams, which may have negative content compared to normal individuals.
And this is more pronounced in patients with severe OSA.** OSA itself leads to sleep fragmentation features as well as
prolonged light sleep and repetitive awakenings, which may increase the chances of patients becoming aware of dreams
and increase dream recall, leading to excessive dreaming in patients with OSA.*' And hypoxia and sleep fragmentation
may be associated with short-term memory cognitive dysfunction, which would tend to worsen dream recall.*?

OSA is a long-standing disease in which early and repeated oxidative stress injury and pro-inflammatory release lead
to systemic and local inflammation, sympathetic nervous system excitation, activation of the renin-angiotensin system,
and aldosterone hypersecretion. The consequences are endothelial dysfunction, arterial constriction, arterial stiffness, and
water and sodium retention, which are also high-risk causative factors for hypertension.** OSA is comorbid in more than
30% of hypertensive patients, and its prevalence is as high as 80% in patients with resistant hypertension.** In a cross-
sectional, prospective study of 205 patients, Dashzeveg45 found that sOSA (30 < AHI < 60, severe group) and vsOSA
(AHI > 60, very severe group) were predominantly composed of obese young men and mostly combined with
hypertensive disease, and concluded that the severity of OSA was positively correlated with hypertension and BMI. It
has also been shown that the magnitude of hypertension is linearly correlated with the severity of OSA, but confounding
factors of obesity are not.*® The proportion of severe OSA with comorbid hypertension in our study was as much as
54.3%, significantly higher than the 33% in the non-severe group (P < 0.000).Similarly, studies have indicated that
diastolic hypertension is considered a strong predictor of severe OSA in the sleep clinic population.*” And as a very
influential predictor in this model, having hypertension was 2.394 folds higher than the fractional risk of occurring severe
OSA without hypertension.

In the current study, we evaluated predictors of the onset of severe OSA in snoring patients and developed a risk
prediction model. We also validated the model’s discrimination, accuracy, and net clinical benefit using external data, and
the results all highlighted the significant advantages of the model. The visualization of the nomogram constructed will
not only facilitate the generalization of this model, but will also simplify the screening of severe OSA, which is expected
to improve the current low diagnosis rate of severe OSA. However, there are some limitations to our study. First, even
though the sample size of the training and validation sets met the requirements of the study, it is still necessary to further
expand the sample size and enhance the persuasiveness of the model in subsequent in-depth studies in order to improve
the accuracy of the model. Second, in this included population, we observed a higher prevalence of patients with severe
OSA compared with other groups, which may affect the accuracy of the nomogram. Finally, the selection of external
validation data can avoid data heterogeneity to some extent, but both cohort populations belong to East China, which

may have some regional limitations.

Conclusions

In conclusion, in this study, we found that BMI, ESS total score, smoking history, morning dry mouth, dream recall, and
hypertension were independent risk factors for the incidence of severe OSA in snoring patients. Based on these
predictors, we built a predictive nomogram for early prediction in this population. The external validation results
similarly confirmed the relative high performance of the model. For each patient, a higher total score reflects a greater
risk of presenting with severe OSA in snoring patients. The visualization of predictors and the personalized model
provide clinicians with a simple and intuitive tool for early detection and identification of snoring patients at risk of
serious OSA, which is extremely important for clinical improvement of the diagnosis of severe OSA for early
intervention and treatment to reduce serious cardiovascular and cerebrovascular complications and traffic accidents
that may result from severe OSA.
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