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Purpose: This study evaluated the treatment acceptance rate and cost-effectiveness of the telemedicine model in clinical practice for 
adult patients with obstructive sleep apnea (OSA).
Patients and Methods: Patients admitted to the sleep center for snoring were randomly divided into telemedicine and control 
groups. Patients diagnosed with moderate-to-severe OSA using the Home Sleep Apnea Test (HSAT) were voluntarily treated with 
auto-adjusted positive airway pressure (APAP) therapy. The acceptance rate of the APAP treatment, cost of patient visits, time cost, 
and labor cost of doctors in the two groups were observed.
Results: A total of 57 subjects were included, with an average age of 40.12±11.73 years, including 47 males (82.5%); 26 patients were 
in the telemedicine group, and 31 were in the control group. Follow-up results showed that the acceptance rate of APAP treatment was 
57.7% and 54.8% in the telemedicine and control groups, respectively, with no significant difference between the two groups 
(p=0.829). The cost-benefit analysis showed that the telemedicine group reduced the cost of patients’ medical treatment [−457.84 
(−551.19,1466.87)] but increased the extra intervention frequency and time outside the doctor’s office. Further analysis showed that 
male subjects of older age, higher education level, distant residence, no fatty liver, poor sleep quality, severe insomnia, and higher 
OSA severity were more likely to receive telemedicine diagnosis and treatment.
Conclusion: The APAP treatment acceptance rate and compliance of OSA patients in the telemedicine group were similar to those in 
the control group, and the cost of patients’ medical treatment was reduced. However, telemedicine increases the frequency and 
duration of additional out-of-hospital interventions.
Keywords: home sleep apnea, auto-adjusted positive airway pressure, cost-benefit analysis, telemedicine, clinical diagnosis, adults

Introduction
Obstructive Sleep Apnea (OSA) is the most common sleep-disordered breathing characterized by repetitive airway 
collapses that could lead to multiple organ dysfunction, increased morbidity and mortality, and increased use of medical 
resources.1–3 At present, the continuous improvement in diagnosis rates does not meet the higher demand for healthcare, 
and the medical resources related to sleep, such as doctors, technicians, and health resources allocated to OSA, are 
insufficient.4 OSA management has not improved, and there is an urgent need to explore a new clinical diagnosis and 
treatment model to solve these problems.
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In recent years, with the continuous development of information technology, telemedicine has rapidly developed in 
long-term postoperative and chronic disease management, and related measures are also improving. Current studies on 
OSA telemedicine have primarily focused on continuous positive airway pressure (CPAP) treatment compliance. Existing 
studies have shown that compared with conventional care,5 remote monitoring did not significantly improve adherence to 
CPAP therapy, but it increased outpatient attendance for OSA assessment, saved nursing time, and improved cost- 
effectiveness during follow-up.6–9 There are also reports that adherence to positive airway pressure (PAP) therapy is 
significantly improved by providing patients with information on the Internet regarding their use of the treatment10 CPAP 
remote monitoring and telemedicine may provide innovative and practical solutions for high-risk patients with OSA who 
are reluctant to receive treatment, allowing home care providers and physician resources to be allocated primarily to 
those most in need. The rate of CPAP treatment use is low due to different medical insurance payment systems in 
different countries, and it remains to be determined whether telemedicine can effectively improve the use rate for clinical 
diagnosis and treatment among patients with OSA.

Currently, telemedicine is not fully mature and is not widely used in clinical practice. The clinical and economic 
feasibilities of OSA management using telemedicine are unclear. The key to applying telemedicine in clinical practice is 
to explore the treatment acceptance rate and cost-benefit analysis of telemedicine in real-world OSA diagnosis and 
treatment and to establish a telemedicine model that ensures medical quality, a good cost-benefit ratio, and improved 
ventilator treatment compliance among patients with OSA. Therefore, our study compared the acceptance rate of APAP 
treatment and cost-effectiveness in clinical practice between telemedicine and control groups and observed patients’ 
compliance during follow-up in order to form a new model of integrated and remote monitoring, diagnosis, treatment, 
follow-up, and management of sleep disorders.

Materials and Methods
Study Design
This study was a prospective, single-center, randomized controlled trial. Participants who met the inclusion criteria 
were required to provide informed consent. The participants were registered, and their basic information and medical 
history were collected from the medical records. The subjects were randomly divided into telemedicine and control 
groups and followed up for six months (Figure 1). The experimental procedures conformed to the Declaration of 
Helsinki and were approved by the Ethics Review Committee of Guangdong Provincial People’s Hospital (KY- 
Q-2021-162-02), and the study was registered at the Chinese Clinical Trial Registry (Registration number: 
ChiCTR2300069870).

Population
From November 2021 to November 2022, 326 patients visited the sleep clinic for snoring. After communicating with the 
researchers, 57 patients met the inclusion criteria and participated in the study. In the telemedicine group, the diagnostic 
equipment was sent back to the hospital by mail, and treatments and follow-ups were carried out via a remote APP 
(Application) on video/phone. In the control group, the subjects went to the sleep clinic in person for face-to-face 
treatment. Only the researchers knew about the groups; the patients were only told about the group’s treatment and 
follow-up plans. Patients who did not meet the requirements or refused to participate were scheduled for routine clinical 
management. The inclusion criteria were 1) age 18–65 years; 2) visitation to a sleep center, snoring complaints, suspicion 
of sleep apnea, and requirement for portable sleep monitoring; 3) ability to complete scale assessment and interview on 
time; and 4) familiarity with the Internet and ability to communicate online without obstacles. The exclusion criteria 
were: 1) absence of questionnaire and follow-up data; 2) previous diagnosis of OSA, central sleep apnea, tidal breathing, 
obesity hypoventilation syndrome, or narcolepsy; 3) history of PAP therapy, surgery, and other OSA treatments, or 
current requirement for oxygen therapy; 4) frequent business trips, irregular working hours, and night shifts within six 
months; 5) organic diseases such as tumors and coronary artery disease, or mental diseases such as anxiety and 
depression; and 6) age > 65 years or unfamiliarity with the Internet.
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Randomization
Participants who completed the baseline interview were randomly assigned (1:1) to either the control or telemedicine groups. 
Randomization was carried out using the random number table method. First, patient labels were randomly numbered. Then, 
starting from any row or column in the random number table, three digits were read as a random number and input under the 
number. Thereafter, all the random numbers selected were numbered from small to large (those with the same random 
numbers were numbered in the order of first hand) and recorded in the third line. We defined numbers 1–27 as the control 
group and 28–57 as the intervention group, thus completing the grouping. This procedure was performed by non-research- 
related personnel. The randomization numbers were sequenced and sealed in envelopes not opened until the subjects 
provided informed consent. The subjects could withdraw at any time during the study.

Home Sleep Apnea Monitoring
After their first visit, subjects in the two groups were monitored overnight with the Home Sleep Apnea Test (HSAT) 
device (Alice Nightone, PHILIPS, USA). The subjects in the telemedicine group watched the teaching video and learned 

Figure 1 Study flowchart. 
Abbreviations: HST, Home Sleep Apnea Test; OSA, Obstructive sleep apnea; APAP, Auto-adjusted positive airway pressure.
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on the remote APP we developed and completed the HSAT. The subjects in the control group received face-to-face 
guidance from the research doctor in the outpatient department. The next day, the telemedicine group mailed the HSAT 
back to the sleep center, and the control group sent it back in person. A study doctor downloaded the data and interpreted 
the results. Any unqualified records were rescheduled for monitoring. Sleep monitoring data were manually analyzed and 
interpreted by trained physicians following the American Academy of Sleep Medicine’s Manual of Interpretation of 
Sleep and Related Events standards.11 The Apnea-Hypopnea Index (AHI) is the number of apneas and hypopneas 
per hour of sleep. According to the International Classification of Sleep Disorders, third edition (ICSD-3), PAP therapy is 
recommended for those with AHI≥15 times/hour or 5≤AHI<15 times/hour, with accompanying lethargy, wakefulness at 
night, hypertension or type 2 diabetes, and other diseases. In the telemedicine group, doctors communicated via video or 
telephone via the remote APP, interpreted the monitoring and diagnosis report in detail, and informed patients of the 
follow-up diagnosis and treatment process. In the control group, a doctor interpreted the report face-to-face at a sleep 
center and informed them about the follow-up procedures.

Home Pressure Titration
Patients diagnosed with OSA and voluntarily receiving auto-adjusted positive airway pressure (APAP) underwent a five- 
day home pressure titration (S10 AutoSetTM PlusC, ResMed, Australia; PHILIPS Auto-CPAP, USA). The subjects in the 
control group went to the sleep center to receive the APAP device. The sleep doctor introduced the working principle of 
APAP treatment, its benefits, and how to avoid and deal with the possible side effects, and demonstrated how to operate 
and maintain the APAP equipment. Subjects in the telemedicine group were sent the APAP device by the sleep doctor 
and watched the teaching and operation videos through the remote APP. The APAP setting for all the subjects was 4–20 
cmH2O.

Auto-Adjusted Positive Airway Pressure Treatment and Follow-Up
At the end of the home pressure titration, the telemedicine and control subjects sent the APAP device back to the sleep 
center by mail and in person, respectively, and the study physician downloaded the data and generated a report. In the 
telemedicine group, the sleep doctor made a video or telephone communication through the telemedicine APP, 
interpreted the pressure titration report in detail, informed the patients to purchase the APAP device at their own 
expense, and conducted a 6-month follow-up. In the control group, a sleep doctor interpreted the report face-to-face at 
a sleep center and informed them about the course of treatment.

Patients willing to receive APAP were followed up for six months after purchase. The patients were followed up by 
experienced sleep doctors in the first week and after 1, 3, and 6 months of treatment. Follow-up included patients’ APAP 
compliance data (duration of use, pressure, air leakage, residual AHI, etc.), subjective feelings, snoring, and other 
symptom improvements. The APAP compliance data of the telemedicine group were uploaded to the ResMed Airview 
and PHILIPS Encore Anywhere platforms. Physicians downloaded patient data on the platform and followed up with the 
patients via a remote APP video/phone. Follow-up questionnaires were completed at the corresponding follow-up time 
points. Participants in the control group visited the sleep center in person for face-to-face follow-ups with a sleep doctor. 
The time and cost of visits were recorded at each follow-up, and visits and follow-ups outside the nodes were considered 
additional interventions.

Time/Economic Cost and Its Transformation
We considered both direct and indirect costs in our cost-benefit analysis. Direct costs included the salaries of the study 
physicians and all costs associated with follow-up visits, including masks, humidifiers, and medications used by the 
patients, as well as additional costs for visits to other specialized doctors, nurses, and emergency services. Non-directly 
related expenses refer to travel expenses incurred by patients during the study period. Indirect costs are the opportunity 
costs of lost productivity and work due to follow-up, and we also considered the time lost due to hospital visits and video 
conferencing.

All time and financial costs incurred from the first visit till the end of follow-up in both groups were recorded through 
questioning and timing. Direct time spent related to OSA treatment included the first face-to-face visit with the sleep 
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doctor (ask patient), the sleep doctor setting HSAT information for a patient and initializing the HSAT (record), 
informing the patient on how to use HSAT face-to-face/informing patient on how to watch the HSAT wearing and 
using video on the remote APP (record), downloading data and interpreting the HSAT (record), and arranging patient’s 
visit with the sleep doctor. Other aspects comprised outpatient face-to-face/video phone assessment after HSAT treatment 
(record), outpatient face-to-face/video phone interpretation of the HSAT report (record), preparation and setting of the 
APAP device (record), and face-to-face instruction of patients on how to use APAP/telling patients how to watch APAP 
wearing and using video on remote APP and matters needing attention (record). Outpatient face-to-face/remote follow-up 
(records), and outpatient/remote follow-up (records) at 1 week, 1 month, 3 months, and 6 months after the ventilator data 
were downloaded from the program platform and home pressure titration was performed also comprised the direct time 
related to OSA treatment. Non-directly related expenses included transportation and accommodation costs for the first 
visit (inquiry), leave time for the first visit (inquiry), transportation and accommodation costs for returning HSAT 
(inquiry), leave time for returning HSAT (inquiry), transportation and accommodation costs for the outpatient service 
after HSAT (inquiry), and outpatient service leave time after HSAT (inquiry). Other non-directly related expenses were 
transportation and accommodation costs for receiving APAP equipment (inquiry), leave time for receiving APAP 
equipment (inquiry), transportation and accommodation expenses for the first week and 1, 3, and 6-month follow-up 
(inquiry), and leave time for the first week and 1, 3, and 6-month follow-up (inquiry).

All the time spent was converted into economic cost, and the specific conversion standard was the time spent by sleep 
doctors on diagnosis and treatment calculated according to a monthly salary of 10,000 yuan and a working period of 
21.75 days. The patient’s leave time due to medical treatment was calculated according to a monthly salary of 10,000 
yuan and a working period of 21.75 days.

Statistical Analysis
The planned sample size was based on the assumption that 85% of the patients randomly assigned to the treatment group 
met the per-protocol sample definition for the non-inferiority test described above. This study was based on the 
assumption that the mean adherence without intervention was 4 hours/day (SD=1.8). Based on a unilateral type I error 
of 0.025 and 80% efficacy, APAP compliance in the telemedicine group was verified to be no less than 1 h/day (SD=2), 
with an assumed dropout rate of 10% and a sample size of 60 cases per group.

The statistical software used was SPSS version 26.0. We conducted a descriptive statistical analysis of all observa-
tions. Continuous variables with a normal distribution are represented as mean ± standard deviation, and the utilization 
rate and percentage of subtype variables are presented. Longitudinal data were analyzed using a mixed-effect model, 
linear correlation analysis, and single-factor repeated measurement analysis of variance. A paired t-test was used before 
and after the same measurement, and non-parametric tests were used to compare rates and percentages. Statistical 
significance was set at p < 0.05.

Results
A total of 326 subjects were screened. Fifty-seven subjects met the inclusion criteria and signed informed consent, 
including 47 males (82.5%). The mean age of the patients was 40.12±11.73 years. By random grouping, 26 and 31 
patients were assigned to the telemedicine and control groups, respectively. There was no significant difference in the 
completion of each stage between the two groups. The basic information is shown in Table 1. There were no significant 
differences between the telemedicine and control groups in terms of age, sex, education level, working status, per capita 
monthly family income, smoking, or alcohol consumption ratios. There was no significant difference in the proportion of 
patients with hypertension between the two groups. However, the body mass index (BMI) of the telemedicine group was 
higher than that of the control group (28.69±4.64 vs 26.29±3.85 kg/m2, p=0.037), and the proportion of patients with 
diabetes was higher than that of the control group (15.4% vs 0, p=0.024).

APAP Treatment Acceptance Rate
Overall, 15 (57.7%) and 19 (61.3%) patients in the telemedicine and control groups, respectively, received home pressure 
titration. There was no difference in the rate of home pressure titration between the two groups (p=0.783). After home 

Nature and Science of Sleep 2023:15                                                                                               https://doi.org/10.2147/NSS.S416221                                                                                                                                                                                                                       

DovePress                                                                                                                         
611

Dovepress                                                                                                                                                               Pei et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Baseline Characteristics

Control (N=31) Telemedicine (N=26) P

Age (years) 42.02±10.98 37.85±12.39 0.182

BMI (kg/m2) 26.29±3.85 28.69±4.64 0.037

Home address 0.452

City 22 (71%) 16 (61.5%)

Outside the city 9 (29%) 10 (38.5%)

Type of medical insurance expense 0.054

At one’s own expense 20 (66.7%) 23 (88.5%)

Medical insurance 10 (33.3%) 3 (11.5%)

Route of visit 0.624

Take the initiative to see a doctor 17 (54.8%) 15 (57.7%)

Family members urge them to see a doctor 9 (29%) 8 (30.8%)

Friend’s suggestion 2 (6.5%) 0

Other department doctors recommend 3 (9.7%) 3 (11.5%)

Male 24 (77.4%) 23 (88.5%) 0.275

Educational level 0.582

Below junior high school 2 (6.5%) 0

Secondary school level 8 (25.8%) 6 (23.1%)

Junior college 6 (19.4%) 5 (19.2%)

Bachelor’s degree or above 15 (48.4%) 15 (57.7%)

Working state 0.345

On the job 26 (83.9%) 23 (95.8%)

Retired 4 (12.9%) 1 (4.2%)

Unfixed work 1 (3.2%) 0

Per capita monthly household income (yuan) 0.324

<2000 0 2 (8%)

2000–3999 3 (9.7%) 1 (4%)

4000–5999 4 (12.9%) 2 (8%)

>6000 24 (77.4%) 19 (76%)

Smoking 12 (38.7%) 9 (34.6%) 0.75

Drinking alcohol 17 (54.8%) 17 (65.4%) 0.419

Drinking tea 25 (80.6%) 21 (80.8%) 0.991

Systemic hypertension 12 (38.7%) 8 (30.8%) 0.532

Diabetes mellitus 0 4 (15.4%) 0.024

Rhinitis / Sinusitis 8 (25.8%) 7 (26.9%) 0.924

Abbreviation: BMI, body mass index.
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pressure titration, 15 (57.7%) and 17 (54.8%) subjects in the telemedicine and control groups, respectively, were willing 
to purchase the APAP device by themselves. There was no difference in the acceptance rate of APAP treatment between 
the two groups (p=0.829) (Table 2).

Improvement in Symptoms and Sleep Scale Scores After Treatment
As shown in Table 3 and Table 4, there was no statistically significant difference in symptom improvement and scale 
scores between the two groups before and six months after treatment, except for the difference in the degree of 
improvement of daytime sleepiness symptoms. After APAP treatment, there was no significant difference between the 
two groups in the improvement of the Pittsburgh Sleep Quality Index (PSQI), Insomnia Severity Index (ISI), Epworth 
Sleepiness Scale (ESS), Fatigue Severity Scale (FSS), short Sleep Apnea Quality of Life Index (SAQLI), and other 
scales. However, the scores on the sleep-related scales improved in the two groups. The proportion of improved daytime 
sleepiness symptoms was significantly higher in the telemedicine group than in the control group, although daytime 
sleepiness symptoms improved in both groups. There was no significant difference between the two groups in the 
improvement of OSA-related symptoms, such as snoring, frequent nighttime awakenings, observed apnea, nocturia, dry 
mouth in the morning, and sleep disturbance. However, symptoms improved after APAP treatment in both groups.

Adherence to APAP Treatment
In the first week, first month, and third month of follow-up, the mean time of APAP use in the telemedicine vs control 
groups was 5.99±1.34 vs 6.42±0.97, 5.74±1.35 vs 6.31±1.00, and 5.60±1.29 vs 5.93±1.27 hours, respectively. There was 

Table 2 Acceptance Rate of APAP Treatment and Home Stress Titration

Control Telemedicine P

Receive a home stress titration 19 (61.3%) 15 (57.7%) 0.783

Receive APAP treatment 17 (54.8%) 15 (57.7%) 0.829

Abbreviation: APAP, Auto-adjusted positive airway pressure.

Table 3 Comparison of Change from Baseline in Questionnaire Scores Between the Telemedicine and Control Groups

Control Telemedicine LS mean 
Difference*,†

95% CI P

Baseline 
N=31

Follow-Up 
N=17

Baseline 
N=26

Follow-Up 
N=14

(Telemedicine  
Minus Control)

Lower Upper

PSQI 7.23±3.06 4.27±0.29 6.46±2.70 3.82±0.32 −0.446 −0.449 1.34 0.316

ISI 5.68±4.92 2.71±0.48 4.81±4.46 3.06±0.54 0.347 −1.143 1.837 0.637

ESS 8.94±4.94 2.76±0.38 9.23±4.44 2.94±0.42 0.179 −0.984 1.342 0.755

FSS 36.97±15.33 23.48±1.49 37.38±14.04 24.99±1.64 1.513 −3.051 6.077 0.503

Short SAQLI 20.87±16.03 8.75±1.25 26.23±14.66 8.02±1.37 −0.736 −4.534 3.061 0.694

EQ-5D

EQ-5D 0.83±0.08 0.87±0.11 0.81±0.07 0.85±0.12 −0.03 −0.09 0.03 0.42

EQ VAS 70.28±11.23 71.32±20.2 76.38±10.22 81.23±12.21 −6.23 −17.32 1.72 0.133

Notes: *Analysis is based on an ANCOVA model for change from baseline in the adherence to continuous positive airway pressure (CPAP) treatment variables as response 
and with treatment group as a factor along with baseline adherence to CPAP treatment variables as covariates. †LS mean: least square mean for the change from baseline in 
the adherence to CPAP treatment variables in the ANCOVA model. 
Abbreviations: ANCOVA, analysis of covariance; PQSI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; FSS, Fatigue Severity 
Scale; short SAQLI, short Sleep Apnea Quality of Life Index; EQ-5D, EuroQol five-dimensional health scale; EQ VAS, EuroQol Visual Analogue Scale.
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no difference in the mean time of APAP use between the two groups in the first week (p=0.306), first month (p=0.178), 
and third month (p=0.486). There was also no significant difference between the two groups in the number of days of 
average APAP use of ≥4 hours in the first week (p=0.118), first month (p=0.316), and third month (p=0.359). The 
parameters of APAP use and compliance data (duration, pressure, air leakage, AHI participation, etc.) in the first week, 
first month, and third month were compared between the two groups, and there were no significant differences.

A total of 31 patients completed the 6-month follow-up; 15 patients in the telemedicine group completed the remote 
APP video follow-up, and 16 patients in the control group completed the face-to-face outpatient follow-up. The average 
duration of APAP use in the two groups was 5.34±1.30 and 5.92±1.30 hours, respectively, and there was no difference 
between the two groups (p=0.228). There was also no difference between the two groups in the number of days of 
average APAP use of ≥4 hours (p=0.235). The parameters of APAP use and compliance data (duration, pressure, air 
leakage, AHI participation, etc.) were compared between the two groups in the sixth month, and there were no significant 
differences (Table 5).

Linear regression analysis showed that different treatment modalities did not affect APAP treatment compliance, nor 
did baseline sex, age, BMI, AHI, PSQI, ISI, FSS, or short SAQLI scale score. However, the baseline ESS score affected 
compliance with APAP treatment. For every 1-point increase in the ESS score, APAP treatment compliance increased by 
4.46% (Table 6).

Cost-Benefit Analysis
Table 7 summarizes the time and financial costs for both groups at different stages of the diagnostic treatment and follow- 
up processes. Subjects in the two groups were randomized after the first interview, so the two groups were consistent in 
registration fees, scale evaluation fees, HSAT, and pressure titration costs. The telemedicine group had significantly less 
transportation, room and board costs, leave time, loss of work caused by leave, time spent by doctors, and hours spent by 
doctors than the control group.

The European five-dimensional health scale (EQ-5D), a measure of health-related quality of life, has been widely 
used worldwide. In this study, the index scores of the first five dimensions of EQ-5D were used to calculate quality- 
adjusted life years (QALYs).12 Since there is no EQ-5D conversion scale in China, the point conversion scale of Japan, 
which is also an East Asian country closest to Chinese ethnic characteristics and preference for health, was used for 
conversion. The cost-benefit comparison between the two groups is shown in Table 8. The total and OSA-related costs of 
the telemedicine and the control groups were 2100.25 and 2558.09 yuan and 1781.42 and 1841.85 yuan, respectively. 

Table 4 Comparison of Typical OSA Symptoms Between the Telemedicine and Control Groups

Control Telemedicine OR (Telemedicine 
Group Data were  
Reference Values)

95% CI for the OR p value

Baseline N 
(%)(N=31)

Follow-Up 
N(%)(N=17)

Baseline N 
(%)(N=26)

Follow-Up 
N(%)(N=14)

Lower Upper

Snoring 31 (100) 3 (17.6) 26 (100) 1 (7.1) 0.36 0.03 3.9 0.4

Nocturnal 

awakening

22 (71) 6 (35.3) 20 (76.9) 4 (28.6) 0.31 0.07 1.38 0.13

Witnessed 

apnea

25 (80.6) 1 (5.9) 20 (76.9) 1 (7.1) 2.59 0.49 13.61 0.26

Nocturia 19 (61.3) 7 (41.2) 18 (69.2) 4 (28.6) 0.41 0.09 1.92 0.26

Daytime 

sleepiness

24 (77.4) 6 (35.3) 26(100) 2 (14.3) 0.19 0.03 1.11 0.04

Dry mouth in 

the morning

27 (87.1) 6 (35.3) 24 (92.3) 4 (28.6) 1.02 0.23 4.47 0.98

Fatigue 24 (77.4) 6 (35.3) 22 (84.6) 3 (21.4) 0.67 0.16 2.77 0.58
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Table 5 Follow-Up of APAP Treatment

1 week P 1 month P 3 months P 6 months P

Control 
N=17

Telemedicine 
N=15

Control 
N=17

Telemedicine 
N=15

Control 
N=17

Telemedicine 
N=15

Control 
N=16

Telemedicine 
N=15

Actual usage time (days) 7.00±0.35 6.53±0.99 0.079 28.94±2.82 27.27±4.20 0.191 84.76±7.66 80.79±9.33 0.202 166.88±14.49 156.86±24.07 0.162

The number of days of 

use ≥ 4 h

6.76±0.56 6.13±1.51 0.118 26.82±4.35 25.00±5.75 0.316 77.38±12.91 72.71±14.47 0.359 151.00±24.83 138.21±33.78 0.235

Average time spent per 

night (h)

6.42±0.97 5.99±1.34 0.306 6.31±1.00 5.74±1.35 0.178 5.93±1.27 5.60±1.29 0.486 5.92±1.30 5.34±1.30 0.228

Average nightly usage 

time over days of use (h)

6.42±0.97 6.57±0.81 0.635 6.47±0.98 6.34±0.89 0.682 6.30±1.04 6.31±0.79 0.977 6.23±1.13 6.09±1.02 0.732

AHI after treatment 

(times/h)

4.1±2.1 3.3±2.5 0.293 3.7±2.1 3.2±2.5 0.581 3.7±2.2 2.6±1.5 0.132 2.8±1.4 2.5±1.4 0.536

95% pressure (cmH2O) 10.91±2.95 11.76±2.36 0.38 11.08±2.50 11.83±2.36 0.391 10.98±2.31 12.05±2.85 0.255 10.70±2.23 11.55±2.31 0.305

95% air leakage (L/min) 17.00±4.07 17.49±5.32 0.77 15.77±3.09 17.12±5.67 0.401 15.52±4.95 18.96±5.06 0.069 15.85±2.73 18.82±5.53 0.061

Abbreviation: AHI, Apnea-Hypopnea Index.
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The difference in QALYs between the two groups was small (telemedicine vs control: 0.0872 vs 0.0893), but the QALYs 
of the telemedicine group were slightly lower than those of the control group. The difference in QALYs between the two 
groups and the 95% confidence intervals (−0.0024, 0.0025) were obtained using the same random sampling method. 

Table 6 Factors Influencing Adherence to APAP Therapy

Adherence

β 95% CI P

Grouping −8.10 (−56.06, 39.85) 0.732

Age 0.94 (−2.51, 4.40) 0.577

Gender −33.28 (−129.79, 63.24) 0.486

BMI −1.35 (−8.30, 5.60) 0.692

Baseline PSQI score −7.26 (−22.73, 8.21) 0.341

Baseline ISI score 2.76 (−7.22, 12.73) 0.57

Baseline ESS score 4.46 (−2.52, 11.45) 0.02

Baseline FSS score −1.20 (−3.36, 0.96) 0.261

Baseline short SAQLI score 0.56 (−1.92, 3.03) 0.646

AHI −0.22 (−1.64, 1.21) 0.757

Abbreviations: BMI, body mass index; AHI, Apnea-Hypopnea Index; PQSI, Pittsburgh Sleep Quality 
Index; ISI, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; short 
SAQLI, short Sleep Apnea Quality of Life Index.

Table 7 Cost Analysis

Control Telemedicine P

Registration fee 40.0±16.9 37.0±7.0 0.421

Scale evaluation fee, HSAT, pressure titration fee 1682.5±50.2 1701.5±38.2 0.452

Transportation, room, and lodging fee (yuan) 497.7±887.0 104.2±144.7 0.047

Leave time (h) 10.1±12.5 3.9±6.4 0.027

Lost time expenses incurred by leave (yuan) 578.7±719.7 225.6±365.8 0.027

Doctor’s time spent (h) 2.2±0.9 7.2±27.1 0.019

Cost of doctor’s work (yuan) 166.6±74.8 542.3±2031.7 0.019

Abbreviation: HSAT, Home Sleep Apnea Test.

Table 8 Cost-Effectiveness Analysis

Control Telemedicine Difference

Mean(SD) 95% CI Mean(SD) 95% CI Mean(SD) 95% CI

Cost 2558.09(1520.69) (2000.29,3115.88) 2100.25(2260.82) (1187.08,3013.42) −457.84(503.50) (−551.19,1466.87)

OSA-related cost 1841.85(1108.38) (1435.29,2248.41) 1781.42(2241.89) (875.90,2686.94) −60.42(457.11) (−855.65,976.50)

QALYs 0.0893(0.0059) (0.0828,0.0899) 0.0872(0.0056) (0.0832,0.0895) −0.0021(0.0029) (−0.0024,0.0025)

Abbreviations: OSA, Obstructive sleep apnea; QALYs, quality-adjusted life years.
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Total and OSA-related costs were lower in the telemedicine group than in the control group, and the average efficacy 
index (QALYs) was lower in the telemedicine group. However, the difference in overall QALYs was smaller, indicating 
that the telemedicine group was more cost-effective.

Additional Intervention Times
In the process of diagnosis, treatment, and follow-up in this study, the telemedicine group had more additional 
intervention times outside the diagnosis and follow-up nodes than the control group (p=0.03), and the extra intervention 
time was longer than that in the control group (p=0.048) (Table 9).

Characteristics of OSA Patients Receiving Telemedicine
The telemedicine group was divided into the treated and untreated groups according to whether they received APAP 
treatment (Table 10). The age of the treated group was higher than that of the untreated group (p=0.021), the proportion 

Table 9 Additional Interventions of Two Groups

Control Telemedicine P

Number of additional interventions 0.06±0.25 0.38±0.75 0.03

Additional intervention time (min) 0.16±0.64 5.08±14.13 0.048

Table 10 Characteristics of Subjects Receiving APAP Treatment in the Telemedicine Group

Treated Untreated P

Age (years) 42.53±12.60 31.45±9.14 0.021

BMI (kg/m2) 29.87±4.78 27.09±4.11 0.134

Home address 0.031

City 8 (53.3%) 8 (72.7%)

Outside the city 7 (46.7%) 3 (27.3%)

Type of medical insurance expense 0.364

At one’s own expense 14 (93.3%) 9 (81.8%)

Medical insurance 1 (6.7%) 2 (18.2%)

Route of visit 0.85

Take the initiative to see a doctor 9 (60.0%) 6 (54.5%)

Family members urge them to see a doctor 4 (26.7%) 4 (36.4%)

Friend’s suggestion 2 (13.3%) 1 (9.1%)

Gender 0.032

Male 15 (100%) 8 (72.7%)

Female 0 3 (27.3%)

Educational level 0.035

Secondary school level 3 (33.3%) 1 (9.1%)

Junior college 2 (13.3%) 3 (27.3%)

(Continued)
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of males was higher in the treated group (p=0.032), the proportion of those living in the province outside the city was 
higher in the treated group (p=0.031), the education level of the subjects was higher in the treated group (p=0.035), and 
the proportion of fatty liver was lower in the treated group (p=0.014). The PSQI score of the treated group was higher 

Table 10 (Continued). 

Treated Untreated P

Bachelor’s degree or above 10 (66.7%) 7 (63.6%)

Working state 0.388

On the job 13 (92.9%) 10 (100%)

retire 1 (7.1%) 0

Smoking 0.5

Yes 9 (60.0%) 8 (72.7%)

No 6 (40.0%) 3 (27.3%)

Drinking alcohol 0.873

Yes 5 (33.3%) 4 (36.4%)

No 10 (66.7%) 7 (63.6%)

Drinking tea 0.907

Yes 3 (20.0%) 2 (18.2%)

No 12 (80.0%) 9 (81.8%)

Systemic hypertension 0.234

Yes 9 (60.0%) 9 (81.8%)

No 6 (40.0%) 2 (18.2%)

Diabetes mellitus 0.735

Yes 13 (86.7%) 9 (81.8%)

No 2 (13.3%) 2 (18.2%)

Fatty liver 0.014

Yes 5 (33.3%) 9 (81.8%)

No 10 (66.7%) 2 (18.2%)

PSQI score 6.53±2.48 6.36±3.11 0.047

ISI score 5.27±4.77 4.18±4.14 0.021

ESS score 9.60±4.39 8.73±4.67 0.63

FSS score 34.13±15.27 41.82±11.35 0.173

Short SAQLI score 23.40±15.18 30.09±13.64 0.258

AHI 49.13±25.28 22.64±16.09 0.006

Mean oxygen saturation 90.20±5.12 94.00±1.89 0.028

Minimum oxygen saturation 66.93±16.70 78.45±11.18 0.049

SaO2<90% of the time(min) 95.13±92.41 21.73±30.27 0.019

Abbreviations: BMI, body mass index; AHI, Apnea-Hypopnea Index; PQSI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity 
Index; ESS, Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; short SAQLI, short Sleep Apnea Quality of Life Index.
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than that of the untreated group (p=0.047), and the ISI score was higher in the treated group (p=0.021). In terms of sleep 
monitoring, the AHI of the treated group was higher than that of the untreated group (p=0.006), the mean and minimum 
oxygen saturation levels were lower in the treated group (p=0.028, p=0.049), and the time of oxygen saturation < 90% 
was higher in the treated group (p=0.019). Male subjects of older age, higher education level, farther living distance, no 
fatty liver, higher PSQI and ISI scores, higher AHI, and lower oxygen saturation were more likely to accept telemedicine 
diagnosis and treatment.

Discussion
The demand for OSA treatment has increased with its rising incidence, and the consequences of its social and multiorgan 
damage have increased the economic burden on society.13,14 It has been reported that the cost of OSA diagnosis and 
treatment can reach up to US $12.4 billion.13 Traditional diagnosis and treatment models find it difficult to meet the huge 
needs regarding the diagnosis, treatment, and chronic disease management of OSA. Therefore, remote management has 
emerged. Although professional societies such as the American Medical Association of Sleep Medicine have issued 
guidelines for the standardized diagnosis, treatment, and management of adult OSA, emphasizing the importance of early 
diagnosis, standardized treatment, and long-term management of OSA,13 the practice of remote management is still 
limited and has not been widely promoted, especially in Asian countries. Some studies have evaluated CPAP compliance 
with remote management,15 and the compliance and effectiveness of patients with OSA with CPAP under telemedicine 
guidance and monitoring are not inferior to traditional outpatient medical treatment. However, it is unclear if telemedi-
cine is accepted by patients, which is an important factor hindering the practice of telemedicine in China. Further 
evidence is needed for the clinical evaluation of the remote management model to guide practice.

Our results showed that the APAP treatment acceptance rate of the telemedicine group was not inferior to that of the 
control group, indicating that telemedicine is effective and feasible for OSA diagnosis and treatment. Verbraecken points 
out that telemedicine may be cost-effective, but better evidence is needed. Although barriers to implementation remain, 
telemedicine is feasible, but its use is at the discretion of doctors and patients.16 Most foreign studies have evaluated 
CPAP compliance, but in China, CPAP treatment is not supported by medical insurance, and patients pay for it 
themselves. Our study showed that telemedicine did not affect the rate of APAP treatment for patients with OSA and 
was not inferior to traditional medical treatment in terms of patient self-payment, demonstrating its meaningfulness and 
feasibility in clinical practice.

Our study found that the telemedicine and control groups had similar APAP use adherence. The analysis of factors 
influencing compliance found that the ESS score was correlated with APAP compliance, with treatment compliance 
increasing with an increase in ESS score. Bruyneel et al15 found that CPAP adherence was related to AHI and ESS 
scores. This is consistent with our findings. However, existing studies have failed to reach a consensus regarding whether 
telemedicine can improve treatment compliance in patients with OSA. Recently, Murphie et al17 systematically reviewed 
the role of telemonitoring-related teleconsultation in the follow-up of patients with OSA. The results of studies on CPAP 
compliance were mixed. Two studies showed that the compliance regarding CPAP was similar in the remote and 
traditional monitoring groups,18,19 which was also consistent with the results of our study. Three other smaller studies 
reported slight improvements in CPAP adherence with remote monitoring.20–22 Sparrow et al23 randomly assigned 250 
patients who started CPAP therapy to the telephone follow-up and routine outpatient groups for 12 months of treatment. 
Although the remote follow-up group showed a small degree of improvement in compliance, the overall compliance was 
generally low. However, in an RCT involving 60 subjects, Chumpangern et al24 provided remote telephone intervention 
guidance to subjects with poor CPAP use for two consecutive nights. The results showed that the average time of CPAP 
use per night in the remote intervention subjects significantly increased, and treatment compliance significantly 
improved. Overall, most studies differ on the effects of telemedicine on CPAP compliance, possibly owing to differences 
in study sample sizes and design methods.

Despite the decline in the cost of information and communication technologies, cost-effectiveness issues associated 
with telemedicine remain critical. Our study showed that the telemedicine group was more cost-effective. Two recent 
research teams evaluated the cost-effectiveness of the remote follow-up of patients treated with CPAP. In the first study, 
139 CPAP patients were randomly assigned to tele-follow-up (telemonitoring and teleconsultation) or usual care for six 
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months of therapeutic follow-up. The results showed that remote follow-up was more cost-effective, with lower cost 
despite more visits, and no significant difference in compliance.15 In the second study,6 100 CPAP patients were 
randomly assigned to receive remote monitoring or regular care for three months, and researchers found that remote 
monitoring was more cost-effective. Both studies support the cost-effectiveness of telemedicine for CPAP patients, and 
the same conclusions were confirmed in our study. However, the research subjects of our study were all from the same 
province. This telemedicine model may be even more cost-effective if applied to remote areas or people with busy or 
fixed working hours. The cost reduction brought about by the telemedicine model is not only reflected in transportation, 
accommodation, and leave time. It is also greatly reduced by transforming the diagnosis method from expensive 
polysomnography to portable home sleep monitoring devices. The follow-up in the treatment process has changed 
from the original outpatient registration face-to-face follow-up to remote APP video follow-up. This reduces the cost of 
medical treatment for patients in all stages. However, our study found that additional intervention times were needed in 
the telemedicine group, while the visits and follow-up nodes were fixed for the traditional group. Due to the convenience 
of the network, patients would take the initiative to seek doctors’ help without limit, which increased doctors’ additional 
consultation time for telemedicine subjects. These extra interventions and follow-ups were not included in the clinical 
treatment. If this part is free, it increases the work burden of doctors outside the hospital, and the current medical service 
does not meet such needs.

Currently, optimizing OSA treatment strategies requires assigning patients to specific phenotypes and proposing 
personalized treatment strategies for these subtypes.25,26 Remote monitoring of CPAP and telemedicine may provide 
innovative and practical solutions to identify patients with OSA at the highest risk for non-adherence in the future, 
thereby allocating physician resources to those most in need. A multicenter RCT of 206 patients with symptomatic OSA 
but without serious comorbidities and at low cardiovascular risk found that telemonitoring did not achieve better 
ventilator compliance than conventional monitoring and that the follow-up workload of physicians and home care 
providers was significantly increased in the telemonitoring group. The above mentioned study suggests that remote 
monitoring has less of an impact on symptomatic people with low cardiovascular risk. Our results showed that male 
subjects of older age, higher education level, farther distance, no fatty liver, poor sleep quality, a higher degree of 
insomnia, and heavier OSA were more likely to receive remote diagnosis and treatment, which also provides a reference 
for the accurate selection of the OSA population in future clinical applications of telemedicine.

This study has some limitations. Firstly, the sample size of the patients included in this study was small because of the 
coronavirus pandemic, and the expected sample size was not obtained. Secondly, the study was only verified in a single 
center, leading to the possibility that some results could not be verified in different centers. In addition, the source of 
outpatients was limited, the subjects were randomized in Guangdong Province, and their working and family locations 
were limited. Therefore, the applicability of the research results in remote areas or non-first-tier cities needs to be further 
studied.

Conclusion
Our study found that APAP treatment acceptance rates in telemedicine were similar to those in traditional treatment, and 
there was no difference in treatment compliance. Telemedicine is more cost-effective but adds extra intervention time and 
time for doctors, which limits the application of telemedicine in clinical practice.

Abbreviations
AHI, Apnea-hypopnea index; APAP, Auto-adjusted positive airway pressure; BMI, Body mass index; CPAP, Continuous 
positive airway pressure; EQ-5D, European Five-Dimensional Health Scale; ESS, Epworth Sleepiness Scale; FSS, 
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edition; ISI, Insomnia Severity Index; OSA, Obstructive sleep apnea; PAP, Positive airway pressure; PSQI, Pittsburgh 
Sleep Quality Index; QALYs, Quality-adjusted life years; SAQLI, Sleep Apnea Quality of Life Index.
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