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Background: The concomitant rise in the prevalence of obstructive sleep apnea (OSA) and frailty among the elderly population has 
been linked to an increase in mortality rates. Despite continuous positive airway pressure (CPAP) being the gold standard treatment for 
OSA, its impact on incident frailty remains inadequately explored.
Methods: In this cohort study, we analyzed data from 1290 patients diagnosed with OSA, aged 60 years and older. A subset of 71 
patients who demonstrated high adherence to CPAP therapy were categorized as the CPAP group. Propensity score matching (PSM) 
was employed at a 1:4 ratio, matching for variables such as age, gender, body mass index (BMI), and sleep apnea-hypopnea index 
(AHI), to establish a non-CPAP group for comparison. The FRAIL scale was utilized to evaluate the frailty status of participants. 
Logistic regression analysis examined the relationship between CPAP therapy and incident frailty, as well as its individual compo-
nents, in elderly patients with OSA.
Results: During a median follow-up period of 52 months, incident frailty was observed in 70 patients (19.7%). Patients with OSA 
receiving CPAP therapy exhibited a lower incidence of frailty compared to those not receiving CPAP (11.26% vs 21.83%, P=0.045). In 
the multivariate model, CPAP therapy was significantly correlated with a reduced risk of incident frailty (OR = 0.36, 95% CI, 0.15– 
0.88; P = 0.025). Subcomponent analyses revealed that CPAP was associated with a lower risk of fatigue (OR=0.35, 95% CI, 0.19– 
0.63; P < 0.001), resistance (OR = 0.32, 95% CI, 0.14–0.74; P=0.008), and weight loss (OR = 0.38, 95% CI, 0.19–0.75; P = 0.007).
Conclusion: CPAP therapy was associated with a reduced risk of incident frailty among elderly patients with OSA.
Keywords: obstructive sleep apnea, frailty, continuous positive airway pressure, elderly

Introduction
Obstructive sleep apnea (OSA) poses substantial health risks, particularly for the aging population.1 The condition leads to 
acute physiological disturbances such as intermittent hypoxia, sleep fragmentation, and variable heart rate, blood pressure, 
and intrathoracic pressure.2 Over time, these acute disturbances may evolve into chronic conditions, including hypertension, 
cardiovascular diseases,3 cognitive decline,4 impaired mood and quality of life,5 and even premature death.6

Frailty is an emerging public health issue with significant implications for clinical practice.7 As the aging population 
continues to grow, the prevalence of frailty is projected to rise.8 Geriatricians define frailty as a biologic syndrome of 
decreased reserve and resistance to stressors, resulting from cumulative declines across multiple physiologic systems, and 
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causing vulnerability to adverse outcomes. Those with frailty are at an elevated risk for adverse events such as falls, 
hospital admissions, and mortality.9–12

While numerous studies have separately investigated the risk factors for OSA and frailty,13–15 the gold standard 
treatment for OSA—continuous positive airway pressure (CPAP)—has not been examined for its potential impact on 
frailty. CPAP has been shown to substantially improve the quality of life in individuals with OSA.16 This study aims to 
explore whether CPAP therapy can mitigate the onset of frailty in patients with OSA, thereby offering valuable insights 
for personalized intervention strategies aimed at ameliorating frailty and enhancing quality of life.

Methods
Study Design and Participants
This study employed a multicenter cohort design, enrolling 1290 elderly patients aged 60 years and older with 
a confirmed diagnosis of OSA as assessed by PSG. Participants were recruited from several institutions: PLA General 
Hospital, the Affiliated Hospital of Gansu University of Traditional Chinese Medicine, Peking University People’s 
Hospital, Peking University International Hospital, Beijing Chaoyang Hospital, and the 960th Hospital of PLA. The 
recruitment period spanned from January 2015 to October 2017. At the beginning of the follow-up stage, we first 
identified 86 patients with high adherence to CPAP therapy (defined as a minimum of four hours of CPAP use per night 
for at least 70% of the treatment duration) and another with 344 patients who either did not undergo CPAP therapy or 
exhibited low adherence following PSM. During the entire follow-up, 15 patients in the CPAP group were excluded due 
to their insufficient adherence to CPAP therapy on two consecutive occasions, while 60 matched patients from the non- 
CPAP group were also excluded. Ultimately, we identified 71 cases in the CPAP group as well as 284 cases in the non- 
CPAP group. These cohorts were matched for age, gender, BMI, and AHI. The study methodology is outlined in 
Figure 1. The inclusion criteria specified individuals aged 60 years and older with OSA. After applying the exclusion 
criteria, 355 participants were included in the final analysis. Exclusion criteria were as follows: 1) a diagnosis of frailty 
based on one or more criteria from the FRAIL scale; 2) presence of Parkinson’s disease, stroke, or mental disorders that 
could interfere with frailty assessment; and 3) loss to follow-up or death (Figure 1).

The study was conducted in accordance with the principles of the Declaration of Helsinki and approved by the Ethics 
Committee of the PLA General Hospital (S2022-366-01), and informed consent was obtained from all participants prior 
to study commencement.

Diagnosis of OSA
Portable laboratory-based polysomnography (PSG) serves as the gold standard for OSA diagnosis. In this study, each 
participant underwent a comprehensive PSG assessment conducted in the sleep laboratories of affiliated hospitals. OSA 
diagnosis and sleep tests were first scored according to the Guideline of the American Academy of Sleep Medicine 
(2012). Data collection was facilitated using the Compumedics system, a technology originating from Melbourne, 
Australia. This evaluation encompassed a wide array of sleep metrics, including electroencephalography, electrooculo-
graphy, electrocardiography, nasal-oral airflow, thoracic and abdominal movements, oxygen saturation (SpO2), and body 
orientation. Data were subjected to automatic computer analysis followed by manual correction by two sleep technol-
ogists and a senior physician. OSA was defined as AHI ≥5 events/hour. AHI was calculated as the total number of apnea 
and hypopnea events divided by the sleep duration (in hours). The severity of OSA was stratified into mild (AHI 5–15), 
moderate (AHI 15–30), and severe (AHI ≥30) based on PSG findings.17

Diagnosis of Frailty
The assessment of frailty was conducted using the FRAIL scale, which consists of five criteria: (1) fatigue, measured by 
asking respondents how much time during the past 4 weeks they felt tired; (2) resistance difficulty, indicated by 
challenges in ascending a 10-step staircase; (3) reduced ambulatory ability, demonstrated by an incapacity to walk one 
block (several hundred yards); (4) presence of multiple comorbidities, specified as having five or more from a list 
including hypertension, diabetes, cancer (excluding minor skin cancer), chronic lung disease, myocardial infarction, 
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congestive heart failure, angina, asthma, arthritis, stroke, and kidney disease; and (5) unintentional weight loss, defined as 
a decrease exceeding 5.0% within the past year. Participants were categorized as frail if they met three or more criteria, 
pre-frail if they met fewer than three, and non-frail if they met none. For the aims of this study, participants who met 
three or more criteria were classified as frail, while those meeting 0–2 criteria were considered non-frail.18

Demographic and Clinical Characteristics
Baseline demographic variables included age, sex, smoking status (categorized as regular smoker, occasional smoker, or 
non-smoker), and drinking status (defined as drinking or not drinking in the past 30 days). BMI was computed using the 
formula: body weight (in kilograms) divided by the square of height (in meters). These demographic variables were 
collected through face-to-face interviews. Information on specific chronic diseases, such as hypertension, diabetes, and 
hyperlipidemia, was obtained from the participants as well as their spouses and children and was further verified by 
a comprehensive review of medical records.

Follow-Up
The follow-up phase began after the comprehensive collection of validated data and was initiated by diagnosing OSA in 
study participants via PSG. Our research team underwent specialized training to conduct follow-up activities through 
telephone, WeChat, and in-person hospital visits. During the initial stage of follow-up, we separated patients into two 

Figure 1 Study flowchart. 
Abbreviations: CPAP, continuous positive airway pressure; BMI, body mass index; AHI, apnea-hypopnea index.
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groups: those with high CPAP compliance and those with poor compliance or refusal of CPAP. We then matched patients 
with high CPAP compliance using PSM. In the subsequent stage, we evaluated patients’ frailty using various commu-
nication methods, including telephone and WeChat, based on the frailty questionnaire proposed by Morley et al, which is 
also endorsed by Chinese experts.18 All patients were evaluated at 1 month, 3 months, 6 months, 12 months and then 
every 6 months thereafter (at least 3 months and up to 1 years), with an average follow-up duration of 52 months. 
Patients unable to provide information during the follow-up were considered lost to follow-up. The follow-up period 
concluded in December 2022.

Statistical Analysis
Propensity score matching (PSM) was performed using R software (version 4.2.1). In order to generate the PSM, three 
frailty-associated confounders (age, sex and BMI) and one OSA-associated confounder (AHI) were considered. We 
matched each patient in the non-CPAP group to a counterpart in the CPAP group based on the closest propensity score, 
utilizing a nearest-neighbor matching algorithm. The specific instructions for the matching procedure were as follows: 
matching = matchit (CPAP ~ age + sex + BMI + AHI, data = a, method = “nearest”, ratio = 4). Statistical analyses were 
conducted using SPSS 25.0 statistical software (version 25.0, SPSS Inc., Chicago, Illinois, USA). Initially, tests for 
normality and variance homogeneity were performed. Data that followed a normal distribution were presented as mean ± 
standard deviations and subjected to t-test analysis. Non-normally distributed data were displayed as quartiles [M(P25, 
P75)]. Categorical data were expressed as proportions and analyzed using the chi-square test. Logistic analyses were used 
to determine the risk factors linked to frailty and the association between CPAP therapy and frailty components, with 
a statistical significance threshold set at P < 0.05.

Results
Baseline Characteristics
A total of 1290 elderly patients diagnosed with OSA were initially screened for inclusion in this study. The mean duration 
of follow-up was 52 months. After applying matching criteria based on age, gender, BMI, and AHI, 335 of these patients 
were ultimately included in either the CPAP or non-CPAP treatment groups (Figure 1). Table 1 provides a comprehensive 
comparison of baseline characteristics between the two groups. There is marginally significant between the smoking 
status (11.26% vs 21.21%, P = 0.059) and drinking status (2.81% vs 9.85%, P = 0.056) between the CPAP-treated and 
non-CPAP-treated cohorts.

Table 1 Baseline Characteristics of Research Subjects

Variables Non-CPAP Group  
(n=284)

CPAP Group  
(n=71)

P

Male, n (%) 179 (63.02) 45 (63.38) 0.956

Age, y 68.49 (65.00, 71.00) 68.69 (64.00, 72.00) 0.762
BMI, kg/m2 27.30 (24.44, 29.58) 27.31 (24.65, 30.02) 0.986

Smoking, n (%) 60 (21.12) 8 (11.26) 0.059

Drinking, n (%) 28 (9.85) 2 (2.81) 0.056
Hypertension, n (%) 190 (66.90) 44 (61.97) 0.433

Hyperlipidemia, n (%) 85 (29.92) 21 (29.57) 0.954
Diabetes, n (%) 65 (22.88) 17 (23.94) 0.850

AHI, times/h 41.83 (23.20, 58.37) 42.85 (26.40, 55.40) 0.741

SpO2, % 92.48 (91.00, 95.00) 92.65 (92.00, 96.00) 0.731
TC, mmol/L 4.33 (3.54, 4.95) 4.64 (3.49, 5.03) 0.218

TG, mmol/L 1.66 (1.03, 2.02) 1.81 (1.05, 2.21) 0.354

Abbreviations: BMI, body mass index; AHI, the apnea-hypopnea index; TC, Total cholesterol; 
TG, triglyceride.
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Association Between CPAP Therapy and Frailty Incidence in Patients with OSA
Our data indicate that OSA patients receiving CPAP treatment exhibited a significantly reduced incidence of frailty 
compared to those not receiving CPAP treatment (11.26% vs 21.83%, P = 0.045, Figure 2). Further analysis using an 
unadjusted logistic regression revealed that CPAP treatment was significantly associated with a reduced risk of devel-
oping individual components of frailty. Specifically, the OR for experiencing fatigue was 0.35 (95% CI, 0.19–0.63; P < 
0.001), for resistance was 0.32 (95% CI, 0.14–0.74; P = 0.008), and for unintentional weight loss was 0.38 (95% CI, 
0.19–0.75; P = 0.007, Table 2).

Association Between Frailty and Risk Factors in Patients with OSA
The unadjusted logistic regression demonstrated a significant correlation between frailty and multiple risk factors. 
Specifically, the OR was 1.18 for age (95% CI, 1.12–1.25; P < 0.001), 1.95 for smoking (95% CI, 1.07–3.61; P = 
0.027), 1.18 for BMI (95% CI, 1.00–1.39; P = 0.003), and 1.87 for diabetes (95% CI, 1.05–3.33; P = 0.032). After 
adjusting for confounding variables such as age, AHI, smoking, diabetes, and CPAP therapy, the adjusted OR was 1.20 
for age (95% CI, 1.13–1.28; P < 0.001), 1.01 for AHI (95% CI, 1.00–1.03; P = 0.010), and 0.36 for CPAP therapy (95% 
CI, 0.15–0.88; P = 0.025; Table 3).

Discussion
To the best of our knowledge, this study is the first to investigate the potential of CPAP therapy to mitigate frailty in older 
individuals with OSA. Our primary findings suggest two key points: (i) CPAP therapy is effective in delaying the onset of 
frailty in older OSA patients; (ii) severe OSA is a significant risk factor for frailty.

Frailty has been strongly correlated with factors such as gender, AHI13 and BMI.19 In the present study, we controlled 
for these variables to minimize their impact on the outcomes. Frailty is an age-related syndrome characterized by reduced 
biological reserves, which in turn can lead to negative outcomes like disability, institutionalization, hospitalization, and 
mortality.20 Notably, frailty is often a reversible condition, and early identification of associated risk factors could help in 
reducing its prevalence.21 Previous research has already recognized OSA as a risk factor for frailty.13 The biological 
mechanisms underpinning OSA include the generation, metabolism, and abnormal activation of reactive oxygen species, 
as well as the initiation of inflammatory responses; these factors are also implicated in the onset of frailty.22–25 Our data 
further confirmed that individuals with severe OSA have a higher likelihood of being frail, although this was not 
significant. Additionally, we found no evidence of independent associations between frailty and gender or BMI. 
However, the existence of an ethnic or cultural factor that explains this discrepancy cannot be ruled out, and further 
studies are required in this regard.

Figure 2 Divergent Incidence of Frailty between Two Groups.
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In our study, we observed that patients with OSA who adhered to CPAP therapy experienced less fatigue compared to 
those in the non-CPAP group. This finding aligns with earlier research demonstrating that three weeks of CPAP therapy 
substantially mitigated fatigue and enhanced energy levels in OSA patients.26 Our results are also consistent with those of 
Lianne, particularly after a median follow-up period of 52 months. One plausible explanation for the observed fatigue 
reduction is that CPAP diminishes inflammation in OSA patients, thereby mitigating fatigue. Moreover, our study 
revealed that CPAP therapy significantly enhanced exercise tolerance in elderly patients with OSA. The improvement 
in exercise performance could be attributed to multiple factors. For instance, CPAP is known to enhance left ventricular 
function and cardiac index, subsequently improving arterial oxygen content. These physiological changes provide 
a rationale for the observed benefits in patients with heart failure. Additionally, some researchers propose that CPAP 
might modulate the autonomic nervous system, which could further contribute to improved exercise performance. It has 
also been hypothesized that CPAP enhances oxygen volume by reducing the production of reactive oxygen species like 
interleukin-8, TNF-α, and IL-6, thus leading to advancements in cardiovascular, ventilatory, and musculoskeletal 
systems.27 In relation to unintentional weight loss—a condition associated with increased morbidity and mortality in 
individuals over 65 years old28 —our findings indicated that the CPAP group was at a lower risk. Previous research by 
Chin found that leptin levels, which are involved in regulating body weight and fat distribution, declined significantly 
after 3 to 4 days of CPAP therapy in OSA patients.29 Furthermore, energy expenditure during sleep has been found to 
increase in individuals with sleep apnea, particularly those with severe forms, and to decrease upon CPAP treatment.30

CPAP, a standard treatment for OSA, not only alleviates upper airway obstruction during sleep but also diminishes 
stress-induced inflammation and corrects alveolar hypoxia by promoting unobstructed airflow into the alveoli. A meta- 
analysis has corroborated the ability of CPAP therapy to significantly reduce inflammatory markers such as C-reactive 

Table 3 Results of Logistic Analysis

Univariate Regression Analysis Multivariate Regression Analysis

OR (95% Cl) P OR (95% Cl) P

Male 0.849 (0.497, 1.451) 0.549
Age 1.118 (1.124, 1.255) <0.001 1.206 (1.134, 1.282) <0.001

BMI 1.045 (0.981, 1.113) 0.176

AHI 1.011 (1.000, 1.023) 0.055 1.017 (1.004, 1.030) 0.010
Smoking 1.957 (1.079, 3.614) 0.027 1.667 (0.860, 3.231) 0.130

Drinking 1.266 (0.520, 3.081) 0.604

Hypertension 1.372 (0.744, 2.433) 0.279
Hyperlipidemia 0.926 (0.520, 1.648) 0.793

Diabetes 1.875 (1.055, 3.332) 0.032 1.364 (0.072, 2.652) 0.360

With CPAP therapy 0.455 (0.207, 1.000) 0.050 0.366 (0.151, 0.833) 0.025

Note: Adjusted for age, AHI, smoking, diabetes, and CPAP therapy. 
Abbreviations: BMI, body mass index; AHI, the apnea-hypopnea index; CPAP, continuous positive airway pressure.

Table 2 Association Between CPAP Therapy and Incidence of Frailty Components

CPAP Group Non-CPAP  
Group

Univariate Regression Analysis

OR (95% Cl) P

Fatigue, n (%) 18 (25.35) 139 (48.94) 0.354 (0.198, 0.635) <0.001

Resistance, n (%) 7 (9.85) 71 (25.00) 0.328 (0.144, 0.749) 0.008
Ambulation, n (%) 1 (1.40) 22 (7.74) 0.170 (0.023, 1.284) 0.086

Illness, n (%) 22 (29.33) 74 (26.05) 1.247 (0.722, 2.250) 0.404

Unintentional weight loss, n (%) 11 (15.49) 91 (32.04) 0.389 (0.195, 0.755) 0.007

Abbreviations: CPAP, continuous positive airway pressure; OR, odds ratio.
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protein (CRP), IL-6, and TNF-α in patients with OSA.31 Additionally, CPAP therapy has been found to elevate serum 
vitamin D levels in individuals diagnosed with OSA.32 A growing body of evidence points to a strong correlation 
between vitamin D levels and frailty,33–36 which could account for the observed effectiveness of CPAP in mitigating 
frailty in OSA patients. Moreover, frailty has a significant association with hypertension and diabetes.20 Previous studies 
have indicated that CPAP therapy leads to reductions in blood pressure37 and improvements in glycemic control and 
insulin resistance.38 Hence, it is plausible to posit that CPAP may mitigate the occurrence of frailty by means of an 
intermediary influence. This may explain the relatively strong effectiveness of CPAP in preventing frailty, despite the 
limited link between the severity of AHI and frailty.

Our results demonstrate that CPAP therapy significantly attenuates the onset of frailty in elderly individuals diagnosed with 
OSA. These findings indicate that CPAP may serve as a strategic intervention for both the prevention and mitigation of frailty, 
consequently enhancing the quality of life in aging populations. Notable strengths of our study are its multicenter cohort design 
and long-term follow-up, which add rigor and reliability to our conclusions. To our knowledge, this is the first investigation to 
establish a link between CPAP therapy and reduced incidence of frailty among elderly individuals with OSA. However, our 
study is not without limitations. A major limitation of this study is the apparent reliance on telephone surveillance data rather 
than on objective measurement to assess CPAP compliance. Despite thorough investigation by my colleagues, the potential for 
residual confounding cannot be eliminated. Furthermore, we made considerable efforts to match the non-CPAP group. 
However, other factors that could impact frailty in the elderly, such as smoking, drinking, economic status were not included 
in the PSM. This could potentially introduce some bias into the results. Additionally, the demographic homogeneity of our 
study population, consisting mainly of Asian individuals, limits the generalizability of our findings to other ethnic groups. 
Future studies should aim to include more ethnically diverse cohorts to ascertain the global applicability of our conclusions.

Conclusion
In this multicenter cohort study conducted in an Asian population, we found that CPAP treatment independently reduces 
the risk of the onset of frailty in elderly patients with OSA. Furthermore, age, severe OSA, and the absence of CPAP 
treatment were identified as significant risk factors for frailty. Given these findings, we advocate for the initiation of 
CPAP therapy in all suitable elderly patients diagnosed with OSA, whenever feasible. However, further studies are 
warranted to elucidate the specific mechanisms by which CPAP treatment mitigates frailty.
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