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Abstract
Purpose Obstructive sleep apnea (OSA) is highly prevalent in patients with chronic kidney disease and may lead to a loss of 
kidney function. However, it remains unclear whether or not continuous positive airway pressure (CPAP) treatment improves 
the estimated glomerular filtration rate (eGFR) in patients with OSA. This meta-analysis was designed to investigate the 
effect of CPAP therapy on eGFR in patients with OSA. 
Methods We searched the electronic databases Web of Science, Cochrane Library, PubMed, and Embase through June 
1, 2022. Information about patients, CPAP duration, gender distribution, pre- and post-CPAP treatment eGFR, and age of 
patients were collected for further analysis. We applied the standardized mean difference (SMD) with a 95%confidence 
interval (CI) to analyze the pooled effects. Both Stata 12.0 software and Review Manager 5.2 software were employed for 
all statistical analyses.
Results A sample of 13 studies with 519 patients was included in the meta-analysis. There was no significant change of eGFR 
levels before and after CPAP usage for patients with OSA (SMD =  − 0.05, 95%CI: − 0.30 to 0.19, Z = 0.43, p = 0.67). How-
ever, subgroup analysis revealed that the level of eGFR was obviously decreased after CPAP therapy in patients with OSA 
and CPAP use duration > 6 months (SMD =  − 0.30, 95% CI =  − 0.49 to - 0.12, z = 3.20, p = 0.001), and elderly patients 
(> 60 years) (SMD =  − 0.32, 95% CI =  − 0.52 to − 0.11, z = 3.02, p = 0.002).
Conclusions Meta-analysis confirmed that OSA treatment with CPAP has no clinically significant effect on eGFR. 

Keywords Continuous positive airway pressure · Obstructive sleep apnea · Estimated glomerular filtration rate · 
Meta-analysis

Yuyu Fu and Jiayu Lin contributed equally to the work

 * Xiaoyu Chen 
 chenxiaoyu271@fjmu.edu.cn

 * Qingshi Chen 
 chenqingshi1986@126.com

1 Department of Anesthesiology, The Second Affiliated 
Hospital of Fujian Medical University, No.950 Donghai 
Street, Quanzhou 362000, Fengze District, China

2 Department of Endocrinology and Metabolism, The Second 
Affiliated Hospital of Fujian Medical University, No. 950 
Donghai Street, Quanzhou 362000, Fengze District, China

Introduction

Obstructive sleep apnea (OSA) is a common sleep-related 
respiratory disease with substantial important clinical 
and public health implications. OSA is characterized by 
periodic reductions or cessations of respiration during 
sleep accompanied by chronic intermittent hypoxia (CIH), 
leading to excessive daytime sleepiness, nocturnal hypox-
emia, nocturnal choking, and sleep disruption. The condi-
tion is known to affect about 9% and 24% of middle-aged 
females and males, respectively [1]. The high prevalence of 
OSA in middle-aged adults and its cardiovascular comor-
bidities make it a major public health burden for society. 
An increasing amount of evidence suggests that OSA is 
independently associated with an increased risk of cardio-
vascular mortality, because of its increased risks of heart 
failure, hypertension, myocardial ischemia, coronary artery 
disease, and arrhythmia [2–5].

http://crossmark.crossref.org/dialog/?doi=10.1007/s11325-023-02811-6&domain=pdf
http://orcid.org/0000-0003-2285-9150
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Renal function decline, evaluated mainly by the estimated 
glomerular filtration rate (eGFR), is a massive economic 
problem. Chronic kidney disease (CKD) is recognized 
as eGFR less than 60 mL/min/1.73  m2 and/or pathologi-
cal evidence of kidney damage, with at least a duration of 
3 months. It is reported that the prevalence of both OSA 
and CKD is increasing [6]. Furthermore, the prevalence of 
OSA is higher among patients with end-stage renal disease 
(ESRD) [7].  8]. OSA is considered to be a novel independ-
ent risk factor for development of CKD [8,9, 10]. Thus, a 
strong correlation may exist between OSA and CKD.

Continuous positive airway pressure (CPAP) treatment 
is currently the main therapy for patients with OSA. It is 
reported that CPAP is also associated with attenuation of 
glomerular hyperfiltration and downregulation of renin-
angiotensin-aldosterone system (RAAS) activity [11, 12]. 
However, whether or not the eGFR levels can be reversed by 
CPAP is still under debate. The primary aim of the present 
meta-analysis was to evaluate the effect of CPAP treatment 
on eGFR among patients with OSA.

Materials and methods

PRISMA statement

The present meta-analysis was performed according to the 
PRISMA 2020 statement [13].

Search strategy

We searched four online databases from inception to June 
1, 2022: Web of Science, PubMed, Embase, and Cochrane 
Library. All searches were conducted by using MeSH terms 
and free-text, and the combination of the following key 
terms was conducted: “estimated glomerular filtration rate 
OR eGFR” and “CPAP OR continuous positive airway pres-
sure” and “sleep apnea OR obstructive sleep apnea”. No 
language or other restriction was imposed. All relevant arti-
cles listed in the reference of the pooled studies were also 
scrutinized attentively. Two independent investigators (JY, 
L and XY, C) identified the eligible studies.

Inclusion and exclusion criteria

We selected studies which met the following criteria: (1) All 
participants collected in the meta-analysis were diagnosed 
with OSA. (2) CPAP was applied. (3) The Mean and SD 
(or SE) of eGFR both before and after application of CPAP 
was measured. (4) All of the studies had to have enough 
data to enable our meta-analysis. (5) Reviews, abstracts, 

non-human studies, conference articles, case reports, letters 
to the editor, and non-English publications were excluded.

Data extraction

Two authors (YY, F and JY, L) independently extracted the 
data. We resolved inconsistent decisions through a discus-
sion with a third investigator. We collected the following 
variables from each eligible study: nationality, publication 
date, the number of patients, first author’s name, gender dis-
tribution, age range of study subjects, CPAP duration, daily 
CPAP usage time, mean AHI, eGFR values before and after 
CPAP, study design, and body mass index (BMI).

Statistical analysis

We performed statistical analyses with the use of RevMan v.5.2 
and STATA 12.0. The standardized mean difference (SMD) 
and 95% confidence intervals (CI) were used by us to analyze 
the extracted data. Heterogeneity across studies was evaluated 
based on the  chi2 and the I2 statistics, with I2 > 50% meaning 
substantial heterogeneity in our meta-analysis. If I2 ≤ 50%, a 
fixed-effects model was applied by our team to estimate an effect 
size. Otherwise, a random-effects model was then employed to 
obtain the SMD if I2 > 50%. At the same time, we further con-
ducted sensitivity and subgroup analysis to clarify the possible 
sources of heterogeneity. Both the “Begg test” and the “Egger 
test” were conducted in the study to examine potential publica-
tion bias. p < 0.05 was set as statistical significance.

Results

Search results

After the removal of duplicates, our initial search strategy 
yielded a total of 90 references. Of the 90 references, we 
found 40 possible relevant articles after a preliminary review 
of the abstracts and titles. Among the remaining 40 trials, 27 
studies were ruled out. A total of 13 articles were included 
in the meta-analysis. The selection process of our literature 
search is outlined in Fig. 1.

Characteristics of included studies

In total, 13 trials with 18 cohorts and 519 patients were 
enrolled in the current meta-analysis. Our study included 
only one randomized clinical trial (RCT) [14]. The out-
comes in the five studies were separately divided into two 
groups [11, 12, 14–16]. According to the severity of OSA, 
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Li’s study was divided into mild OSA group and moder-
ate/severe OSA group. According to the gender, Nicholl’s 
study (2020) was divided into women group and men 

group. According to the nocturnal hypoxemia, Nicholl’s 
study (2021) was divided into moderate group and severe 
group. Eight studies defined OSA based on AHI [15–22], 

Fig. 1  PRISMA flow diagram
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four studies defined it according to the oxygen desatu-
ration index (ODI) [11, 12, 14, 23], and Nicholl’s study 
defined OSA based on respiratory disturbance index (RDI) 
[24]. The study baseline characteristics (year, author, and 
country), therapy duration, daily CPAP time, sample 
size, inclusion criteria, and study design are included in 
Table 1. We found that most of the participants in this 
study were male. Most of the studies were SCT trials, 
which were carried out in western countries. BMI, AHI, 
age, and eGFR are shown in Table 2. Most of the included 
patients had a BMI greater than 28 kg/m2 and most of 
them were over 50 years old.

Pooled analysis

There were significant differences obtained in our study 
 (chi2 = 64.14, p < 0.00001; I2 = 73%) in our heterogene-
ity test. Thus, a random effects model was applied for the 
pooled analysis. After pooling the data, there was no signifi-
cant difference in eGFR before and after CPAP use among 
patients with OSA (SMD =  − 0.05, 95%CI =  − 0.30 to 0.19, 
Z = 0.43, p = 0.67) (Fig. 2). A similar result was found based 
on a fixed effects model (SMD = 0.60, 95%CI =  − 1.34 to 
2.54, Z = 0.61, p = 0.54).

Sensitive analysis and subgroup analysis

Sensitivity analysis indicated that removing every study 
at a time did not affect the present pooled analysis result 
(Fig. 3). Considering the effect of CPAP treatment might be 
influenced by multiple confounding factors, we then con-
ducted subgroup analyses according to age (≤ 60 and > 60), 
baseline BMI (≤ 30 and > 30), CPAP duration (≤ 6 months 
and > 6 months), and gender distribution (women and men). 
eGFR was overtly decreased after CPAP therapy in elder 
patients (> 60  years) (SMD =  − 0.32, 95% CI =  − 0.52 
to − 0.11, z = 3.02, p = 0.002), and in patients with CPAP 
usage duration > 6 months (SMD =  − 0.30, 95% CI =  − 0.49 
to − 0.12, z = 3.20, p = 0.001). However, we found that the 
differences in BMI, and gender distribution did not have an 
effect on the efficacy of CPAP therapy (Table 3).

Publication bias

Figure 4 suggests that there may have been a publication 
bias. However, both the Begg and Egger tests demon-
strated that no evidence of publication bias was detected 
in the study (p = 0.705 and 0.145, respectively).

Table 1  Characteristics of include trials

Abbreviation: CPAP continuous positive airway pressure, AHI apnea hypopnea index, RDI respiratory disturbance index, ODI oxygen desatura-
tion index, Y year, M month, h hour, SCT self-control trials, RCT  randomized controlled trials, NRCT  non-randomized cohort study

First author Year Nation Sample size/male Inclusion criteria Daily duration 
(h/night)

CPAP duration Study design

Kinebuchi 2004 Japan 21/19 AHI ≥ 5/h 7.6 ± 1.0 1 W SCT
Koga 2013 Japan 38/38 AHI ≥ 5/h  > 3.5 3 M SCT
Zhang 2014 China 39/29 AHI ≥ 30/h 6.5 ± 2.4 3 M SCT
Nicholl 2014 Canada 20/15 RDI ≥ 15/h 6.4 ± 1.3 1 M SCT
Puckrin # 2015 Canada 30/18 AHI ≥ 5/h  < 4 2.3 Y SCT
Puckrin 2015 Canada 12/10 AHI ≥ 5/h  > 4 2.3 Y SCT
Loffler # 2017 Australia 43/37 ODI ≥ 12/h 1.4 ± 1.2 4.3 Y RCT 
Loffler 2017 Australia 59/53 ODI ≥ 12/h 6.0 ± 1.2 4.3 Y RCT 
Li# 2019 Canada 20/13 AHI ≥ 5/h  > 4 1 Y NRCT 
Li 2019 Canada 32/21 AHI ≥ 5/h  > 4 1 Y NRCT 
Nicholl # 2020 Canada 10/0 ODI ≥ 15/h 6.4 ± 0.8 1 M SCT
Nicholl 2020 Canada 19/19 ODI ≥ 15/h 6.4 ± 0.6 1 M SCT
Nicholl # 2021 Canada 15/9 ODI ≥ 15/h  > 4 1 M SCT
Nicholl 2021 Canada 15/11 ODI ≥ 15/h  > 4 1 M SCT
Hanly 2020 Canada 9/6 ODI ≥ 15/h 6.4 ± 1.1 3 M SCT
Nowicki 2020 Poland 41/41 AHI ≥ 5/h  > 4 6–8 W SCT
Pochetti 2020 Italy 31/25 AHI ≥ 5/h  > 4 8 Y SCT
Perticone 2021 Italy 65/48 AHI ≥ 5/h  > 4 6 M SCT
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Discussion

The current meta-analysis was the first study addressing the 
efficacy of CPAP treatment on eGFR in patients with OSA. We 

found that OSA treatment with CPAP exerted no effect on eGFR. 
Nevertheless, subgroup analyses revealed that CPAP therapy 
was linked to a marked decrease in eGFR in older patients 
(> 60 years), or patients with CPAP use duration > 6 months.

Table 2  Patients’ characteristics

Values are mean ± SD
Abbreviation: AHI apnea hypopnea index, RDI respiratory disturbance index, BMI body mass index, NR not reported, eGFR estimated glomeru-
lar filtration rate

First author Age (years) AHI (events/h) BMI (kg/m2) Pre-eGFR Post-eGFR

Kinebuchi 52.8 ± 13.4 58.3 ± 23.1 30.4 ± 6.5 122.2 ± 39.0 mL/min 127.1 ± 40.1 mL/min
Koga 55.0 ± 10.0 41.8 ± 19.8 28.6 ± 4.5 72.9 ± 12.0 mL/min/1.73  m2 79.3 ± 17.9 mL/min/1.73  m2

Zhang 51.2 ± 12.2 51.6 ± 16.7 29.6 ± 5.0 98.7 ± 31.7 mL/min/1.73  m2 100.2 ± 28.3 mL/min/1.73  m2

Nicholl (2014) 50.0 ± 8.9 NR 33.0 ± 4.5 124.0 ± 35.8 mL/min 110.0 ± 26.8 mL/min
Puckrin # 62.6 ± 11.8 50.8 ± 34.6 32.5 ± 6.5 32.8 ± 13.2 mL/min/1.73  m2 25.1 ± 12.0 mL/min/1.73  m2

Puckrin 58.8 ± 12.8 61.4 ± 31.1 34.6 ± 6.9 36.1 ± 17.1 mL/min/1.73  m2 35.8 ± 19.2 mL/min/1.73  m2

Loffler # 62.0 ± 7.0 21.0 ± 9.6 29.9 ± 6.0 83.1 ± 20.0 mL/min/1.73  m2 80.8 ± 18.4 mL/min/1.73  m2

Loffler 64.0 ± 7.0 22.0 ± 11.4 31.2 ± 4.1 82.7 ± 17.2 mL/min/1.73  m2 76.8 ± 16.8 mL/min/1.73  m2

Li# 68.2 ± 16.9 28.8 ± 13.6 25.3 ± 7.2 26.5 ± 13.6 mL/min/1.73  m2 22.5 ± 6.5 mL/min/1.73  m2

Li 69.1 ± 20.4 11.6 ± 7.7 24.3 ± 7.2 31.2 ± 15.1 mL/min/1.73  m2 28.1 ± 8.4 mL/min/1.73  m2

Nicholl (2020)# 49.0 ± 6.3 NR 35.0 ± 3.1 108.0 ± 8.7 mL/min 105.0 ± 13.1 mL/min
Nicholl (2020) 50.0 ± 17.4 NR 36 ± 13.1 124.0 ± 25.3 mL/min 113.0 ± 18.9 mL/min
Nicholl (2021)# 49.0 ± 11.6 NR 38.0 ± 7.7 112.0 ± 19.4 mL/min 108.0 ± 11.6 mL/min
Nicholl (2021) 48.0 ± 11.6 NR 32.0 ± 3.8 128.0 ± 38.7 mL/min 119.0 ± 34.9 mL/min
Hanly 48.7 ± 10.4 NR 36.9 ± 7.2 109.2 ± 18.0 mL/min 111.5 ± 11.2 mL/min
Nowicki 47.5 ± 8.5 38.3 ± 20.7 36.7 ± 6.1 79.9 ± 13.0 mL/min/1.73  m2 84.1 ± 12.0 mL/min/1.73  m2

Pochetti 58.9 ± 13.2 25.1 ± 12.4 33.0 ± 4.6 85.9 ± 18.7 mL/min/1.73  m2 79.0 ± 23.3 mL/min/1.73  m2

Perticone 56.2 ± 11.0 42.2 ± 25.1 36.9 ± 6.3 84.0 ± 13.1 mL/min/1.73  m2 104.2 ± 19.0 mL/min/1.73  m2

Fig. 2  Forest plot
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OSA is a highly prevalent disorder in patients 
with CKD. Heinzer et al. [25] found that sleep-disor-
dered breathing had a high prevalence in elderly men. 
Previous studies demonstrated that its prevalence among 
CKD patients is higher than that in the general popula-
tion [20, 26]. The presence of OSA in this population is 
related to a substantial reduction in quality of life, and 
a higher risk of cardiovascular morbidity and mortality. 
Numerous clinical studies found a correlation between 
OSA and renal dysfunction. Patients with OSA appeared 
to have elevated levels of albuminuria [27]. In addition, 
it was suggested that OSA is a significant predictor of the 
accelerated loss of kidney function, and may contribute 
to the progression of CKD.

Renal function decline, assessed by the eGFR, is linked to 
increased cardiovascular events and morbidity in the general 
population [28, 29]. Mild-to-moderate renal insufficiency is 
becoming a worldwide public and clinical health problem. 
Previous studies have reported that there is a bidirectional 
association between OSA and renal function decline. In clin-
ical trials, nocturnal hypoxemia due to OSA has been shown 
to be related to the deterioration of kidney function [12, 30, 
31]. Patients with ESRD often exhibit a high prevalence of 
OSA and can result in worsening of sleep apnea [8, 32]. The 
organ damage caused by OSA is associated with intermittent 
hypoxia, inducing oxidative stress, inflammation, increased 
sympathetic activity, RAAS, hemodynamic instability, and 
endothelial dysfunction [33–37], which may contribute to 

Fig. 3  Sensitivity analysis

Table 3  The results of subgroup 
analyses

Subgroup No. study 
and patients

Heterogeneity SMD

Chi2 p I2 (%) SMD 95%CI Z p

Age
 ≤ 60 13/335 46.08  < 0.001 74 0.06  − 0.25 to 0.38 0.39 0.69
 > 60 5/184 2.13 0.71 0  − 0.32  − 0.52 to 0.11 3.02 0.002
BMI
 ≤ 30 5/172 5.86 0.21 32  − 0.03  − 0.29 to 0.23 0.19 0.85
 > 30 13/347 58.12  < 0.001 79  − 0.07  − 0.42 to 0.28 0.38 0.71
Gender
Women 15/107 15.15 0.37 8  − 0.08  − 0.36 to 0.21 0.52 0.60
Men 17/412 47.33  < 0.001 66  − 0.02  − 0.27 to 0.23 0.18 0.86
CPAP duration
 ≤ 6 months 11/292 40.86  < 0.001 76 0.11  − 0.24 to 0.46 0.59 0.55
 > 6 months 7/227 2.65 0.85 0  − 0.30  − 0.49 to − 0.12 3.20 0.001
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accelerated loss of renal function. Therefore, it is reason-
able to speculate that OSA is related to a reduction in eGFR, 
which contributes to the worsening of kidney function.

Above all, clinicians should emphasize this mutual rela-
tionship to investigate patients with OSA at risk for CKD, 
as well as CKD patients for comorbid OSA. Recently,it has 
been gradually recognized that OSA is likely to be a con-
tributing risk factor in the development of CKD. Therefore, 
early recognition and therapy of OSA may be an effective 
approach for blunting progression to ESRD.

CPAP plays a crucial role in the management of patients 
with OSA, reducing their symptoms and enhancing patients’ 
life quality. Recent research indicated that CPAP therapy 
might exert beneficial effects on eGFR for patients with OSA 
[19, 38]. As shown in the trial enrolled patients with CKD 4 
or 5 stage, CPAP may significantly ameliorate the progres-
sion of CKD, especially in the patients with moderate/severe 
OSA [15]. There are several potential explanations for CPAP 
caused improvement of decreased eGFR. CPAP treatment may 
reverse the decreased eGFR by correcting sympathetic activity, 
eliminating apneic and/or hypopnea episodes, reducing renal 
RAAS activity, maintaining normal oxygenation, and reversing 
endothelial dysfunction [16, 22]. CPAP therapy may also affect 
diabetes and hypertension via the above possible mechanisms, 
and thus improve the decreased eGFR. However, our study 
found that CPAP treatment did not affect eGFR in patients 
with OSA. As the efficacy of CPAP was affected by multiple 
factors, we also conducted subgroup analyses in terms of treat-
ment duration, age, BMI, and gender. The results indicated 
that 6 months of CPAP therapy was related to a decrease in 
eGFR. Besides CPAP duration, our findings showed that eGFR 
in elderly patients may respond worse to CPAP treatment. It 

was reported that eGFR declined with advancing age in all 
subjects. However, Marrone et.al found that fixed CPAP treat-
ment could attenuate the decline in eGFR for patients with 
OSA [39]. Further studies focusing on the function of CPAP, 
or on alternative OSA treatment modalities are warranted, in 
order to find patients who may benefit from therapy.

The present meta-analysis has its important strengths. 
First, this is the first comprehensive meta-analysis to explore 
eGFR in response to CPAP therapy in a large number of 
patients with OSA patients. Second, compared to any indi-
vidual study, pooling data from all eligible studies may yield 
more reliable results. Third, most trials pooled in our meta-
analysis had a therapeutic CPAP treatment of 4 h/night or 
more, indicating good CPAP adherence. Fourth, the funnel 
plots in our meta-analysis did not indicate publication bias.

The study also has several limitations. First, the sample 
size of our pooled analyses was small, which may restrict the 
extrapolation of our conclusions. Second, most of the studies 
included in our report were self-control trials. Additional 
large-scale, well-designed RCTs are needed. Third, different 
studies used different measurement techniques for eGFR in 
the meta-analysis. Fourth, some potential confounders that 
could influence eGFR, like drugs, inflammation, diets, and 
comorbidities, were difficult to fully adjust for. Fifth, the 
treatment periods of included trials were varioused, which 
may cause the heterogeneity of the study. Sixth, average 
eGFR before CPAP differed highly among the sample pop-
ulations of the analyzed studies, which should be taken in 
consideration when we explain theexamining the effect of 
CPAP treatment. Seventh, we only analyzed these articles 
written in English were included, which may have resulted 
in publication bias.

Fig. 4  Funnel plots for publica-
tion bias
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Conclusions

The meta-analysis revealed that CPAP treatment did not 
impact affect eGFR in patients with OSA. However, longer 
duration of CPAP therapy for OSA patients iwas associated 
with a decline of eGFR. In elderly patients with OSA, CPAP 
was also linked to a significant decrease in eGFR. To clarify 
this issue, further large-sized RCTs with long-term follow-
up may be warranted.
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