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Abstract
Purpose Obstructive sleep apnea (OSA) can impair cognition. Continuous positive airway pressure (CPAP) is a recommended 
treatment for OSA but its effectiveness on cognitive improvement is uncertain, a finding which may be biased by various 
durations and adherence to treatment with CPAP. In a meta-analysis assessing high-quality randomized controlled trials 
(RCTs), we estimated whether or not CPAP benefits cognition in patients with OSA.
Methods PRISMA criteria were followed in the performance of this meta-analysis. The weighted mean difference (WMD) 
and 95% confidence interval (CI) of six neuropsychological scores covering eight cognitive domains were used to evaluate 
the benefit between CPAP and non-CPAP interventions. Subgroups of different therapeutic durations and adherence, which 
were divided into short-term (< 8 weeks) and long-term (≥ 12 weeks) durations, and poor (nighttime < 4 h/night) and good 
(nighttime ≥ 4 h/night) adherence were also analyzed.
Results Among 16 RCTs, 1529 participants with OSA were included. Comparing the CPAP group and the control group 
for all treatment durations and adherence, a mild improvement for digit span forward which reflected short-term memory 
was observed (WMD[95%CI] = 0.67[0.03,1.31], p = 0.04). Trail making test-part B, which reflected executive function was 
improved for participants with OSA who had good adherence to CPAP (WMD[95%CI] =  − 6.24[− 12.60,0.12], p = 0.05). 
Patients with OSA who received short-term CPAP treatment (WMD[95%CI] =  − 7.20[− 12.57, − 1.82], p = 0.009) had a 
significant improvement in executive function when compared with controls. There was no statistical difference for all scales 
between long-term (≥ 12 weeks) CPAP treatment group and control group.
Conclusion The effectiveness of CPAP on cognitive improvement in patients with OSA is limited, although good adherence 
to CPAP can mildly benefit executive function with short-term effectiveness.

Keywords Obstructive sleep apnea · Cognitive improvement · CPAP treatment · Sleepiness

Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder 
and affects nearly one billion people worldwide aged 
30–69 years [1]. Also, the prevalence of cognitive impairment 
and dementia is expected to rise over the next few decades 
due to increased life expectancy of patients [2]. An estimated 
6.2 million Americans aged 65 and older currently have 
Alzheimer’s disease (AD), and that number could grow to 
13.8 million by 2060 [3]. Therefore, both conditions have 
placed a heavy burden on public health [2, 4]. Epidemiological 
evidence from prospective and cross-sectional studies 
suggests that OSA is a risk factor for cognitive decline, with 
a 4.7–13.7% higher prevalence of cognitive impairment in 
adults with OSA than those without OSA [5, 6]. According 
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to neuropsychological evaluation, OSA can cause a relatively 
consistent pattern of deficits in domains of attention, episodic 
memory, working memory, and executive function [7–9]. 
Further, the longer OSA left untreated, the higher risk of 
cognitive impairment and dementia, and potentially the earlier 
the age of onset of AD [10]. Fortunately, unlike risk factors 
of aging, genetic susceptibility, etc., OSA itself is modifiable, 
which proposes an alternative option for early prevention in 
cognitive impairment [11].

Continuous positive airway pressure (CPAP) is a recom-
mended treatment for patients with OSA [12], which could 
effectively reduce hypoxia parameters like apnea hypopnea 
index (AHI, which reflects the severity of OSA) and relieve 
symptoms of sleep disturbance and daytime sleepiness [10, 
13]. CPAP could also improve the comorbid conditions of 
glycemic control, insulin resistance, heart failure, etc., in 
patients with OSA [14–16]. However, the efficacy of CPAP 
on cognitive improvement in patients with OSA is still 
uncertain. The conclusions reached by different studies are 
inconsistent because of the diversity of impaired cognitive 
domains and neuropsychological scales applied, as well as 
the difference in the adherence and durations of CPAP in 
patients with OSA. Based on the published randomized con-
trolled trials (RCTs) in this field, several meta-analysis stud-
ies have been conducted to assess the efficacy of CPAP on 
improving OSA-related cognitive impairment [13, 17, 18]. 
Labarca G. et al. indicated CPAP only had a slight improve-
ment in short-term memory and executive function in elderly 
patients with OSA [13]. Kylstra WA. et al. suggested CPAP 
could improve the performance in the domains of attention 
and executive function but the benefit was modest [17]. Jiang 
X. et al. pointed out CPAP had a potential positive effect in 
cognitive domains such as attention, executive function, ori-
enting places, and psychomotor/cognitive processing speed, 
although the results of meta-analysis lacked statistical sig-
nificance [18]. Among these studies, the effects of CPAP 
on various cognitive domains and stratified population have 
been elaborately assessed, but a key missing point is that 
the therapeutic duration and compliance of CPAP varied 
across studies.

In fact, studies have pointed out the importance of a more 
in-depth assessment of the therapeutic duration and adher-
ence to CPAP for cognitive improvement in patients with 
OSA, as they are critical factors in evaluating the treatment 
effectiveness [17, 19]. Also, the efficacy of CPAP in OSA 
with comorbidities of hypertension, inflammatory reac-
tion, abnormal glycolipid metabolism, and heart failure 
was closely associated with the adherence and duration of 
CPAP [16, 20, 21]. CPAP improved cardiac function in heart 
failure patients with co-morbid OSA, but the magnitude of 
the improvement was related to the duration of nighttime 
use rather than the duration of treatment [16]. Short-term 
(< 3 months) CPAP treatment could modestly reduce the 

level of C-reactive protein, tumor necrosis factor-α, fast-
ing blood glucose, and low-density lipoprotein in patients 
with OSA, while long-term (≥ 3 months) CPAP treatment 
slightly decreased the level of high-density lipoprotein and 
total cholesterol [20]. Similarly, therapeutic duration and 
adherence to CPAP may have different effectiveness on 
improving OSA-related cognitive impairment, including 
memory, attention, visuospatial learning, executive function, 
and motor performance according to previous original stud-
ies [7, 19, 22, 23]. However, these two key points have not 
been taken into account in the current meta-analysis. Thus, 
it is difficult to determine the effect of CPAP on cognitive 
improvement in OSA if only combined different adherence 
and treatment durations of CPAP together for analysis.

Therefore, to answer this question, we estimated whether 
or not the cognitive improvement in patients with OSA var-
ied depending on the therapeutic duration and adherence to 
CPAP, and we further studied the improvement in differ-
ent cognitive domains. We found only patients with OSA 
who had good adherence (nighttime duration ≥ 4 h/night) 
to CPAP had a slight improvement in executive function 
compared with corresponding control group. There was a 
trend of improvement in other cognitive domains, although 
the results lacked statistical difference. Furthermore, patients 
with OSA who received short-term CPAP (< 8 weeks) could 
significantly improve the executive function, whereas those 
who received long-term CPAP (≥ 12 weeks) had no apparent 
cognitive benefit.

Method

Inclusion and exclusion criteria

Based on the principal of PICOS (participant, intervention, 
control, outcome, and study design), the inclusive and exclu-
sive criteria were set:

 (i)  Participants: all participants were diagnosed as OSA 
based on the polysomnography (PSG) or home sleep 
apnea test (HSAT); parameters of Apnea Hypopnea 
Index (AHI) > 5 events/h or Respiratory Disturbance 
Index (RDI) > 5 events/h; besides, all included OSA 
patients had no neurological and other diseases 
which would affect cognition, like AD.

 (ii)  Intervention: patients with OSA treated with CPAP 
were included in the CPAP group, while patients 
with OSA received placebo, sham CPAP, conserva-
tive treatment, and other responsive non-CPAP inter-
ventions were included in the control group.

 (iii)  Controls: all controls were reported the same diagnosis 
as OSA but had non-CPAP interventions.
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 (iv)  Outcomes: primary outcomes are (1) scores of 
responsive neuropsychological scales for specific 
cognitive domain at baseline and post interventions; 
(2) data format shown as or converted to mean and 
standard deviation (mean ± SD); (3) each neuropsy-
chological scale must be studied in more than three 
studies before quantitative analysis. Also, daytime 
sleepiness conditions from two groups were extracted 
as secondary outcome.

 (v)  Study design: randomized controlled trial (RCT).

Search strategy

Databases (Embase, Web of Science, PubMed, and 
Cochrane) were used to retrieve studies on the cognitive 
improvement effect of CPAP in patients with OSA up to 
August 22, 2021 at the first stage; also, we have updated the 
searching up to January 22, 2022. The idea of search term 
design includes three aspects: cognition and its sub-domains, 
OSA disease, and CPAP intervention. The searching strat-
egy for different databases was attached in Supplemental 
Table 1.

Data extraction

For all included publications, two researchers indepen-
dently extracted required data, including the publication 
year, first author, region, number of participants, age (years, 
mean ± SD), diagnosis information, intervention details for 
both groups, and the outcomes.

For primary outcomes, we extracted the results for 
responsive neuropsychological scales (mean ± SD) from 
eight cognitive domains: sensation, perception, motor skills 
and construction, attention and concentration, memory, 
executive functioning, processing speed, and language/
verbal skills. Trail making test-part A (TMT-A) for 
visuomotor and information processing speed; trail making 
test-part B (TMT-B) for executive function and the speed 
of information processing; digit span (DS) for attention 
and working memory; digital symbol substitution (DSS) 
for perceptual and graphomotor speed; digit span forward 
(DSF) for short-term memory; digit span backward (DSB) 
for working memory [24].

As for secondary outcome, we extracted scores of 
Epworth sleepiness score (ESS) to measure the sleepiness 
and tracked their changes in different groups. All extracted 
data were shown in Supplemental Table 2.

Literature quality evaluation

The Jadad scale was used to assess the quality of included 
RCT studies [25]. It is mainly composed of four aspects: 
generation of random sequence (selection bias), blind 

assignment and blinding of all study participants (execu-
tion bias), blind method of result evaluation (observation 
bias), and result data completeness (loss to follow-up bias); 
with a total score of 7, score of 1–3 points are considered 
low quality and 4–7 are considered high quality.

Data analysis

Data analysis was performed by Review Manager 5.3 software. 
Weighted mean difference (WMD) and its 95% confidence 
interval (CI) were used to analyze the efficacy of CPAP on 
cognition and secondary outcome of sleepiness by comparing 
the mean differences of each evaluating scales between CPAP 
and control group. For results with the heterogeneity I2 < 50%, 
we used the fixed effect model for meta-analysis; otherwise, 
we performed the random effects model. p value < 0.05 was 
considered statistically different for WMD.

Firstly, we compared the baseline WMD of each outcome, 
which was used as comparable evidence between the two 
groups. Then, we analyzed the WMD for each test after differ-
ent interventions. Based on the included RCTs, we compared 
the primary and secondary outcomes between CPAP group 
and control group by combining all the therapeutic durations 
and compliance at first. Next, we performed subgroup analysis 
to assess the effects of therapeutic duration and compliance 
on CPAP efficacy by comparing the outcomes between CPAP 
group and control group in different subgroups based on thera-
peutic duration and nighttime duration, respectively.

In addition, sensitivity analyses were performed by 
sequentially excluding one study and examining the change 
in pooled effect size. Also, publication bias for the results was 
presented as the whether the funnel plots were symmetric or not.

Results

Characteristics for all included publications

According to our inclusive and exclusive criteria, we included 
16 RCTs for pooled analysis (Fig. 1). The characteristics of these 
publications were shown in Table 1 and Supplemental Table 2. 
In summary, 16 RCTs included a total of 1529 OSA participants 
with a mean age distribution of 44.0–75.6 years. The severity 
parameter AHI/RDI (mean, events/night) range from 10.0 to 
61.2 for all participants. The mean usage time of CPAP was 
2.4–6.1 h per night. Additionally, the treatment duration varied 
widely. Nine studies had treatment duration ranging from 1 to 
8 weeks, and the other 7 studies had treatment duration ranging 
from 12 to 48 weeks (two of the studies included two follow-up 
visits at different therapeutic durations, which were used as two 
datasets for quantitative analysis). Compared with CPAP group, 
non-CPAP interventions included active and passive interven-
tions. Active interventions included conservative treatment, 
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best supportive care, mandibular repositioning splint (MRS), 
and habitual treatment. Passive interventions included placebo, 
sham CPAP, and oral placebo.

In terms of the quality of publications assessed by Jadad 
scale, eight studies were rated 4-7 and the other 8 studies 
were rated 2-3. Because it was difficult to achieve double-
blind between CPAP and control group, and some studies 
did not describe the method of randomization, so the Jadad 
scores of some studies were relatively low compared with 
standard scale.

CPAP benefit for cognition improvement in OSA 
is limited

For primary outcomes, we analyzed scales of TMT-A, 
TMT-B, DS, DSB, DSS, and DSF, which reflected the 

cognitive domains of sensation, attention, motor skills 
and construction, memory, executive functioning, and 
processing speed. Firstly, we compared the baseline for 
each scale and found there were no significant differences 
in TMT-A (p = 0.13), TMT-B (p = 0.43), DSF (p = 0.82), 
DSS (p = 0.10), and DSB (p = 0.27) between CPAP and 
control groups (Table 2), supporting it was comparable for 
the following analysis. Nevertheless, we observed a lower 
baseline score of DS in the CPAP group than in the control 
group (WMD[95%CI] =  − 0.67[− 1.16, − 0.18], p = 0.007), 
which needs to be considerate for interpreting following 
results. Then, we compared the cognitive improvement 
in two groups by combining all the therapeutic durations 
and compliance and only observed a mild improvement 
in DSF in CPAP group (WMD[95%CI] = 0.67[0.03, 
1.31], p = 0.04). There were no statistical differences 

Fig. 1  The workflow for screen-
ing publications according to 
inclusion and exclusion criteria
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in TMT-A (p = 0.07), TMT-B (p = 0.10), DS (p = 0.71), 
DSS (p = 0.24), and DSB (p = 0.20) between two groups 
(Table 2, Supplemental Fig. 1).

Next, we analyzed the effectiveness of CPAP with 
different nighttime durations, which can also be defined as 
the usage time of CPAP per night (Table 3, Supplemental 
Fig. 1). We analyzed the data of two subgroups (nighttime 
duration < 4  h/night which reflected poor compliance 
and ≥ 4  h/night which ref lected good compliance) 
and found that only TMT-B in patients with OSA who 
received CPAP nighttime duration ≥ 4 h/night had a trend 
of improvement, although the result lacked significant 
difference (WMD[95%CI] =  − 6.24[− 12.60,0.12], 
p = 0.05) compared with controls. There were no statistical 
differences in DSF (p = 0.28), TMT-A (p = 0.14), DS 
(p = 0.80), DSS (p = 0.58), and DSB (p = 0.18) between 
two groups. Besides, there were no statistical differences 
in TMT-B (p = 0.63) and DSS (p = 0.15) in patients with 
OSA who received CPAP nighttime duration < 4 h/night 
compared with controls.

Further, we also analyzed the effectiveness of CPAP 
with different therapeutic durations, which were divided 
into short-term (< 8 weeks) and long-term (≥ 12 weeks) 
subgroups. As shown in Table  4 and Supplemental 
Fig.  1, we observed a significant improvement in 
TMT-B in participants with OSA who received short-
term CPAP compared with corresponding control group 
(WMD[95%CI] =  − 7.20[− 12.57, − 1.82], p = 0.009). 
However, there were no significant differences in other 
cognitive tests, including DSS (p = 0.82) and TMT-A 
(p = 0.11) between the two groups. As for the effectiveness 
of long-term CPAP, there were no significant differences 
in all cognitive tests, including TMT-B (p = 0.50), DSS 
(p = 0.24), and DSB (p = 0.27).

Therapeutic effects of CPAP on secondary outcomes

For secondary outcomes, we focused on sleepiness by meas-
ured ESS. Based on the comparable baseline scores of ESS 
(p = 0.70), we observed that the scores of ESS (WMD[95%C
I] =  − 2.93[− 4.18, − 1.69], p < 0.00001) in CPAP group were 
lower than control groups (Table 2). For subgroup analysis 
of different nighttime durations (Table 3), the score of ESS 
had a significant improvement in both of nighttime dura-
tion < 4 h/night (WMD[95%CI] =  − 2.60 [− 5.11, − 0.09], 
p = 0.0002) and ≥ 4 h/night (WMD[95%CI] =  − 2.97[− 4.6
7, − 1.27], p = 0.0006) subgroups. Then, as shown in Table 4, 
we perform the subgroup analysis of different therapeutic 
durations and found the significant improvement in ESS in 
both of short-term (WMD[95%CI] =  − 3.64 [− 5.65, − 1.63], 
p = 0.0004) and long-term (WMD[95%CI] =  − 2.01[− 3.44
, − 0.58], p = 0.006) CPAP treatment groups.D
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Table 2  Effects of mixed therapeutic durations and compliance of CPAP therapy on cognition and sleepiness

Definition for abbreviation: No. for S(T/C), the number for total studies (S), participants for treatment (T), and control groups (C); WMD, 
weighted mean difference; CI, confidence interval; DSF, digit span forward; DSS, digital symbol substitution; DSB, digit span backward; TMT-
A/B, trail making test-part A/B; DS, digit span; ESS, Epworth sleepiness score. The results in bold indicated p <0.05

Test Baseline Post intervention

No. for S(T/C) WMD [95%CI] p No. for S(T/C) WMD [95%CI] p

Cognition (primary outcomes)
  DSF 4 (85/88) 0.07 [− 0.58,0.73] 0.82 4 (85/88) 0.67 [0.03,1.31] 0.04
  DSS 5 (300/289)  − 1.68 [− 3.66,0.3] 0.10 9 (472/461) 0.57 [− 0.37,1.50] 0.24
  DSB 5 (174/178) 0.26 [− 0.20,0.71] 0.27 5 (174/178) 0.49 [− 0.26,1.23] 0.20
  TMT-A 4 (131/118)  − 2.59 [− 5.89,0.72] 0.13 6 (194/177)  − 2.29 [− 4.75,0.17] 0.07
  TMT-B 6 (277/266)  − 3.23 [− 11.27,4.81] 0.43 12 (513/501)  − 3.51 [− 7.72,0.70] 0.10
  DS 4 (237/222)  − 0.67 [− 1.16,-0.18] 0.007 4 (237/222)  − 0.03 [− 0.22,0.15] 0.71

Sleepiness (secondary outcome)
  ESS 7 (342/334) 0.12 [− 0.52, 0.76] 0.70 12 (508/498)  − 2.93 [− 4.18, − 1.69]  < 0.00001

Table 3  Effects of different nighttime durations of CPAP therapy on cognition and sleepiness

Definition for abbreviation: No. for S(T/C), the number for total studies (S), participants for treatment (T), and control groups (C); WMD, 
weighted mean difference; CI, confidence interval; DSF, digit span forward; DSS, digital symbol substitution; DSB, digit span backward; TMT-
A/B, trail making test-part A/B; DS, digit span; ESS, Epworth sleepiness score. The results in bold indicated p <0.05

Test Post intervention of nighttime-duration (< 4 h/night) Post intervention of nighttime-duration
(≥ 4 h/night)

No. for
S(T/C)

WMD [95%CI] p No. for S(T/C) WMD [95%CI] p

Cognition (primary outcomes)
  DSF — — — 3 (65/59) 0.41 [− 0.33, 1.16] 0.28
  DSS 5 (291/295) 0.73 [− 0.26, 1.73] 0.15 4 (181/166)  − 0.80 [− 3.64, 2.04] 0.58
  DSB 1(89/90) — — 3 (65/59) 0.78 [− 0.37, 1.92] 0.18
  TMT-A 1(34/34) — — 5 (160/143)  − 2.09 [− 4.87, 0.70] 0.14
  TMT-B 6 (305/310)  − 1.38 [− 6.99, 4.23] 0.63 6 (208/191)  − 6.24 [− 12.60,0.12] 0.05
  DS — — — 4 (237/222)  − 0.06 [− 0.55,0.43] 0.80

Sleepiness (secondary outcome)
  ESS 4 (162/163)  − 2.60 [− 5.11, -0.09] 0.0002 8 (346/335)  − 2.97 [− 4.67, − 1.27]

1.27]
0.0006

Table 4  Effects of short-term and long-term CPAP therapy on cognition and sleepiness

Definition for abbreviation: No. for S(T/C), the number for total studies (S), participants for treatment (T), and control groups (C); WMD, 
weighted mean difference; CI, confidence interval; DSS, digital symbol substitution; DSB, digit span backward; TMT-A/B, trail making test-part 
A/B; ESS, Epworth sleepiness score. The results in bold indicated p <0.05

Test Post short-term intervention (< 8 weeks) Post long-term intervention (≥ 12 weeks)

No. for
S(T/C)

WMD [95%CI] p No. for S(T/C) WMD [95%CI] p

Cognition (primary outcomes)
  DSS 5 (138/130) 0.37 [− 2.75,3.49] 0.82 4 (334/331) 0.59 [− 0.40,1.57] 0.24
  DSB 2(48/43) — — 3 (126/135) 0.62 [− 0.48,1.73] 0.27
  TMT-A 4 (111/102)  − 2.13 [− 4.79,0.52] 0.11 2(83/75) — —
  TMT-B 8 (230/221)  − 7.20 [− 12.57, − 1.82] 0.009 4 (283/280) 2.35 [− 4.42,9.11] 0.50

Sleepiness (secondary outcome)
  ESS 7 (201/195)  − 3.64 [− 5.65, − 1.63] 0.0004 5 (307/303)  − 2.01 [− 3.44, − 0.58] 0.006
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Sensitivity analysis and publication bias analysis

As for sensitivity analysis, there was no significant change 
in overall effect size for most cognitive tests, except for the 
long-term subgroup of DSB. After removing study of Barnes 
M et al. 2004 [31], a significant difference could be found 
between CPAP and control group. This may be due to the high 
dropout rate (30%) of this study compared with other studies.

For the publication bias analysis, we did not notice any 
obvious asymmetry from all funnel plots (Supplemental 
Fig. 2), indicating that there was no obvious publication 
bias in the analysis.

Discussion

Currently, the effectiveness of CPAP on OSA-related cogni-
tive damage is controversial. A main point is inconsistent 
adherence (nighttime duration) and therapeutic duration 
of CPAP in those published RCTs, making it difficult to 
assess the efficacy of CPAP on cognitive improvement. By 
comparing cognitive tests between CPAP and none-CPAP 
interventions in subgroups of different adherence and thera-
peutic durations, we found that only patients with OSA who 
received longer nighttime duration (indicating good adher-
ence) can mildly improve executive function reflected by 
the score of TMT-B. We also found that CPAP could only 
benefit for executive function in short-term with no long-
term benefit in all cognitive domains. Our results indicated 
that the effectiveness of CPAP on cognitive improvement 
in OSA was limited, and further researches of impairment 
mechanism and treatment strategy were needed.

Our results indicated that the effectiveness of longer 
nighttime usages of CPAP on improving cognition in OSA 
is limited. First, we observed that, even with good compli-
ance to CPAP treatment (≥ 4 h/night), there was only slight 
improvement in executive function tested by TMT-B scale 
in CPAP group in comparison with non-CPAP treatment. 
Our conclusion was consistent with the previous meta-anal-
ysis which indicated that nighttime duration of 4.5 h/night 
CPAP treatment could improve the executive function but 
the benefit was modest [17]. Olaithe, M.et al. also pointed 
out executive function could be improved when received 
an average nighttime duration of 5.34 h/night CPAP treat-
ment in patients with OSA [41]. Further, there was no any 
significant benefits for other studied cognitive domains with 
long nighttime usage even though the trends were improved. 
These findings were consistent with previous studies which 
only observed mild/null improvement from CPAP in several 
cognitive domains for OSA patients [13, 18, 42]. Besides, we 
failed to find significant improvement in short-term memory 
evaluated by DSF score in both of good and poor compli-
ance subgroups, although there was significant improvement 

in short-term memory when we analyzed all data together 
with different compliance. This result may be due to some 
studies did not provide compliance data and were excluded 
when we conducted the subgroup analysis. Dalmases M. 
et al. [22] observed a significant improvement in short-term 
memory in patients with OSA with an average nighttime 
duration of 6 h/night CPAP treatment, while Kylstra WA. 
et al. pointed out that patients with OSA who received an 
average nighttime duration of 4.5 h/night CPAP treatment 
had no significant improvement in short-term memory [17]. 
Thus, further studies are still needed to estimate whether 
extending the nighttime use of CPAP will show better cogni-
tion in short-term memory.

In addition, our results also indicated that the effectiveness 
of CPAP therapeutic duration on improving cognition in 
OSA is limited. First, we found that only executive function 
evaluated by TMT-B could be improved with short-term 
CPAP treatment (< 8  weeks), while such benefit was 
disappeared in subgroup of long-term CPAP treatment 
(≥ 12 weeks). Kushida, C. A., et al. found executive function 
could be improved when patients with OSA received 
2 months of CPAP treatment, but this benefit disappeared 
when they received 6  months of CPAP treatment [43]. 
Further, we failed to find significant improvement in other 
assessed cognitive domains in long-term CPAP treatment 
subgroup. Therefore, the benefit from CPAP to executive 
function is temporary since long-term CPAP treatment had 
no apparent benefit.

Intermittent hypoxemia and sleep fragmentation are the 
most important pathophysiological mechanisms of OSA, 
which may participate in cognitive impairment in OSA [44]. 
The prolonged hypoxemia may lead to neurodegeneration in 
the hippocampus and the prefrontal cortex, which are associ-
ated with impairment of executive function and memory [44, 
45]. Sleep fragmentation can lead to the deposition of toxic 
metabolites in the brain, resulting in pathological changes 
similar to AD [46]. Studies also have shown that sleep frag-
mentation was associated with poor performance on cogni-
tive functions such as attention and vigilance [47]. It was 
supposed that CPAP might alleviate cognitive impairment 
by reducing the hypoxia damage and sleep disturbances 
[48]. Nevertheless, the observed limited improvement in 
our analysis suggested there are other probable mechanisms 
associated with cognitive impairment which cannot improve 
by CPAP, like the degeneration and death of neurons and the 
dysfunction of the blood–brain barrier [49, 50]. In addition, 
the shared genetic factors like allele e4 of APOE, elevated 
inflammation proteins of C-reaction protein, and tumor 
necrosis factor-α between OSA and cognitive impairment 
were also worth to be studied in the future [51–54].

In this study, we used six neuropsychological scales cover-
ing eight cognitive domains to thoroughly assess the effects of 
CPAP on cognition based on different therapeutic durations 
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and compliance. Besides, we only included patients without 
comorbidity of neurological disease (e.g., Parkinson’s disease 
(PD), AD, and stroke), which had advantages of eliminating 
the impact of other comorbidities on cognitive assessment. 
Additionally, we used WMD rather than standardized mean 
difference (SMD) to analyze the objective efficacy of CPAP 
on cognitive improvement to reduce the exaggerated effect.

There are limitations with the current study. First, 
individual data such as age, severity of OSA, and adherence 
to CPAP were limited. Thus, we could not adjust for those 
variables as covariates. Second, some estimation tools for 
cognition changes in specific domains may be lacking, which 
makes it difficult to describe the therapeutic effect of those 
domains. Third, there was no washout period in some of 
the random crossover studies, which may lead to overlapping 
effects of different interventions.

In conclusion, good adherence to CPAP can mildly benefit 
executive function, which was improved with short-term CPAP 
treatment while such benefit disappeared with long-term CPAP 
intervention. Overall, the effectiveness of CPAP on cognitive 
improvement in OSA is limited.
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