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Purpose. The eﬃcacy of obstructive sleep apnea (OSA) therapy with continuous positive airway pressure (CPAP) on uric acid (UA)
yielded conﬂicting results. This meta-analysis was performed to assess whether OSA treatment with CPAP could reduce UA levels.
Methods. The Web of Science, Cochrane Library, Embase, and PubMed were searched before March 2019. Information of patients,
study design, and pre- and post-CPAP treatment of UA was utilized for analysis. The overall eﬀects were analyzed via the
standardized mean diﬀerence (SMD) with a 95% conﬁdence interval (CI). Five studies were obtained and the meta-analysis was
performed using Stata 12.0 and Review Manager 5.2. Results. A total of 5 studies with 6 cohorts (2 RCT and 3 observational
studies) involving 270 patients were pooled into meta-analysis. There was no change of UA levels before and after CPAP
treatment in OSA patients (SMD = ‐0 20, 95% CI: -0.78 to 0.37, Z = 0 69, p = 0 49). Subgroup analysis showed that the outcomes
were not aﬀected by age of patients, gender distribution, baseline body mass index, daily duration, duration of CPAP treatment,
sample size, and study design. Conclusions. This meta-analysis revealed that CPAP treatment has no eﬀect on UA in OSA
patients. Further well-designed, large-scale randomized controlled trials are required to address this issue.

1. Introduction
Obstructive sleep apnea (OSA) is characterized by recurrent
hypopnea or apnea during sleep, which leads to sleep fragment or intermittent hypoxia (IH). OSA has been estimated
to occur in 17% of women and 34% of men [1], aﬀecting
approximately 250 to 500 million people worldwide [2].
OSA patients are at an increased risk for cardiovascular
disease, diabetes mellitus, obesity, metabolic dysregulation,
accidents, and all-cause mortality [3–6] and are a huge public
health burden [7].
The IH observed in OSA patients may have an impact on
the purine metabolic approach, increasing the formation of

adenosine triphosphate (ATP) degradation and the excretion
of intermediates of the purines, which ultimately results in an
overproduction of uric acid (UA). As a matter of fact, hyperuricemia and increased nocturnal urinary UA excretion are
universal features in OSA [8]. An independent association
between UA levels and OSA has also been found in clinical
trials [9]. Meanwhile, Chou et al. [10] reported that hyperuricemia was found in about 56% of OSA patients. Other studies
also indicated that there was an association between
increased uric acid levels and the presence of OSA [11, 12].
Moreover, UA also had been recently found as an independent risk factor for cardiovascular disease in OSA patients
[12, 13].

2
CPAP is currently recognized as a main accepted treatment for OSA. Previous studies indicated that treatment
with CPAP treatment can reduce the risk of cardiovascular
events associated with OSA [14]. However, whether the
levels of UA can be ameliorated or not by CPAP remains
inconclusive. The main goal of the current meta-analysis
was to quantitatively assess the eﬃcacy of CPAP therapy
on UA levels among patients with OSA.

2. Methods
2.1. PRISMA Statement. This meta-analysis was conducted
according to the recommendations of the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses statement) [15].
2.2. Literature Search. The PubMed, Embase, Cochrane
Library, and Web of Science were searched before March 3,
2019, for related literature. All searches were conducted by
combining free-text and MeSH terms, and the following
terms were performed: “sleep apnea sleep apnea OR sleep
apnea OR apnea OR sleep apnoea” and “uric acid OR urate”
and “continuous positive airway pressure or CPAP”. No language restrictions were imposed. In addition, the reference
lists of the included articles were manually screened for additional relevant studies. Two independent assessors identiﬁed
the eligible studies.
2.3. Inclusion and Exclusion Criteria of the Literature. Studies
that fulﬁlled the following criteria were considered eligible:
(1) Patients in all studies were diagnosed with OSA. (2) The
intervention was an application of CPAP. (3) The article
must report the value of UA both before and after CPAP.
(4) The studies had suﬃcient data to perform a metaanalysis. (5) Abstracts, reviews, case reports, letters to the
editor, conference articles, animal studies, and non-English
studies were excluded.
2.4. Data Extraction. Two investigators assessed the eligible
studies independently. Inconsistent decisions were resolved
through a consensus with a third researcher. The variables
extracted from each article included the following: ﬁrst
author, publication date, nation of article, the number of
patients, gender distribution, mean age of patients, CPAP
duration, mean daily duration, AHI, body mass index
(BMI), study design, and UA values before and after
CPAP therapy.
2.5. Statistical Analysis. Statistical analyses were performed
using the Cochrane Review Manager software (version 5.2)
and STATA statistical software version 12.0. The pooled
estimate of the SMD and 95% CI was calculated. Statistical
heterogeneity was assessed based on the Chi2 and the I 2
statistics, with I 2 > 50% indicating signiﬁcant heterogeneity.
A random eﬀects model was applied to combine an eﬀect size
if I 2 > 50%; otherwise, a ﬁxed eﬀects model was used.
Furthermore, subgroup analysis of CPAP treatment time
(≤3 months and >3 months), age of patients (≤50 year and
>50 year), mean daily duration (<4 h and ≥4 h), and sample
size (≤30 and >30) was performed to identify the possible
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sources of heterogeneity. Sensitivity analysis was performed by omitting one study in each turn, and publication bias was assessed using both the “Begg test” and
the “Egger test.” Statistical signiﬁcance was reached if a
p < 0 05 was obtained.

3. Results
3.1. Searching Results. Our search identiﬁed 57 references
after excluding duplicates. After a further review of the
titles and abstracts, 24 studies were considered to be
potentially relevant. Among the 24 studies, 19 studies were
subsequently excluded (see detail in Figure 1). Finally, 5
studies [8, 16–18] were included in the meta-analysis.
Two of them were RCT [16, 18]; three were observational
study. The detailed steps of the literature search were
shown in Figure 1.
3.2. Characteristics of Included Studies. A total of ﬁve articles
including six cohorts with 270 patients met the inclusion
criteria and were included in this meta-analysis. Two of them
were randomized clinical trials (RCTs) [16, 18]; the other
studies were observational [8, 17, 19]. One study [19]
reported results separately for the good compliance group
(mean CPAP use ≥4 h/night) and the poor compliance group
(mean CPAP use <4 h/night). Four studies [8, 17–19] deﬁned
OSA based on the apnea-hypopnea index (AHI), while
Prudon et al.’s study [16] deﬁned OSA based on the oxygen
desaturation index (ODI). The information of author,
publication date, nation, sample size, gender distribution,
inclusion criteria, daily duration, CPAP duration, and study
design of each study is summarized in Table 1. The information of mean age, AHI, BMI, and UA of each study is presented in Table 2. Two RCT studies are summarized
separately in Table 3.
3.3. Pooled Analysis. The heterogeneity test showed that there
were signiﬁcant diﬀerences among the included studies
(Chi2 = 40 47, p = 0 00001; I 2 = 88%). Therefore, an eﬀect
size was combined using a random eﬀects model. After
pooling the data with meta-analysis, no signiﬁcant
diﬀerence in UA in OSA patients was observed before
and after CPAP treatment (SMD = ‐0 20, 95%CI = ‐0 78
to 0 37, Z = 0 69, p = 0 49) (Figure 2). A similar result
(SMD = ‐0 11, 95%CI = ‐0 28 to 0 06, Z = 1 27, p = 0 20)
was also obtained based on a ﬁxed eﬀects model. Metaanalysis of the two RCTs showed that UA has no change
in the CPAP group when compared with the control
group (SMD = 0 01, 95%CI = ‐0 21 to 0 22, Z = 0 05, p =
0 96, random eﬀects model) (Figure 3).
3.4. Subgroup Analysis and Sensitive Analysis. Sensitivity
analysis showed that deleting any one of the studies at a
time did not inﬂuence the overall result of the pooled
analysis (Figure 4). Considering the eﬀectiveness of CPAP
could be aﬀected by many factors, subgroup analyses were
performed based on factors such as age (≤50 and >50),
baseline BMI (<35 and ≥35), daily duration (<4 h and
≥4 h), CPAP therapy duration (≤3 month and >3 month),
gender distribution (women and male), sample size (≤30

Identification
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Records identified through
database searching
(n = 57)

Additional records identified
through other sources
(n = 0)

Screening

Records after duplicates removed
(n = 32)

Records screened
(n =32)

Eligibility

Full-text articles
assessed for eligibility
(n =10)

Records excluded
(n = 22):
Irrelevant articles (8)
Conference articles (11)
Non-English articles (3)

Full-text articles
excluded, with reasons
(n = 5):
Lack essential data (5)

Included

Studies included in
qualitative synthesis
(n = 5)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 5)

Figure 1: Flow diagram of the literature search.

Table 1: Characteristics of included studies (5 studies, 6 cohorts).
First author

Year Nation Sample size/male

Sahebjami

1998

USA

Inclusion criteria

Daily duration (h/night) CPAP duration Study design
NR

1D

SCT

32/32

OSAHS (NR)
AHI ≥ 5

≥4 h

6M

SCT

Steiropoulos (<4 h) 2009 Greece

20/20

AHI ≥ 5

<4 h

6M

SCT

Prudon

2013

UK

19/19

ODI > 10, with ESS ≥ 9

<4 h

3M

RCT

Seetho

2015

UK

Steiropoulos (≥4 h) 2009 Greece

Campos-Rodriguez 2018 Spanish

20/20

28/16

AHI ≥ 5

≥4 h

14 M

SCT

151/0

AHI ≥ 15

≥4 h

3M

RCT

Abbreviation: CPAP: continuous positive airway pressure, AHI: apnea-hypopnea index, ODI: oxygen desaturation index, ESS: epworth sleepiness scale,
M: month, D: day, h: hour, NR: not reported, SCT: self-control trials, RCT: randomized controlled trials.

and >30), and study design. The results demonstrated that
diﬀerences in age, BMI, daily duration, CPAP duration,
sample size, and study design did not inﬂuence CPAP eﬃcacy (Table 4).
3.5. Publication Bias. Figure 5 shows that publication bias
seems to exist, however, both the Begg and Egger tests proved
that no publication bias existed in the present study
(p = 0 707 and 0.846, respectively).

4. Discussion
To our best knowledge, this was the ﬁrst meta-analysis
evaluating the eﬀect of CPAP on UA in OSA patients.
The results of the present meta-analysis of 5 studies and 6
cohorts indicated that CPAP therapy exerted no impact
on UA in patients with OSA. Subgroup analysis also did
not ﬁnd a discrepant eﬀect of CPAP therapy on UA inpatients with OSA.

4

Oxidative Medicine and Cellular Longevity
Table 2: Details of included studies.

First author
Sahebjami

Age
(years)

AHI
(events/h)

ODI
(events/h)

ESS score

BMI
(kg/m2)

55 1 ± 2 8

53 ± 6

NR

NR

36 4 ± 5 0

6 6 ± 0 2 (mg/dl)

6 8 ± 0 3 (mg/dl)

≥35

8 79 ± 1 48 (mg/dl)

6 2 ± 1 37 (mg/dl)

33 3 ± 6 5

6 62 ± 1 46 (mg/dl)

6 71 ± 1 53 (mg/dl)

Steiropoulos (≥4 h) 45 63 ± 10 73 61 12 ± 28 29 63 53 ± 28 47 11 91 ± 5 59
Steiropoulos (<4 h)

46 6 ± 9 91

Prudon

58 1 ± 10 6

NR

33 8 ± 21 9

Seetho

50 ± 7

≥5

NR

CamposRodriguez

58 8 ± 9 6

50 71 ± 26 23 49 38 ± 24 44 9 55 ± 5 62

36 54 ± 19 23 35 91 ± 19 76

14 5 ± 3 5

39 6 ± 1 9

Pre-UA

Post-UA

361 5 ± 96 2 (μmol/l) 353 9 ± 95 6 (μmol/l)

5 42 ± 6 25 34 58 ± 8 92 357 ± 68 34 (μmol/l) 345 ± 60 61 (μmol/l)
10 2 ± 4 2

33 55 ± 4 51

5 20 ± 1 25 (mg/dl)

5 22 ± 1 23 (mg/dl)

Values are mean ± SD. Abbreviation: AHI: apnea-hypopnea index, ODI: oxygen desaturation index, ESS: epworth sleepiness scale, NR: not reported,
BMI: body mass index, UA: uric acid.

Increasing evidence supported that the serum UA level is
high in OSA patients [11]. Similarly, all patients with OSA,
included in the present meta-analysis, showed a high baseline
uric acid level. A growing body of favorable evidence has
identiﬁed the association between a high uric acid level and
OSA with multiple associated mechanisms. First, repetitive
intermittent hypoxia, a main character of OSA, is associated
with the increased production of reactive oxygen species
(ROS) and can change the integrity of cellular metabolic processes during episodes of OSA [8]. Inadequate oxygen supplementation can impair the formation of ATP. Finally, it
will lead to an overproduction of uric acid. Furthermore, lactic acid generated during hypoxia can bring about the urinary
excretion of lactate, which is in favor of the absorption of
urate in the proximal tubule [20]. Relief of hypoxic episodes,
either with CPAP treatment or with weight reduction, has
been demonstrated to reduce serum uric acid levels in OSA
patients [19]. Finally, owe to long-term sleep disturbance,
hypoxia causes a decrease of ATP production in tissue cells,
and the inhibition of phosphoribosyl amide transferase is
weakened, and an increase in purine production results in a
high blood UA level.
Oxidative stress, one of the results of intermittent hypoxia during OSA, is also a common pathway to the production of UA, and it thus can be reﬂected in UA levels [21].
Meanwhile, oxidative stress is related to cardiac and vascular
defects resulting in hypertension and atherosclerosis [22, 23].
In this sense, hyperuricemia, an independent predictor of
death in patients with cardiovascular disease [24], is usually
found in OSA patients. As early as in 1998, Sahebjami [8]
had shown that uric acid excretion was increased in OSA
patients and normalized after CPAP treatment, which most
likely reﬂected an association between hyperuricemia and
OSA. High serum UA levels are also independently associated with an increased risk of cardiovascular morbidity and
mortality. Some evidence suggests that hyperuricemia is
associated with cardiovascular disease in patients with
OSA [12].
Hyperuricemia was deemed as an independent predictor
of death in patients with a high risk of cardiovascular disease
[24]. Sahebjami [8] had shown that UA excretion was
increased in OSA patients and normalized after CPAP, most
likely demonstrating an association between OSA and hyperuricemia. In 2019, Shi’s team [25] conducted a meta-analysis

of the association between UA and OSA and also reported
that OSA may be a potential risk for hyperuricemia. The
possible mechanisms behind the association between
OSA and hyperuricemia were mainly related to intermittent hypoxia during OSA. As discussed above, the mechanisms included the process of ROS, ATP, oxidative stress,
and so on.
CPAP is known as the ﬁrst choice for OSA. Previous
reports have conﬁrmed the eﬃcacy of CPAP therapy on
the risk of cardiovascular events related to OSA; however,
whether serum UA can be changed by CPAP therapy in
OSA patients remains controversial. In the present metaanalysis, all the 3 self-control trials with 4 cohorts suggested that CPAP can reduce UA in the OSA patients,
while the remaining 2 RCTs showed that there was no
inﬂuence of CPAP on serum UA levels. Furthermore, further subgroup analysis indicated that the results did not
show change when subdivided by age, BMI, daily duration,
CPAP duration, sample size, and study design. Meanwhile,
we performed sensitivity analysis to omit each including
study; the pooled SMD remained unchanged in the
meta-inﬂuence analysis.
We acknowledge that there are various factors possibly
causing hyperuricemia in OSA patients. UA is associated
with the magnitude of AHI, SaO2 dips, the number of
arousals, blood pressure, BMI, age, cholesterol, and triglycerides in patients with OSA [9]. However, the results of the
meta-analysis exclude to date that CPAP decreases UA levels.
Given the relationship between UA and cardiovascular risk,
clinicians should take into account other therapeutic measures, e.g., weight loss, drugs, and exercise in the management of UA in OSA patients.
Our meta-analysis has its own advantage. Firstly, pooling
of the data from all eligible clinical studies yielded more precise and reliable outcomes than that from an individual
study. Secondly, two RCTs with a relatively high Jadad score
were included in our meta-analysis; the consistency of negative results strengthened our conclusion. Thirdly, there was
no signiﬁcant evidence of publication bias in our metaanalysis. Fourthly, sensitivity analysis and subgroup analysis
were performed in our study; both the results did not reach a
statistical signiﬁcance.
However, there are several intrinsic limitations of this
study. Firstly, most of the included studies were an

Parallel
Parallel

Year Study design

Prudon
2013
Campos-Rodriguez 2018

First author
19
151

Samples
361 5 ± 96 2 (μmol/l) 353 9 ± 95 6 (μmol/l)
5 20 ± 1 25 (mg/dl)
5 22 ± 1 23 (mg/dl)

Treatment group
Pre-UA
Post-UA
0.9
0.702

19
156

p value Samples

Control group
Pre-UA
Post-UA
412 6 ± 91 2 (μmol/l) 406 4 ± 90 8 (μmol/l)
5 02 ± 1 26 (mg/dl)
5 07 ± 1 31 (mg/dl)

Table 3: Characteristics of two randomized controlled trials.

0.9
0.208

p value

3
5

Jadad score
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Study or subgroup

Experimental
Mean
SD Total

Control
SD
Mean

Weight

Std. mean difference
IV, random, 95% Cl

Year

Sahebjami 1998
Steiropoulos 2009
Steiropoulos# 2009
Prudon 2013
Seetho 2015
Campos-Rodriguez 2018

6.8
6.2
6.71
353.9
345
5.22

6.6
8.79
6.62
361.5
357
5.2

0.2
20
1.48 32
1.46 20
96.2 19
68.34 28
1.25 151

15.8%
16.3%
16.0%
15.9%
16.9%
19.1%

0.77 [0.12, 1.41]
–1.79 [–2.38, –1.21]
0.06 [–0.56, 0.68]
–0.08 [–0.71, 0.56]
–0.18 [–0.71, 0.34]
0.02 [–0.21, 0.24]

1998
2009
2010
2013
2015
2018

270
270
Total (95% Cl)
Heterogeneity: Tau2 = 0.44; Chi2 = 40.47, df = 5 (p < 0.00001); I2 = 88%
Test for overall effect: Z = 0.69 (p = 0.49)

100.0%

–0.20 [–0.78, 0.37]

20
0.3
1.37 32
1.53 20
95.6 19
60.61 28
1.23 151

Total

Std. mean difference
IV, random, 95% Cl

–4

–2

0

Favours [experimental]

2

4

Favours [control]

Figure 2: Forest plot for the change in uric acid before and after CPAP treatment.
Study or subgroup

Experimental
Mean
SD Total

Mean

Prudon 2013
Campos-Rodriguez 2018

353.9
5.22

361.5
5.2

95.6
1.23

19
151

Control
SD Total
96.2
1.25

170
Total (95% Cl)
Heterogeneity: Chi2 = 0.07, df = 1 (p = 0.79); I2 = 0%
Test for overall effect: Z = 0.05 (p = 0.96)

Weight

Std. mean difference
IV, fixed, 95% Cl
Year

19
151

11.2%
88.8%

–0.08 [–0.71, 0.56]
0.02 [–0.21, 0.24]

170

100.0%

0.01 [–0.21, 0.22]

Std. mean difference
IV, fixed, 95% Cl

2013
2018

–4

–2

0

2

4

Favours [experimental] Favours [control]

Figure 3: Forest plot for the change in uric acid between the CPAP treatment group and the control group in two RCTs.
Meta-analysis estimates, given named study is omitted
1

2

3

4

5

6
–0.56

–0.28

–0.11

0.06

0.23

Lower Cl limit
Estimate
Upper Cl limit

Figure 4: Sensitivity analysis of the included studies. CI: conﬁdence interval.

observational study; only two RCTs with pre- and posttreatment data rather than treatment and control groups
data were drawn. The reliability of our conclusions may
be weakened due to the property of the design. Secondly,
the relatively small number of studies restricts the extrapolation of our conclusion; additional large-scale, welldesigned, and long-term RCTs are required. Thirdly, some
potential confounders including BMI, diets, and urate-

lowering therapy during follow-up were diﬃcult to fully
adjust. The results of the present study should not lead
to disregarding the well-recognized role of diabetes, hypertension, and renal function. Fourth, treatment periods of
these trials were various, which may contribute to the heterogeneity of this meta-analysis. Fifth, only papers published in English were included; this may cause potential
publication bias.
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Table 4: The results of subgroup analyses.

Subgroup

No. of study and patients

Chi2

Heterogeneity
p

I 2 (%)

SMD

3/80
3/190

22.70
4.93

≤0.001
0.09

91
59

-0.64
0.18

3/203
3/67

32.64
5.54

≤0.001
0.06

94
64

2/39
3/211

0.09
31.97

0.76
≤0.001

3/190
3/80

4.93
22.70

2/163
5/107

Age
≤50
>50
BMI
<35
≥35
Daily duration
<4 h
≥4 h
CPAP duration
≤3 month
>3 month
Gender
Women
Male
Sample size
≤30
>30
Study design
SCT
RCT

SMD
95% CI

Z

p

-1.76 to 0.48
-0.26 to 0.63

1.12
0.81

0.26
0.42

-0.56
0.15

-1.65 to 0.53
-0.43 to 0.73

1.00
0.51

0.32
0.61

0
94

-0.01
-0.63

-0.45 to 0.44
-1.64 to 0.38

0.03
1.22

0.97
0.22

0.09
≤0.001

59
91

0.18
-0.64

-0.26 to 0.63
-1.76 to 0.48

0.81
1.12

0.42
0.26

0.21
37.43

0.65
≤0.001

0
89

0.00
-0.25

-0.22 to 0.22
-1.12 to 0.62

0.02
0.57

0.99
0.57

4/87
2/183

5.57
31.96

0.13
≤0.001

46
97

0.12
-0.87

-0.29 to 0.53
-2.64 to 0.91

0.58
0.96

0.56
0.34

4/100
2/170

36.98
0.07

≤0.001
0.79

92
0

-0.29
0.01

-1.33 to 0.75
-0.21 to 0.22

0.55
0.05

0.58
0.96

AHI: apnea-hypopnea index, BMI: body mass index, SMD: standardized mean diﬀerence, CI: conﬁdence interval, SCT: self-control trials, RCT: randomized
controlled trials.

Begg’s funnel plot with pseudo 95% confidence limits
1

SMD

0

–1

–2
0

.2
s.e. of: SMD

.4

Figure 5: Funnel plots for assessing publication bias of studies included. SMD: standardized mean diﬀerence, SE: standard error.
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5. Conclusions
In summary, our meta-analysis demonstrated that CPAP
treatment does not improve the UA levels in OSA patients.
Further large-scale well-designed RCTs with long-term
follow-up are needed to address this issue.
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