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Abstract

Previous epidemiological investigations have evaluated the association between gout, serum uric acid levels, and obstructive
sleep apnea syndrome (OSAS), but with inconsistent results. We conducted this meta-analysis aiming at providing clear evidence
about whether OSAS patients have higher serum uric acid levels and more susceptible to gout. Relevant studies were identified
via electronic databases from inception to December 17, 2018. Study selection was conducted according to predesigned eligi-
bility criteria, and two authors independently extracted data from included studies. The hazard ratio (HR) and weighted mean
difference (WMD) and their corresponding 95% confidence interval (CI) were derived using random-effects models. We
conducted meta-, heterogeneity, publication bias, sensitivity, and subgroup analyses. Eighteen studies, involving a total of
157,607 individuals (32,395 with OSAS, 125,212 without OSAS) and 12,262 gout cases, were included. Results show that
serum uric acid levels are elevated in patients with OSAS (WMD = 52.25, 95% CI 36.16-64.33); OSAS did not reach statistical
significance as a predictor of gout (but there was a trend, HR = 1.25, 95% CI 0.91-1.70) and that the association between OSAS
and serum uric acid was quite robust. OSAS may be a potential risk factor for hyperuricemia and the development of gout and
thus, effective OSAS therapy may present as a valuable preventive measure against gout. Still, it is vital to undertake clinical
studies with better designing to corroborate these associations and shed new light on it.
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Introduction the USA and the UK respectively [3, 4]. Similar trends
have also been reported in other countries [5—7]. Gout is
the most painful form of acute arthritis accompanied by
considerable comorbidity including the metabolic syn-

drome, insulin resistance, hypertension, obesity, and

Gout is the most prevalent inflammatory arthropathy,
which affects approximately 1.4% of adults [1, 2] and has
increased over the past few decades to 3.9% and 2.5% in
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particularly cardiovascular disease [8—13]. In addition, re-
cent prospective epidemiological studies have suggested
that gout confers additional independent cardiovascular
risk after adjustment for traditional risk factors [14, 15].

Obstructive sleep apnea (OSA) is characterized by recur-
rent hypopnea or apnea during sleep, which results in inter-
mittent hypoxia or sleep fragment; OSA affects 2-4% of the
world’s population [16]. Similar to gout, obstructive sleep
apnea syndrome (OSAS) is also related to the
abovementioned comorbidity burdens (the metabolic syn-
drome, obesity, hypertension, hyperlipidemia, diabetes
mellitus, and cardiovascular disease) [17-23].

First, studies have shown an increased prevalence of met-
abolic syndrome in OSAS patients [18] and individual com-
ponents of the metabolic syndrome such as hypertension, obe-
sity, and diabetes mellitus are recognized to be independent
risk factors for the development of gout [24]. Second, evi-
dence also suggested that elevated serum uric acid levels,
the most important pathophysiological basis for gout, are also
frequently identified in patients with OSAS [25]. However, it
is less widely recognized, only one-quarter to one-half of pa-
tients with OSAS have been shown to have hyperuricemia
[21, 25-27]. There are also studies that clearly suggest that
high uric acid levels are an independent risk factor for cardio-
vascular diseases [28, 29]. Kim et al. [28] pointed out in a
meta-analysis that the risk of death from coronary heart dis-
ease increased by 12% for every 1 mg/dL increase in blood
uric acid levels. Krishnan et al. [29] pointed out that hyperuri-
cemia is an independent risk factor for atherosclerosis in a
cross-sectional study of 2498 adults. Third, Choi et al. report-
ed that gout attacks 2.4 times higher during the night than in
the daytime [30]. Among several explanations that have been
postulated as a possible cause of this nocturnal risk, one is the
potential role of sleep apnea, which is common among obese
with multiple comorbidities, a typical profile of gout patients
[31-34]. Furthermore, several prospective cohort studies that
directly investigated the association between OSAS and gout
were recently published, but with inconsistent conclusions.

On account of all aforementioned, both hyperuricemia and
gout are risk factors for cardiovascular diseases; OSAS might
be associated with both hyperuricemia and gout. However, to
the best of our knowledge, no systematical analysis has been
conducted to explore the direct association between OSAS
and gout and also, no systematical analysis for the association
between OSAS and serum uric acid level. Therefore, we un-
dertook this meta-analysis to clarify these two associations.

Materials and methods
The preferred reporting items for systematic reviews and

meta-analysis (PRISMA) statement and checklist were
followed as much as possible during this review [35].

@ Springer

Search strategy

PubMed, Cochrane Library, Web of science, CBM (Chinese
Biomedical Database), CNKI (Chinese National Knowledge
Infrastructure), VIP (Chinese) Database, and Wanfang
(Chinese) were searched for relevant studies from inception
to December 2018, using the following terms and their com-
binations: obstructive sleep apnea OR OSA OR obstructive
sleep OR apnea-hypopnea syndrome OR OSAHS OR sleep
apnea OR obstructive sleep apnea syndrome OR OSAS OR
obstructive sleep hypopnea OR sleep-disordered breathing
OR upper airway resistance; uric acid OR uric acid levels
OR UA OR serum uric acid OR SUA OR hyperuricemia;
and gout OR gouty OR arthritis OR gouty arthritis. We sup-
plemented the computerized search by a manual search of the
bibliographies of all retrieved articles for further relevant pub-
lications. No restrictions were imposed on the time of publi-
cation and language.

Selection criteria

Two independent reviewers identified the selected studies.
The studies were deemed eligible if they satisfied the fol-
lowing criteria: (1) all participants were examined by
polysomnography (PSG) and participants were assigned
into two groups according to their apnea-hypopnea index
(AHI) values (OSAS group, AHI>5; control group, AHI
< 5); (2) serum uric acid levels were measured from morn-
ing fasting venous blood; (3) gout cases were diagnosed
by a physician or were accompanied by a prescription of
anti-hyperuricemic drugs; (4) the subjects did not receive
any treatments, such as CPAP treatment and operations;
(5) the study provided sufficient data that for a meta-anal-
ysis. A study was excluded if information available was
not adequate for data extraction; besides, abstract, letters
to the editor, and case reports were not included.

Two authors (T Shi and M Min) independently did the
eligibility assessment and discrepancies were resolved
through discussion.

Data extraction and assessment of study quality

The following information was abstracted according to
predesigned data extraction form by two independent au-
thors: first author, year of publication, location, OSAS
severity, sample size, mean age, mean BMI and serum
uric acid levels in both groups, and another reviewer
checked the extracted data for completeness and accuracy.
The quality assessment of included studies was performed
using the Newecastle-Ottawa Quality Assessment Scale
(NOS). Relevant details were shown in Table 1.
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Association between OSAS and serum uric acid level

Fourteen studies [25, 38-50], involving a total of 5219
individuals (2656 with OSAS, 2563 without OSAS),
were identified and included for the association between
OSAS and Serum uric acid level. Eight of these studies
[25, 39-42, 45, 48, 49] investigated OSAS in three
different groups (mild OSAS, moderate OSAS, severe
OSAS), two investigated in another three different
groups (mild-moderate OSAS, severe OSAS, all
OSAS) [44, 46], two [43, 47] investigated OSAS in
four different groups (mild OSAS, moderate OSAS, se-
vere OSAS, and all OSAS), and the data were analyzed
separately for each group. The remaining two studies
only reported data for all OSAS and control groups
and analyzed each as a single study [38, 40]. In sum-
mary, a total of 40 subgroups were analyzed in our
analysis (Tables 1 and 2).

Pooled analysis

The overall pooled results were presented in Fig. 2, which
indicated that serum uric acid levels in OSAS group were
higher than control groups (WMD =50.25, 95% CI 36.16—
64.33, p=0.000)). Significant heterogeneity was observed be-
tween the studies (7 =91.2%), suggesting that it was impera-
tive to conduct subgroup analysis.

Subgroup analysis: OSAS severity

Mild OSAS: pooled WMD in a subgroup of mild OSAS was
14.62 (95% CI 3.18-26.05, p =0.054). In the meantime, the
total WMD of the subgroup with moderate and severe was
more significant, with a value of 47.75 (95% CI 18.43—
77.08, p=0.000) and 82.87 (95% CI 53.00-112.74, p=
0.000) respectively. Pooled WMD in a subgroup of all
OSAS was 57.93 (95% CI 16.49-99.37, p=0.000) (Fig. 3).

Subgroup analysis: age

Age > 15: the total WMD in the studies with an average age
beyond 15 was significant, with a corresponding value of
63.96 (95% CI 46.13-81.79, p=0.000). Age < 15: the total
WMD in the studies with an average age less than 15 was not
significant, with a corresponding value of 14.55 (95% CI —
5.71-34.81, p =0.000) (Fig. 3).

Subgroup analysis: BMI

Underweight: the pooled WMD was 15.04 (95% CI —3.63—
33.70, p=0.000). Overweight: the pooled WMD was 57.05
(95% CI 20.47-93.64, p = 0.000). Obesity: the pooled WMD
was 49.92 (95% CI 32.27-67.57, p=0.000). BMI not avail-
able: the pooled WMD was 129.87 (95% CI 49.07-210.68,
p=0.000) (Fig. 3).

Fig. 1 Flow diagram of the study
search selection process

1180 of records identified through
initial database searching

11 of additional records identified
through other sources

377 of records after removal of duplicates

A4

377 records screened
for eligibility

A

326 of records excluded

33 full text articles
excluded , with reasons:
12 irrelevant studies

51 of full-text articles
assessed for eligibility

5 review, case-report,
comments, editorials

9 lacked specific data
related to serum uric
acid level or gout

7 with any confounded

18 of studies included complication

for meta-analysis

|

{

|

14 for serum uric acid level

4 for the development of gout
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Study

The number of gout HR (95% CI)

Age (years, mean (SD)) Sample size

Follow-up
(years)

Statistical
methods

Design

Country

Characteristics of eligible studies included in this meta-analysis on OSAS and gout
Year

Table 2
First author

@ Springer

quality

Non-SA

Non-SA  SA

SA

Non-SA

SA

8
7
7
5

1.42 (1.29-1.56)*

1651
194
899

782
76

63,296
43,598

15,879
9865

522 (12.2)
54 (12)
46.5 (14.5)
62.5 (15.4)

522(1.2)

CM
CM
CM
LM

Retro. cohort
Retro. cohort
Pros. cohort

UK
UK

2018

Blagojevic-Bucknall

Zhang

1.50 (1.10-2.10)*
0.94 (0.81-1.09)*

53 (12)
46.5 (14.5)
62.5 (15.3)

2015

17,452 212

NA

4365

NA

6.58

2014  Taiwan of China

2013

Yi-Fong Su
Roddy

1.49 (0.70-3.14)%

6756

1689

Cross-sectional

UK

Adjusted factors

Age, gender, BMI, alcohol, diabetes mellitus, ischemic heart disease, hypertension, hyperlipidemia, and use of diuretics drugs

Age, BMI, alcohol use, chronic renal disease, diabetes, hypertension, ischemic heart disease, use of aspirin, diuretics, losartan, and number of GP visits

Re-existing diabetes mellitus, hypertension, hyperlipidemia, heart failure, coronary artery disease, COPD, asthma, cerebrovascular disease, cancer, chronic kidney disease, alcoholism, and tuberculosis

age, year of first gout consultation, gender, practice, type II diabetes mellitus, ischaemic heart disease, hypertension and diuretic prescription

SD, standard deviation; OSAS, obstructive sleep apnea syndrome; HR, hazard ratio; CI, confident interval; *hazard ratio; # risk ratio; $ odds ratio; CM, Cox regression model; LM, logistic regression model;

NA, not available; BMI, Body mass index; COPD, chronic obstructive pulmonary disease

Subgroup analysis: AHI

AHI = 30: the total WMD in the studies with average
AHI = 30 was more significant, with a corresponding
value of 64.80 (95% CI 46.72-82.87, p=0.000). AHI<
30: the total WMD in the studies with average AHI <30
was significant, with a corresponding value of 19.82 (95%
CI 11.34-28.31, p=0.176). AHI not available: the total
WMD in the studies with average AHI not available was
significant, with a corresponding value of 63.13 (95% CI
34.07-92.20, p =0.000) (Fig. 3).

Sensitivity analyses

Sensitivity analyses were performed to assess the influ-
ence of individual study on the pooled results by sequen-
tially removing each eligible study. Results showed that
removal of any study from the analysis did not subvert the
present pooled analysis result (data not shown). Similar
results revealed in the fixed effects model (WMD 35.33,
95% CI 31.35-39.31, p=0.000).

Publication bias

The Begg tests (p = 0.019) and Egger tests (p = 0.009) provide
evidence of publication bias in our study.

Meta-regression analysis

The univariate meta-regression analysis was conducted that
the result variable was the WMD of serum uric acid levels,
and publication year, average age, BMI, and AHI of OSAS
patients were the covariates. Levels of serum uric acid were
not significantly linked with following factors, including
OSAS patients’ age (p=0.993), BMI (p=0.926), and year
of publication (p = 0.473). However, meta-regression indicat-
ed that the OSAS patients’ AHI (an indicator of OSAS sever-
ity) might be the source of heterogeneity (p = 0.001).

Association between OSAS and gout

Four studies [51-54] examined the association between
OSAS gout: three were cohort studies and one was a cross-
sectional study. The three cohort studies (154,455 participants,
a total of 3814 gouts were diagnosed) used the Cox propor-
tional hazard model [51-53] and the cross-sectional study
used logistic regression model [54]. Although in the cross-
sectional study, Roddy et al. found that the prevalence of sleep
apnea was higher among gout patients as compared with non-
gout individuals [54]. Cross-sectional studies are difficult to
determine the temporal relationship between cause and effect,
and it has insufficient power to demonstrate an independent
association between gout and OSAS. We only included three



Sleep Breath (2019) 23:1047-1057

1053

Fig. 2 Forest plot of the
association between OSAS and Study
serum uric acid levels D

Xu'Y (2010)
Xu'Y (2010)
Xu'Y (2010)

Liu MQ (2013)
Liu MQ (2013)
Liu MQ (2013)
Deng QF (2011)
Deng QF (2011)
Deng QF (2011)
Deng KP (2007)
Deng KP (2007)
Deng KP (2007)
Zhang XY (2008)
Zhang XY (2008)
Zhang XY (2008)
Garcia (2006)
Garcia (2006)
Garcia (2006)
Zhang LF (2015)
Zhang LF (2015)
Zhang LF (2015)

%

Sunnetcioglu (2017)
Sunnetcioglu (2017)
Sunnetcioglu (2017)

Ding SF (2009)
Ding SF (2009)
Ding SF (2009)
Ding SF (2009)
Huang ZY (2011)
Huang ZY (2011)
Huang ZY (2011)
Huang ZY (2011)
Wu J (2008)

Wu J (2008)

Wu J (2008)

Yi XB (2010)

Yi XB (2010)

Yi XB (2010)

Li p (2009)

Hira (2012)

Overall (I-squared =91.2%, p = 0.000)

NOTE: Weights are from random effects analysis

cohort studies in our analysis. A cohort study [52], undertaken
in a UK primary care database, The Health Improvement
Network (THIN), found that people with OSAS had 50%
higher risk of developing gout over a 1-year follow-up period
than those without OSAS, regardless of gender or obesity
status. Blagojevic-Bucknall et al. assessed both the short-
and long-term association between OSAS with gout in large
primary care—based population. Results showed that increased
risk persists beyond the first year after OSA diagnosis, with
overall risk peaking 1 to 2 years after index date in patients
with normal BMI as well as those who were overweight or
obese [51]. However, a prospective cohort conducted by Yi-
Fong Su et al. in Taiwan of China derived no significant re-
sults [53] (Table 2).

Because between-study heterogeneity was significant
(P =91.0%), the random-effects model was adopted. The
pooled HR indicated a higher but not significant risk of
developing gout in individuals suffering OSAS (HR 1.25,
95% CI 0.91-1.70). Because of the small number of in-
cluded studies, it was difficult to assess the publication bias
through visual assessments, and therefore, the funnel plot
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was not made. Both the p values of the Begg test (p=
1.000) and the Egger test (p =0.876) are more than 0.05;
therefore, publication bias may not exist. Furthermore, be-
cause only three studies included in our analysis, subgroup
and sensitivity analysis were all not performed.

Discussion

To the best of our knowledge, this is the first systematic re-
view and meta-analysis to examine the relationship between
OSAS and serum uric acid level and gout. Our meta-analysis
indicated that the serum uric acid levels were increased in
patients with OSAS (WMD 50.25, 95% CI 36.16-64.33,
p<0.01), particularly in those patients with severe OSAS
(WMD 82.87,95% CI 53.00-112.74, p < 0.01). We also strat-
ified the data into subgroups according to age (< 15 and = 15),
AHI (= 30 and < 30), and BMI (underweight, normal weight,
overweight, and obesity). The results showed that the param-
eters had a more significant effect on serum uric acid levels
when average age > 15, AHI = 30, overweight, and obesity
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Fig. 3 Subgroup analyses: OSAS
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OSAS patients. This tells us that patients with severe OSAS of
a younger age are more susceptible to hyperuricemia, and
more attention should be paid to young and severe OSAS
patients. And our analysis showed a higher but not significant
risk for OSAS patient to develop gout.

The possible biological mechanisms behind the association
between OSAS and high serum uric acid level are as follows:
first, the repeated episodes of upper airway obstruction that
characterize OSAS produce decreases in arterial oxygen satu-
ration repeatedly over the course of the night. Aerobic metab-
olism reduces and anaerobic glycolysis increases, which may
accelerate the degradation of the energy substance adenosine
triphosphate (ATP) to adenosine diphosphate (ADP) and fur-
ther metabolism to xanthine, increasing the source of purine in
the body, leading to elevated blood uric acid (the end product
of purine catabolism) levels. Second, due to long-term sleep
disturbance, hypoxia causes a decrease in ATP production in
tissue cells, and the inhibition of phosphoribosyl amide trans-
ferase is weakened, and an increase in purine production leads
to an increase in blood uric acid levels. The main possible
mechanisms for the development of high blood uric acid
levels to promote cardiovascular disease are as follows: first,
oxidative metabolism, xanthine oxidase catalyzes the oxida-
tion of hypoxanthine to xanthine and eventually forms uric
acid, which produces metabolites such as NO and reactive
oxygen species (ROS). NO has the function of relaxing blood
vessels. Uric acid can reduce the activity of NO [55], affecting
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the diastolic function of blood vessels, leading to excessive
vascular tone. Second, endothelial dysfunction [56], one of the
important products of purine metabolism, ROS, due to its
ultra-high activity, accumulation in the body may damage
the normal metabolism of DNA, ribonucleotide (RNA), pro-
tein, fat, and glucose; affect its normal physiological func-
tions, causing DNA breaks, abnormal DNA damage repair
mechanisms, and lipid peroxidation, leading to vascular endo-
thelial cell damage and normal physiological dysfunction of
vascular endothelial cells; easily lead to vascular endothelial
lipid deposition caused by atherosclerosis and other diseases;
and promote the occurrence and development of cardiovascu-
lar and cerebrovascular diseases. At the same time, urate crys-
tals can also be deposited on the blood vessel wall, directly
affecting the function of vascular endothelial cells and
destroying vascular endothelial cells. Third, platelet adhesion
and aggregation: blood uric acid activates platelets, promotes
platelet adhesion and aggregation, and leads to thrombosis. In
addition, hyperuric acid concentration promotes lipid peroxi-
dation and accelerates the progression of atherosclerosis. The
main possible mechanisms of OSAS leading to cardiovascular
disease are as follows: oxidative stress [57, 58], sympathetic
excitation abnormalities [59], inflammatory response [60],
renin-angiotensin-aldosterone system (RAAS) activate [59].
Therefore, both OSAS and hyperuricemia can increase the
incidence and mortality of cardiovascular disease. There is a
similar pathophysiological mechanism between them.
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Therefore, elevated serum uric acid levels in OSAS patients
may further lead to an increase in gout and cardiovascular
disease morbidity and mortality.

Despite the meaningful findings, our study was not without
limitations. Firstly, studies included in the meta-analysis of the
association between OSAS and serum uric acid level were
either case-control or cross-sectional trails, each, possibly,
having a degree of experimental bias. Secondly, the number
of included studies for the association between OSAS and
gout were small. More studies with larger sample size would
be needed. Thirdly, previous studies have shown that CPAP
can reduce the uric acid level of OSAS patients to normal
values [61], but most of the studies we included did not pro-
vide information on whether the subjects were treated, which
made us unable to perform subgroup analysis according to
whether or not CPAP treatment was received. Therefore, our
study could not provide evidence for CPAP to reduce uric acid
levels in OSAS patients. Finally, high heterogeneity was pres-
ent among individual studies, but except AHI of OSAS pa-
tients, we failed to find other exact sources of heterogeneity
from the limited studies included.

Conclusion

Our analysis suggested that serum uric acid levels in OSAS
patients were 50.25 pmmol/L higher than controls, the asso-
ciation between OSAS and gout did not reach statistical sig-
nificance (but there was a trend). And the previous meta-
analysis demonstrated that hyperuricemia is an independent
risk factor for cardiovascular disease [28, 29]. As the hypoxia-
associated hyperuricemia among OSAS patients is treatable,
studying the changes of serum uric acid level in patients with
OSAS and clarifying the role of OSAS on the risk of incident
gout are of great significance for the prevention and control of
gout and cardiovascular disease. However, whether or not
OSAS patients are susceptible to gout warrant further study.
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