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The association of obstructive sleep apnea
and renal outcomes—a systematic review
and meta-analysis
Der-Wei Hwu1,3, Kun-Der Lin2,4, Kun-Chen Lin1, Yau-Jiunn Lee1 and Yu-Hung Chang1*

Abstract

Background: The aim of this systematic review and meta-analysis was to summarize the association of obstructive
sleep apnea (OSA) with renal outcome.

Methods: Our study followed the PRISMA guidelines. Two independent reviewers searched for relevant articles in
the databases of Pubmed, the Web of Science and CENTRAL, and conducted study selection and quality assessment.
A random-effect model was used to estimate the effects.

Results: A total of 1240 articles were initially identified (Pubmed = 568, Web of Science = 640, CENTRAL = 32). After
removal of duplicate articles (n = 415) and irrelevant articles (n = 788), 37 were selected for full-text review, and 18
were finally included in the analysis. Overall, patients diagnosed with OSA were found to have a higher odds ratio (OR)
of a poorer renal outcome, with a pooled OR of 1.77 (95% C.I.: 1.37–2.29). The significant association between OSA and
a poorer renal outcome was not affected by the medical condition of diabetes mellitus (DM). In addition, we found
that OSA was consistently associated with higher albuminuria/proteinuria and a lower estimated glomerular filtration
rate (eGFR), with a pooled OR of 1.84 (95% C.I.: 1.24–2.73) and 1.60 (95% C.I.: 1.19–2.16), respectively. A greater OSA
severity was also found to be related to a higher OR, with a mild group OR of 1.45 (95% C.I.: 1.19–1.77) and a moderate
and severe group OR of 2.39 (95% C.I.: 1.96–2.90).

Conclusions: Our study demonstrated that OSA is significantly associated with poorer renal function.
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Background
According to data from the National Health and Nutri-
tion Examination Survey, the latest report from the
United States Renal Data System indicated that chronic
kidney disease (CKD) is more common than diabetes
mellitus (DM) in the United States, an estimated 13.6%
of adults having CKD as compared with 12.3% with DM
[1]. Thus, CKD has become a serious public health issue,
as it is not only debilitating to individuals, leading to
severe complications, but is also a great burden on society,
with a large associated cost [2]. Therefore, identifying and
disrupting factors that contribute to CKD is not only

beneficial to the health of individuals, but can also reduce
the cost of treating the disease and its complications.
Obstructive sleep apnea (OSA) could be a potential

risk factor for CKD. In the late 1980s, Sklar et al. initially
found that OSA could be significantly associated with
high-grade proteinuria [3]; they then confirmed these
results in a larger cohort [4]. Subsequently, Canales et al.
[5] further established that the degree of microalbumi-
nuria is correlated with the severity of OSA. Moreover,
Iseki et al. [6] reported that a Japanese population diag-
nosed with OSA had a higher chance of decreased renal
function, as predicted from the estimated glomerular
filtration rate (eGFR). Despite these reports suggesting a
relationship between OSA and the development of CKD,
other conflicting reports have presented evidence against
the existence of a connection of OSA with proteinuria
[7], albuminuria [8] and the eGFR [5, 9]. Thus, the
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associations of OSA with diverse renal outcomes should
be clarified.
Recently, Leong et al. [10] conducted a meta-analysis

that focused on patients with DM, and presented moderate
evidence to show that OSA is associated with CKD. How-
ever, it should be noted that patients with DM are prone to
suffering from nephropathy [2, 11], and the results may not
be able to be generalized to other populations. Further-
more, previous studies [10, 12] did not elucidate a relation-
ship between the severity of OSA and the degree of renal
function change, which may be worthy of discussion. In
order to clarify the uncertainties mentioned above, this
meta-analysis study aimed to provide a more comprehen-
sive overview of the relationship between OSA and renal
function.

Methods
Our study followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines [13] during all stages, including design, execution
and reporting, when feasible. The present study was reg-
istered in the PROPERO database (CRD42015023791).

Literature search
A systematic literature search was completed at the end
of March, 2017. Electronic databases including Pubmed,
the Web of Science and the Cochrane Central Register
of Controlled Trials (CENTRAL) were searched by two
independent investigators (Der-Wei Hwu and Kun-Der
Lin). We used a combination of free key words, including
“obstructive sleep apnea”, “sleep-disordered breathing”,
“chronic kidney disease”, “albuminuria”, “proteinuria”,
“renal function” and “nephropathy”, including their MeSH
terms, to find relevant articles (see Additional file 1). We
also examined published reviews to identify studies that
were potentially eligible for inclusion.

Study selection
We included studies whose participants were aged over
18 years. Articles were excluded based on the following
criteria: (1) expert review articles, letters and meeting
abstracts; (2) non-English articles; (3) articles that dis-
cussed OSA based on a CKD population, for the reason
that our aim was to examine renal outcomes in the OSA
population. To resolve discrepancies, a consensus was
reached with other specialists (Kun-Chen Lin and Yau-
Jiunn Lee) who were not involved in the initial search
procedure. Study quality was assessed using the
Newcastle–Ottawa scale [14].

Definition of OSA
OSA was defined according to one of the following diag-
nostic criteria: 1. Apnea-Hypopnea Index (AHI) (as per
the American Academy of Sleep Medicine guidance); 2.

Oxygen Desaturation Index (ODI); 3. Respiratory Disturb-
ance Index (RDI). Either polysomnography (PSG) or a
pulse oximeter was used to make the diagnosis. The diag-
nostic criteria used in each study are shown in Table 1.

Renal outcomes
We included studies that reported renal outcomes
according to the status of albuminuria/proteinuria or the
eGFR. Albuminuria/proteinuria was defined by the urinary
albumin/protein to creatinine ratio. As there are various
methods for calculating the eGFR (e.g., MDRD, CKD-EPI),
we included eligible studies as long as their methods were
described clearly.

Data synthesis and analysis
Data were extracted using a standardized data extraction
form. General information regarding the study (e.g., author,
publication year, and study design) and the characteristics
of the study population (e.g., age, body mass index, and per-
centages of subjects with DM, hypertension and CKD) were
extracted. For studies that examined more than one of our
populations of interest (e.g., DM and non-DM; mild, mod-
erate and severe OSA) or renal outcomes (albuminuria/
proteinuria and eGFR) by subgroup analysis, each result
was treated as an independent study in our analysis. For
longitudinal studies, we only extracted the before–after
changes in renal outcomes, which are more convincing
than cross-sectional data. For studies that lacked important
numeric values, we attempted to contact the original au-
thors to obtain the missing data.
We used a random-effect model to conduct our meta-

analysis owing to the significant heterogeneities among
the included studies (e.g., variations in study design,
study population, measurements of OSA and renal out-
comes). If the data were presented as medians instead of
averages, and ranges or quartiles instead of standard
deviations, they were first converted into averages and
standard deviations using the equations provided by
Hozo et al. [15]. In each meta-analysis, if multiple data
entries were presented in one study, we pooled these
data into a single data entry in the analysis via the equa-
tions provided by Borenstein et al. [16]. Owing to the
fact that our preliminary data included binary outcomes
and continuous variables, we transformed the continuous
variables into ORs (see Additional file 2) in order to make
our results less complicated and easier to understand.
We discussed the overall relationship of OSA with

renal function, and presented subgroup results by study
design, verifying the results of Leong et al. [10] via sub-
group analysis of diabetes status. For studies that included
a population of mixed diabetes status, we considered those
with a DM population < 40% as non-DM studies. The rea-
son for choosing 40% as the cut-off point was that clinical
information obtained from a subgroup consisting of less
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than 40% of the study population may lack clinical signifi-
cance, as explained by Wittes et al. [17]. We also per-
formed subgroup analysis according to the eGFR,
proteinuria/albuminuria and OSA severity in order to
clarify the association between OSA and renal function.
Odds ratios (ORs) were used to present the relationship
between OSA and CKD. Publication bias was assessed by
Egger’s test. All of the analyses were performed using
Comprehensive Meta-Analysis 2.0 software (Biostat,
Englewood, NJ, https://www.meta-analysis.com/). We
considered a P-value of less than 0.05 to indicate statistical
significance.

Results
A flow diagram of the search for relevant trials is presented
in Fig. 1. In total, 1240 studies were initially identified
(Pubmed = 568, Web of Science = 640, CENTRAL = 32).
After removal of duplicate articles (n = 415) and irrelevant
articles (n = 788), 37 articles were selected for full-text re-
view. A further 19 articles were excluded following detailed
review, of which 3 were review articles, which we reviewed
to find potential relevant articles [10, 12, 18]. The
remaining 16 were excluded for the following reasons:
1 focused on central apnea [19], 6 did not have a clear def-
inition of nephropathy [20–25], 3 may have contained
biased data (e.g., 1 related to creatinine clearance, i.e., over
200 ml/min [26], 2 had fewer than 10 subgroup partici-
pants [27, 28]), 3 had missing data [6, 7, 29], and 1 focused

only on the OSA population without a control group [30].
Finally, 18 studies [5, 8, 9, 31–45] that included 7090
patients were incorporated in our meta-analysis.

Study characteristics
A summary of the 18 studies is presented in Table 1.
Two of the 18 studies were longitudinal [36, 37], the rest
being cross-sectional [5, 8, 9, 31–35, 38–45]. Three of
the studies were performed in the US [5, 31, 32], 2 in
Japan [35, 36], 1 in Taiwan [43], 2 in China [42, 44], 1 in
Australia [45], and the rest in Europe [8, 9, 33, 34, 37–41].
Fourteen studies used the AHI to diagnose OSA, while
OSA was defined using the ODI [35, 36] or RDI [5, 33] in
the remaining studies.

Meta-analysis results
The overall association of OSA with renal function is
shown in Fig. 2. We identified a significant relationship
between OSA and poorer renal function, with a pooled
OR of 1.77 (95% C.I.: 1.37–2.29; P < 0.001); this associ-
ation did not change significantly with different study
designs (OR = 1.71, 95% C.I.: 1.31–2.23; P < 0.001 for
cross-sectional studies; OR = 2.74, 95% C.I.: 1.08–6.96;
P = 0.03 for longitudinal studies). By subgroup analysis
(Fig. 3), we not only confirmed the results of the study
by Leong et al. [10], which reported that OSA is signifi-
cantly associated with poorer renal function in patients
with DM (OR = 1.70; 95% C.I.: 1.04–2.77; P = 0.03), but
also expanded this association to patients without DM
(OR = 1.83; 95% C.I.: 1.58–2.12; P < 0.001). OSA was as-
sociated with adverse renal outcomes, whether repre-
sented by albuminuria/proteinuria (OR = 1.84; 95% C.I.:
1.24–2.72; P < 0.001) or by the eGFR (OR =1.60; 95%
C.I.: 1.19–2.16; P < 0.001) (Fig. 4). In addition, we dem-
onstrated for the first time that impaired renal outcome
could occur even in patients with mild OSA (OR = 1.45;
95% C.I.: 1.19–1.77; P < 0.001), and the numeric value of
the OR was higher in patients with moderate or severe
OSA, which may be taken as indirect evidence showing
that OSA acts as a contributing factor to a poorer renal
outcome (OR = 2.39; 95% C.I.: 1.96–2.90; P < 0.001)
(Fig. 5).
With regards to all analyses, no publication bias was

found by Egger’s test. No studies in individual popula-
tions dramatically influenced the overall results accord-
ing to the outcomes of the remove-one-study sensitivity
test in the meta-analysis.

Quality assessment
Table 2 summarizes the results in terms of study quality.
The overall quality scores were averaged, with 8 studies
rated moderate, 6 studies rated strong, and 4 rated weak.
The blinding component and study design component
had the lowest ratings.

Fig. 1 Flow chart of article extraction for meta-analysis
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Discussion
Our results indicated that OSA is not only significantly
associated with poorer renal function in patients with
DM, but also in patients without DM. In addition, we
consolidated the significance of OSA in poorer renal
function by reporting on different study designs, renal
outcomes (eGFR or albuminuria/proteinuria) and OSA
severities.
A recent meta-analysis by Leong [10] demonstrated

that OSA is associated with poorer renal function in the

diabetic population. However, the nature of diabetic
patients leaves them more prone to suffering from ne-
phropathy [2, 11], and therefore it could be suspected
that this association may not apply to populations with-
out DM. However, in our analysis, we not only con-
firmed that OSA is significantly associated with poorer
renal function in diabetic patients, but also found that
this relationship may also apply to non-diabetic patients.
Thus, healthcare providers should be aware of the symp-
toms of OSA in clinical practice.

Fig. 3 Subgroup analysis by diabetes status

Fig. 2 Meta-analysis results regarding the impact of OSA on CKD
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Possible mechanisms of the interaction between OSA
and renal function change have been proposed. Turek et
al. [12] pointed out that a specific feature of OSA is
intermittent hypoxia followed by reoxygenation, stimu-
lating the formation of reactive oxygen species, which
promote inflammation and systemic endothelial dysfunc-
tion. During the hypoxia period, the rise in sympathetic
tone and activation of the renin-angiotensin system
cause the systematic and intraglomerular pressure to rise
[46]. Therefore, it is plausible that the risk of CKD in-
creases in parallel with an increased hypoxia duration
and greater frequency, as confirmed in the meta-analysis
examining the relationship of OSA severity with renal
outcome. Of note, our results showing that there is an

increased risk of CKD even in patients with mild OSA
may be of particular importance, as there has been dis-
agreement regarding treatment for patients with mild OSA
[47, 48]. Thus, our result may present a different perspec-
tive on the clinical management of patients with OSA.
Despite our results suggesting a close relationship

between OSA and poorer renal function, and implying
that medical therapy that alleviates OSA could slow the
development of CKD, clear evidence is still lacking. In a
subgroup population with moderate-to-severe OSA,
Tahrani et al. [37] demonstrated that participants adherent
to continuous positive airway pressure (CPAP) therapy
exhibited a slower decline in renal function as compared
with CPAP non-adherent patients (−7.7% vs. -10%). In a

Fig. 5 Subgroup analysis by OSA severity

Fig. 4 Subgroup analysis by renal outcomes
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retrospective study, Puckrin et al. [49] reported that par-
ticipants who underwent CPAP therapy more often had
lesser renal function decline and proteinuria. Despite these
reports indicating a promising utility of CPAP for renal
function protection in OSA patients, the results are lim-
ited by the small number of participants (< 50) [37, 49], a
lack of statistical significance [37], and potential con-
founders in a retrospective study design [49]. In addition,
these reports also truthfully reflect the limitations of
CPAP in clinical practice, as most patients under OSA
management have been found to be non-adherent (>60%)
to CPAP [37, 49]. In the context that none of these reports
showed any renal benefit of CPAP in mild OSA patients
[37], further investigation may be necessary to ascertain
the benefits of OSA management in CKD patients.
One of the purposes of this meta-analysis was to re-

solve discrepancies between some studies concerning
the association between OSA and CKD. In a report
based on 507 community-dwelling elderly men, Canales
et al. showed that the severity of albuminuria increased
with increasing severity of OSA, but the eGFR did not
decrease with increasing severity of OSA [5]. Likewise,
in a study that included 132 patients with untreated
hypertension, Tsioufis et al. found that patients with
OSA exhibited a higher degree of albuminuria, but there
was no difference in renal function as estimated from
the eGFR [9]. These reports may confuse the association
between OSA and CKD. However, it should be noted
again that albuminuria is an early indicator of renal
damage, and a longer duration may be needed in order

to observe a change in the eGFR. In addition, these re-
sults may be hampered by the limitations of the cross-
sectional design, in terms of not being able to provide a
clear chain of consequence between OSA and CKD. In
contrast to these two studies, in a prospective cohort
study based on 224 type 2 DM (T2DM) patients, Tahrani
et al. [37] not only showed that in patients with OSA,
the prevalence of diabetic nephropathy at baseline was
significantly higher, but also clearly indicated that T2DM
patients with OSA exhibited a greater eGFR decline at
the end of the 2.5-year follow-up period. Taking these
results together with the results of our meta-analysis, we
concluded that OSA is significantly associated with
poorer renal function, whether defined by albuminuria/
proteinuria or the eGFR.
There were several limitations in our study. First,

among the 18 eligible studies, only 2 cohort studies dis-
cussed the impact of OSA on renal function change
[36, 37]. Of note, only one study was of a prospective
design [37], the other being retrospective in nature
[36]. Owing to study results potentially being biased by
the nature of the study design, our results should be
interpreted with caution. Second, it has been reported
that there is an approximate 40% variation in the meas-
urement of albuminuria [50], and significant inconsist-
ency exists among various eGFR formulas [51]. Thus,
our results may be biased by the renal function measure-
ments obtained in these studies. Third, to maximize the
information available, we artificially transformed the renal
outcomes reported in some studies into odds ratios, which

Table 2 Newcastle–Ottawa scale for quality assessment

Study Selection bias Respiratory measurement Blinding Study design Analysis Overall

Faulx 2007 [31] Moderate Strong Weak Weak Strong Moderate

Tsioufis 2008 [9] Strong Strong Weak Weak Strong Strong

Agrawal 2009 [32] Moderate Strong Strong Weak Strong Strong

Laaban 2009 [33] Moderate Moderate Weak Weak Moderate Moderate

Canales 2011 [5] Weak Moderate Weak Weak Strong Weak

Buyukaydin 2012 [8] Weak Strong Weak Weak Weak Weak

Kanbay 2012 [34] Moderate Strong Weak Weak Moderate Weak

Furukawa 2013 [35] Weak Moderate Weak Weak Strong Weak

Sakaguchi 2013 [36] Weak Strong Weak Moderate Moderate Moderate

Tahrani 2013 [37] Weak Strong Weak Strong Strong Strong

Leong 2014 [38] Strong Strong Strong Moderate Strong Strong

Storgaard 2014 [39] Strong Strong Weak Weak Weak Moderate

Bulcun 2015 [40] Strong Strong Weak Moderate Strong Strong

Zhang 2015 [42] Moderate Moderate Weak Weak Moderate Moderate

Chang 2016 [43] Strong Strong Weak Weak Strong Strong

Uyar 2016 [41] Strong Strong Weak Weak Moderate Moderate

Zhang 2016 [44] Strong Moderate Weak Moderate Strong Moderate

Adams 2017 [45] Moderate Strong Weak Weak Strong Moderate
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may have overinflated the results. Also, in most of in-
cluded studies, unadjusted analyses were performed, and
residual confounders remained. Thus, our results should
be interpreted carefully. Fourth, our results may also be
biased by the different diagnostic tools used to define
OSA; they also may not apply to young adults, as most of
the included study populations were aged over 50. Despite
these limitations, our study is of merit in terms of showing
a consistent and clear association between OSA and CKD
from different perspectives. In addition, compared with
other articles [10], our results were based on more sophis-
ticated evidence in terms of not including potentially
biased reports (e.g., including meeting abstracts [52, 53],
studies with an unclear renal outcome definition, etc.
[21]). Based on the above discussion, our results may pro-
vide additional information relevant to clinical practice.

Conclusions
In conclusion, our results indicated that OSA was sig-
nificantly related to poorer renal function, suggesting
that diagnosis of OSA should not be overlooked in clin-
ical practice. Larger prospective studies may be neces-
sary in order to compare renal outcomes with/without
medical intervention to provide more persuasive data re-
garding the causality between OSA and renal function,
particularly in patients with mild OSA.
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