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Abstract

Study Objectives: Sleep disorders are a common symptom of Parkinson’s disease (PD) and they significantly impair
the sleep quality of the PD patients. However, there is no conclusive evidence to support the relation between PD
and the prevalence of obstructive sleep apnea (OSA). The purpose of this meta-analysis review is to evaluate the
association between PD and the prevalence of OSA.

Methods: A comprehensive literature search was conducted on PubMed and Embase through July 2013. Only
studies that referred to PD and the prevalence of OSA and that met the selection criteria were included in the
analysis. The odds ratios (ORs) were used to evaluate the relationship of PD and the prevalence of OSA by the
fixed-effect model.

Results: Five eligible studies were analyzed in this study including 322 cases and 6,361 controls. The pooled-
analysis showed the OR to be 0.60 (95% confidence interval (Cl): 0.44 to 0.81, P = 0.001) and 1> = 0.0% (x? = 3.90, P
= 0.420) in the fixed-effect model.

Conclusions: Although we only included five small sample studies that indicated high homogeneity in the
heterogeneity test, the results suggest that there is a significant negative association between PD and the prevalence
of OSA; PD patients generally have a reduced prevalence of OSA. According to our analysis, these results are
primarily due to the lower BMI of PD patients when compared with the general population controls.
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Introduction

Parkinson's disease (PD) is characterized by a group of
conditions called motor system disorders which result from the
loss of dopamine-producing brain cells. The four primary
symptoms of PD include: trembling of hands, arms, legs, jaw,
and face, rigidity or stiffness of the limbs and trunk,
bradykinesia and postural instability or impaired balance and
coordination. Early symptoms of PD are subtle and occur
gradually. As the symptoms become more pronounced patients
may have difficulties in walking, talking or performing other
simple tasks. PD usually affects people over the age of fifty and
it is a common disorder affecting approximately 300 per
100,000 people in industrialized countries [1-3].
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Sleep disorders are reported in 74-98% of PD patients and
sleep problems begin to occur in the early stage of the disease
[4-11]. A patient with PD may suffer from different types of
sleep disorders such as insufficient or fragmented sleep,
sudden onset of sleep episodes, persistent excessive daytime
sleepiness, rapid eye movement sleep behavior disorder,
obstructive sleep apnea (OSA) and restless legs syndrome
(RLS) [12]. Furthermore, recent studies of PD suggest high
prevalence of excessive daytime sleepiness (EDS) and sleep
disordered breathing (SDB). Although, EDS can result from
coincidental OSA [13].

OSA affects at least 2% to 4% of the adult population and is
increasingly recognized by the public [14]. Up to now, no well-
designed study conclusively illustrates whether OSA occurs
more frequent in PD patients than in the general population
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when both groups are matched for age, gender and race.
Therefore, we performed a meta-analysis by analyzing relative
studies to clarify the association between PD and the
prevalence of OSA.

Materials and Methods

Identification and Eligibility of Relevant Studies

A comprehensive literature search was performed, using the
PubMed and Embase database, for relevant articles published
up to July 2013 with the following key words; “Parkinson” or
“Neurodegenerative disease*” or “Parkinson's disease”,
combined with “sleep apnea”, “sleep apnoea”, “sleep
disordered”, “sleep dysfunction” or SDB. The language filter
was set to English. Articles from the Chinese national
knowledge infrastructure (CNKI) database, which include
articles mainly written in Chinese, were excluded due to the low
quality of these studies. All selected studies were examined
carefully and their bibliographies were checked for other
relevant publications. In addition, we reviewed the references
cited in the other relevant publications and identified additional
articles missed by the database search.

Inclusion and Exclusion Criteria

The following inclusion criteria were used for study selection:
(I) Human studies; (II) English language; (lll) OSA diagnosed
by polysomnography (PSG); (IV) use of case-control, cohort,
cross-sectional or retrospective study design, (V) sufficient
background data for estimating the OR with 95%CI of PD and
non-PD patients. Exclusion criteria were (I) duplicate articles;
(Il) data from case report, reviews or letters to the editor; (lll)
subjects with ineligible general population controls (e.g.
neurodegenerative control, close relative or spouses); (IV)
criteria studies with patients that had neurodegenerative
conditions, Parkinsonian syndromes, or Parkinsonism other
than idiopathic PD.

Data Extraction

Information was carefully extracted from all eligible studies
by two independent investigators according to the inclusion
criteria listed above. Differences in the information extracted
were resolved by consensus. For each study the
characteristics collected include: First author's name, year of
publication, nationality, total number of cases and controls.
Additional information of the tested group was collected which
included gender, mean age and mean body mass index (BMI)
for all PD patients and controls and PD duration and equivalent
levodopa doses for PD patients. Because two studies [4,15]
reported a non-integral number for OSA, we took the rounded
number. We did not define any minimum number of patients,
but the eligible general population control (e.g. no
neurodegenerative control, close relative or spouses) was
included in our meta-analysis.

Statistical Methods

If the data was sufficiently similar and was presented as
forest plots, meta-analysis was performed with STATA version
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10.0 (STATA Corporation, College Station, TX, USA). The
degree of correlation between PD and OSA risk was measured
by ORs with 95%Cls. The random effects model was used to
check the heterogeneity among studies. If 12 > 25%, the model
would indicate a significant heterogeneity [16]. If 12 < 25%,
which shows a minor heterogeneity or homogeneity, the fixed-
effect model would be chosen for analysis [17,18]. In our
research, a P value of > 0.10 for Q statistic indicated a lack of
heterogeneity across the studies and therefore the fixed-effect
model was used for analysis [19]. Furthermore, the risk of OSA
associated with PD was estimated for each study.

Methodological Quality Assessment

The Newcastle-Ottawa Scale was used to assess the
methodological quality of the case—control or cohort studies.
The Newcastle—Ottawa Scale contains eight items in total that
are classified into three categories: selection (four items, a
maximum of one star for each item), comparability (one item
with a maximum score of two stars) and exposure/ outcome
(three items, a maximum of one star for each item). A “star”
represents a “high-quality” choice of the individual study [20].
Two reviewers, Wei Chen and Wenling Zheng, were blinded
independently to assess the methodological quality without
knowing each other’s assessing results, and any disagreement
was settled by a discussion with a third reviewer, Yuan Feng.

Results

Characteristics of Included Studies

The primary online database search identified 173 studies of
potential interest. After reviewing their titles, we excluded 25
studies that were not in English and of the remaining 148
studies the abstracts were studied. Among them, 30 studies
were excluded for not meeting inclusion criteria |1 and 118 full-
text studies were finally reviewed. After the second selection
round 113 studies were excluded because they did not meet
the inclusion and exclusion criteria. For example, one study
[21] was excluded concerning its ineligible control referring
exclusion criteria V. Consequently, five studies were included
in the meta-analysis for evaluating the association between PD
and the risk of OSA [4,15,22-24]. Figure 1 shows the detailed
procedure of the selection.

Overall, 322 cases and 6361 controls were included from five
selected studies, 67.7% of the cases and 47.2% of the controls
were male. According to previous reports, patients with OSA
showed male predominance in the general population [25].
However, our study demonstrated that comorbidity of OSA had
a male predominance in PD patients and a female
predominance in the general population controls.

In the selected studies, the mean BMI was 24.92 in cases
and 28.41 in controls, while the mean duration of PD was 7.04
years and the mean levodopa dose administered to PD
patients was 530.45 mg/day. Based on the search results we
established a database with the extracted information from
each article (Table 1). The study designs were case-control or
retrospective studies and OSA was diagnosed by PSG.
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173 Cititation identified and bull screened through title

25 excluded:

Not for English

148 Abstracts retrieved for detailed evaluation

> 21 for Reviews

A 4

30 excluded:

9 for Case-report

118 Full-text articles retrieved for detailed evaluation

v

113 excluded:
1 for Letter
2 for Berlin Questionnaire
3 not for human
EE— 27 for review
47 for no eligible control
33 for no enough data
about PD and Sleep Apnea

5 Articles included in analysis

Figure 1. Flow chart for literature search and screening.
doi: 10.1371/journal.pone.0082091.g001

Quality Assessment Results

The Newcastle-Ottawa Scale scores for the three case-
control studies ranged from 6 to 9, with a median of 7.67, which
indicated that the case-control studies were of high quality (=6).
The median scores for the three categories were 3 for
selection, 2 for comparability, and 2.67 for the ascertainment of
exposure. The high scores in the Newcastle Ottawa Scale,
including the almost full score in the comparability assessment,
showed the high quality of the case-control studies (Table S1).

Pooled-analysis Results

Of the five studies included in the initial pooled-analysis, only
one study [4] showed significant association between the risk
of OSA and PD, with an OR of 0.37 (95%Cl: 0.16 to 0.84).
Therefore, we performed a meta-analysis to reveal whether the
overall results could be different. Because the heterogeneity
test showed that there was no heterogeneity among the
individual studies (Heterogeneity test x? = 3.90, P = 0.420, I? =
0.0%) we used a fixed-effects model for the pooled analysis.
The analysis results showed a significant association between

PLOS ONE | www.plosone.org 3

the decreased prevalence of OSA and idiopathic PD (OR =
0.60, 95%CI: 0.44 to 0.81) (Figure 2).

Discussion

In general, an increased frequency of OSA in PD patients is
expected considering the known upper airway obstruction
[26,27] and lung function abnormalities relative to controls
populations. However, many studies showed similar rates of
OSA in PD patients when compared to controls
[4,15,22-24,28]. Some previous PSG studies illustrated that PD
patients suffered from OSA and that the rates of patients
suffering from moderate or severe OSA (AHI > 15) were more
than 20% [4,22,29-31]. Meanwhile, another study found that
severe OSA (AHI > 10) showed a higher prevalence (56%) in
PD patients when compared to controls [32]. These results
contradicted our analysis results, but it might be caused by the
biased selection of the group. Some of these studies may have
used patients who were selected for clinical purposes of PSG,
EDS or other diagnosed criteria, so some biases might be
allowed to overestimate the prevalence of OSA in PD. On the
other hand, the result could be underestimated as well. For
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example, Cochen de Cock et al. [22] and her colleagues found
a lower rate of OSA in PD patients than in controls by using
hospitalized patients without PD as controls. According to the
results, 21% of PD patients showed moderate or severe OSA
(AHI = 15) [22]. Taken together, these studies suggested that
OSA was likely to be more prevalent in PD patients than in the
general population. However, whether the prevalence of OSA
in PD is lower than in the general population remains
debatable. In our research, the results indicated: OR = 0.60
(95%Cl: 0.44 to 0.81, P = 0.001) and 12 = 0.0% (x> = 3.90, P =
0.420) by fixed-effect model, indicating that all included studies
were homogeneous. The results of our meta-analysis pooled-
analysis showed that there was an association between PD
and the decreased prevalence of OSA. The causes of this
result will be discussed.

Previous reported risk factors for OSA include obesity, upper
airway abnormalities, menopause, male gender, and age (the
prevalence of OSA associated with a higher risk of mortality
and morbidity increased with age and peaks at approximately
55 years old) [33]. Among all the factors, obesity is the
strongest risk factor for OSA [34,35]. Hugo et al reported that
the percentage of obesity in controls (79.7%) was significantly
higher than in PD patients (66.1%) [36]. Another study showed
that PD patients had a significantly lower BMI than the controls
[37]. Each of the five selected studies showed a lower mean
BMI in PD patients than in controls. Especially two studies
[4,23] indicated a significant lower mean BMI in PD patients
than in the controls. Since the results showed that obesity is
the strongest risk factor for OSA and that PD patients appear
relatively thinner, we suggest that the lower BMI of PD patients
could be the major reason why PD patients showed lower
prevalence of OSA.

Prior study revealed that a relatively high percentage of PD
patients had upper airway obstruction (UAO), especially
asymptomatic individuals [27]. However, upper airway
abnormalities by themselves do not seem to be the cause of
lower prevalence of OSA in PD patients. One case report
showed that UAO could be reversed after the oral intake of
levodopa [38] while other studies concluded that levodopa
medication in patients with PD induced significant variations in
UAO and PEF ratios. These research results suggest that
levodopa might reverse UAO or OSA. However, further large-
scale trials are necessary to evaluate the effect of levodopa on
respiratory disorders related to UAO in patients with PD
[39,40].

Most studies showed that males were more likely to have PD
[41-43] while in our selected studies, besides male
predominance of PD patients, slight female predominance of
controls was shown. Given the situation of female
predominance in general population controls, the controls still
showed higher risk of OSA. As male gender is one of the risk
factors of OSA, male gender apparently could not be the cause
of the lower prevalence of OSA in PD patients. Because all five
studies were designed age-matched and showed similar mean
age results, we tentatively took no account of the impact of age
on the pooled results.

There are two main limitations to our study. First, all included
studies are small sample studies, especially the PD patient

AH, PLM, REM, RLS

JUPDRS lll, H &Y
AHI, ESS, EDS,PLM/UPDRS Ill, H& Y

Major Clinical Characteristics

AHI, PLM, REM/NR
AHI, MMSE, ESS/NR

LD (mg/day) Sleep/PD
AHI/NR

Mean Dose

595.86
688.00
331.00
409.40
510.90
530.45

Duration (Y)

PD
7.04

25.75/28.50 7.54
24.65/24.70 7.50
26.80/28.50 5.80
22.80/23.90 6.40
24.95/27.69 7.59
24.92/28.41

Mean BMI
Case/Con

Mean age
Case/Con (Y)
64.94/61.30
62.4/62.40
63.90/62.90
65.40/59.30
58.44/58.19
62.80/62.80

218 (67.7)/3002 (47.2)

38 (77.6)/38 (77.6)
70 (70.0)/35 (70.0)
37(67.3)/2848 (47.2)
34 (60.7)/38 (55.9)
39 (62.9)/43 (69.4)

Case/Con Case/Con (P)

Sample. No Male .No
49/49

100/50
55/6132
56/68
62/62
322/6361

Selection
Consecutive/Random
Half-consecutive/NR
Convenient/NR
Unselected/Unselected
Consecutive/Consecutive

Design Case/Con

Study
cC
RS
CcC
RS

Nationality
Luxembourg CC
France

Singapore
Switzerland

USA
NR not reported, Case/Con case/control, BMI body mass index, LD levodopa, P percentage of male in total, Y years, CC case-control, RS retrospective, AHI apnea/hypopnea index, ESS Epworth sleepiness scale, PLM

periodic leg movements, REM rapid eye movements, MMSE Mini-Mental State Examination, EDS Excessive daytime sleepiness, UPDRS Ill Unified Parkinson’s Disease Rating Scale (Part Il = motor score), H & Y Hoehn &

Table 1. Characteristics of eligible studies in the meta-analysis of PD and OSA risk.
Yahr

Cohen de Cock (2010)[22]
doi: 10.1371/journal.pone.0082091.t001

Diederich (2005)[4]
Trotti (2010)[24]
Yong (2011)[15]
Valko (2012)[23]

Author
(Year)
Total
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Study

Author (Year)

Case-control

Diederich (2005)

Cock (2010)

Yong (2011)

|

Subtotal (l-squared = 0.0%, p = 0.753)

Retrospective

|
I
!
I
)
)
1
)
I
T

Trotti (2010)

]
i
;
Valko (2012) <§$
g e

J
I
)

=

Subtotal (l-squared = 29.3%, p = 0.234)

Overall (l-squared = 0.0%, p = 0.420)

Obstructive Sleep Apnea in Parkinson's Disease

PD Control %
OR (95% CI) OSA/Total OSA/Total Weight
0.37(0.16, 0.84) 14.24/49 25.83/49 17.01
0.55(0.27,1.13) 27/100 20/50 18.07
0.50(0.25,1.04) 27.5/56 44.68/68 19.07
0.48 (0.31, 0.74) 68.74/205 90.51/167 54.16
0.80(0.53,1.52) 24/55 284316132 26.45
0.52(0.26, 1.06) 27162 37/62 19.39
0.74 (0.48, 1.13) 51/117 2880/6194 45.84
0.60 (0.44, 0.81) 119.74/322 2970.51/6361 100.00

161 1

T

6.22

Figure 2. Forest plot for the risk of OSA in PD patients compared to controls. The squares and horizontal lines represent the
study-specific OR and 95% CI (confidence interval). The area of the squares reflects the study specific weight (inverse of the
variance). Diamond represents the pooled OR and 95% CI (fixed-effect model).

doi: 10.1371/journal.pone.0082091.g002

number that is only 322. Therefore, more large-scale studies
need to be conducted. Also, the number of the analyzed
studies is limited, only studies reported in the English language
were included, which could limit the generalizability of the
analysis results of this study. Since only five studies were
included in our analysis, it is clear that both statistical analysis
and visual examination of funnel plots or other statistical tests
(e.g. Egger's test) have intensely restrained power which
decreases with a reducing number of studies to test bias [44].
In order to avoid the occurrence of false positive results we
fully reviewed the literature, set reasonable but strict inclusion
and exclusion criteria and adjusted the level of significance (p >
0.10) to account for our results. However, we might still miss
gray articles that we could not access.

Conclusion

Our study suggests that PD patients have a lower risk of
OSA when compared to the general population. Notably, the
lower weight of PD patients seems to be the main protective

References

1. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control
Clin Trials 7: 177-188. doi:10.1016/0197-2456(86)90046-2. PubMed:
3802833.

2. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-
analysis detected by a simple, graphical test. BMJ 315: 629-634. doi:
10.1136/bm;j.315.7109.629. PubMed: 9310563.

3. Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data
from retrospective studies of disease. J Natl Cancer Inst 22: 719-748.
PubMed: 13655060.

4. Diederich NJ, Vaillant M, Leischen M, Mancuso G, Golinval S et al.
(2005) Sleep apnea syndrome in Parkinson's disease. A case-control
study in 49 patients. Mov Disord 20: 1413-1418. doi:10.1002/mds.
20624. PubMed: 16007620.

PLOS ONE | www.plosone.org

factor against OSA. However, the results are partly limited by
the small number of studies and further large-scale studies
need to be conducted to verify our conclusion about the
association between PD and the decreased prevalence of
OSA.

Supporting Information

Table S1. Methodological quality of the included case-
control studies.
(DOCX)

Author Contributions

Conceived and designed the experiments: JZ WM. Performed
the experiments: JZ MW. Analyzed the data: JZ TL.
Contributed reagents/materials/analysis tools: JZ YF WC WZ.
Wrote the manuscript: JZ. Excellent analyzing assistance: RS
YBS.

5. Boeve BF, Molano JR, Ferman TJ, Smith GE, Lin SC et al. (2011)
Validation of the Mayo Sleep Questionnaire to screen for REM sleep
behavior disorder in an aging and dementia cohort. Sleep Med 12:
445-453. doi:10.1016/j.sleep.2010.12.009. PubMed: 21349763.

6. de Lau LML, Breteler MMB (2006) Epidemiology of Parkinson's
disease. Lancet Neurology 5: 525-535. doi:10.1016/
S1474-4422(06)70471-9.

7. Epstein LJ, Kristo D, Strollo PJ Jr., Friedman N, Malhotra A et al.
(2009) Clinical guideline for the evaluation, management and long-term
care of obstructive sleep apnea in adults. J Clin Sleep Med 5: 263-276.
PubMed: 19960649.

8. Gaig C, Iranzo A (2012) Sleep-Disordered Breathing in
Neurodegenerative Diseases. Curr Neurol Neurosci Rep 12: 205-217.
doi:10.1007/s11910-011-0248-1. PubMed: 22249490.

December 2013 | Volume 8 | Issue 12 | e82091


http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://www.ncbi.nlm.nih.gov/pubmed/3802833
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://www.ncbi.nlm.nih.gov/pubmed/13655060
http://dx.doi.org/10.1002/mds.20624
http://dx.doi.org/10.1002/mds.20624
http://www.ncbi.nlm.nih.gov/pubmed/16007620
http://dx.doi.org/10.1016/j.sleep.2010.12.009
http://www.ncbi.nlm.nih.gov/pubmed/21349763
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://www.ncbi.nlm.nih.gov/pubmed/19960649
http://dx.doi.org/10.1007/s11910-011-0248-1
http://www.ncbi.nlm.nih.gov/pubmed/22249490

20.

21.

22.

23.

24,

25.

26.

27.

. Guttman M, Slaughter PM, Theriault M-E, DeBoer DP, Naylor CD

(2003) Burden of parkinsonism: A population-based study. Movement
Disorders 18: 313-319. doi:10.1002/mds.10333. PubMed: 12621635.

. Iranzo de Riquer A, Bergareche A, Campos V (2011) Sleep disorders in

Parkinson disease. Neurologist 17: S38-S42. doi:10.1097/NRL.
0b013e31823966f8. PubMed: 22045324.

. Strickland D, Bertoni JM (2004) Parkinson's prevalence estimated by a

state registry. Mov Disord 19: 318-323. do0i:10.1002/mds.10619.
PubMed: 15022187.

. Pal PK, Thennarasu K, Fleming J, Schulzer M, Brown T et al. (2004)

Nocturnal sleep disturbances and daytime dysfunction in patients with
Parkinson's disease and in their caregivers. Parkinsonism Relat Disord
10: 157-168. doi:10.1016/j.parkreldis.2003.11.002. PubMed: 15036171.

. Lees AJ, Blackburn NA, Campbell VL (1988) The nighttime problems of

Parkinson's disease. Clin Neuropharmacol 11: 512-519. doi:
10.1097/00002826-198812000-00004. PubMed: 3233589.

. Nausieda PA, Weiner WJ, Kaplan LR, Weber S, Klawans HL (1982)

Sleep disruption in the course of chronic levodopa therapy: an early
feature of the levodopa psychosis. Clin Neuropharmacol 5: 183-194.
doi:10.1097/00002826-198205020-00003. PubMed: 7139632.

. Yong MH, Fook-Chong S, Pavanni R, Lim LL, Tan EK (2011) Case

control polysomnographic studies of sleep disorders in Parkinson's
disease. PLOS ONE 6: e22511. doi:10.1371/journal.pone.0022511.
PubMed: 21799880.

. Braga-Neto P, da Silva-Junior FP, Sueli Monte F, de Bruin PF, de Bruin

VM (2004) Snoring and excessive daytime sleepiness in Parkinson's
disease. J Neurol Sci 217: 41-45. doi:10.1016/).jns.2003.08.010.
PubMed: 14675608.

. Mittlb6ck M, Heinzl H (2006) A simulation study comparing properties

of heterogeneity measures in meta-analyses. Stat Med 25: 4321-4333.
doi:10.1002/sim.2692. PubMed: 16991104.

. Smith CA (1952) A simplified heterogeneity test. Ann Eugen 17: 35-36.

PubMed: 12976940.

. Chaudhuri KR (2003) Nocturnal symptom complex in PD and its

management. Neurology 61: S17-S23. doi:10.1212/WNL.61.8.17A.
PubMed: 14504376.

Ottawo Hospital Research Institute Website. Available:
www.ohri.ca/programs/clinical_epidemiology/oxford.asp.
2012 September 20

Shpirer I, Miniovitz A, Klein C, Goldstein R, Prokhorov T et al. (2006)
Excessive daytime sleepiness in patients with Parkinson's disease: A
polysomnography study. Mov Disord 21: 1432-1438. doi:10.1002/mds.
21002. PubMed: 16773617.

Cochen De Cock V, Abouda M, Leu S, Oudiette D, Roze E et al. (2010)
Is obstructive sleep apnea a problem in Parkinson's disease? Sleep
Med 11: 247-252. doi:10.1016/j.sleep.2009.05.008.  PubMed:
19628429.

Valko PO, Hauser S, Werth E, Waldvogel D, Baumann CR (2012)
Heart rate variability in patients with idiopathic Parkinson's disease with
and without obstructive sleep apnea syndrome. Parkinsonism Relat
Disord 18: 525-531. doi:10.1016/j.parkreldis.2012.01.023. PubMed:
22366275.

Trotti LM, Bliwise DL (2010) No increased risk of obstructive sleep
apnea in Parkinson's disease. Mov Disord 25: 2246-2249. doi:10.1002/
mds.23231. PubMed: 20669289.

Parati G, Lombardi C, Narkiewicz K (2007) Sleep apnea: epidemiology,
pathophysiology, and relation to cardiovascular risk. Am J Physiol
Regul Integr Comp Physiol 293: R1671-R1683. doi:10.1152/ajpregu.
00400.2007. PubMed: 17652356.

Herer B, Arnulf I, Housset B (2001) Effects of levodopa on pulmonary
function in Parkinson's disease. Chest 119: 387-393. doi:10.1378/
chest.119.2.387. PubMed: 11171713.

Hovestadt A, Bogaard JM, Meerwaldt JD, van der Meché FG, Stigt J
(1989) Pulmonary function in Parkinson's disease. J Neurol Neurosurg
Psychiatry 52: 329-333. doi:10.1136/jnnp.52.3.329. PubMed: 2926415.

http://
Accessed

PLOS ONE | www.plosone.org

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Obstructive Sleep Apnea in Parkinson's Disease

Chotinaiwattarakul W, Dayalu P, Chervin RD, Albin RL (2011) Risk of
sleep-disordered breathing in Parkinson's disease. Sleep Breath 15:
471-478. doi:10.1007/s11325-010-0362-3. PubMed: 20473719.

Arnulf I, Konofal E, Merino-Andreu M, Houeto JL, Mesnage V et al.
(2002) Parkinson's disease and sleepiness: an integral part of PD.
Neurology 58: 1019-1024. doi:10.1212/WNL.58.7.1019. PubMed:
11940685.

Baumann C, Ferini-Strambi L, Waldvogel D, Werth E, Bassetti CL
(2005) Parkinsonism with excessive daytime sleepiness--a narcolepsy-
like disorder? J Neurol 252: 139-145. doi:10.1007/s00415-005-0614-5.
PubMed: 15729517.

Norlinah MI, Afidah KN, Noradina AT, Shamsul AS, Hamidon BB et al.
(2009) Sleep disturbances in Malaysian patients with Parkinson's
disease using polysomnography and PDSS. Parkinsonism Relat Disord
15: 670-674. doi:10.1016/j.parkreldis.2009.02.012. PubMed: 19362875.
Monaca C, Duhamel A, Jacquesson JM, Ozsancak C, Destée A et al.
(2006) Vigilance troubles in Parkinson's disease: a subjective and
objective polysomnographic study. Sleep Med 7: 448-453. doi:10.1016/
j.sleep.2005.12.002. PubMed: 16740409.

Lurie A (2011) Obstructive sleep apnea in adults: epidemiology, clinical
presentation, and treatment options. Adv Cardiol 46: 1-42. PubMed:
22005188.

Young T, Peppard PE, Taheri S (2005) Excess weight and sleep-
disordered breathing. J Appl Physiol (1985) 99: 1592-1599. doi:
10.1152/japplphysiol.00587.2005. PubMed: 16160020.

Schwartz AR, Patil SP, Laffan AM, Polotsky V, Schneider H et al.
(2008) Obesity and Obstructive Sleep Apnea: Pathogenic Mechanisms
and Therapeutic Approaches. Proc Am Thorac Soc 5: 185-192. doi:
10.1513/pats.200708-137MG. PubMed: 18250211.

Morales-Bricefio H, Cervantes-Arriaga A, Rodriguez-Violante M,
Calleja-Castillo J, Corona T (2012) Overweight is more prevalent in
patients with Parkinson's disease. Arq Neuropsiquiatr 70: 843-846. doi:
10.1590/S0004-282X2012001100004. PubMed: 23175195.

van der Marck MA, Dicke HC, Uc EY, Kentin ZH, Borm GF et al. (2012)
Body mass index in Parkinson's disease: a meta-analysis.
Parkinsonism Relat Disord 18: 263-267. doi:10.1016/j.parkreldis.
2011.10.016. PubMed: 22100523.

Vincken WG, Darauay CM, Cosio MG (1989) Reversibility of upper
airway obstruction after levodopa therapy in Parkinson's disease. Chest
96: 210-212. doi:10.1378/chest.96.1.210. PubMed: 2736982.

Mu L, Sobotka S, Chen J, Su H, Sanders |, et al. (2012) Altered
Pharyngeal Muscles in Parkinson Disease. Journal of Neuropathology
& Experimental Neurology 71: 510-530 1097/NEN.
1090b1013e318258381b

Monteiro L, Souza-Machado A, Valderramas S, Melo A (2012) The
effect of levodopa on pulmonary function in Parkinson's disease: a
systematic review and meta-analysis. Clin Ther 34: 1049-1055. doi:
10.1016/j.clinthera.2012.03.001. PubMed: 22465616.

Van Den Eeden SK, Tanner CM, Bernstein AL, Fross RD, Leimpeter A
et al. (2003) Incidence of Parkinson's disease: variation by age,
gender, and race/ethnicity. Am J Epidemiol 157: 1015-1022. doi:
10.1093/aje/kwg068. PubMed: 12777365.

Mayeux R, Marder K, Cote LJ, Denaro J, Hemenegildo N et al. (1995)
The frequency of idiopathic Parkinson's disease by age, ethnic group,
and sex in northern Manhattan, 1988-1993. Am J Epidemiol 142:
820-827. PubMed: 7572958.

Hofman A, Collette HJ, Bartelds Al (1989) Incidence and risk factors of
Parkinson's disease in The Netherlands. Neuroepidemiology 8:
296-299. doi:10.1159/000110197. PubMed: 2586699.

Sterne JA, Gavaghan D, Egger M (2000) Publication and related bias in
meta-analysis: power of statistical tests and prevalence in the literature.
J Clin Epidemiol 53: 1119-1129. doi:10.1016/S0895-4356(00)00242-0.
PubMed: 11106885.

December 2013 | Volume 8 | Issue 12 | e82091


http://dx.doi.org/10.1002/mds.10333
http://www.ncbi.nlm.nih.gov/pubmed/12621635
http://dx.doi.org/10.1097/NRL.0b013e31823966f8
http://dx.doi.org/10.1097/NRL.0b013e31823966f8
http://www.ncbi.nlm.nih.gov/pubmed/22045324
http://dx.doi.org/10.1002/mds.10619
http://www.ncbi.nlm.nih.gov/pubmed/15022187
http://dx.doi.org/10.1016/j.parkreldis.2003.11.002
http://www.ncbi.nlm.nih.gov/pubmed/15036171
http://dx.doi.org/10.1097/00002826-198812000-00004
http://www.ncbi.nlm.nih.gov/pubmed/3233589
http://dx.doi.org/10.1097/00002826-198205020-00003
http://www.ncbi.nlm.nih.gov/pubmed/7139632
http://dx.doi.org/10.1371/journal.pone.0022511
http://www.ncbi.nlm.nih.gov/pubmed/21799880
http://dx.doi.org/10.1016/j.jns.2003.08.010
http://www.ncbi.nlm.nih.gov/pubmed/14675608
http://dx.doi.org/10.1002/sim.2692
http://www.ncbi.nlm.nih.gov/pubmed/16991104
http://www.ncbi.nlm.nih.gov/pubmed/12976940
http://dx.doi.org/10.1212/WNL.61.8.17A
http://www.ncbi.nlm.nih.gov/pubmed/14504376
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1002/mds.21002
http://dx.doi.org/10.1002/mds.21002
http://www.ncbi.nlm.nih.gov/pubmed/16773617
http://dx.doi.org/10.1016/j.sleep.2009.05.008
http://www.ncbi.nlm.nih.gov/pubmed/19628429
http://dx.doi.org/10.1016/j.parkreldis.2012.01.023
http://www.ncbi.nlm.nih.gov/pubmed/22366275
http://dx.doi.org/10.1002/mds.23231
http://dx.doi.org/10.1002/mds.23231
http://www.ncbi.nlm.nih.gov/pubmed/20669289
http://dx.doi.org/10.1152/ajpregu.00400.2007
http://dx.doi.org/10.1152/ajpregu.00400.2007
http://www.ncbi.nlm.nih.gov/pubmed/17652356
http://dx.doi.org/10.1378/chest.119.2.387
http://dx.doi.org/10.1378/chest.119.2.387
http://www.ncbi.nlm.nih.gov/pubmed/11171713
http://dx.doi.org/10.1136/jnnp.52.3.329
http://www.ncbi.nlm.nih.gov/pubmed/2926415
http://dx.doi.org/10.1007/s11325-010-0362-3
http://www.ncbi.nlm.nih.gov/pubmed/20473719
http://dx.doi.org/10.1212/WNL.58.7.1019
http://www.ncbi.nlm.nih.gov/pubmed/11940685
http://dx.doi.org/10.1007/s00415-005-0614-5
http://www.ncbi.nlm.nih.gov/pubmed/15729517
http://dx.doi.org/10.1016/j.parkreldis.2009.02.012
http://www.ncbi.nlm.nih.gov/pubmed/19362875
http://dx.doi.org/10.1016/j.sleep.2005.12.002
http://dx.doi.org/10.1016/j.sleep.2005.12.002
http://www.ncbi.nlm.nih.gov/pubmed/16740409
http://www.ncbi.nlm.nih.gov/pubmed/22005188
http://dx.doi.org/10.1152/japplphysiol.00587.2005
http://www.ncbi.nlm.nih.gov/pubmed/16160020
http://dx.doi.org/10.1513/pats.200708-137MG
http://www.ncbi.nlm.nih.gov/pubmed/18250211
http://dx.doi.org/10.1590/S0004-282X2012001100004
http://www.ncbi.nlm.nih.gov/pubmed/23175195
http://dx.doi.org/10.1016/j.parkreldis.2011.10.016
http://dx.doi.org/10.1016/j.parkreldis.2011.10.016
http://www.ncbi.nlm.nih.gov/pubmed/22100523
http://dx.doi.org/10.1378/chest.96.1.210
http://www.ncbi.nlm.nih.gov/pubmed/2736982
http://dx.doi.org/10.1016/j.clinthera.2012.03.001
http://www.ncbi.nlm.nih.gov/pubmed/22465616
http://dx.doi.org/10.1093/aje/kwg068
http://www.ncbi.nlm.nih.gov/pubmed/12777365
http://www.ncbi.nlm.nih.gov/pubmed/7572958
http://dx.doi.org/10.1159/000110197
http://www.ncbi.nlm.nih.gov/pubmed/2586699
http://dx.doi.org/10.1016/S0895-4356(00)00242-0
http://www.ncbi.nlm.nih.gov/pubmed/11106885

	Risk of Obstructive Sleep Apnea in Parkinson’s Disease: A Meta-Analysis
	Introduction
	Materials and Methods
	Identification and Eligibility of Relevant Studies
	Inclusion and Exclusion Criteria
	Data Extraction
	Statistical Methods
	Methodological Quality Assessment

	Results
	Characteristics of Included Studies
	Quality Assessment Results
	Pooled-analysis Results

	Discussion
	Conclusion
	Supporting Information
	Author Contributions
	References


