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Abstract

Rationale: Both periodic limb movements during sleep (PLMS)l abstructive sleep
apnea (OSA) are major causes of sleep disordershand been associated with
systemic inflammation and cardiovascular eventswéler, it is uncertain whether in
combination they promote a higher inflammatory cesme and greater risk of
cardiovascular events than each condition alone.

Objectives. To investigate whether the presence of PLMS isaatam with increased
inflammation in patients suspected of having OSA.

Methods: In 342 patients who underwent polysomnography &mgmibse OSA, plasma
C-reactive protein (CRP) and fibrinogen levels weeasured.

Measurements and Main Results: OSA was found in 254 patients, with 46 also having
PLMS. Among the 88 patients who did not have OSAa8l PLMS. Plasma CRP and
fibrinogen levels in the group with both PLMS an&®were higher than in patients
with neither OSA nor PLMS and in patients with O8Aly (CRP: 0.20£0.48 vs.
0.09+0.15 vs. 0.13+0.18 mg/dl, p=0.03; fibrinoged¥8.2+76.1 vs. 269.0+57.1 vs.
270.0£52.6 mg/dl, p <0.01) Multivariate analysi®wsled that the presence of PLMS
was associated with higher plasma CRP le\g#6.0401, p<0.01) and fibrinogen levels
(=0.1359, p=0.01) independently from other clinialiables such as body mass index
and the severity of OSA.

Conclusions: PLMS were positively associated with plasma CRPfdmthogen levels

in patients suspected of having OSA. Since plagwved of these proteins have been

established as predictive factors of future caraéoular events, the presence of PLMS



may be a useful clinical sign to identify OSA patieat high risk of cardiovascular
events.

(253 words)



I ntroduction

Periodic limb movements during sleep (PLMS) arelomtary, repetitive, stereotypic,
short-lasting, segmental movements of the lower sohetimes upper extremities.
They occur in 5-8% of the general population arel/glence increases with age (1, 2).
PLMS are identified in the vast majority of patentith restless leg syndrome (RLS),
and both PLMS and RLS were reported to be assdciaitth cardiovascular disease
(CVD) and mortality (3-8). Although the causal tedaship between PLMS and CVD
remains uncertain, an association between PLMSsgsigmic inflammation has been
shown, and this relationship is considered to Esctor in the increased risk of CVD in
patients with PLMS (9-11). In addition, obstructiskeep apnea (OSA) syndrome is a
highly prevalent sleep disorder, affecting abou?0% of adults (12-14). OSA is
characterized by repetitive episodes of partialcomplete obstruction of the upper
airway during sleep associated with transient owrygkesaturation. Accumulating
clinical evidence suggests that OSA is an independsk factor for CVD through
impaired endothelial dysfunction and increased efght aggregability caused by
nocturnal intermittent hypoxia and subsequent derimlammation (15-17).

PLMS are commonly seen during polysomnography (AB&SA patients, and their
prevalence in OSA patients has been reported teidgrgficantly higher than in the
general population (18-20). The underlying mechasifor the association of OSA with
PLMS have not been fully elucidated nor has it beevestigated whether the
coexistence of OSA and PLMS promotes a greatearmfiatory response than the

presence of either one alone. Therefore, we hypatbe that patients with both OSA



and PLMS would have a higher inflammatory respdhaa patients with OSA only and
that comorbid PLMS is an independent risk factaraddigh inflammatory response in
patients suspected of having OSA. Since we havinely measured plasma levels of
inflammatory proteins such as C-reactive proteiRPE and fibrinogen in patients in
our sleep laboratory to assess patients’ generaliton (21), we attempted to verify

these hypotheses by evaluating the data accumutatad clinical practice.

M ethods

Subjects

We examined data on all patients who underwentgmdistic full overnight PSG at
the sleep unit of Kyoto University Hospital betwe2808 and 2011. All had been
referred to our sleep unit under suspicion of OSiéhwveymptoms such as habitual
snoring or daytime sleepiness. Data were systealigticextracted by a single
investigator (KM) from patients’ clinical recordsic&a PSG reports, after which they
were entered into a software database for latetysisa This study protocol was
approved by the Kyoto University Graduate Schoal &aculty of Medicine Ethics
Committee.

For a patient’s data to be included in the analybis patient had to meet the following
criteria: 1) age at least 30 years and less thaye86s and 2) no prior treatment for OSA
and/or PLMS. Patients with diseases that have begorted to cause RLS and PLMS

were excluded. Specifically, data on patients Wiglikinson’s disease, collagen diseases,



renal failure (serum creatinine level >1.3 mg/dipemia (hemoglobin level <12 g/dl),

severe intervertebral hernia, pregnancy and withrastory of heart or cerebrovascular
diseases were excluded. Patients with malignandyaamite and/or chronic infection

were also excluded from analysis because theseitmmsdcould possibly affect the

inflammatory protein levels. Lastly, patients whoere regularly taking any

antidepressant, anxiolytic, anticoagulant and emfl@mmatory medications were also
excluded because these medications might changmatlemt's PLMS status and plasma
CRP and fibrinogen levels.

The definitions of the comorbid diseases are shiovthe online supplement.

Procedures

Polysomnography

The diagnoses of OSA and PLMS were confirmed by RS@nnoStar pro, Cardinal
Health, Dublin, OH, USA or Alice 4, Philips Respiios, Inc., Murrysville, PA, USA),
which started at 22:00 and ended at 6:00 the fatigwnorning. A detailed description
of materials and methods used for performance bfspmography is provided in the
online supplement.

In the present study, the PSG studies were scoyddur certified sleep laboratory
technicians. To assess intra- and inter-scorereaggat, we randomly selected 20
patients (Apnea Hypopnea Index (AHI): 24.0 £ 17.4MMS index: 17.0 = 27.1/h)

from the cohort whose PLMS index was not zero. Thiatra-class correlation



coefficient (ICC) values for AHI and PLMS index sed by these technicians were
calculated. The ICC values for intra-scorer agregmere more than 0.99 for AHI and
0.96 for PLMS index. The ICC value representingiirdcorer agreement was 0.98 for
AHI and 0.88 for PLMS index. Because a high leviehgreement for AHI and PLMS
index among the technicians was found, we adogtedvalues for AHI and PLMS
index scored by one of these four technicians tier dtatistical analysis in the present
study. We defined AHP15/h as ‘OSA positive’ and a PLMS index5/h as ‘PLMS
positive’ according to a previous study (1).

Anthropometric measurements were performed in theniag before PSG. In the
morning following PSG, blood pressure (BP) was raess five times at one-minute
intervals with the patient in the sitting positiafter resting for at least five minutes.

The average of the latter two recordings was catedl

Blood sampling and measur ement of plasma fibrinogen level

Since OSA has been reported to be associated aitbus diseases such as metabolic
syndrome and CVD, we have routinely recommendedpatents undergo a blood test
to check their status for diabetes, dyslipidemial drypercoagulation. If patients
consented, blood samples were drawn at 7:00 imtraing following a 12-h overnight
fast and PSG. Thrombocheck Fib (L) (Sysmex Corpmratkobe, Japan) is a liquid
type reagent for use with the Clauss method and ®maployed for fibrinogen
measurement. Measurements were performed usinglya dutomated coagulation

analyzer (Coagrex 800, Shimazu Corporation, Kydapan). Aside from the plasma



fibrinogen level, we simultaneously measured bloodnts, biochemistry, CRP levels

and indexes of metabolic syndrome such as HbAlachakbsterol levels.

Statistical Analysis

First, we categorized the patients into four groapsording to the presence and/or
absence of OSA and PLMS: “neither OSA nor PLMSLMS only’, ‘OSA only’ and
‘both PLMS and OSA. The significance of intergrodifferences in patients’
background was determined by an analysis of vaglaBecause the number of patients
in the PLMS-only group was too small (n=8), thaiup was excluded from this
intergroup analysis. When a significant differemaes found, we used the Tukey’'s
honestly significant difference procedure to idigntvhere the difference was
significant. A chi-square test was used to compategorical variables. Second, we
used Pearson’s coefficient test to evaluate ttagiogiships between plasma CRP or
fibrinogen levels and other clinical variables fioe entire cohort. In this analysis, the
dichotomous variables were converted to dummy k&s(‘Male’=0, ‘Female’=1 and
‘PLMS negative’'=0, ‘PLMS positive'=1).

Based on results of this analysis, multivariateesgion analyses were performed to
clarify the contribution rate of PLMS, OSA and atlekemorbidities to CRP and
fibrinogen levels. The variables entered into thétivariate analysis were those
yielding a p value <0.10 by univariate analysig] amen two independent variables
had strong collinearityy(>0.7), one was selected. Third, we performed dimees

analyses only for the cohort that was OSA positda&ta were expressed as means *



standard deviation. Two-tailed p-values <0.05 wenesidered statistically significant.
All statistical analyses were performed using JMRZ statistical software (SAS

Institute Inc., Cary, NC, USA).

Results

Of 841 eligible patients, 471 patients were exatlfiem the analysis and blood tests
were not undertaken in 28 patients. Therefore,@tnts were enrolled in the analysis
(Figure 1). OSA was found in 254 patients, with #&/ing PLMS. Among the 88
patients who did not have OSA, PLMS was found st fipatients. The prevalence rate
of PLMS in the OSA-positive cohort was significanthigher than that in the
OSA-negative cohort (46/254 (18.1%) vs. 8/88 (9.1p60.04). Tables 1 and 2 show
the clinical backgrounds of the study patients Hredr sleep parameters, respectively.
Compared to patients with OSA only, patients withhoPLMS and OSA were older and
had a lower body mass index, lower diastolic blpoelssure, lower hemoglobin level
and milder OSA. Plasma CRP and fibrinogen levelthengroup with both PLMS and
OSA were higher than in patients with neither OSARLMS and in patients with OSA
only (CRP: 0.20+0.48 vs. 0.09+0.15 vs. 0.13£0.18/dhgp=0.03; fibrinogen:
298.2+76.1 vs. 269.0+57.1 vs. 270.0+52.6 mg/dIQD%).

All patients had three or more hours of total sléepe (TST) during PSG recording.
While TST in patients with only OSA was significhnionger than that in patients with
both PLMS and OSA (390.8+74.6 vs. 363.9+78.1m, @3)).the indexes of severity of

OSA such as the AHI and 3% oxygen desaturationxi{@®l) in patients with only



OSA were significantly higher than those in patemiith PLMS and OSA (AHI:
40.8£19.9 vs. 33.7+15.1/h, p=0.02, 3% ODI: 38.222%s. 31.0£19.0/h, p=0.04) (Table
2).

Table 3 shows results of univariate and multivariahalyses of plasma CRP and
fibrinogen levels for the entire cohort. Stronglic&arities were found between the AHI
and 3% ODI1=0.97) and between the PLMS index and being PLMstipe (y=0.76).
For the multiple regression analysis, we chose 3%&1d being PLMS positive as the
representative variable for OSA and PLMS severiggpectively, as these had better
correlation with the CRP or fibrinogen levels ireteimple correlation analysis (Table
E1l in online supplement). The multivariate analysgsmonstrated that being
PLMS-positive was associated with plasma CRP amfdgen levels (CRP3=0.1401,
p<0.01; fibrinogenf=0.1359, p=0.01) independently of other clinicaliables such as
body mass index (BMI) and HbALlc.

Next, as we previously noted, we performed the sanayses for the OSA-positive
cohort. Table 4 shows the results of these analysethe OSA-positive cohort also,
being PLMS positive was associated with plasma C&P fibrinogen levels
independently of clinical variables. (CRP=0.1466, p=0.0192; fibrinogerft=0.1844,

p=0.0036)

Discussion

The results of the present cross-sectional studigated that patients with both OSA

and PLMS had the highest plasma CRP or fibrinogeel$ of the four cohorts with



suspected OSA. Furthermore, multivariate analysisved that the presence of PLMS
contributed, although weakly, to elevated plasmaPCRBnd fibrinogen levels
independently of other clinical variables. Both C&RI fibrinogen are known as acute
phase proteins involved in inflammation, and eledgblasma levels of these proteins
were reported to be independent risk factors fouréu CVD events through several
mechanisms, such as a contribution to platelet eaggion, promotion of fibrin
formation and increase in plasma viscosity (22-Z@grefore, the results of the present
study suggested that high CRP and fibrinogen lewvefmtients with PLMS could be a
key in clarifying why PLMS are associated with CVID. addition, the results of this
study suggest that PLMS can be a useful clinicat $0 identify OSA patients at high
risk of CVD. In patients with both PLMS and OSAagima CRP and fibrinogen levels
were about 0.07 mg/dl and 30 mg/dl higher, respelsti than in patients with OSA only.
Based on a previous meta-analysis that investigatesl impact of elevated
inflammatory protein levels on CVD, patients witlbtlhh PLMS and OSA could be
estimated to be 1.1-1.3 times more likely to depe@VD events than patients with
OSA only (24, 27). The multivariate analysis foe thntire cohort showed a significant
association between the BMI and CRP level and twthAlc and fibrinogen levels.

Some previous studies showed similar relationsbgi&een these factors (28-30).

Underlying mechanism for the relationship between PLMS and the inflammatory

status

Even though the results of this study did not aomfa causal relationship between



PLMS and high plasma inflammatory protein levetsiesal mechanisms may explain a
relationship between them. Pennestri et al. redotteat PLMS, whether or not
associated with arousals, were correlated withtitege nocturnal BP increments (31).
Based on indications by results of some previousliss that plasma levels of
inflammatory proteins were significantly associatedh BP variability (32-34), BP
surges provoked by PLMS may cause a heighteneannflatory status. However, in
the present study, the patients with both PLMS @8d\ had lower morning DBP than
those with OSA only. As a possible explanationtfas apparently contradictory finding,
it was previously demonstrated that in OSA patidiswhile awake did not always
reflect BP surges during sleep (35, 36). Furtheentine BP response to OSA and
PLMS events appeared to vary depending on age3{@B1,An investigation including
nocturnal BP monitoring in age-matched cohorts wdwdlp in clarifying the underlying
mechanism.

In addition, as another mechanism, physical indagtiis a possible intermediary
between PLMS and a heightened inflammatory stdtgsiPal activity was reported to
be inversely correlated with RLS severity and esercwas reported to decrease
RLS/PLMS severity (38-40). Blood inflammatory priotéevels were also reported to
be inversely associated with physical activity @B)- Furthermore, it is possible that
other undetected common clinical conditions mightgoabe responsible for an
association between PLMS and elevated inflammatiaetording to our literature
survey, the association between fibrinogen and PLS never been investigated in
OSA patients nor in the general population. Theipeemechanisms for the association

between PLMS and aanhanced inflammatory response remain to be eligtda



Relationship between OSA and PLM S

Previous studies showed that PLMS are more commmorpatients with sleep
disordered breathing than in the general populaid) 19). In fact, in the present
cohort, the prevalence rate of PLMS in OSA-posifatients was significantly higher
than that in non-OSA patients. However, the medmsifor the associations between
PLMS genesis and OSA also remain to be elucidabete possible mechanism is
through obesity and dysfunction of the dopaminepgthway. Obesity is a major risk
factor for OSA, and obese people had lower dopamieeceptor availability in their
brain striatum than normal weight individuals (44Because a dysfunctional
dopaminergic pathway is involved in the genesisRalS or PLMS (45), OSA and
PLMS could be connected with each other. HoweManconi et al. reported that
dopamine agonists do not decrease the number ofSPaddociated sleep disordered
breathing episodes and suggested that primary dapeagic dysfunction may not play a
major role in the relationship between OSA and PL{M&). In fact, patients with both
PLMS and OSA had a lower BMI than those with OSAyan the present study. The
proposed mechanism for PLMS genesis through obasilydopaminergic dysfunction
may not be applicable in the present cohort.

The direct causal relation between PLMS and OSpoisrly understood. Exar et al.
performed PSG in subjects with PLMS and monitonatlathoracic pressure during
sleep by a pressure transducer catheter that wasnisally placed in the esophagus.
They demonstrated that PLMS may occur in assodatith subtle hypopneic episodes

and episodes of increased upper airway resistamate could not be identified by



conventional PSG without mansnasally placed pressure transducer (47). ditian,
others indicated that moderate to severe OSA mREK4SS, which may be more fully
manifested during OSA treatment because of the iaragbn of frank apneas to
respiratory effort-related arousals (48, 49). Imtcast, other studies indicated that the
severity of PLMS had decreased with treatment ofAQSO, 51). The precise
mechanism for the associations among PLMS, OSAm@adment of OSA has not been
elucidated.

Most previous studies that investigated the retstigp between OSA and
inflammatory protein levels did not include PLMS asonfounding factor (52, 53).
Because the present study showed that the contnibtdte of PLMS to inflammatory
protein levels was similar or larger than that BA) taking the contribution of PLMS
into consideration might lead to a more precisduaten of the relationships between

sleep disorders and inflammatory response.

Limitations

We recognized several limitations in the preseatlstFirst, the subjects were only
those under suspicion of OSA. Therefore, it isllikibat if the initial cohort had been
from the general population a greater number akeptg with PLMS might have been
identified. However, with the current study desigime number of patients identified
with PLMS only was too small to perform meaningstatistical analyse&Vhether we
can extrapolate the present results to the gemenalilation should be examined in

further studies. In addition, all of the subjeatsthis study were Japanese. Since the



clinical characteristics of patients with OSA andRLMS did vary depending on their
ethnicity (54, 55), whether our findings can be leghto a cohort comprised of
different races should be investigated. Seconddidenot evaluate the symptoms of
RLS, such as dysesthesias and unpleasant sensatitre legs. Therefore, we could
not identify the precise prevalence of RLS in tihespnt cohort. Third, iron deficiency
anemia is also considered as a possible causeMSRInd RLS (56-58). In fact, in the
present study the patients with both PLMS and O8d lower hemoglobin levels than
those with OSA only. Because of the retrospectesigh, we could not evaluate serum
iron and ferritin levels. These results might lazlto undertake more sophisticated
evaluations of the associations of PLMS, OSA affldnmmatory protein levels. Fourth,
we did not exclude patients with components of mata syndrome such as diabetes
and dyslipidemia in order to reflect the situatemcountered in actual clinical practice.
In addition, to exclude patients with severe rdadlire, we chose the serum creatinine
level as the index of renal function in this stublgcause values of the estimated
glomerular filtration rate vary significantly deping on which predictive formula is
adopted (59). The precise evaluation of renal fondis of clinical concern and it was
possible that this cohort included individuals witioderate renal failurédlthough the
presence of these comorbid diseases could possiielst the results, we believe that the
possibility was minimized because we took thesdofacinto consideration in the
statistical analysis. Lastly, this was a crossienat study, and we did not have data on
levels of inflammatory proteins after treatment @8A and/or PLMS. A longitudinal
investigation may clarify the more precise underdymechanisms among OSA, PLMS

and an elevated inflammatory response.



Conclusion

In summary, the present study provides the filisical evidence demonstrating that
PLMS were positively associated with plasma CRP fimihogen levels in patients
under suspicion of OSA. Because the levels of tipesteins are established predictive
factors of future CVD events, PLMS can be a usefirical sign to identify OSA
patients at high risk for CVD. Since the precis¢hpphysiologic mechanisms among
OSA, PLMS and an elevated inflammatory responseanmerio be elucidated, further
studies are warranted. Moreover, whether we camaealate these results to the general
population should be examined in further studieslaoify the reasons why PLMS are

associated with CVD.
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Table 1. Clinical backgrounds of study patients.

Neither OSA nor OSA only PLMS only Both PLMS and .
PLMS (n=80) (n=208) (n=8) OSA (n=46) P
Clinical background
Age (y) 51.9+13.0 55.7+12%6  62.9+9.6 66.1+8% <0.0001
Female, n(%) 37 (46.3%) 46 (22.1%) 7 (87.5%) 13328 0.0004
Body mass index (kg/f 25.244.1 27.7¢5% 22.914.8 25.6+4'% 0.0005
Brinkman index 185.2+423.9 282.8+366.075.0+116.5 377.6£6223 0.0439
Hypertension, n(%) 25 (31.3%) 108 (51.9%) 2 (25.0%) 26 (56.5%) 0.0027
Diabetes, n(%) 11 (13.8%) 51 (24.5%) 1 (12.5%) 3014%) 0.0514
Dyslipidemia, n(%) 45 (56.3%) 95 (45.7%) 5 (62.5%) 18 (39.1%) 0.1331
SBP (mmHg) 119.7+15.9 128.4+15.2 120.6+16.3 125.4+15.7 0.0001
DBP (mmHg) 73.7+11.7 80.1+12.0 69.0+12.1 75.5+11%0 <0.0001
Laboratory profiles
Hemoglobin (g/dl) 14.3+1.6 14.6+£6  13.2+1.0 14.0+13 0.0160
Creatinine (mg/dl) 0.73+0.16 0.79+017 0.66%0.15 0.7940.18 0.0229
HbAlc (%) 5.4+0.9 5.8+1%1 5.5+0.6 5.8+0.8 0.0079
Total protein (g/dl) 6.8+0.5 6.7+0.4 6.7+0.3 6.840. 0.4431
LDL cholesterol (mg/dl) 112.9+27.0 115.7+32.1 1188.2 114.0+23.4 0.7662
HDL cholesterol (mg/dl) 52.61£13.9 49.8+12.3 56.53:6. 52.7£16.4 0.1760
Triglyceride (mg/dl) 133.2+89.0 143.2+85.2 91.8422. 122.2459.1 0.2530
C-reactive protein (mg/dl) 0.09+0.15 0.13+0.18 0.14+0.25 0.20+(.48 0.0259
Fibrinogen (mg/dl) 269.0457.1 270.0452.6  289.6+56.5 298.2+76.1° 0.0082

Data are expressed in mean + SD. PLMS: periodib limevements during sleep; OSA: obstructive sleegapSBP:

systolic blood pressure; DBP: diastolic blood puessLDL: low-density lipoprotein; HDL: high-dengitipoprotein.

* p value determined by analysis of variance amgmagips of patients.

However, the PLMS-only group was excluded fromns thiter-group analysis because of the small nundaber

patients.

When a significant difference was found among thyeeips, post hoc analysis was performed to identifere the

difference was significant. p<0.05 vs. Neither OSA nor PLM8p<0.05 vs. OSA only.



Table 2. Sleep parameters of study patients

Data are expressed in mean = SD. OSA: obstrudidep apnea, PLMS: periodic limb movements during

Neither OSA or OSA only PLMS only Both PLMS and .
PLMS (n=80) (n=208) (n=8) OSA (n=46)

Time in bed (m) 529.1+53.1 526.0+53.1  503.6:46.8  8.88482 (3445
Total sleep time (m) 420.2+67.2 390.8+74.6 410.1+81.1 363.9+78° 0.0001
AHI (/h) 7.9+4.3 40.8+199 7.9+4.0 33.7:15% 0001
3%0DI (/h) 5.8+4.4 38.2+21%2 5.9+4.7 31.0t19% 0001
Apnea index (/h) 1.942.5 20.6+18.4  2.01.1 15.4£149 5 0001
Sp0, <90% time (m) 4.5+10.0 94.8+120.7  0.7+0.8 61.6:103% 4 oo01
Minimum SpQ (%) 88.4+4.6 76.9+10%9 89.4+5.6 781100 4 0001
Non slow wave sleep (%) 73.849.1 80.5:9.9 82.3+4.3 81.7¢79  <0.0001
Slow wave sleep (%) 7.8£7.5 4.8+7.F 2.3+4.1 45455 0.0028
REM sleep (%) 18.445.7 14.7¢6.1  15.4%2.8 13853 0001
PLMS index (/h) 1.5%3.5 1.4%3.3 36.1+14.9 41.9:329 g 4001
PLMS Wi”;/ﬁ)fousa' index 0.240.6 0.240.8 5.2+4.8 3585 o001

sleep; AHI: apnea hypopnea index; ODI: oxygen dgatibn index; REM; rapid eye movements.

*. p value determined by analysis of variance amgmoyps of patients. However, the PLMS-only growgsw

excluded from the intergroup analysis becauseesthall number of patients.

When a significant difference was found among tlgreeips, post hoc analysis was performed to identif

where the difference was significahtp<0.05 vs. Neither OSA nor PLM%3p<0.05 vs. OSA only.



Table 3. Univariate and multivariate regressionlys®s for the entire cohort (n=342) using the G:tiga protein or fibrinogen level as the

dependent variables

CRP Fibrinogen
Univariate analysis Multivariate analysis Univariate analysis  Multivariate analysis
r Y p p r p p p
Age (y) 0.0223  0.6808 - - 0.1703 0.0016 - 0.2848
Female <0.001 0.9841 - - 0.1364 0.0115 - 0.2904
Body mass index (kg/fn ~ 0.2191 <0.0001 0.2090 0.0005 0.1229 0.0229 - 0.2738
Brinkman index 0.1034 0.0562 - 0.0629 0.1673  0.3219 - -
SBP (mmHgQ) 0.1034 0.0563 - 0.5497 0.1323 0.0141 - 0.1142
Hemoglobin (g/dl) <0.0001 0.8770 - - -0.1786  0.0009 - 0.0610
Creatinine (mg/dl) <0.0001 0.8670 - - -0.0837  0.1446 - -
HbAlc (%) 0.1170  0.0306 - 0.4262 0.1729 0.0014 0.1181 0.0296
Total sleep time (m) 0.0282 0.5933 - - -0.2358  0.1831 - -
3%0DI (/h) 0.1526  0.0047 - 0.4284 0.1442  0.0076 - 0.0646
PLMS positive 0.1183 0.0291 0.1401 0.0085 0.1712 0.0015 0.1359 0.0128

r: correlation efficientp: standard regression coefficient; SBP: systolamtipressure; ODI: oxygen desaturation index; PLpESodic limb

movements during sleep.



Table 4. Univariate and multivariate regressionyaes for the OSA cohort (n=254) using the plasmadttive protein or fibrinogen level as

the dependent variables.

CRP Fibrinogen
Univariate analysis Multivariate analysis Univariate analysis  Multivariate analysis
r p p p r p p p
Age (y) 0.0400 0.5264 - - 0.1345 0.0322 - 0.5280
Female 0.0420 0.5047 - - 0.1507 0.0162 - 0.5029
Body mass index (kg//y  0.1863  0.0029 0.1794 0.0086 0.1414 0.0242 - 0.4011
Brinkman index 0.1000 0.1109 - - <0.0001 0.8851 - -
SBP (mmHgQ) 0.1034 0.1006 - - 0.1432 0.0223 - 0.0815
Hemoglobin (g/dl) <0.0001 0.9118 - - -0.2020  0.0012 - 0.0530
Creatinine (mg/dl) 0.0678 0.2839 - - -0.1030  0.1009 - -
HbA1c (%) 0.0520 0.4130 - - 0.1389 0.0268 - 0.1377
Total sleep time (m) 0.0100 0.5430 - - -0.2156  0.3373 - -
3%0DI (/h) 0.1225 0.0509 - 0.3183 0.1715 0.0062 0.1855 0.0071
PLMS positive 0.1118 0.0749 0.1466 0.0192 0.1860 0.0029 0.1844 0.0036

r: correlation efficientp: standard regression coefficient; SBP: systolamtipressure; ODI: oxygen desaturation index; PLpESodic limb

movements during sleep.



Figurelegend

Figure 1. Flow chart of patient selection.
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M ethods

The definition of comor bid diseases

Hypertension was defined by a systolic blood pressti40 mmHg, diastolic blood
pressure>90 mmHg or previous treatment for hypertension.bBias mellitus was
defined by HbA1c>6.0% or previous treatment. Dyslipidemia was definay
triglycerides >150 mg/dl, high-density lipoprotein cholesterol dev<40 mg/dl,
low-density lipoprotein cholesterol level40 mg/dl or specific treatment for these lipid
abnormalities. Smoking status was evaluated bytirkmann index, which represents

the number of cigarettes smoked per day multighgg¢che number of years of smoking.

Polysomnography

The diagnoses of obstructive sleep apnea (OSA)anddic limb movements during
sleep (PLMS) were confirmed by polysomnography (P&&&mnoStar pro, Cardinal
Health, Dublin, OH, USA or Alice 4, Philips Respiios, Inc., Murrysville, PA, USA),
which started at 22:00 and ended at 6:00 the fatigwnorning. Surface electrodes
were attached using standard techniques to olta@teatrooculogram, electromyogram
(EMG) of the chin and 12-lead electroencephalogfa&G). Sleep stages were defined
according to the criteria of Rechtchaffen and KélgsVentilation was monitored by
inductive plethysmography (Respitrace QDC, Viasymalkhcare, Palm Springs, CA,
USA). Airflow was monitored by a nasal pressuresducer and supplemented by an
oronasal thermal sensor. Arterial oxygen saturaf8p(}) was monitored continuously
with a pulse oximeter. Apnea was defined as theptei® cessation of airflow and

hypopnea as a clear decrease in airflow of 50%ntashore than 10 s and followed by



either a decrease in SpOf at least 3% or EEG arousal.(2) All apnea hygapmdex
(AHI) values were expressed as the number of epsoflapnea and hypopnea per hour
over the total sleep time. 3% oxygen desaturatmaex (ODI) values were defined as
the number of desaturatior8% per hour of sleep. The length of time of $p@%
during sleep was calculated in each patient.

All movements of the left and right legs were relam independently from the
anterior tibialis EMG using surface electrodes. $%ered PLMS based on the standard
American Academy of Sleep Medicine criteria in whindividual movements were
scored as PLMS if the duration was between 0.5%sdand when there was a clear
increase in amplitude from baseline in leg chan(®IsTo be considered periodic, at
least 4 movements needed to occur in successitesadhan 5 s and no more than 90 s
apart. Leg movements that occurred at resolutioarofipnea or hypopnea were not
scored as PLMSThe PLMS index was the total number of period teovements per
hour of sleep. The PLMS arousal index was deterthasethe total number of periodic
leg movements per hour of sleep in which EEG afooesaurred within 1 s of

movement termination.

Blood sampling and measur ement of plasma fibrinogen level

Blood samples were drawn at 7:00 in the mornintp¥ahg a 12-h overnight fast and
PSG. Thrombocheck Fib (L) (Sysmex Corporation, Kobapan) is a liquid type
reagent for use with the Clauss method and wasamglfor fibrinogen measurement.
Measurements were performed using a fully autometedjulation analyzer (Coagrex
800, Shimazu Corporation, Kyoto, Japan). The intnad inter-assay coefficients of

variation for this method of measurement were feas 15% and 6%, respectively.
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Table E1. The correlation coefficients betweenmlkaiflammatory protein levels and

indexes of obstructive sleep apnea or PLMS.

(A)

Apnea Hypopnea Index, /h

3% oxygen desaturation index, /h

PLMS index, /h

PLMS positive

(B)

Apnea Hypopnea Index, /h

3% oxygen desaturation index, /h

PLMS index, /h

PLMS positive

r Y

0.1449 0.0073

0.1526 0.0045
0.0656 0.2236
0.1187 0.0284

r Y

0.1315 0.0149

0.1442 0.0076
0.1327 0.0142
0.1712 0.0015

(A) Simple correlations between plasma C reactive prégeels and indexes of

obstructive sleep apnea or PLMS.

(B) Simple correlations between plasma fibrinogen aeld indexes of obstructive

sleep apnea or PLMS.

r: correlation coefficient; PLMS: periodic limb mements during sleep.



