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Abstract
Background—Periodic limb movements during sleep (PLMS) cause repetitive sympathetic
activation and may be associated with increased cardiovascular risk. We hypothesized that PLMS
frequency (PLMI) and PLMS arousal frequency (PLMAI) are predictive of incident
cardiovascular disease, including coronary heart disease (CHD), peripheral arterial disease (PAD)
and cerebrovascular disease (CBD) in an elderly male cohort.

Methods and Results—2,911 men in the observational MrOS sleep study cohort underwent in-
home polysomnography with PLMS measurement and were followed four years for the outcomes
CHD, CBD, PAD and all-cause cardiovascular disease (cCVD): CHD, CBD or PAD. Cox
proportional hazards regression assessed association between PLMI, PLMAI and these outcomes.
Models were minimally adjusted for age, clinic and body mass index, then fully adjusted for
conventional cardiovascular risk factors. During follow-up, 500 men experienced cCVD: 345
CHD, 117 CBD and 98 PAD events. In fully adjusted models, men with PLMAI≥5 compared to
the referent PLMA<1 group had 1.26-fold increased relative hazard (RH) for cCVD. Similar
findings were observed for PLMI and cCVD. For PAD, men with PLMI≥30 compared to the
referent PLMI<5 group had a 2-fold increased RH (1.14–3.49, p=0.025). Compared to the referent

Corresponding Author: Brian Koo, Department of Neurology, University Hospitals Case Medical Center, 11100 Euclid Avenue,
Cleveland, OH 44120, Phone: (216) 844-3422, Fax: (216) 983-0792, koobri@gmail.com.
Conflict of Interest Disclosures
Dr. Brian Koo has no disclosures.
Dr. Terri Blackwell is part of an NIH funded grant for the MrOS Sleep ancillary study.
Dr. Sonia Ancoli-Israel has NIH funded grants for work outside of the present study. She is a consultant for Ferring Pharmaceuticals
Inc., GlaxoSmithKline, Merck, NeuroVigil, Inc., Neurocrine Biosciences, Pfizer, Philips Respironics, Purdue Pharma LP, sanofi-
aventis, Sepracor, Inc., and Schering-Plough.
Dr. Katie Stone is part of an NIH funded grant for the MrOS Sleep ancillary study.
Dr. Marcia Stefanick is part of an NIH funded grant for the MrOS Sleep ancillary study.
Dr. Susan Redline is part of an NIH funded grant for the MrOS Sleep ancillary study. Dr. Redline is the first incumbent of an endowed
professorship donated to Harvard Medical School by R. Farrell, the founder and Board Chairman of Resmed, through a charitable
remainder trust instrument, with annual support equivalent to the endowment payout provider to the Harvard Medical School during
Dr. Farrell’s lifetime by the Resmed Co. through an irrevocable gift agreement.

NIH Public Access
Author Manuscript
Circulation. Author manuscript; available in PMC 2012 January 24.

Published in final edited form as:
Circulation. 2011 September 13; 124(11): 1223–1231. doi:10.1161/CIRCULATIONAHA.111.038968.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



group, men with PLMI ≥30 had an increased risk of CHD (RH=1.31, 1.01–1.70; p=0.045) after
minimal adjustment, but this association attenuated after further adjustments. After stratification,
risk of incident cCVD among high PLMI and PLMAI groups was significantly elevated only for
men without prevalent hypertension (p interactions <0.10).

Conclusions—These findings provide evidence that PLMS frequency is associated with
incident cardiovascular disease in community dwelling elderly men.
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Introduction
Periodic limb movements during sleep (PLMS) are spontaneously occurring movements of
the legs which occur repetitively throughout the sleeping period. PLMS occur in
approximately 5% to 8% of the general population and increase in prevalence with age.1–3

Individual limb movements last up to five seconds and consist of foot dorsiflexion and less
often flexion at the knee or hip.4 Movements occur approximately every thirty seconds and
in severe cases can number well into the hundreds each night.5 The clinical significance of
these movements is unclear; however, when PLMS are associated with arousal, the result
can be sleep fragmentation with potential sympathetic nervous system over-activity.6–9

PLMS occur in a wide variety of disease states, most notably essential hypertension, stroke,
congestive heart failure and the restless legs syndrome (RLS).10–13 The presence of PLMS
in both end-stage renal disease and systolic heart failure has been shown to increase
mortality risk.14,15

Singular limb movements comprising PLMS are each accompanied by a discrete elevation
in blood pressure by approximately 10 to 20 mmHg and in heart rate by about 10 beats per
minute.8,9 Studies of PLMS have also suggested that hypertension may persist in the
daytime, but this association has not been demonstrated uniformly.10,16,17 Children with
PLMS also demonstrate a non-dipping nocturnal blood pressure pattern which normalizes
during the day.18 Theoretically, these repetitive sympathetic accelerations could result in
increased cardiovascular risk. However, prior research has not yet established a link between
PLMS and increased incidence of cardiovascular events.

Increased cardiovascular risk has been associated with the restless legs syndrome (RLS) in
population studies.19,20 RLS is a sensorimotor disorder characterized by an inexorable urge
to move at night, a time when the body is at greatest need for rest. PLMS may represent an
endophenotype for RLS as it occurs in the great majority of RLS cases and shares a common
genetic variant with RLS.13,21,22 Early observations suggested that persons with RLS were
more likely than those without RLS to have a history of hypertension.17 In studies using
more rigorous statistical adjustment, RLS was found to be associated with prevalent
cardiovascular disease including stroke and myocardial infarction, but not
hypertension.19,20These studies, however, considered only prevalent cardiovascular disease,
leaving unclear directionality and ultimately causality. An additional limitation results from
the inherent subjectivity of RLS, making quantification of disease severity difficult.
Measurement of PLMS provides an objective means for defining a phenotype showing
specific genetic linkages to RLS.21

Therefore, we hypothesized that PLMS and PLMS arousal frequency are both predictive of
incident cardiovascular disease, including coronary heart disease, peripheral vascular disease
and stroke/transient ischemic attack in an elderly male cohort. Data from the Outcomes of
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Sleep Disorders in Older Men Study (MrOS Sleep Study), a large cohort designed to
examine sleep-related outcomes, were analyzed to test these hypotheses.

Methods
Participants

Between the years 2000 and 2002, the Osteoporotic Fractures in Men Study (MrOS) group
conducted baseline examinations in 5,994 community-dwelling men who were 65 years of
age or older and able to ambulate without assistance. Centers included Birmingham,
Alabama; Minneapolis, Minnesota; Palo Alto, California; Pittsburgh, Pennsylvania;
Portland, Oregon; and San Diego, California.23,24 The MrOS Sleep Study, an ancillary study
of the parent MrOS cohort, was conducted between December 2003 and March 2005 and
included a comprehensive sleep assessment. Excluded were 150 men treated for sleep apnea
or snoring using positive pressure therapy, dental appliance or oxygen. An additional 344
men died, 36 terminated participation, 332 met recruitment goals (prior to MrOS Sleep
Study recruitment) and 1,997 refused, leaving 3,135 participants in the MrOS Sleep Study
cohort. 2,911 MrOS Sleep Study participants underwent home polysomnography. 244 men
in the Sleep Study cohort were missing polysomnography data either because the measure
was not performed (n=179) or the collected data was unusable due to poor signal quality
(n=45). Men missing polysomnography data were more likely to be of minority race, more
likely to have depression and less likely to have prevalent cardiovascular disease (p<0.05).
Protocols were approved by the Institutional Review Board at each site and participants
provided signed informed consent.

Polysomnography
Sleep testing was conducted using unattended in-home polysomnography (Safiro,
Compumedics, Inc., Melborne, Australia). The recording montage included: C3/A2 and C4/
A1 electroencephalography, bilateral electrooculography, submental electromyography,
thoracic/abdominal respiratory inductance plethysmography, naso-oral thermistry, nasal
pressure transduction, oximetry, EKG and bilateral anterior tibialis piezoelectric movement
sensors. Centrally-trained staff performed home visits for unit set-up and impedance value
verification for each channel as previously described.25 Data was downloaded to a central
server at the Central Sleep Reading Center (Cleveland, OH) and scored by certified research
polysomnologists using standard criteria.26,27

Apnea was defined as more than 90% decrement in thermistry amplitude for at least 10
seconds, while hypopnea was defined as at least 30% reduction in nasal pressure
transduction or summed inductance bands for at least 10 seconds. This analysis included
only apneas and hypopneas associated with 4% or greater desaturation. The apnea-hypopnea
index (AHI) was calculated as the total number of apneas and hypopneas per hour of sleep.
Arousals were scored according to AASM criteria.27 The arousal index was calculated as the
number of arousals per hour of sleep.

PLMS were scored according to standard AASM criteria in which individual movements
were scored as a PLMS if duration was between 0.5 and 5 seconds and when there was a
clear amplitude increase from baseline in leg channels.28 To be considered periodic, at least
four movements needed to occur in succession no less and no more than 5 and 90 seconds
apart, respectively. The periodic limb movement index (PLMI) was the total number of
periodic leg movements per hour of sleep. Leg movements following respiratory events
were excluded unless they were part of a 4 (or more) movement cluster with at least 2
movements occurring independently of respiratory events. The periodic limb movement
arousal index (PLMAI) was the total number of periodic leg movements per hour of sleep in
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which EEG arousal occurred within 3 seconds of movement termination.29 PLMI and
PLMAI were examined in categories, (roughly tertiles) : PLMI as <5, 5 to <30, ≥30;
PLMAI as <1, 1 to <5 and ≥5.

Incident Cardiovascular Disease Events
Participants were surveyed for potential incident cardiovascular events by postcard and/or
phone contact every four months with a greater than 99% response rate. Relevant medical
records and supporting documentation from any potential incident event including death
certificates for fatal events were obtained by the clinical center and forwarded to the
coordinating center for centralized adjudication. When no medical records were available
for out-of-hospital deaths, proxy interviews with next of kin were obtained. For both
nonfatal and fatal cardiovascular events, all documents were adjudicated by a board-certified
cardiologist using a prespecified adjudication protocol developed using methods that had
been successfully employed at the coordinating center for both prior randomized trials and
epidemiological studies of cardiovascular disease. Inter-rater agreement was periodically
evaluated by one or more expert adjudicator(s) in a random subset of events to ensure
quality control in the outcomes adjudication process.

Confirmed cardiovascular events were grouped as follows: 1) Coronary heart disease event
(CHD): acute myocardial infarction (ST or non-ST elevation), sudden coronary heart disease
death, coronary artery bypass surgery, mechanical coronary revascularization,
hospitalization for unstable angina, ischemic congestive heart failure, or other CHD event
not described above, 2) Cerebrovascular event (CBD): stroke or transient ischemic attack, 3)
Peripheral arterial disease event (PAD): acute arterial occlusion, rupture, dissection or
vascular surgery for arterial disease and 4) All-cause cardiovascular disease event (cCVD):
combines CHD, CBD and PAD.

Other Measurements
Participants completed questionnaires regarding demographics, medical history, physical
activity, smoking and alcohol use. History of coronary heart disease was defined as prior
diagnosis of myocardial infarction, angina, bypass surgery, or angioplasty by self-report.
History of peripheral vascular disease was defined as prior diagnosis of intermittent
claudication, aortic aneurysm repair, angioplasty or bypass procedure of lower extremity
arteries, or carotid endarterectomy. Prescription and nonprescription medications were
inventoried, verified by pill bottle examination, and matched to ingredient(s) using the Iowa
Drug Information Service (IDIS) Drug Vocabulary (College of Pharmacy, University of
Iowa, Iowa City, IA).30 The Geriatric Depression Scale (GDS) was used with depression
defined using the standard ≥ 6 cut-off.31 Physical Activity Scale for the Elderly (PASE)
measured level of physical activity.32 Resting blood pressure, weight, height and body mass
index (BMI) were also measured. Prevalent hypertension was defined by one or more of the
following criteria: hypertension self-report, antihypertensive medications usage, systolic or
diastolic pressure ≥ 140 or 90 mmHg, respectively. Incident hypertension was defined
similarly at follow-up, approximately 3.4±0.5 years later. Cases of incident hypertension
were not confirmed by an adjudicator. Of the 923 men without prevalent hypertension at
baseline, 102 are missing data on incident hypertension. Of these 102, 7 had terminated
before the follow-up visit, 2 refused to participate in the visit, and 61 had died before the
follow-up visit. 32 attended the follow-up visit but were missing information needed to
calculate incident hypertension status.
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Statistical Analysis
Participant characteristics were compared for PLMI and PLMAI using chi-square tests for
categorical variables, ANOVA for normally distributed continuous variables, and Kruskal-
Wallis tests for continuous variables with skewed distributions.

Cox proportional hazards regression was used to assess the association between PLMI and
PLMAI and risk of additional cardiovascular disease event; results are presented as hazard
ratios (HR) with 95% confidence intervals (CI). Models were unadjusted, then minimally
adjusted for age, clinic and BMI. Additional covariates were included in a multivariate
model and were selected if they were related to PLMI or PLMAI at p<0.10 or were known
risk factors for cCVD. Final model predictors included age, clinic site, BMI, race,
depression, prevalent hypertension, diabetes, smoking, alcohol intake, physical activity,
AHI, antidepressant use, and benzodiazepine use. For a predictor with three groups roughly
in tertiles, there is 80% power to detect an adjusted relative hazard for these outcomes
ranging from 1.20 to 1.54 when comparing the lowest and highest tertiles (CHD RH=1.27,
CBD RH=1.47, PAD RH=1.54 and cCVD RH=1.20).

It is possible that PLMI or PLMAI are related to unmeasured confounders that make
mortality more likely. In the case of these competing measured or unmeasured risk factors,
men with the highest PLMI or PLMAI would develop fewer cCVD events because of higher
mortality. To address this possibility, the Fine and Gray model was integrated into
multivariate models to calculate the HR (95% CI) allowing for the competing risk of
mortality.33

Secondary analyses were performed by adding previous diagnosis of each outcome as a
covariate in the multivariate model. Interaction of PLMI and PLMAI with prevalent
hypertension was explored by constructing models adjusted for clinic site, age, BMI, PLMI
or PLMAI, prevalent hypertension and the interaction of prevalent hypertension and PLMI/
PLMAI. Clinic site was adjusted for to account for potential differences by site in measures
related to covariates. Stratifications by this parameter were performed when interaction was
p<0.10. Interaction models were limited to cCVD outcome due to small event counts for
other outcomes. Sensitivity analyses were performed by removing men who were taking
dopamanergic medications (n=33) and then separately by removing men who had an AHI ≥
5 (n=880); results were largely similar.

The association of PLMI and PLMAI with incident hypertension was examined using
logistic regression, with results presented as odds ratios and 95% CIs. Men with prevalent
hypertension (n=1986) were not included in these analyses. Similar minimally and
multivariate adjusted models were performed as described above. All significance levels
reported were two-sided. Analyses were conducted using SAS version 9.2 (SAS Institute
Inc, Cary, NC).

Results
Of the 3,135 MrOS Sleep Study cohort participants, 2,911 underwent polysomnography
with PLMS measurement and were included in this analysis. These participants were
followed 4.4 ± 0.8 years (9 days to 5.4 years) for incident events. During this time period,
345 (11.9%) men had a coronary heart disease event (CHD), 117 (4.1%) had a
cerebrovascular disease event (CBD), 98 (3.4%) had a peripheral vascular disease event
(PAD), and 500 (17.3%) had at least one all-cause CVD event (cCVD).

Table 1 shows demographic characteristics, cardiovascular risk factors and disease for the
overall cohort and cohort by PLMI category. 2,063 men or 70.9% of the cohort had a PLMI
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> 5. High PLMI categories were associated with increasing age and arousal index,
Caucasian race and depression as well as prevalent hypertension, CHD and myocardial
infarction. 1,751 men or 60.2% of the cohort had a PLMAI > 1. High PLMAI categories
were associated with increasing age, AHI, arousal index, Caucasian race as well as prevalent
CHD and myocardial infarction (data not shown). Neither index was associated with
smoking status, alcohol intake or prevalent cerebrovascular disease.

Data on incident hypertension were available for 821 out of 923 men without prevalent
hypertension at the follow up visit approximately 3.4 years later. In this sample, 258
(31.4%) developed hypertension. Although higher levels of PLMI were associated with an
unadjusted increase in rate of prevalent hypertension (Table 1), there was no association
between PLMI and incident hypertension with adjustment. Nor was there an association
between prevalent or incident hypertension and PLMAI (Table 2).

In fully adjusted models, compared to the referent PLMAI<1 group, the highest category of
PLMAI was associated with a 26% increased hazard rate for incident cCVD (Table 3), with
risk increasing linearly across the categories (p trend 0.04) as shown in the survival curve
(Figure 1). A similar association was seen regarding PLMI category and cCVD, with men in
the 5≤PLMI<30 and PLMI≥30 groups having a 25–31% increased risk compared to the
reference group. In models adjusted for age, BMI and clinic site, PLMI≥30 was associated
with a 31% increased hazard rate for incident CHD when compared to the PLMI<5
category, but this was no longer significant after further adjustment. Additionally, the two
higher PLMI categories compared to the referent group had an approximately 2-fold
increased hazard rate for incident PAD. This is shown in the survival curve in Figure 2,
where both high PLMI categories confer similar increased risk of incident PAD. Incident
CBD was not associated with PLM category. Results were not materially affected by further
adjustment for previous diagnosis of vascular disease or exclusion of participants taking
dopaminergic medications. There were 281 competing deaths for the outcome of CHD, 350
for CBD, 362 for PAD and 240 for cCVD. After accounting for the competing risk of
mortality results were similar.

There was evidence for an interaction between PLMS frequency and prevalent hypertension
relative to incident cCVD (Table 4). The p-values for the interaction terms for PLMS and
prevalent hypertension met our pre-specified criteria for significance (o<0.10), implying the
effect of PLMS on CVD depends on prevalent hypertension status. When further stratifying
by prevalent hypertension, high PLMS categories were significantly associated with incident
cCVD in fully adjusted models only for those without prevalent hypertension, in whom the
risk of incident cCVD was 66% to 89% higher for the elevated PLM categories compared to
the referent group. There was no significant association between either PLMI or PLMAI and
incident cCVD in participants with prevalent hypertension.

Discussion
In this community based elderly male population, PLMS frequency, with and without
arousal, was associated with increased incidence of all-cause cardiovascular disease.
Compared with men in the lowest PLMI and PLMAI groups, men with PLMI≥30 and
PLMAI≥5 experienced a respective 25% and 26% increased cCVD incidence. Furthermore,
this association was modified by hypertension, such that among men who were non-
hypertensive at baseline, elevated PLMS was associated with an approximately 2-fold
increased cCVD incidence. In addition, PLMI≥30 was associated with a 2-fold increased
PAD incidence rate. These relationships persisted after consideration of for multiple
covariates including (but not limited to) age, BMI, AHI, blood pressure, diabetes and
hypertension. Significant associations were not demonstrated between PLMS and incident
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CBD or CHD; however, low event rates could have influenced these results by reducing
precision and statistical power. This report extends prior cross-sectional reports, and
provides evidence that PLMS are associated with both incident cCVD and PAD in elderly
men. These longitudinal data from a non-clinic sample support a causal role for increased
PLMS and incident vascular disease.

Several mechanisms may explain the relationship between PLMS and cCVD. Prior research
has shown that PLMS in persons with RLS are accompanied by discrete increases in blood
pressure and heart rate.8,9 Chronic elevations of blood pressure in association with PLMS
also have been reported in some,10,16 but not all prior studies.17 The relationship between
RLS and hypertension is similarly unclear.17,19,20 In our study, men with PLMI≥30 were
more likely than men with PLMI<5 to have prevalent hypertension, but elevated PLMI was
not associated with incident hypertension. The inability to detect association between
incident hypertension and PLMS may have resulted from limited power given the high
frequency of prevalent hypertension in this elderly cohort or the presence of competing risk
factors for hypertension such as smoking or obesity. Additionally, PLMS and hypertension
may have a stronger relationship in younger populations, as is the case in obstructive sleep
apnea.34

In addition to discrete elevations in blood pressure with movements, PLMS has been
associated with nocturnal hypertension in children.18 Non-dipping blood pressure has been
associated with increased cardiovascular morbidity.35,36 Future studies in adult populations
are needed to assess whether increased cCVD risk associated with PLMS works through a
mechanism of nocturnal hypertension. In this analysis, incident cCVD was more strongly
associated with increased PLMS in men without baseline hypertension. It is possible that
when occurring in the presence of hypertension, repetitive sympathetic response to PLMS
may have a blunted effect as the arterial system is primed to pressure variability.
Furthermore, use of adrenergic blocking medication, common in the hypertensive
population, may have mitigated responses to repetitive sympathetic surges at night. Our
work suggests the need for further experimental research to clarify whether background
differences in blood pressure level and medication use might modify responses to PLMS.

The strong association between PLMI and incident PAD suggests that PLMS may
preferentially contribute to peripheral arteriopathy, which in turn may increase
cardiovascular risk. PAD in this analysis included arterial occlusion, rupture or dissection
and vascular surgery in any major artery. It is notable that persons with PLMS and RLS
often complain of cold feet, a symptom attributed to increased vasoreactivity.37

Additionally, peripheral vasoconstriction has been linked to PLMS in at least one small
uncontrolled study.38 PLMS could result in PAD through a mechanism of nocturnal
hypertension. Repetitive elevations in blood pressure may directly damage endothelium or
alter vasoreactivity through mechanical stress. Alternatively, PLMS and sympathetic
hyperactivity may lead to a release of inflammatory mediators, stimulating both lipolysis
and glycolysis and thus promoting endothelial damage and atherosclerosis. In fact, levels of
lipoprotein-associated phospholipase A2, a marker for atherosclerosis, and C reactive
protein have recently been shown to be increased in the setting of PLMS.39 It is worth
noting that PLMAI was not associated with incident PAD, perhaps because of low PAD
event rate.

Although causality is difficult to discern from observational data, the evidence that PLMS
preceded development of cCVD or PAD is consistent with its causal role in vascular disease.
Furthermore, the results suggest that PLMS may increase risk of cardio- and peripheral
vascular disease through a mechanism other than daytime hypertension. Although our
analyses utilized longitudinal data, it is possible that PLMS resulted from unrecognized
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cardiovascular disease or other unmeasured confounders. Whether PLMS directly increases
vascular disease risk or is a marker of a generalized disorder of vasoreactivity requires
further investigation.

This study has several strengths. Enrollment of these community-dwelling men was not
determined on the basis of PLMS or cardiovascular disease risk and for this reason the
findings can be generalized to elderly men. Incident cardiovascular disease was ascertained
rigorously by a physical adjudicator unaware of the sleep study results. Finally, adjustment
for multiple confounders was made including major cardiovascular risk factors. It is worth
noting that the observed prevalence of PLMI > 5 (70.9%) was significantly higher than
previously reported.2 This difference could have been secondary to the older age of the
subject population in this cohort but an overestimation of limb movements by piezoelectric
sensors cannot be ruled out. Additionally, overscoring of PLMS cannot be ruled out as
scoring allowed for the inclusion of leg movements if when occurring in a cluster, there
were leg movements that occurred in-between respiratory events.

There are also limitations to consider when interpreting these findings. Although the
associations of PLMI and PLMAI level and incident cCVD were statistically significant,
there were other risk factors in the multivariate models with a larger effect size such as
prevalent hypertension. The overall participation rate was quite high; however, since non-
participants differed from participants in regards to race, depression and prevalent
cardiovascular disease, it is plausible that the exclusion of these individuals may have
influenced the results. As the cohort consisted of men older than 65 years who were
predominantly Caucasians, the results cannot be generalized to women, persons of younger
age or non-Caucasians. Information regarding RLS symptoms was not available. Although
PLMS occur in approximately 80% of RLS sufferers it occurs in several other conditions
and often in the elderly without RLS symptoms.2,10–13 So whether or not these findings can
be extrapolated to RLS is unclear. A single measurement of PLMS at baseline does not
account for night-to-night variability and changes in PLMS over time. Furthermore, the
period of follow-up was modest, limiting the number of incident events and reducing
precision in estimates, particularly CBD, CHD and hypertension.

In sum, the findings of the current study provide evidence that PLMS frequency is
associated with incident cardiovascular disease in community dwelling elderly men. This is
an observational study which does not address causality. Future intervention studies are
required to further address the potential role of PLMS treatment in the prevention of cCVD
as well as to further understand the pathogenesis of vascular disease in individuals with
PLMS.
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Figure 1.
Kaplan-Meier curve for incident cCVD by PLMAI category showing an increased event rate
for the high PLMAI groups, PLMAI≥5 and 1≤PLMAI<5, compared to the PLMAI<1 group.
PLMAI<1 ——— 1≤PLMAI<5 ------- PLMAI≥5 ———
*Figure adjusted for clinic site, age, BMI, race, depression, prevalent diabetes, prevalent
hypertension, smoking, alcohol use, physical activity, use of antidepressants, use of
benzodiazepines, and AHI.
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Figure 2.
Kaplan-Meier curve for incident PAD by PLMI category showing an increased event rate
for the high PLMI groups, PLMI≥30 and 5≤PLMAI<30, compared to the PLMI<5 group.
PLMI<5 ——— 5≤PLMI<30 ------- PLMI≥30 ———
*Figure adjusted for clinic site, age, BMI, race, depression, prevalent diabetes, prevalent
hypertension, smoking, alcohol use, physical activity, use of antidepressants, use of
benzodiazepines, and AHI.
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Table 2

Odds Ratios Associating Incident Hypertension to PLMI and PLMAI

Odds Ratio (95 % CI)

N (%) of Event Minimally Adjusted* Fully Adjusted**

PLMI

  PLMI <5 80 (30.30) 1.0 (ref) 1.0 (ref)

  PLMI 5 to <30 74 (33.18) 1.18 (0.80–1.74) 1.27 (0.85–1.88)

  PLMI 30+ 104 (31.14) 1.00 (0.70–1.42) 1.04 (0.72–1.51)

  p-trend 0.9285 0.8857

PLMAI

  PLMAI <1 111 (31.44) 1.0 (ref) 1.0 (ref)

  PLMAI 1 to <5 83 (31.20) 0.97 (0.68–1.37) 0.99 (0.69–1.42)

  PLMAI 5+ 64 (31.68) 0.93 (0.63–1.36) 0.95 (0.64–1.41)

  p-trend 0.7016 0.8058

*
Adjusted for clinic site, age, BMI

**
Adjusted for clinic site, age, BMI, race, depression, prevalent diabetes, smoking, alcohol use, physical activity, antidepressant use,

benzodiazepine use, and AHI.
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Table 3

Hazard Ratios Associating Incident Cardiovascular Disease to PLMI and PLMAI

Relative Hazard (95% Confidence Interval)

N (%) of
Event Unadjusted Minimally Adjusted* Fully Adjusted**

PLMI

Incident CHD 345 (11.94)

    PLMI <5 84 (9.96) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMI 5 to <30 88 (11.83) 1.20 (0.89–1.62) 1.20 (0.89–1.61) 1.19 (0.88–1.60)

    PLMI 30+ 173 (13.28) 1.38 (1.07–1.79) 1.31 (1.01–1.70) 1.26 (0.97–1.65)

    p-trend 0.0143 0.0479 0.0936

Incident CBD 117 (4.05)

    PLMI <5 31 (3.68) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMI 5 to <30 38 (5.11) 1.40 (0.87–2.25) 1.35 (0.84–2.18) 1.35 (0.84–2.18)

    PLMI 30+ 48 (3.68) 1.03 (0.65–1.61) 0.92 (0.59–1.46) 0.89 (0.56–1.40)

    p-trend 0.9464 0.5818 0.4586

Incident PAD 98 (3.39)

    PLMI <5 17 (2.02) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMI 5 to <30 30 (4.03) 2.02 (1.11–3.66) 2.05 (1.13–3.72) 2.08 (1.14–3.79)

    PLMI 30+ 51 (3.91) 2.01 (1.16–3.47) 2.02 (1.17–3.51) 2.00 (1.14–3.49)

    p-trend 0.0206 0.0199 0.0253

Incident cCVD 500 (17.30)

    PLMI <5 120 (14.23) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMI 5 to <30 136 (18.28) 1.32 (1.03–1.68) 1.31 (1.03–1.68) 1.31 (1.02–1.67)

    PLMI 30+ 244 (18.73) 1.38 (1.11–1.72) 1.30 (1.04–1.62) 1.25 (1.00–1.56)

    p-trend 0.0055 0.0305 0.0731

PLMAI

Incident CHD 345 (11.94)

    PLMAI <1 120 (10.42) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMAI 1 to <5 117 (12.28) 1.19 (0.92–1.54) 1.16 (0.90–1.50) 1.14 (0.88–1.47)

    PLMAI 5+ 108 (13.76) 1.37 (1.06–1.78) 1.26 (0.97–1.64) 1.23 (0.95–1.61)

    p-trend 0.0164 0.0805 0.1178

Incident CBD 117 (4.05)

    PLMAI <1 39 (3.39) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMAI 1 to <5 43 (4.51) 1.35 (0.87–2.08) 1.31 (0.85–2.02) 1.29 (0.83–1.99)

    PLMAI 5+ 35 (4.46) 1.34 (0.85–2.12) 1.20 (0.76–1.91) 1.12 (0.71–1.79)

    p-trend 0.1845 0.4008 0.5841

Incident PAD 98 (3.39)

    PLMAI <1 33 (2.86) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMAI 1 to <5 31 (3.25) 1.14 (0.70–1.86) 1.12 (0.69–1.84) 1.10 (0.67–1.79)

    PLMAI 5+ 34 (4.33) 1.55 (0.96–2.51) 1.52 (0.93–2.46) 1.50 (0.92–2.46)

    p-trend 0.0752 0.098 0.1112
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Relative Hazard (95% Confidence Interval)

N (%) of
Event Unadjusted Minimally Adjusted* Fully Adjusted**

Incident cCVD 500 (17.30)

    PLMAI <1 171 (14.84) 1.0 (ref) 1.0 (ref) 1.0 (ref)

    PLMAI 1 to <5 172 (18.05) 1.24 (1.00–1.53) 1.21 (0.98–1.50) 1.19 (0.96–1.47)

    PLMAI 5+ 157 (20.00) 1.42 (1.14–1.76) 1.30 (1.04–1.61) 1.26 (1.01–1.57)

    p-trend 0.0015 0.0186 0.0402

*
Adjusted for clinic site, age, BMI

**
Adjusted for clinic site, age, BMI, race, depression, prevalent diabetes,prevalent hypertension, smoking, alcohol use, physical activity, use of

antidepressants, use of benzodiazepines and AHI

***
CHD = coronary heart disease; CBD = cerebrovascular disease event; PAD = peripheral arterial disease event; cCVD = all-cause

cardiovascular disease or CHD + CBD + PAD
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Table 4

Hazard Ratios Associating Incident Cardiovascular Disease to PLMI and PLMAI by Prevalent Hypertension

No Prevalent
Hypertension

(n=923)

Prevalent
Hypertension

(n=1986)

p-value for
interaction*

PLMI

  PLMI <5 1.0 (ref) 1.0 (ref) 0.09

  PLMI 5 to <30 1.83 (1.02–3.27) 1.23 (0.93–1.62)

  PLMI 30+ 1.89 (1.11–3.22) 1.15 (0.90–1.47)

  p-trend 0.0249 0.3563

PLMAI

  PLMAI <1 1.0 (ref) 1.0 (ref) 0.07

  PLMAI 1 to <5 1.66 (1.01–2.73) 1.10 (0.87–1.39)

  PLMAI 5+ 1.74 (1.04–2.93) 1.15 (0.90–1.48)

  p-trend 0.0317 0.2478

Note: 2 participants lack the data necessary to determine prevalent hypertension status.

*
P-values for interaction with prevalent hypertension for PLMI ≥ 30 category and when examining PLMAI as a continuous variable.

**
Adjusted for clinic site, age, BMI, race, depression, prevalent diabetes, smoking, alcohol use, physical activity, use of antidepressants, use of

benzodiazepines, and AHI.
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