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Abstract

Study objectives

Sleep apnea is associated with hypertension, and treatment may improve outcomes. We
examine national burden of sleep apnea, rates of sleep apnea treatment, and whether
racial/ethnic disparities exist among patients with hypertension.

Methods

Data from the National Ambulatory Medical Care Survey/National Hospital Ambulatory Med-
ical Care Survey (NAMCS/NHAMCS), 2005-2012, were analyzed (N = 417,950). We identi-
fied hypertension patient visits where sleep apnea diagnosis or complaint was recorded.
Primary outcome measures were sleep study, medication, or behavioral therapy (diet,
weight loss, or exercise counseling). We used multivariate logistic regression to examine
treatment by demographic/clinical factors.

Results

Among patients with hypertension, sleep apnea was identified in 11.2-per-1,000 visits.
Overall, patients with hypertension and a sleep disorder were referred for sleep study in
14.4% of visits, prescribed sleep medication in 11.2% of visits, and offered behavioral ther-
apy in 34.8% of visits. Adjusted analyses show behavioral therapy more likely to be provided
to obese patients than normal/overweight (OR = 4.96, 95%CI[2.93-8.38]), but less likely to
be provided to smokers than nonsmokers (OR = 0.54, 95%CI[0.32—0.93]). Non-Hispanic
blacks were less likely to receive medications than non-Hispanic whites (OR =0.19, 95% CI
[0.06-0.65]).
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Conclusions

Inthe U.S., sleep apnea were observed in a small proportion of hypertension visits, a popu-
lation at high-risk for the disorder. One explanation for the low prevalence of sleep apnea
observed in this patient population at high risk for the disorder is under-diagnosis of sleep
related breathing disorders. Behavioral therapy was underutilized, and non-Hispanic Blacks
were less likely to receive medications than non-Hispanic Whites.

Introduction

Sleep apnea is common among patients with cardiovascular disease (CVD),[1] particularly
hypertension.[2-8] [9] This can be explained in part by the observation that hypertension and
sleep apnea share common pathophysiological risk factors that exacerbate both conditions.
[10] Sleep apnea is a treatable sleep disorder.[11] Unfortunately, while others have called for
increased attention to diagnosing and treating sleep apnea among hypertension patients,[12]
we know little about physician management of hypertensive patients presenting with sleep
apnea in national samples.

There is growing epidemiological evidence supporting a relationship between sleep apnea
and hypertension. Sleep apnea is associated with increased mortality and both hypertension
and pulmonary hypertension, in addition to coronary artery disease (CAD), cardiac arrhyth-
mias, congestive heart failure (CHF), and stroke.[11] Previous analysis utilizing the National
Ambulatory Medical Care Survey has examined characteristics of sleep-related medical visits
in the general population (e.g., prevalence of sleep difficulty, and physician management),[13]
yet we know little about trends pertaining to sleep apnea prevalence or treatment among
higher-risk patients with hypertension.

In addition to the link between hypertension and sleep, evidence suggests sleep apnea is
undertreated in the general population.[14] According to some estimates, sleep apnea affects
between 9 and 24 percent of adults in the US,[10,15] but only 2 percent report a diagnosis.[16]
Particularly concerning are even lower rates of diagnosis among minority populations who
suffer a disproportionately higher burden of hypertension[17] and sleep apnea.[18,19] Blacks
in particular are at greater risk of hypertension,[17] disrupted sleep,[19] and sleep apnea[18]
than other racial or ethnic groups. We know little about how sleep apnea diagnosis or physi-
cian management approaches differ across racial or ethnic groups with cardiovascular risk
factors.

Clinical guidelines for the treatment of sleep apnea most often includes a sleep study, and
treatment using continuous positive airway pressure (CPAP).[20] Meta-analysis shows an
association between use of CPAP in the treatment of OSA and a modest reduction in blood
pressure.[21] Other, behavioral and lifestyle treatments that have been explored for the treat-
ment of OSA. Meta-analysis has found behavioral therapy, such as weight loss, to be effective
for reduction in OSA parameters.[22] We examine sleep apnea, as reported by patients or
diagnosed by physicians, and physician management of sleep apnea, specifically, provision of a
sleep study and behavioral treatment and therapy (e.g., weight loss, exercise) among individu-
als with hypertension. We also examine physician provision of medication to patients with
sleep apnea, because some physicians may use sedative agents as a short-term strategy to
improve compliance with CPAP[23-25] or prescribe them to patients with comorbid psychiat-
ric illness,[26] though these medications are generally avoided in this population.[27]
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National patterns of diagnosis and treatment of sleep apnea in a high-risk population
(hypertension patients) has not been studied. In addition, we do not know whether health dis-
parities exist in physician management of such conditions. To better understand sleep apnea
prevalence and management in a high-risk population of patients with hypertension, we utilize
nationally representative data to examine sleep apnea diagnosis and management during their
ambulatory visits. Further, we also evaluated whether racial/ethnic differences exist in physi-
cian management among patients with hypertension.

Methods
Data and study population

We analyzed data from the 2005-2012 National Ambulatory Medical Care Survey (NAMCS)
and National Hospital Ambulatory Medical Care Survey (NHAMCS), nationally representa-
tive surveys of adults seeking ambulatory care. Our methods for analyzing NAMCS/NHAMCS
data were similar to those we have described in detail previously.[28] Specifically, we included
all visits to office-based physicians and hospital-based outpatient clinics by adults 18 years of
age or older (N = 417,950 adult visits). NAMCS and NHAMCS are conducted annually by the
National Center for Health Statistics (NCHS) and the Centers for Disease Control and Preven-
tion using a nationally representative sample of visits to office-based physicians, hospital-
based outpatient clinics, and emergency departments in the United States. For the NAMCS,
each physician is randomly assigned to a 1-week reporting period during which a random
sample of visits are surveyed systematically. NCHS staft collect data on patients’ symptoms,
comorbidity, and demographic characteristics; physicians’ diagnoses; medications ordered or
provided; and medical services provided. For the NHAMCS, a systematic random sample of
patient visits in selected non-institutional general and short-stay hospitals are surveyed ran-
domly during a assigned 4-week reporting period. The data on patient and provider character-
istics collected for NHAMCS are comparable to those collected in the NAMCS.

Data on outpatient hospital departments and community health centers from the
NHAMCS were unavailable in 2012 at the time of our analysis, but the majority of ambulatory
care is performed in office-based visits and captured by the NAMCS (93% of visits during
2006-2011 occurred in the office rather than hospital outpatient departments, and 99% of
office visits occurred outside of community health centers). In sensitivity analyses, we evalu-
ated the effect of removing hospital outpatient departments and community health centers
from our estimates of visit and treatment rates, and found that their omission changed our
estimated rates by a relative amount of less than 1-2% for most measures. However, we
adjusted for the absence of these two care sites in our regression analyses.

The NAMCS and NHAMCS intake materials allow physicians and staff to record up to
three reasons for each visit and three diagnoses related to the visit, in addition to capturing sev-
eral other major comorbid diagnoses (coded by NCHS staft using the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]). From 2005 to 2012, the
physician and hospital/outpatient clinic response rates in the NAMCS and NHAMCS ranged
from 54% to 73% (except in 2012, when NAMCS response was 39%) and 80% to 95%, respec-
tively, and item nonresponse rates were generally 5% or less in both surveys.

Study population and measures

We identified patients with hypertension who reported sleep apnea as a reason for visit or for
whom sleep apnea was a visit diagnosis. Diagnosis codes and reason for visit codes were
derived from a prior study.[13] We examined physician decision-making and treatment pat-
terns for patients with hypertension and sleep apnea using (1) ICD-9 procedure codes for
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sleep studies[29] (polysomnography and multiple sleep latency test) as previously reported,
[13] (2) Multum Lexicon drug codes and therapeutic drug categories and NCHS generic codes
for benzodiazepines and non-benzodiazepine sleep aids,[13] (3) positive airway pressure
(PAP) treatment, and (4) behavioral therapy (diet, weight loss, or exercise counseling), as
reported by physicians during the office visit.[13,30]

Other measures

To examine factors associated with diagnostic and treatment patterns, we extracted informa-
tion on demographic characteristics including age, sex, race/ethnicity, insurance (private,
Medicare, Medicaid, self-pay/no-charge, and other/unknown), US census region (Northeast,
Midwest, South, and West), and urban or rural setting. We characterized patients as non-His-
panic white, non-Hispanic black, Hispanic, or other/unknown race. We also adjusted for the
presence of other risk factors associated with diagnostic testing, including obesity, smoking,
and diabetes,[31] along with depression, an emerging risk factor.[32,33]

Statistical analysis

We used summary statistics to estimate the prevalence of sleep apnea and management pat-
terns among patients with hypertension. We also performed multivariate logistic regressions
to assess treatment differences while adjusting for patients’ clinical risk factors and demo-
graphic characteristics, insurance status, geographical region, and setting (urban or rural).
This regression model excluded 4% of the patient population because these patients reported
both sleep apnea and insomnia during the same ambulatory care visit, whereas the diagnoses
were independently included as model covariates. All analyses accounted for the complex sam-
pling design of the NAMCS and NHAMCS and were performed using Stata, version 14 (Stata-
Corp, Inc. College Station, TX).

Results
Patient characteristics and prevalence of sleep apnea

From 2005-2012, patients with hypertension in the United States had an annual average of 3.3
million ambulatory visits for sleep apnea. Most visits were made by older patients (51.4%
between ages 45-64 years) and non-Hispanic white (51.4%). Most had private health insurance
(52.9%), followed by Medicare (33.2%). Of the hypertension risk factors we assessed, including
the emerging risk factor for depression,[32,33] obesity was the most common (37.8%). Among
other CVD comorbidities in the population, CAD was most prevalent (9.6%) (see Table 1).

Treatment patterns for sleep apnea

The prevalence of referrals for sleep studies, prescriptions for sleep medications, and referrals
for behavioral therapy during ambulatory visits among patients with hypertension are shown
in Table 2. Overall, patients with hypertension and sleep apnea were referred for a sleep study
in 14.4% of visits, prescribed sleep medications in 12.9% of visits, and offered behavioral ther-
apy in 34.8% of visits.

Differences in treatment patterns by demographic and clinical
characteristics
In multivariate regression analyses, we found that behavioral therapy was more likely to

be offered to patients who were obese compared with normal and overweight patients
(OR =4.96, 95% CI: 2.93-8.38), but less likely to be provided to smokers compared with
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Table 1. Characteristics of patients with hypertension and sleep apnea (either as a reason for visit or visit diagnosis) seeing physicians for ambulatory care in the
U.S., 2005-2012.

Characteristic Unweighted No. Weighted Annual No. Percent %* Standard Error
Visits 2,612 3,047,801 100.0 0.0
Age, yrs.
18-44 472 437,304 14.3 1.6
45-64 1,405 1,648,124 54.1 2.0
265 735 962,373 31.6 2.0
Sex
Female 1,142 1,262,190 41.4 2.1
Male 1,470 1,785,611 58.6 2.1
Race/Ethnicity
Non-Hispanic white 1,392 1,568,021 51.4 3.4
Non-Hispanic black 296 280,104 9.2 2.9
Hispanic 128 203,026 6.7 1.4
Other/unknown 796 996,649 32.7 4.5
Insurance
Private 1,315 1,610,877 52.9 2.8
Medicare 785 1,010,723 33.2 2.2
Medicaid 278 217,855 7.1 1.2
Other/unknown 159 169,868 5.6 1.1
Uninsured 159 169,868 5.6 1.1
Region
Northeast 316 356,737 11.7 2.0
Midwest 737 579,886 19.0 2.8
South 1,109 1,370,669 45.0 5.8
West 450 740,507 24.3 4.4
Cardiovascular Risk factors
Obesity 1,068 1,151,225 37.8 3.7
Smoker 326 366,898 12.0 1.3
Diabetes 779 934,297 30.7 2.2
Depression 518 549,324 18.0 1.9
Comorbid Cardiovascular Disease
Coronary Artery Disease 210 291,636 9.6 14
Congestive Heart Failure 140 177,701 5.8 1.4
Stroke 84 112,959 3.7 0.9

* Percents represent the proportion of patients with sleep apnea within demographic category

https://doi.org/10.1371/journal.pone.0196981.t001

Table 2. Physician management of patients with hypertension and sleep apnea in the U.S., 2005-2012.

Characteristic Weighted Annual No. Percent, % Standard Error
Any sleep study 440,376 14.4 1.9
Polysomnography sleep study 392,103 12.9 1.8
Multiple sleep latency test 49,410 1.6 0.5
Prescriptions for Sleep Medications 340,538 11.2 1.5
Benzodiazepine 234,755 7.7 1.4
Nonbenzodiazepine 191,048 6.3 1.1
Behavioral Therapy (Diet, Weight Reduction, Exercise) 1,059,685 34.8 2.7

https://doi.org/10.1371/journal.pone.0196981.t1002
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Table 3. Regression examining disparities in physician treatment of sleep apnea in patients with hypertension seeing physicians for ambulatory care in the U.S.,
2005-2012.

Variable Any Sleep Study Any Medication Behavioral Treatment
OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value

Race/Ethnicity (Reference: White)

Non-Hispanic black 1.33 (0.59-3.03) 0.493 0.19 (0.06-0.65) <0.01 0.77 (0.46-1.31) 0.337

Hispanic 0.73 (0.26-2.11) 0.564 0.35 (0.08-1.47) 0.151 1.85 (0.78-4.40) 0.161

Other/unknown 0.87 (0.51-1.49) 0.611 0.53 (0.28-1.00) 0.049 0.70 (0.41-1.19) 0.183
Age (Reference: 18-44yrs)

45-64 0.80 (0.36-1.75) 0.571 1.81 (0.74-4.46) 0.196 1.01 (0.51-1.98) 0.980

265 0.76 (0.24-2.37) 0.637 0.55 (0.14-2.12) 0.382 0.65 (0.29-1.45) 0.294
Sex (Reference: Males)

Female 1.30 (0.76-2.22) 0.337 1.47 (0.70-3.11) 0.307 1.27 (0.84-1.92) 0.252
Insurance (Reference: Private)

Medicare 0.50 (0.20-1.21) 0.123 1.77 (0.80-3.91) 0.157 0.90 (0.53-1.54) 0.705

Medicaid 0.46 (0.15-1.40) 0.172 1.57 (0.58-4.25) 0.377 0.77 (0.36-1.68) 0.515

Other/unknown 0.92 (0.37-2.26) 0.851 0.49 (0.16-1.52) 0.217 0.5 (0.19-1.32) 0.161

Uninsured 0.39 (0.05-2.70) 0.337 1.86 (0.38-9.14) 0.446 0.91 (0.32-2.54) 0.853
Location (Reference: Urban)

Rural 1.10 (0.39-3.08) 0.853 0.68 (0.26-1.72) 0.412 1.36 (0.78-2.38) 0.272
Cardiovascular Risk Factorst

Obesity 1.15(0.71-1.87) 0.578 0.77 (0.49-1.21) 0.252 4,96 (2.93-8.38) <0.001

Smoker 0.55 (0.26-1.15) 0.110 1.03 (0.36-2.95) 0.952 0.54 (0.32-0.93) 0.026

Diabetes 0.94 (0.55-1.61) 0.833 0.89 (0.50-1.60) 0.709 0.87 (0.56-1.36) 0.538

Depression 1.31 (0.79-2.17) 0.302 1.51 (0.76-3.03) 0.242 1.13 (0.72-1.78) 0.586
Comorbid Cardiovascular Diseases

Coronary Artery Disease 1.69 (0.58-4.91) 0.332 0.28 (0.07-1.06) 0.061 0.84 (0.39-1.80) 0.657

Congestive Heart Failure 1.39 (0.25-7.62) 0.702 1.42 (0.37-5.38) 0.607 1.77 (0.70-4.45) 0.228

Stroke 1.86 (0.36-9.65) 0.460 0.00 (0.00-0.01) <0.001 0.94 (0.35-2.54) 0.906

Two or More Cardiovascular Diseases* 0.77 (0.22-2.73) 0.686 0.22 (0.03-1.69) 0.145 0.66 (0.22-1.98) 0.460

" Reference group comprises patients without the stated cardiovascular risk factor.

* Patients with two or more cardiovascular diseases (Coronary Artery Disease, Congestive Heart Failure, or Stroke).

https://doi.org/10.1371/journal.pone.0196981.t003

nonsmokers (OR = 0.54, 95% CI: 0.32-0.93). We found racial/ethnic differences in prescrip-
tion of sleep medications, such that non-Hispanic blacks were less likely than non-Hispanic
whites to be prescribed sleep medications (OR = 0.19, 95% CI: 0.06-0.65) as were Other/
unknown OR = 0.53, 95% CI: 0.28-1.00). In addition, patients with stroke were less likely than
those with hypertension to be prescribed sleep medication (OR = 0.00, 95% CI: 0.00-0.01).
There were no racial/ethnic differences in rates of referrals for sleep studies (see Table 3).

Discussion

In a nationally representative survey of ambulatory medical care visits in the United States, we
found a low prevalence of sleep apnea among patients with hypertension (11.1 per 1,000 visits).
Treatment for sleep apnea among patients with hypertension included a sleep study in 14.4%
of visits, sleep medication in 11.2% of visits, and behavioral therapy in 34.8% of visits. We also
found that non-Hispanic blacks and Other/unknown were less likely than non-Hispanic
Whites to receive a sleep medication prescription during their visit.
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Prevalence estimates of sleep apnea among the general population in the U.S. are as high as
24%.[10] Prevalence of sleep apnea in ambulatory visits was far below these population-level
estimates, despite assessing a sub-population at risk for sleep apnea. This finding is consistent
with other research showing that sleep apnea is underdiagnosed, which bears particular clinical
importance for patients with hypertension.[2,6] Unfortunately, our findings and others sup-
port concerns about under-diagnosis of sleep apnea among a population that is at high risk for
the disorder.

Although counseling patients about healthy lifestyle behaviors is recommended by profes-
sional societies for those with chronic diseases including hypertension and sleep apnea,[34] we
found in approximately one third of cases, physicians provide behavioral therapy (weight loss
and physical activity counseling) to patients. Our finding underscores a need for assessing effi-
cacy of behavioral methods in the treatment of patients with hypertension and sleep apnea.
[35] It remains unclear why behavioral treatment is administered in only one third of cases, or
what constitutes effective components of behavioral approaches to treatment. Future research
may explore possible reasons for relatively low administration of behavioral treatment. The
importance of effective therapy for patients with sleep apnea is further underscored by evi-
dence indicating that sleep apnea may increase the risk of cognitive impairment.[36] For
example, sleep apnea is more prevalent among patients with Alzheimer’s disease. In addition,
one study showed that improvement of sleep apnea symptoms was associated with higher per-
formance in verbal memory tasks.[37]

Also noteworthy was the modest prevalence of sleep medication. Sleep medications have
been linked to adverse health outcomes (toxicity, mortality risk),[38,39] so while it is positive
that low prevalence was observed in the current study, other analyses with NAMCS data found
between 20% and 80% of patients with sleep apnea receive medication. Results of the current
study found relatively low prevalence of medication.

We found little evidence of racial/ethnic differences in physicians’ management of patients
with sleep apnea. However, non-Hispanic blacks and other/unknown racial/ethnic groups had
lower odds of receiving sleep medications than non-Hispanic whites, but no other compari-
sons across treatment by race/ethnicity were significant. While there is a well-established liter-
ature documenting differences hypertension, sleep apnea, and risk for sleep apnea, physician
behavior may not be a substantial contributor to these differences.[40,41] The noted racial/eth-
nic difference in sleep medication use could be in part due to differences in coverage offered
by patient health insurance plans (which we did not control for because these data were
unavailable) or differences in the efficacy of screening procedures that could be rooted in cul-
tural or linguistic differences.[42] Our study also shows a sleep study was most common
among sleep apnea, as would be expected given sleep medicine guidelines recommend poly-
somnography for evaluation of sleep apnea.[43]

Implications

The current study found relatively low prevalence of sleep apnea in a population at high risk
for the disorder: hypertensive patients. One implication of these findings is that sleep apnea
merits greater attention in patient-physician interactions. It is possible that patients are under-
reporting sleep apnea symptoms to their physicians, or that physicians are failing to inquire
about sleep apnea symptoms or recognize the presence of sleep apnea symptomology among
at-risk patients. In a small, single center study, investigators previously reported that only 4%
of sleep-center patients were referred after a clinician elicited a history of sleep-related symp-
toms.[44] Rather, the majority of patients were referred to a sleep center because they com-
plained about sleep-related problems. Methods for improving screening approaches are
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needed, and existing suggestions include a simple 2-question screening test as part of the
review of systems[45] or an informatics-based approach.[46] This is particularly important
given the attributable risk associated with sleep apnea among patients with cardiovascular dis-
ease. In addition, behavioral therapy was found to be reported in approximately one third of
patients reporting sleep apnea. Future research might examine reasons this prevalence is not
higher, and what components of behavioral therapy are most effective.

Limitations

We should note the following limitations of our findings. NAMCS data provide a limited
amount of clinical information for each patient visit. For example, a physician is only able to
identify a limited number of comorbidity and symptoms for each visit. For patients with multi-
ple diseases and symptoms, this represents a barrier to a full view of diagnostic and treatment
decisions, particularly in chronic disease management. In addition, the data did not include
details on whether the decision to refer a patient for a sleep study was based on symptoms,
anthropometric parameters, resistant hypertension, or non-dipping blood pressure patterns.
We also did not have data on diastolic hypertension or treatment-resistant hypertension,
which are more common among patients with sleep apnea. Another important limitation is
that the survey does not provide longitudinal follow-up for each patient. Thus, inferences
about patterns of care are based on cross-sectional data of diagnostic and treatment decisions
instead, and outcome data are unavailable. Also, our study focused narrowly on sleep apnea
without considering other sleep disorders. There is a literature to demonstrate a relationship
between hypertension, sleep apnea, and other sleep disorders such as periodic limb move-
ments.[36] Finally, our findings could be subject to errors or anomalies in NAMCS/NHAMCS
data collection and reporting.

Conclusion

In conclusion, the rate of sleep apnea observed among patients with hypertension is low, and
behavioral therapy is provided to a minority of these patients during sleep apnea-related
ambulatory care visits. Racial/ethnic differences in physician management are uncommon.
Future research should examine whether efforts to increase recognition of sleep apnea among
patients with hypertension affect patterns of behavioral and pharmacological treatment among
these patients—along with potential effects on racial/ethnic differences, such as those related
to the use of sleep medication.

Acknowledgments

The author team wishes to thank our valued colleague, Dr. Stephen Williams, for his feedback
on later stages of the manuscript.

Author Contributions

Conceptualization: Rebecca Robbins, Azizi Seixas, Girardin Jean-Louis, David M. Rapoport,
Joseph A. Ladapo.

Data curation: Rebecca Robbins, Joseph A. Ladapo.
Formal analysis: Azizi Seixas, Joseph A. Ladapo.
Funding acquisition: Joseph A. Ladapo.

Methodology: Sairam Parthasarathy, Joseph A. Ladapo.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196981 May 23,2018 8/11


https://doi.org/10.1371/journal.pone.0196981

@° PLOS | ONE

Physician management of sleep apnea and treatment among patients with hypertension

Resources: Sairam Parthasarathy.

Software: Joseph A. Ladapo.

Supervision: Joseph A. Ladapo.

Writing - original draft: Rebecca Robbins, Azizi Seixas, Girardin Jean-Louis, David M. Rapo-

port, Gbenga Ogedegbe, Joseph A. Ladapo.

Writing - review & editing: Rebecca Robbins, David M. Rapoport, Gbenga Ogedegbe, Joseph

A. Ladapo.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association between sleep-disor-
dered breathing and hypertension. N Engl J Med. 2000; 342: 1378-1384. https://doi.org/10.1056/
NEJM200005113421901 PMID: 10805822

Fang J, Wheaton AG, Keenan NL, Greenlund KJ, Perry GS, Croft JB. Association of sleep duration and
hypertension among US adults varies by age and sex. Am J Hypertens. 2011; 25: 335-341. hitps://doi.
org/10.1038/ajh.2011.201 PMID: 22052075

Gangwisch JE, Heymsfield SB, Boden-Albala B, Buijs RM, Kreier F, Pickering TG, et al. Short sleep
duration as a risk factor for hypertension. Hypertension. 2006; 47: 833—-839. https://doi.org/10.1161/01.
HYP.0000217362.34748.e0 PMID: 16585410

Vgontzas AN, Liao D, Bixler EO, Chrousos GP, Vela-Bueno A. Insomnia with objective short sleep dura-
tion is associated with a high risk for hypertension. Sleep. 2009; 32: 491. PMID: 19413143

Bathgate CJ, Edinger JD, Wyatt JK, Krystal AD. Objective but Not Subjective Short Sleep Duration
Associated with Increased Risk for Hypertension in Individuals with Insomnia. SLEEP. 2016; 39: 1037—
1045. https://doi.org/10.5665/sleep.5748 PMID: 26951399

Meng L, Zheng Y, Hui R. The relationship of sleep duration and insomnia to risk of hypertension inci-
dence: a meta-analysis of prospective cohort studies. Hypertens Res. 2013; 36: 985-995. hitps://doi.
org/10.1038/hr.2013.70 PMID: 24005775

Vgontzas AN, Liao D, Bixler EO, Chrousos GP, Vela-Bueno A. Insomnia with objective short sleep dura-
tion is associated with a high risk for hypertension. Sleep. 2009; 32: 491-497. PMID: 19413143

Bonnet MH, Arand DL. Heart rate variability in insomniacs and matched normal sleepers. Psychosom
Med. 1998; 60: 610—615. PMID: 9773766

Bonnet MH, Burton GG, Arand DL. Physiological and medical findings in insomnia: Implications for
diagnosis and care. Sleep Med Rev. 2014; 18: 111-122. https://doi.org/10.1016/j.smrv.2013.02.003
PMID: 23751272

Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008; 5: 136—
143. https://doi.org/10.1513/pats.200709-155MG PMID: 18250205

Eckert DJ, Malhotra A. Pathophysiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008;
5: 144—153. https://doi.org/10.1513/pats.200707-114MG PMID: 18250206

Fletcher EC. The relationship between systemic hypertension and obstructive sleep apnea: Facts and
theory. Am J Med. 1995; 98: 118—-128. https://doi.org/10.1016/S0002-9343(99)80395-7 PMID: 7847428

Ford ES, Wheaton AG, Cunningham TJ, Giles WH, Chapman DP, Croft JB. Trends in outpatient visits
for insomnia, sleep apnea, and prescriptions for sleep medications among US adults: findings from the
National Ambulatory Medical Care survey 1999-2010. Sleep. 2014; 37: 1283—-1293. https://doi.org/10.
5665/sleep.3914 PMID: 25083008

Trakada G, Economou N-T, Nena E, Trakada A, Zarogoulidis P, Steiropoulos P. A health-economic
analysis of diagnosis and treatment of obstructive sleep apnea with continuous positive airway pressure
in relation to cardiovascular disease. The Greek experience. Sleep Breath Schlaf Atm. 2015; 19: 467—
472. https://doi.org/10.1007/s11325-014-1050-5 PMID: 25138389

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The Occurrence of Sleep-Disordered
Breathing among Middle-Aged Adults. N Engl J Med. 1993; 328: 1230-1235. https://doi.org/10.1056/
NEJM199304293281704 PMID: 8464434

Kapur V, Strohl KP, Redline S, Iber C, O’connor G, Nieto J. Underdiagnosis of sleep apnea syndrome in
US communities. Sleep Breath. 2002; 6: 049-054.

Williams DR, Jackson PB. Social sources of racial disparities in health. Health Aff (Millwood). 2005; 24:
325-334.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196981 May 23,2018 9/11


https://doi.org/10.1056/NEJM200005113421901
https://doi.org/10.1056/NEJM200005113421901
http://www.ncbi.nlm.nih.gov/pubmed/10805822
https://doi.org/10.1038/ajh.2011.201
https://doi.org/10.1038/ajh.2011.201
http://www.ncbi.nlm.nih.gov/pubmed/22052075
https://doi.org/10.1161/01.HYP.0000217362.34748.e0
https://doi.org/10.1161/01.HYP.0000217362.34748.e0
http://www.ncbi.nlm.nih.gov/pubmed/16585410
http://www.ncbi.nlm.nih.gov/pubmed/19413143
https://doi.org/10.5665/sleep.5748
http://www.ncbi.nlm.nih.gov/pubmed/26951399
https://doi.org/10.1038/hr.2013.70
https://doi.org/10.1038/hr.2013.70
http://www.ncbi.nlm.nih.gov/pubmed/24005775
http://www.ncbi.nlm.nih.gov/pubmed/19413143
http://www.ncbi.nlm.nih.gov/pubmed/9773766
https://doi.org/10.1016/j.smrv.2013.02.003
http://www.ncbi.nlm.nih.gov/pubmed/23751272
https://doi.org/10.1513/pats.200709-155MG
http://www.ncbi.nlm.nih.gov/pubmed/18250205
https://doi.org/10.1513/pats.200707-114MG
http://www.ncbi.nlm.nih.gov/pubmed/18250206
https://doi.org/10.1016/S0002-9343(99)80395-7
http://www.ncbi.nlm.nih.gov/pubmed/7847428
https://doi.org/10.5665/sleep.3914
https://doi.org/10.5665/sleep.3914
http://www.ncbi.nlm.nih.gov/pubmed/25083008
https://doi.org/10.1007/s11325-014-1050-5
http://www.ncbi.nlm.nih.gov/pubmed/25138389
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1056/NEJM199304293281704
http://www.ncbi.nlm.nih.gov/pubmed/8464434
https://doi.org/10.1371/journal.pone.0196981

@° PLOS | ONE

Physician management of sleep apnea and treatment among patients with hypertension

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Dudley KA, Patel SR. Disparities and genetic risk factors in obstructive sleep apnea. Sleep Med. 2016;
18: 96—-102. https://doi.org/10.1016/.sleep.2015.01.015 PMID: 26428843

Nunes J, Jean-Louis G, Zizi F, Casimir GJ, von Gizycki H, Brown CD, et al. Sleep duration among black
and white Americans: results of the National Health Interview Survey. J Natl Med Assoc. 2008; 100:
317-322. PMID: 18390025

Force AOSAT, Medicine AA of S, others. Clinical guideline for the evaluation, management and long-
term care of obstructive sleep apnea in adults. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med.
2009; 5: 263.

Montesi SB, Edwards BA, Malhotra A, Bakker JP. The Effect of Continuous Positive Airway Pressure
Treatment on Blood Pressure: A Systematic Review and Meta-Analysis of Randomized Controlled Tri-
als. J Clin Sleep Med. 2012; https://doi.org/10.5664/jcsm.2170 PMID: 23066375

Araghi MH, Chen Y-F, Jagielski A, Choudhury S, Banerjee D, Hussain S, et al. Effectiveness of Lifestyle
Interventions on Obstructive Sleep Apnea (OSA): Systematic Review and Meta-Analysis. Sleep. 2013;
36: 1553—1562. https://doi.org/10.5665/sleep.3056 PMID: 24082315

Takaesu Y, Inoue Y, Komada Y, Kagimura T, limori M. Effects of nasal continuous positive airway pres-
sure on panic disorder comorbid with obstructive sleep apnea syndrome. Sleep Med. 2012; 13: 156—
160. https://doi.org/10.1016/j.sleep.2011.10.016 PMID: 22172965

Lettieri CJ, Shah AA, Holley AB, Kelly WF, Chang AS, Roop SA, et al. Effects of a short course of eszo-
piclone on continuous positive airway pressure adherence: a randomized trial. Ann Intern Med. 2009;
151: 696-702. https://doi.org/10.7326/0003-4819-151-10-200911170-00006 PMID: 19920270

Krakow B, Melendrez D, Lee SA, Warner TD, Clark JO, Sklar D. Refractory insomnia and sleep-disor-
dered breathing: a pilot study. Sleep Breath Schlaf Atm. 2004; 8: 15-29. https://doi.org/10.1007/
s11325-004-0015-5 PMID: 15026935

Heck T, Zolezzi M. Obstructive sleep apnea: management considerations in psychiatric patients. Neu-
ropsychiatr Dis Treat. 2015; 11: 2691-2698. https://doi.org/10.2147/NDT.S90521 PMID: 26508864

Mason M, Cates C, Smith . Effects of opioid, hypnotic and sedating medications on obstructive sleep
apnoea (OSA) in adults with known OSA | Cochrane. Cochrane Database Syst Rev. 2015; https://doi.
org/10.1002/14651858.CD011090.pub2 PMID: 26171909

Berger JS, Ladapo JA. Underuse of Prevention and Lifestyle Counseling in Patients With Peripheral
Artery Disease. J Am Coll Cardiol. 2017; 69: 2293-2300. https://doi.org/10.1016/j.jacc.2017.02.064
PMID: 28473134

Buysse DJ, Hall ML, Strollo PJ, Kamarck TW, Owens J, Lee L, et al. Relationships between the Pitts-
burgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and clinical/polysomnographic
measures in a community sample. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med. 2008; 4: 563—
571.

Bratton DJ, Gaisl T, Wons AM, Kohler M. CPAP vs Mandibular Advancement Devices and Blood Pres-
sure in Patients With Obstructive Sleep Apnea: A Systematic Review and Meta-analysis. JAMA. 2015;
314: 2280-2293. https://doi.org/10.1001/jama.2015.16303 PMID: 26624827

Ladapo JA, Blecker S, Douglas PS. Physician decision making and trends in the use of cardiac stress
testing in the United States: an analysis of repeated cross-sectional data. Ann Intern Med. 2014; 161:
482-490. https://doi.org/10.7326/M14-0296 PMID: 25285541

Lichtman JH, Bigger JT, Blumenthal JA, Frasure-Smith N, Kaufmann PG, Lespérance F, et al. Depres-
sion and coronary heart disease: recommendations for screening, referral, and treatment: a science
advisory from the American Heart Association Prevention Committee of the Council on Cardiovascular
Nursing, Council on Clinical Cardiology, Council on Epidemiology and Prevention, and Interdisciplinary
Council on Quality of Care and Outcomes Research: endorsed by the American Psychiatric Associa-
tion. Circulation. 2008; 118: 1768—1775. https://doi.org/10.1161/CIRCULATIONAHA.108.190769
PMID: 18824640

Wassertheil-Smoller S, Shumaker S, Ockene J, Talavera GA, Greenland P, Cochrane B, et al. Depres-
sion and cardiovascular sequelae in postmenopausal women. The Women’s Health Initiative (WHI).
Arch Intern Med. 2004; 164: 289-298. https://doi.org/10.1001/archinte.164.3.289 PMID: 14769624

Galani C, Schneider H. Prevention and treatment of obesity with lifestyle interventions: review and
meta-analysis. Int J Public Health. 2007; 52: 348-359. PMID: 18368998

Loube DI, Loube AA, Mitler MM. Weight loss for obstructive sleep apnea: The optimal therapy for obese
patients. J Am Diet Assoc. 1994; 94: 1291-1295. https://doi.org/10.1016/0002-8223(94)92462-7 PMID:
7963174

Buratti L, Petrelli C, Viticchi G, Falsetti L, Luzzi S, Provinciali L, et al. Restless legs syndrome and peri-
odic limb movements after lacunar stroke. Sleep Med. 2017; 34: 251-252. https://doi.org/10.1016/j.
sleep.2017.01.015 PMID: 28285871

PLOS ONE | https://doi.org/10.1371/journal.pone.0196981 May 23,2018 10/11


https://doi.org/10.1016/j.sleep.2015.01.015
http://www.ncbi.nlm.nih.gov/pubmed/26428843
http://www.ncbi.nlm.nih.gov/pubmed/18390025
https://doi.org/10.5664/jcsm.2170
http://www.ncbi.nlm.nih.gov/pubmed/23066375
https://doi.org/10.5665/sleep.3056
http://www.ncbi.nlm.nih.gov/pubmed/24082315
https://doi.org/10.1016/j.sleep.2011.10.016
http://www.ncbi.nlm.nih.gov/pubmed/22172965
https://doi.org/10.7326/0003-4819-151-10-200911170-00006
http://www.ncbi.nlm.nih.gov/pubmed/19920270
https://doi.org/10.1007/s11325-004-0015-5
https://doi.org/10.1007/s11325-004-0015-5
http://www.ncbi.nlm.nih.gov/pubmed/15026935
https://doi.org/10.2147/NDT.S90521
http://www.ncbi.nlm.nih.gov/pubmed/26508864
https://doi.org/10.1002/14651858.CD011090.pub2
https://doi.org/10.1002/14651858.CD011090.pub2
http://www.ncbi.nlm.nih.gov/pubmed/26171909
https://doi.org/10.1016/j.jacc.2017.02.064
http://www.ncbi.nlm.nih.gov/pubmed/28473134
https://doi.org/10.1001/jama.2015.16303
http://www.ncbi.nlm.nih.gov/pubmed/26624827
https://doi.org/10.7326/M14-0296
http://www.ncbi.nlm.nih.gov/pubmed/25285541
https://doi.org/10.1161/CIRCULATIONAHA.108.190769
http://www.ncbi.nlm.nih.gov/pubmed/18824640
https://doi.org/10.1001/archinte.164.3.289
http://www.ncbi.nlm.nih.gov/pubmed/14769624
http://www.ncbi.nlm.nih.gov/pubmed/18368998
https://doi.org/10.1016/0002-8223(94)92462-7
http://www.ncbi.nlm.nih.gov/pubmed/7963174
https://doi.org/10.1016/j.sleep.2017.01.015
https://doi.org/10.1016/j.sleep.2017.01.015
http://www.ncbi.nlm.nih.gov/pubmed/28285871
https://doi.org/10.1371/journal.pone.0196981

@° PLOS | ONE

Physician management of sleep apnea and treatment among patients with hypertension

37.

38.

39.

40.

M.

42,

43.

44.

45.

46.

Buratti L, Viticchi G, Baldinelli S, Falsetti L, Luzzi S, Pulcini A, et al. Sleep Apnea, Cognitive Profile, and
Vascular Changes: An Intriguing Relationship. J Alzheimers Dis JAD. 2017; 60: 1195—1203. https://doi.
org/10.3233/JAD-170445 PMID: 28984599

Kripke DF. Chronic hypnotic use: deadly risks, doubtful benefit: review article. Sleep Med Rev. 2000; 4:
5-20. https://doi.org/10.1053/smrv.1999.0076 PMID: 12531158

Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. Mortality associated with sleep duration
and insomnia. Arch Gen Psychiatry. 2002; 59: 131-136. PMID: 11825133

Pandey A, Williams N, Donat M, Ceide M, Brimah P, Ogedegbe G, et al. Linking sleep to hypertension:
Greater risk for blacks. Int J Hypertens. 2013; 2013. https://doi.org/10.1155/2013/436502 PMID:
23710339

Billings ME, Auckley D, Benca R, Foldvary-Schaefer N, Iber C, Redline S, et al. Race and residential
socioeconomics as predictors of CPAP adherence. Sleep. 2011; 34: 1653—-1658. https://doi.org/10.
5665/sleep.1428 PMID: 22131602

Chyun DA, Amend AM, Newlin K, Langerman S, Melkus GD. Coronary heart disease prevention and
lifestyle interventions: Cultural influences. J Cardiovasc Nurs. 2003; 18: 302—-318. PMID: 14518606

Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical guideline for the evaluation and man-
agement of chronic insomnia in adults. J Clin Sleep Med. 2008; 4: 487-504. PMID: 18853708

Zheng J, Almendros |, Wang Y, Zhang SX, Carreras A, Qiao Z, et al. Reduced NADPH oxidase type 2
activity mediates sleep fragmentation-induced effects on TC1 tumors in mice. Oncolmmunology. 2015;
4:e976057. https://doi.org/10.4161/2162402X.2014.976057 PMID: 25949873

Flygare J, Parthasarathy S. Narcolepsy: let the patient’s voice awaken us! Am J Med. 2015; 128: 10—
13. https://doi.org/10.1016/j.amjmed.2014.05.037 PMID: 24931392

Ustun B, Westover MB, Rudin C, Bianchi MT. Clinical Prediction Models for Sleep Apnea: The Impor-
tance of Medical History over Symptoms. J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med. 2016;
12: 161-168.

PLOS ONE | https://doi.org/10.1371/journal.pone.0196981 May 23,2018 11/11


https://doi.org/10.3233/JAD-170445
https://doi.org/10.3233/JAD-170445
http://www.ncbi.nlm.nih.gov/pubmed/28984599
https://doi.org/10.1053/smrv.1999.0076
http://www.ncbi.nlm.nih.gov/pubmed/12531158
http://www.ncbi.nlm.nih.gov/pubmed/11825133
https://doi.org/10.1155/2013/436502
http://www.ncbi.nlm.nih.gov/pubmed/23710339
https://doi.org/10.5665/sleep.1428
https://doi.org/10.5665/sleep.1428
http://www.ncbi.nlm.nih.gov/pubmed/22131602
http://www.ncbi.nlm.nih.gov/pubmed/14518606
http://www.ncbi.nlm.nih.gov/pubmed/18853708
https://doi.org/10.4161/2162402X.2014.976057
http://www.ncbi.nlm.nih.gov/pubmed/25949873
https://doi.org/10.1016/j.amjmed.2014.05.037
http://www.ncbi.nlm.nih.gov/pubmed/24931392
https://doi.org/10.1371/journal.pone.0196981

