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Abstract

BACKGROUND: Blacks have a high prevalence of hypertension and uncontrolled blood pressure
(BP), each of which may be partially explained by untreated sleep apnea. We investigated the
association of sleep apnea with uncontrolled BP and resistant hypertension in blacks.

METHODS: Between 2012 and 2016, Jackson Heart Sleep Study participants (N=913) underwent
an in-home Type 3 sleep apnea study, clinic BP measurements, and anthropometry. Moderate or
severe obstructive sleep apnea (OSA) was defined as a respiratory event index =15, and nocturnal
hypoxemia was quantified as percent sleep time with <90% oxyhemoglobin saturation. Prevalent
hypertension was defined as either a systolic BP =130 mm Hg or diastolic BP >80mm Hg, use of
antihypertensive medication, or self-report of a diagnosis of hypertension. Controlled BP was
defined as systolic BP <130 mm Hg and diastolic BP <80 mm Hg; uncontrolled BP as systolic BP
>130 mm Hg or diastolic BP =80 mm Hg with use of 1 to 2 classes of antihypertensive
medication; and resistant BP as systolic BP =130 mm Hg or diastolic BP =80 mm Hg with the use
of >3 classes of antihypertensive medication (including a diuretic) or use of >4 classes of
antihypertensive medication regardless of BP level. Multinomial logistic regression models were
fit to determine the association between OSA severity and uncontrolled BP or resistant
hypertension (versus controlled BP) after multivariable adjustment.

RESULTS: The analytic sample with hypertension (N=664) had a mean age of 64.0 (SD,10.6)
years, and were predominately female (69.1%), obese (58.6%), and college educated (51.3%).
Among the sample, 25.7% had OSA, which was untreated in 94% of participants. Overall, 48% of
participants had uncontrolled hypertension and 14% had resistant hypertension. After adjustment
for confounders, participants with moderate or severe OSA had a 2.0 times higher odds of resistant
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hypertension (95% confidence interval [Cl], 1.14-3.67). Each standard deviation higher than
<90% oxyhemoglobin saturation was associated with an adjusted odds ratio for resistant
hypertension of 1.25 (95% CI 1.01-1.55). OSA and <90% oxyhemoglobin saturation were not
associated with uncontrolled BP.

CONCLUSION: Untreated moderate or severe OSA is associated with increased odds of resistant
hypertension. These results suggest that untreated OSA may contribute to inadequate BP control in

blacks.
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Blacks have the highest prevalence of hypertension of any race/ethnic group in the United
States and have a 90% higher odds of uncontrolled blood pressure (BP) compared with non-
Hispanic whites.12 The reasons for these disparities are not well understood. Identifying
modifiable risk factors for uncontrolled BP in blacks will facilitate the design of
interventions aimed at improving BP control. Untreated sleep disorders and insufficient
sleep disproportionately affect minority populations and may contribute to the disparity in
BP control?=4; however, there have been few studies on the association between sleep
disorders and BP control in blacks.

The prevalence of sleep disorders, including sleep apnea, are high and a growing public
health challenge.® Adverse sleep patterns (eg, short and long sleep duration and poor sleep
quality) and sleep disorders are associated with a host of cardiovascular health outcomes
including heart disease, high blood pressure, obesity, diabetes mellitus, stroke, and all-cause
mortality.5-8 Blacks have a higher risk for not only these health conditions but also sleep
disorders and poor sleep patterns.3 In the Multi-Ethnic Study of Atherosclerosis (MESA),
84% of black participants who had sleep-disordered breathing, as measured by
polysomnography, did not report a physician diagnosis of sleep-disordered breathing,
suggesting a high prevalence of untreated obstructive sleep apnea (OSA) in this population.3
Data have shown that severe OSA contributes to uncontrolled BP in non-Hispanic whites.?
To our knowledge, only 1 study has evaluated the association between OSA and
uncontrolled BP among a population of blacks; this study of 1035 blacks with metabolic
syndrome found that uncontrolled BP independently increased the odds of OSA 2-fold.10
However, the previous study assessed OSA risk based on questionnaire assessment as
opposed to objective overnight assessments. Although previous studies support an
association between OSA and hypertension among non-Hispanic whites,11-15 similar
evidence is needed for blacks using objective measurements of OSA. Because blacks are
most at risk for severe OSA and uncontrolled BP, studies exploring the impact of OSA on
BP in this population are warranted.

Using data from the Jackson Heart Sleep Study (JHSS), we investigated objectively
measured sleep apnea (based on the respiratory event index) and a key physiological stress
of OSA, nocturnal hypoxemia, with uncontrolled BP and resistant hypertension among
blacks with hypertension. We hypothesized that OSA and its related hypoxemia burden
would associate with more severe forms of hypertension.
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Data used in this analysis were produced and used in accordance with the policies of the
Jackson Heart Study under contracts from the National, Heart, Lung, and Blood Institute and
are not the domain of the authors but that of the Jackson Heart Study. These data are
available to other researchers for purposes of reproducing the results or replicating the
procedures by submitting a manuscript proposall® to the Jackson Heart Study at
jhspub@umc.edu. Data updates for the Jackson Heart Study are also deposited regularly in
the National Institutes of Health data repositories, dbGaP1” and BioLincc.18

The Jackson Heart Study (JHS) is a longitudinal study of 5306 black adults, aged 21 to 95
years, enrolled from 3 counties in Jackson, Mississippi (Hinds, Madison, and Rankin)
between 2000 and 2004. JHS was designed to study the cause of cardiovascular disease
among blacks, as detailed previously.1® Three core examinations have been conducted to
date. The current analyses use data from the JHSS, an ancillary study conducted between
December 2012 and May 2016 after the third JHS examination. Institutional Review Board
approval was obtained from the University of Mississippi Medical Center and Partners
Research Committee, and written informed consent was obtained from all participants.

In total, 913 participants were recruited to participate in JHSS. The details of JHSS were
previously published.20 In brief, participants who completed the third JHS examination
(N=3609) or other ancillary studies were eligible for participation. Potential participants
were contacted by phone or mail (N=3015) with an invitation to participate. Participants
with documented use of continuous positive airway pressure (CPAP; N=70) and those who
were first-degree relatives of a consenting participant (N=10) were not eligible for the study.
Participants attended a clinic visit and underwent in-home sleep apnea testing, 1-week wrist
actigraphy, fasting venipuncture, anthropometry, blood pressure and other vascular studies,
and completed interviewer administered sleep and health questionnaires.

For the current analysis, we restricted the study sample to participants with hypertension
(high BP, use of antihypertensive medication, or self-reported diagnosis; N=773). We then
further restricted the analysis to exclude participants without valid in-home sleep apnea test
(=3 hours of data from the oximeter, nasal pressure cannula and one or more respiratory
band; N=51) or those with missing data on hypertension, measured BP, or number of
antihypertensive medications and diuretic use (N=58). The final analytic sample consisted of
664 participants.

Sleep Measures

Sleep apnea was assessed with a validated Type 3 home sleep apnea device (Embletta-Gold
device; Embla, Broomfield, CO)2122, recording nasal pressure (measuring airflow), thoracic
and abdominal inductance plethysmography, finger pulse oximetry, body position, and
electrocardiography. Sleep studies were scored according to published guidelines.?3 Sleep
onset was identified based on reduction of movement artifact, heart rate, and assumption of
rhythmic breathing, and sleep offset was identified by the appearance of sustained
movement activity or increased heart rate.24 Obstructive apneas were identified when the
amplitude (peak to trough) of the nasal pressure signal was flat or nearly flat for >10
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seconds and accompanied by respiratory effort on the abdominal or thoracic inductance
plethysmography bands.23 Central apneas were identified if no displacement was noted on
both thoracic and the abdominal inductance channels in addition to a flat nasal pressure
signal. Hypopneas were identified if a 230% reduction of amplitude was visualized in the
nasal pressure signal or, if unclear, in the respiratory inductance bands, for 210 seconds.
Events were further classified based on the degree of associated desaturation (=3% and
>4%). All scoring was conducted by registered polysomnologists at the Harvard Sleep
Reading Center; intraand interscorer reliability, for respiratory events evaluated on an
ongoing basis, exceeds 0.92. The Respiratory Event Index (REI) was derived as the sum of
all apneas plus hypopneas associated with 3% (REI3%) or 4% (REI4%) oxygen desaturation
divided by the estimated sleep time.24 Sleep apnea was characterized by the standard REI
categories: <5 (unaffected), =5 to <15 (mild), 215 to <30 (moderate), and =30 (severe). For
the current study, we further categorized moderate or severe OSA based on the REI =15
using the definition of hypopneas that required = 4% associated desaturation (REI4%), and
in secondary analysis used a hypopnea definition defined by >3% desaturation (REI3%).
Nocturnal hypoxemia was quantified as % sleep time with <90% oxyhemoglobin saturation
(%Sat<90%). Secondary analyses explored the oxygen desaturation index (ODI), based on
all desaturations of =4%, and the obstructive apnea index (OAl), all obstructive apneas per
hour of sleep.

Participants also underwent 7-day actigraphy using a GT3X+ Activity Monitor on the
nondominant wrist for 7 consecutive days along with completing a sleep diary.2®
Actigraphic data during 60-s epochs were scored as sleep or wake by ActiL ife version 6.13
analysis software (ActiGraph Corp., Pensacola, FL) using a validated algorithm (Cole-
Kripke).26

Although CPAP use identified during screening was an exclusion criterion, 8 participants
reported CPAP use on the sleep questionnaire and are included in this analysis.

Blood Pressure

During a visit to the JHSS research clinic, seated BP measurements were obtained using an
Omron HEM907XL BP monitor after 5 minutes of rest. Three BP readings were taken 1
minute apart, and the last 2 measurements were averaged. Use of antihypertensive
medication was determined by self-report, and classes of antihypertensive medication were
ascertained by a medication bottle review. High BP was defined as systolic BP = 130 mm
Hg or diastolic BP = 80 mm Hg.2” Controlled hypertension was defined as systolic BP <130
mm Hg and diastolic BP <80 mm Hg. Uncontrolled BP was defined as having high BP with
use of 1 or 2 classes of antihypertensive medications. Resistant hypertension was defined as
having high BP while on =3 classes of antihypertensive medications with 1 class being a
diuretic or the use of >4 classes of antihypertensive medications regardless of BP control.
Uncontrolled BP and resistant hypertension were analyzed as mutually exclusive outcome
categories.
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Participants’ age, sex, education, and smoking status were ascertained by self-report.
Education was categorized as less than high school, high school or general equivalency
diploma (GED), some college, or college degree (bachelor or higher). Body mass index was
calculated in kg/m?2 using measurements of weight and height, and obesity was defined as a
body mass index = 30 kg/m2. Diabetes mellitus was defined as a fasting glucose =126
mg/dL, use of antidiabetes medication, or self-reported diabetes mellitus diagnosis.2®
Depressive symptoms were assessed with the Center for Epidemiological Studies of
Depression (CES-D) scale and modeled as a continuous variable.2® Perceived stress was
measured according to Cohen’s 10-item Perceived Stress Scale, which measured the degree
to which someone appraised his or her life as unpredictable, uncontrollable, and overloading
in the last month and modeled as a continuous variable.30 Sleep duration and efficiency were
obtained from 7-day wrist actigraphy. We computed the average values for total sleep time
and sleep efficiency (ratio of total sleep time to total time in bed; continuously and
dichotomized at 85%) from actigraphy data.

Statistical Analysis

RESULTS

Frequency and summary statistics of demographics, health characteristics, and sleep
symptoms were calculated within each sleep apnea severity category (none or mild versus
moderate or severe). We conducted x2 and Kruskal-Wallis tests to evaluate the statistical
significance of the differences in the distribution of categorical and continuous variables
across hypertension groups, respectively.

Multinomial logistic regression models with a generalized logit link function were used to
estimate odds ratios of having uncontrolled or resistant hypertension, separately, versus
controlled hypertension associated with sleep apnea measures, and 95% confidence intervals
(CI). We expressed percent sleep time in hypoxemia according to standard deviation units
(eg, odds ratios represent one standard deviation higher percent sleep time in hypoxemia).
Separate models evaluated uncontrolled or resistant hypertension each as outcomes, with
moderate or severe OSA (REI = 15), OSA severity categories, and percent sleep time in
hypoxemia as predictors. We used a sequential modeling approach with Model 1 unadjusted,
Model 2 adjusted for age, sex, obesity defined as a body mass index = 30 kg/m?, education,
smoking (current versus ever or never), and diabetes mellitus, and Model 3 adjusted for the
variables in Model 2 and depressive symptoms, perceived stress, sleep duration, and sleep
efficiency. In the models with categories of OSA severity, we tested for the linear component
of trend by analyzing REI as an ordinal variable. Also, we modeled REI, ODI, and OAl as
continuous variables with hypertension control groups. We conducted a secondary analysis
that evaluated the association of sleep parameters with uncontrolled and resistant
hypertension as a single outcome variable. We performed all analyses with SAS version 9.4
(SAS Institute Inc, Cary, NC).

Study characteristics by sleep apnea severity are shown in Table 1. Of the sample with
hypertension, 25.7% had moderate or severe OSA (REI4%), and of those 6% had a
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physician diagnosis of OSA (data not shown). Of this sample, 48.2% of participants had
uncontrolled hypertension and 14.5% had resistant hypertension. Compared with
participants with no or mild OSA, those with moderate or severe OSA were more likely to
be male (39.8% versus 27.8%), obese (71.0% versus 54.4%), to be taking a higher number
of antihypertensive medication classes (1.9 [1.3] versus 1.7 [1.2]), and had a higher percent
time with oxygen saturation <90% (3.4 [6.0] versus 0.2 [0.9]). Although our study sample
consisted of hypertensive participants, we provided some baseline characteristics comparing
normotensive, controlled hypertension, and resistant hypertension groups in Table I in the
online-only Data Supplement. Of note, the nonhypertensive group had a lower prevalence of
OSA than the hypertensive group.

Unadjusted odds of uncontrolled and resistant hypertension associated with moderate or
severe OSA and %Sat<90% are shown in Table 2. Moderate or severe OSA (REI4% =>15)
was associated with a 1.92-times higher odds of resistant hypertension (odds ratio [OR],
1.92; 95% Cl, 1.15-3.20). A standard deviation increase in %Sat<90% was associated with a
higher odds of resistant hypertension (OR, 1.30; 95% CI, 1.05-1.61).

In fully adjusted models, moderate or severe OSA (REI4% >15) and %Sat<90% were not
associated with uncontrolled hypertension (Table 3). However, moderate or severe OSA
(REI4%= 15) and %Sat<90% were associated with resistant hypertension (OR, 2.04; 95%
Cl, 1.14-3.67; OR, 1.25; 95% CI, 1.01-1.55), respectively, after adjustment for covariates.
Also, OSA based on REI3% was not associated with uncontrolled or resistant hypertension
(Table 11 in the online-only Data Supplement).

Sleep Apnea Severity

Severe (REI4% =30) compared with no OSA (REI4% < 5) was associated with a 3.50-times
higher odds of resistant hypertension (OR, 3.50; 95% Cl, 1.54-7.91). After adjustment for
covariates, severe versus no OSA was associated with a higher odds of resistant
hypertension (OR, 3.58; 95% CI, 1.39-9.19; Figure). A statistically significant trend with a
graded increase in severity of OSA was associated with a higher prevalence of resistant
hypertension (Pyeng=0.008). No associations were present between sleep apnea severity and
uncontrolled hypertension.

Secondary Analyses

Secondary analyses showed a similar association for the REI14% and for the oxygen
desaturation index (ODI14%) when each are modeled as continuous variables (Table 111 in the
online-only Data Supplement) with resistant hypertension (OR, 1.03; 95% CI, 1.01-1.05 and
OR, 1.03; 95% CI, 1.01-1.05; REI4% and ODI4%, respectively). Similar associations also
were found for the OAI. The OAI was associated with resistant (OR, 1.03; 95% ClI, 1.00—
1.06) but not uncontrolled (OR, 1.01; 95% CI, 0.98-1.03) hypertension (Table Il in the
online-only Data Supplement).

OSA severity and %Sat<90% were not associated with the composite outcome of
uncontrolled and resistant hypertension (Table 1V in the online-only Data Supplement).
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DISCUSSION

In the current study of blacks with hypertension, moderate or severe OSA (REI4%>15) was
very common, with a prevalence of 26%, and was largely undiagnosed (6% of participants
with OSA reported a previous diagnosis). Resistant hypertension was present in 15% of the
sample. Moderate or severe OSA and overnight hypoxemia were associated with resistant
hypertension after adjustment for potential confounders. Along with experimental data
showing that OSA-related physiological stressors may contribute to resistant hypertension,
these data suggest that untreated OSA may contribute to the high burden of resistant
hypertension in blacks. Moreover, future studies should test whether diagnosis and treatment
of OSA may be interventions for improving BP control and decreasing the burden of
resistant hypertension among blacks.

It is estimated that 9% of U.S. adults have resistant hypertension,3! with estimates among
blacks in the U.S. of 19%,3! which is similar to the prevalence reported in the current study.
Epidemiological studies have demonstrated that resistant hypertension is associated with
increased risk for coronary heart disease and all-cause mortality32; therefore, there is a clear
need to identify modifiable determinants of resistant hypertension. Previous studies have
reported an association between OSA and resistant hypertension.11-15 Several studies have
shown that the prevalence of OSA is high among individuals with resistant hypertension.
14,33 A case- control study of 63 patients found that OSA (apnea-hypopnea index=10) was
independently associated with resistant hypertension.12 An observational study of 125
participants also reported that OSA (apnea-hypopnea index>15) was associated with
resistant hypertension.1® The current results are in accordance with prior studies showing
that OSA is associated with resistant hypertension, particularly among blacks, a population
most-atrisk but underrepresented in studies.

There are several pathways by which OSA may contribute to BP control. It is hypothesized
that OSA increases BP through several mechanisms, including endothelial dysfunction, the
autonomic nervous system, and neurohumoral mechanisms-34 Also, untreated sleep apnea
may affect energy, cognition, and mood, which may influence adherence to BP medications.
35 participants with resistant hypertension had both higher levels of REI and higher percent
time spent in hypoxemia compared with participants with uncontrolled hypertension.
Moreover, the association between OSA and resistant hypertension was present when
hypopneas were defined using the 4% but not the 3% minimal desaturation criteria for event
detection, suggesting that event-related hypoxemia contributes to impaired BP control. The
latter is also supported by secondary analyses that showed similar associations between
resistant hypertension and the ODI, a measurement of episodic desaturations commonly
used as an index for intermittent hypoxemia. Although the mechanisms by which OSA
contributes to the development of resistant hypertension have not been fully elucidated, it
has been hypothesized that intermittent hypoxemia during sleep leads to overactivation of
the sympathetic nervous system3® with concomitant acute increases in BP and subsequent
vascular damage, leading to chronic elevations in BP.37-39 These chronic elevations in BP
may be mediated by central or peripheral resetting of chemoreceptors and baroreceptors that
control BP.40 Additionally, intermittent hypoxemia also activates the endothelin system
which leads to vasoconstriction142 and arterial stiffness.3 Over time, the vasculature may
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become less compliant and resistant to alteration by antihypertensive therapy. Aldosterone
excess, which is an independent cause of resistant hypertension, has also been shown to
contribute to the severity of OSA.1144 Furthermore, blacks are more likely to be salt-
sensitive and respond less well to p-blockers and ACE inhibitors than other racial groups.
4546 \Whether differences in BP medication responses relate to OSA is poorly understood.

OSA was not associated with uncontrolled hypertension (high BP while taking < 3 classes of
antihypertensive medications) nor with uncontrolled BP and resistant hypertension
combined. OSA may be most strongly associated with the most severe forms of
hypertension. In the current study, the association was mainly pronounced when comparing
participants with severe OSA with those with no or minimal OSA (ie, 3.5-times higher
odds). Similarly, Walia et al® reported an ~4-times higher odds of resistant hypertension
with severe OSA in a group of patients with cardiovascular disease risk factors. The current
study extends these findings to a large community-based cohort of blacks.

Results from cross-sectional studies have shown that indices of sleep-disordered breathing,
such as reduced slow wave sleep and higher arousal index, are associated with high BP,47:48
postulated to be attributable to alterations in autonomic nervous system activation during
sleep. Decreased slow wave sleep and increased arousals are characteristic features of more
severe sleep apnea. Because of lack of EEG data, we cannot evaluate the contributions of
changes in sleep architecture compared with hypoxemia to resistant hypertension. However,
the similarity of the association of resistant hypertension with the ODI14%, as with the
REI4%, suggests that simple measurements from oximetry may be useful for identifying
hypertension-related risk in this population.

We also explored the OAI as an alternative exposure variable and showed that the
association with BP was in a similar pattern as REI. Although obstructive apneas are scored
regardless of associated desaturation, these events tend to be associated with desaturation.
However, they also reflect events with large intrathoracic swings, which can contribute to
adverse cardiovascular responses.

Results from observational studies as well as randomized trials have shown that treatment of
OSA may reduce BP.2021 Findings from the HeartBEAT study demonstrated that CPAP, the
most common sleep apnea treatment, led to small but significant improvements in 24-hour
and nocturnal blood pressure in patients with sleep apnea and cardiovascular disease.*?
Additionally, among patients with OSA and resistant hypertension enrolled in a randomized,
controlled trial, CPAP treatment compared with control resulted in a decrease in 24-hour
mean and diastolic BP and improved nocturnal dipping BP.20 Meta-analyses of randomized,
controlled trials of CPAP treatment in resistant hypertension estimate that systolic and
diastolic BP improve by —-6.74 mm Hg and —5.94 mm Hg.?! It is plausible that treating OSA
could improve resistant hypertension among blacks who are most-at-risk for severe OSA and
uncontrolled BP.

The strengths of this study include the use of a large community-based sample of blacks, BP
measurement following a standardized protocol, and use of home sleep testing to objectively
assess OSA. However, these results should be interpreted in the context of potential
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limitations. Although this study enrolled a large community-based sample of blacks, the
sample is not representative of blacks in the United States. More specifically, participants
were recruited from 3 counties in the Jackson, MS metropolitan area and, as reported before,
enrolled individuals have a higher education level compared with the U.S. population and
larger proportions of females. The JHHS cohort was comparable with the baseline JHS
cohort, except that the proportion of JHSS participants with hypertension and a college
degree were higher in comparison with the full cohort. BP was measured at a single visit,
whereas it is recommended to obtain measurements at a minimum of 2 separate visits.52 In
particular, ambulatory BP monitoring should be performed to confirm the diagnosis of
resistant hypertension and to better understand the relationship of OSA with diurnal BP
patterns. Participants self-reported medication use, and we are unable to address adherence
with medications. It is plausible that individuals with OSA were less adherent to
medications, which may have been a factor that contributed to BP control. Given that
ambulatory BP monitoring was not conducted, we cannot rule out white coat hypertension.
Although we cannot assess associations with secondary hypertension, our population was
generally healthy and the low frequency of these conditions (eg, primary aldosteronism,
renal artery stenosis) in the general population makes it unlikely that these conditions
explain the association between resistant hypertension and OSA. This analysis was based on
cross-sectional data. However, despite these limitations, the study provides important
insights on the association between sleep apnea measures and BP control.

Significance

Based on our findings of an association between OSA and resistant hypertension, future
studies should explore whether patients whose BP is not controlled on =3 medications or
who require the use of >4 medications regardless of BP control would benefit from an
overnight sleep study or oximetry evaluation, particularly if they exhibit risk factors
associated with OSA. Additionally, these findings suggest that untreated OSA may
contribute to uncontrolled BP in blacks and, thus, treatment (eg, CPAP) may improve BP
control among blacks. These findings are particularly important given that most adults with
OSA are undiagnosed and untreated.>

Conclusion

Moderate or severe OSA and hypoxemia was associated with a >2-times higher odds of
having resistant hypertension. In particular, severe sleep apnea determined by an elevated
REI4% (an index that included hypopneas with =4% desaturations) but not REI13%
(hypopneas with =3% desaturations) was associated with resistant hypertension, suggesting
that indices derived from events associated with more severe desaturation may be helpful for
identifying adverse BP-related outcomes. These findings are consistent with other studies
suggesting that overnight hypoxemia may mediate some of the cardiovascular and metabolic
consequences of sleep apnea.>3 Furthermore, 94% of participants with OSA were not
diagnosed and therefore not treated for sleep disorders. These results suggest that untreated
OSA may contribute to hard-to-control BP in blacks. Assessment and treatment of OSA
should be considered in this population and may assist in narrowing cardiovascular health
disparities.
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Clinical Perspective
What Is New?

. The current study shows that obstructive sleep apnea (OSA) defined by an
elevated respiratory event index or overnight hypoxemia is associated with
resistant hypertension among blacks.

. Moderate or severe OSA was associated with resistant hypertension but not
uncontrolled blood pressure (high blood pressure while taking <3 classes of
antihypertensive medication), suggesting that OSA is associated with more
severe forms of hypertension.

What Are the Clinical Implications?

. The current study suggests that untreated OSA may contribute to hard-to-
control blood pressure in blacks.

. The results of the current study support hypertension guidelines which
encourage OSA screening in patients with hypertension, particularly among
those who require the use of =4 medications to control their blood pressure.
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Figure. Adjusted odds ratios (95% confidence intervals) for uncontrolled and resistant
hypertension separately, associated with sleep apnea severity categories.

REI4%<5 (none), REI4%=>5 to <15 (mild), REI4%>15 to <30 (moderate), and RE14%>30
(severe). Cl indicates confidence interval; and OR, odds ratio.
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Table 3.

Odds Ratios (95% Confidence Intervals) of Uncontrolled or Resistant Hypertension Versus Controlled
Hypertension Associated With Moderate or Severe Sleep Apnea and Percent Time in Hypoxemia

Uncontrolled (n=320) Resistant (n=96)

Odds Ratio (95% CIl) | P Value | Odds Ratio (95% CI) | P Value

REI4% =15 vs. REI4% <15

Model 1 1.10 (0.74-1.62) 0.64 1.92 (1.15-3.20) 0.01
Model 2 1.09 (0.71-1.66) 0.70 1.85 (1.06-3.21) 0.03
Model 3 1.09 (0.70-1.69) 0.71 2.04 (1.14-3.67) 0.02

Percent time in hypoxemia

Model 1 1.03 (0.82-1.28) 0.82 1.30 (1.05-1.61) 0.01
Model 2 1.02 (0.82-1.27) 0.87 1.27 (1.03-1.58) 0.03
Model 3 1.01 (0.81-1.27) 0.92 1.25 (1.01-1.55) 0.04

Model 1: Unadjusted. Model 2: Adjusted for age, sex, obese, education, smoking, and diabetes mellitus. Model 3: Adjusted for age, sex, obese,
education, smoking, diabetes, depressive symptoms, perceived stress, sleep duration, and sleep efficiency.

*
4% oxygen desaturation. Percent time in hypoxemia was standardized to a mean of 0 and standard deviation of 1. The referent group is controlled
hypertension (n=248).
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