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Rationale: We hypothesized that untreated severe obstructive
sleep apnea (OSA) is associated with elevated ambulatory
blood pressure (BP) in subjects with high cardiovascular
disease (CVD) risk despite medical management.

Methods: Data from the baseline examination of the Heart
Biomarker Evaluation in Apnea Treatment (HeartBEAT)
study, a 4-site randomized controlled ftrial were analyzed.
Individuals with moderate-severe OSA (apnea hypopnea
index, AHI = 15-50) and cardiovascular risk were recruited from
cardiology practices. Those with hypertension were included.
Intensive antihypertensive regimen (IAR) was defined as = 3
antihypertensivesincluding adiuretic. Definitions were: controlled
BP (BP < 130/80), uncontrolled elevated BP (BP = 130/80 not
on IAR) and resistant elevated BP (BP = 130/80 mm Hg despite
IAR). Associations of untreated severe OSA (AHI = 30) and
uncontrolled and resistant elevated BP were evaluated using
logistic regression analyses adjusted for age, sex, race, body
mass index, smoking status, diabetes, and CVD.

Results: Among the 284 participants (mean age 63.1 £ 7.2
years, 23.6% with severe OSA), 61.6% had controlled BP,
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28.5% had uncontrolled elevated BP, and 9.9% had resistant
elevated BP. Among participants prescribed IAR, resistant
elevated BP was more prevalent in those with severe
compared to moderate OSA (58.3% vs. 28.6%, p = 0.01).
Participants with severe OSA had a 4-fold higher adjusted
odds of resistant elevated BP (OR 4.1, 95% CI: 1.7-10.2), a
finding not reproduced in the absence of IAR use.
Conclusions: Among patients with increased cardiovascular
risk and moderate to severe OSA, untreated severe compared
to moderate OSA was associated with elevated BP despite
IAR suggesting untreated severe OSA contributes to poor BP
control despite aggressive medication use.

Commentary: A commentary on this article appears in this
issue on page 845.
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bstructive sleep apnea (OSA) is characterized by reduc-

tion in upper airway muscle tone resulting in repetitive
complete (apnea) or partial (hypopnea) upper airway closure
during sleep. OSA results in increased sympathetic nervous
system activation, changes in baroreceptor function, increased
oxidative stress, and endothelial dysfunction, which can
increase blood pressure (BP).!* Respiratory events during
sleep result in acute and transient BP perturbations,>® which
persist during the daytime. These pathophysiological changes
explain the association between OSA and hypertension (HTN)
in several large-scale epidemiological studies.’

Elevations in BP including high normal BP often prog-
ress to HTN.® There are several large-scale epidemiological
studies citing the importance of high normal BP and cardio-
vascular risk. In the Framingham Heart Study, high-normal
BP (defined as systolic blood pressure of 130-139 or diastolic
blood pressure of 85-89 mm Hg) was associated with an
approximate 2-fold increased risk factor-adjusted cardiovas-
cular disease (CVD) risk.’ These findings are consistent in

BRIEF SUMMARY

Current Knowledge/Study Rationale: There are limited data regard-
ing the severity of obstructive sleep apnea (OSA) and elevated blood
pressure (BP) in patients with cardiovascular disease. Given the lim-
ited existing data, we examined the association between OSA severity
and BP resistant to an intensive antihypertensive regimen in a group of
individuals with high cardiovascular risk or established cardiovascular
disease recruited from cardiology specialty clinics.

Study Impact: In this study of individuals at high cardiovascular risk or
established cardiovascular disease, we observed a strong association of
severe untreated OSA and resistant elevated BP despite treatment with
an aggressive antihypertensive medication regimen even after consid-
eration of well-recognized hypertension risk factors. Strategies to treat
OSA in this subgroup should be strongly considered, as improved control
in BP could lead to decreased cardiovascular morbidity and mortality.

cross-ethnic groups. For example, another large prospective
study of approximately 9,000 middle-aged adults showed
that the relative risk of CVD was increased by approximately
two-fold for high normal BP compared to normal BP among
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African American patients.'” Furthermore, high normal BP has
been shown to be associated with an increased risk of CVD
mortality in Japanese men."" Noteworthy to these studies is
that these BP levels conferred increased CV risk even in the
absence of demonstrating resistance to aggressive antihyper-
tensive medication therapy.

There are several studies which have focused on the relation-
ship of OSA and resistant HTN, which is intrinsically defined
in part by lack of BP control despite an aggressive antihy-
pertensive regimen, due to the exposures to surges in sympa-
thetic neural tone, vasoconstriction, and increased aldosterone
levels.!> However, there are very few studies which have
examined elevation in BP including the high normal range BP,
a recognized CVD risk, in the setting of OSA. In the limited
data available, relationships of elevated BP despite the use of 3
or more antihypertensive drugs and OSA have been described,
albeit in a relatively small sample and did not focus on a group
at high cardiovascular risk."

In particular, it is unclear whether OSA severity level
confers increased risk for elevated BP, including the “high
normal” range, in patients at risk for CVD or with known
CVD. Given the limited existing data and its inherent limita-
tions, we examined the association between OSA severity and
BP resistant to an intensive antihypertensive regimen (IAR) in
a group of individuals with high cardiovascular risk or estab-
lished CVD recruited from cardiology specialty clinics. Given
the association of BP > 130/80 mm Hg with increased cardio-
vascular risk,” a threshold BP cut off of 130/80 mm Hg was
used in our analytic sample. We further stratified the groups
into categories based on values of BP and medication usage.
We hypothesized that severe OSA is associated with elevated
ambulatory BP in patients with high cardiovascular risk or
established CVD despite IAR usage even after consideration
of potential confounding factors including age, sex, race,
and obesity. In secondary analysis, we investigated whether
severe OSA is associated with elevated ambulatory BP in
patients using versus not using an intensive antihypertensive
regimen (IAR), i.e., three or more antihypertensive medica-
tions including a diuretic.

METHODS

Study Sample

The current study includes individuals participating in the
baseline examination conducted for the Heart Biomarker
Evaluation in Apnea (HeartBEAT), a randomized controlled
trial aimed at comparing conservative medical therapy, supple-
mental nocturnal oxygen therapy, and positive airway pressure
therapy on cardiovascular biomarkers in OSA (clinicaltrials.
gov Trial Registration Number: NCT01086800). Participants
were recruited from outpatient cardiology clinics at 4 sites—
Brigham and Women’s Hospital, Case Medical Center, Johns
Hopkins Medical Center, and Veterans Affairs Boston Health-
care System. All of the sites follow standard American Heart
Association/American College of Cardiology guideline-based
approaches for primary and secondary CVD risk reduction.'*!*
All recruited patients had cardiovascular risk factors or estab-
lished CVD and moderate-to-severe OSA.
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Study Protocol

Subjects were recruited using questionnaire screening and
medical chart review. Inclusion criteria were age 45-75 years
and high risk of cardiovascular disorders, defined as (1) estab-
lished stable coronary artery disease (documented prior myocar-
dial infarction or coronary revascularization > 3 months prior to
entry or angiographically documented > 50% stenosis in a major
coronary artery); or (2) > 3 cardiovascular risk factors character-
ized by: (a) physician treated hypertension (HTN; systolic blood
pressure > 140 mm Hg or diastolic blood pressure > 90 mm
Hg or antihypertensive medication use including ACE inhibitor,
angiotensin receptor blocker, f-adrenergic blocker, a-adrenergic
blocker, diuretic, and calcium channel blocker usage); (b)
diabetes mellitus treated by a physician; (c) body mass index
(BMI) > 30 kg/m?; or (d) physician treated dyslipidemia.

Exclusion criteria were: heart failure with an ejection frac-
tion < 30% or NYHA classification > 2, poorly controlled
HTN (= 170/100 mm Hg), poorly controlled diabetes
(HbAlc > 9.0%), prior stroke with functional impairment,
severe uncontrolled medical problems, or medications that
might influence measurements or impair ability to participate in
study. For this analysis, patients without HTN as defined above
were excluded. Subjects who met the inclusion criteria under-
went overnight type III sleep testing'® (Embletta-Gold, Embla,
Broomfield, CO USA); those with an apnea hypopnea index
of 15-50 events/h were considered eligible and were included
in the study. Those with nocturnal oxygen saturation < 85%
for > 10% of the screening sleep monitoring record or central
apnea index > 5 events/h were excluded from the study. Insti-
tutional review board approval was obtained from all sites, and
full written informed consent was obtained.

Data Collection

Sleep Apnea Assessment

Sleep apnea severity was derived from the results of an
in-home sleep study that was scored by a single registered
polysomnologist following the 2007 American Academy of
Sleep Medicine guidelines'” and was modified for scoring
of portable sleep monitoring. Severe OSA was defined by
AHI > 30 events/h and moderate OSA by AHI 15-29 events/h.
An Embletta portable unit with nasal cannula, thermistor,
finger oximeter, abdomen, thoracic belt, and 3-lead EKG
with positional sensor was used. An apnea was defined as
a complete cessation of airflow, measured using nasal pres-
sure for > 10 sec. An apnea was scored as obstructive if
there was continued or increased inspiratory effort, and was
scored as central if there was absence of inspiratory effort.
Hypopnea was defined as 50% reduction in breathing ampli-
tude lasting > 10 seconds associated with > 3% oxygen
desaturation. The apnea hypopnea index (AHI; the number of
apneas and hypopneas per hour of estimated sleep time) was
measured from the sleep study.

24-Hour Ambulatory Blood Pressure Monitoring

Participants were instructed in the use of the Spacelabs 90217
Ambulatory Blood Pressure Monitor (Issaquah, Washington).
The device was programmed to measure systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), and heart rate (HR)



every 20 minutes from 06:00 to 22:00 and every 30 min between
22:00 and 06:00 for a 24-h period. Participants were instructed
to engage in usual activities and continue usual medication regi-
mens including antihypertensive therapy. Participants completed
a diary indicating bed and wake times; these time periods were
used to identify periods of wake and sleep for BP analysis. The
mean number of days between the screening sleep study and
baseline ambulatory BP collection was 23 + 12 days. The mean
number of baseline sleep ambulatory blood pressure readings
was 15 £ 4, and mean number of awake readings was 35 £ 9.

Resting Blood Pressure Monitoring

Resting BP was measured after the participant had been
sitting quietly > 5 min, following a standard protocol using a
calibrated appropriate bladder size that was identified from a
standard chart. Measurements were repeated 3 times and their
average was taken in consideration.

Statistical Plan

In the primary analysis, we examined the relationship of severe
versus moderate OSA (predictor) with 3 blood pressure groups
including controlled BP, uncontrolled elevated blood pressure,
and resistant elevated BP (outcomes). We characterized the BP
outcomes groups based on (1) threshold of BP and (2) the medi-
cation usage. As data demonstrate increased cardiovascular risk
associated with systolic BP > 130, a BP cutoff of > 130/80 mm
Hg was selected.” The definition of an IAR was adopted from
the INC7 guidelines, which is defined as > 3 antihypertensive
medications including a diuretic.'® The antihypertensive medi-
cation classes included ACE inhibitors or angiotensin receptor
blockers, B-adrenergic blockers, a-adrenergic blockers, calcium
channel blockers, nitrates, aldosterone antagonists, and diuretics.
The BP outcome groups were based upon the threshold of the
24-h ambulatory blood pressure and defined as:

1. Elevated BP: SBP > 130 mm Hg or DBP > 80 mm Hg
(includes number 2 and 3)

2. Uncontrolled elevated BP: SBP > 130 mm Hg
or DBP > 80 mm Hg without use of an IAR
(= 3 antihypertensives with 1 being a diuretic)

3. Resistant elevated BP: SBP > 130 mm Hg or DBP > 80
mm Hg with the use of an AR, i.e. presence of > 3
antihypertensive including a diuretic

4. Controlled BP: SBP < 130 mm Hg or DBP < 80 mm Hg
irrespective of antihypertensive medication usage.

All 284 patients were included in the analysis. Univariate and
multivariable logistic regression analyses were used to deter-
mine the odds of uncontrolled BP and resistant elevated BP for
severe versus moderate OSA. We used a hierarchical approach
to the logistic regression modeling considering an unadjusted
model (Model 1), Model 2 adjusted for age, sex, race, and body
mass index (BMI, kg/m?), and Model 3 which included Model
2 covariates and also smoking status (which was defined as ever
smoked vs. never smoked), diabetes and CVD. CVD was defined
as history of prior myocardial infarction, coronary artery revas-
cularization or angiographically documented stenosis > 50% or
a history of stroke. Associations for groups classified by BP and
OSA status and were compared using the x> test.

Secondary analysis investigated whether severe OSA is
associated with resistant elevated BP (SBP > 130 mm Hg or
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DBP > 80 mm Hg) in the group of patients using the TAR.
Adjusted odd ratios were estimated based on maximal likeli-
hood method. In addition, we determined the relationship of
severe OSA and systolic BP or diastolic BP by comparing
mean systolic BP or diastolic BP differences using analysis of
variance and compared the proportion of high normal systolic
BP (= 130 mm Hg) or high diastolic BP (= 80 mm Hg) using
the y* test. Secondary analyses were also performed consid-
ering resting BP measures in the definitions of the respective
BP outcomes.

Analyses were performed using SAS version 9.2 (SAS Inc.,
NC). Two-sided p values are reported, and p < 0.05 is consid-
ered statistically significant.

RESULTS

Subject Characteristics

Of a total 318 participants in the baseline study, 284 were
included in the final analytic sample based on self-reported
HTN history (n = 281) or baseline blood pressure > 140/90 mm
Hg (n = 3); 19 participants without HTN and 15 without valid
ambulatory BP were excluded. Of the 109 (38.4%) subjects
with elevated BP on ambulatory blood pressure monitoring
(BP > 130/80 mm Hg), 28 (9.9%) were classified as having
resistant elevated BP and the remaining 81 (28.5%) as uncon-
trolled elevated BP. A total of 73 (25.7%) subjects were identi-
fied to be on an IAR, of which 45 (15.8%) had controlled BP
and 28 (9.8%) had resistant elevated BP. A total of 211 (74.3%)
subjects were not on [AR; of these participants, 130 (45.8%)
had controlled BP and 81 (28.5%) had uncontrolled elevated
BP. Among 175 (61.6%) participants with controlled BP, 130
(45.8%) patients were not on IAR, whereas 45 (15.8%) partici-
pants were on IAR (Figure 1).

There were 175 (61.6 %), 81 (28.5%), and 28 (9.9%) partic-
ipants in the controlled BP, uncontrolled elevated BP, and
resistant elevated BP categories, respectively. Patient charac-
teristics among the 3 BP groups are listed in Table 1. The mean
AHI was higher in the resistant elevated BP group (29.0 in
resistant elevated BP vs. 24.6 in the uncontrolled elevated BP
group, and 24.1 in the controlled BP group), and the proportion
of severe OSA was more common in subjects with resistant
elevated BP (50% in resistant elevated BP, 21% in uncon-
trolled elevated BP, and 20.6% in the controlled BP group).
Participants in the resistant elevated BP group had a higher
BMI and were more likely to be diabetic than other groups.

Association of Severe Obstructive Sleep Apnea with
Resistant Elevated and Uncontrolled Elevated Blood
Pressure

In the unadjusted model (Table 2 and Model 1), there was
a greater than 3-fold increased odds of resistant elevated BP
(OR = 3.86, 95% CI 1.69, 8.83) with the presence of severe
OSA, which was not substantively attenuated after adjusting
for BMI (OR = 3.64, 95% CI, 1.52-8.72). This relationship
persisted after statistical adjustment for smoking, diabetes
mellitus, and CVD: OR = 4.12, 95% CI, 1.67-10.2. Unlike
resistant elevated BP, severe OSA was not associated with
increased odds of uncontrolled elevated BP (Table 3).
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Figure 1

Primary Analysis:

HeartBEAT baseline exam
n = 318 participants

4

E—

Excluded participants
Missing BP n =15, NoHTN n =19

History of HTN, n = 284

/

Controlled BP, SBP < 130 and DBP < 80,

n=175,61.6%

N\

Elevated BP, SBP > 130 or DBP > 80,
n =109, 38.4%

/

N\

With IAR

Without IAR
n =130, 45.8% n=4515.8%

Resistant elevated BP
with IAR, n =28, 9.9%

Uncontrolled elevated BP
without IAR, n =81, 28.5%

Secondary Analysis:

With IAR
n=73,25.7%

SN

Without IAR
n=211,74.3%

SN

Controlled BP,
n=45,15.8%

Resistant elevated BP,
n=28,9.9%

Controlled BP, Uncontrolled elevated BP,
n =130, 45.8% n=281,285%

IAR, intensive antihypertensive regimen.

Proportions of Suboptimally Controlled Blood
Pressure in Moderate and Severe Obstructive Sleep
Apnea by Intensive Antihypertensive Medication Group
In the group on IAR, the percentage of resistant elevated BP
almost doubled in the severe OSA group (58.3%) compared to
the moderate OSA group (28.6%), p = 0.01. Conversely, there
was no difference in percentage of suboptimally controlled BP
between moderate OSA (38.1%) and severe OSA (39.5%) in
subjects who were not on IAR (Figure 2).

Secondary Analysis

Our secondary analysis was then focused on the 73 partici-
pants who were on the IAR. Among those who were on this
regimen, the odds of having resistant elevated BP with severe
OSA was more than 3-fold higher in the unadjusted model and
reduced slightly in the fully adjusted model (OR 3.29 95 % CI
1.01, 10.74, p = 0.048; Table 4).

The mean difference in SBP and DBP values and percentage
difference in those with high SBP (> 130 mm Hg) or high DBP (>
80 mm Hg) between moderate and severe OSA were examined.
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Mean systolic BP in severe OSA was on average 6 mm Hg
higher than in moderate OSA; however, this did not achieve
statistical significance. The proportion of participants with high
systolic BP (= 130 mm Hg) was significantly higher in severe
OSA (58.3%) than moderate OSA (26.5%), p = 0.008. There
was no significant difference between moderate and severe OSA
and mean DBP and proportion of high DBP (Figure 3).

Association of Severe OSA Using Different BP Groups
Using Resting BP

Ambulatory BP and resting blood pressure values were
moderately correlated (Pearson correlation coefficient value of
0.55, p < 0.0001). Similar analyses were performed consid-
ering resting BP values which demonstrated consistent find-
ings. Similar BP cutoff values were ascertained as ambulatory
blood pressure > 130/80 mm Hg. There was an approxi-
mately 3-fold higher odds of resistant elevated BP (OR 2.75,
95 % CI 1.23-6.14, p = 0.01) in the severe OSA group in the
model adjusted for age, sex, race, BMI, smoking, diabetes
mellitus, and CVD. Although this is significant, the strength of
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Table 1—Baseline subject characteristics (n = 284).

Controlled Blood Pressure?

Elevated Blood Pressure

Any Medication

Participants, n (%) 175 (61.6)
Blood pressure, median (IQR)

Systolic BP* 116.8 (111.1, 122.9)

Diastolic BP* 67.5(63.1,71.6)
Age (years), mean + SD 62574
Male 126 (72)
African American 19(10.9)
Body mass index (kg/m?)

Mean + SD 339+54

230 131 (74.9)
Apnea hypopnea index

Mean + SD* 24178

230" 36 (20.6)
Diabetes mellitus * 77 (44.0)
CVD event 98 (56.0)
Ever smoked 109 (62.3)
Medications

ACE inhibitors 126 (72)

Beta blockers 131 (74.8)

Aldosterone blocker 6(3.4)

Alpha blockers 5(2.8)

Calcium Blockers 59 (33.7)

Diuretic 71 (40.5)

Nitrate 31(17.7)

Uncontrolled Elevated BP Resistant Elevated BP

(without IAR)® (with 1AR)®

81(28.5) 28 (9.9)

135.0 (132.0, 141.3) 139.0 (133.3, 147.1)
78.3 (72.5, 82.6) 71.9 (67.4,76.6)
63469 65265

61(75.3) 20 (71.4)

13 (16.1) 7(25.0)

33559 36353

60 (74.1) 25 (89.3)

246+83 200+97

17 21) 14 (50)

38 (46.9) 1(75.0)
39 (48.2) 16 (57.1)
47 (58.0) 1(75.0)

50 (61) 26 (92)

39 (48.1) 24 (85.7)
1(1.2) 0(0)
1(1.2) 1(3.5)

18 (22.2) 5 (53.7)

15 (18.5) 28 (100)

12 (14.8) 10 (35.7)

Continuous variables presented as mean + standard deviation and categorical variables presented a percentage. IQR, interquartile range. 2 Controlled blood
pressure (BP) < 130/80 mm Hg, n = 144. *Uncontrolled Elevated BP: Systolic BP = 130 mm Hg or Diastolic BP =80 mm Hg in the absence of use of intensive
antihypertension regimen. ¢Resistant Elevated BP: SBP = 130 mm Hg or DBP > 80 mm Hg and the presence of = 3 antihypertensives including a diuretic.
*Indicates statistically significant differences in variables with p value < 0.05. p value is for any difference among the groups; x? and analysis of variance was
used to calculate p value. Blood pressure difference was compared using Kruskal-Wallis test.

Table 2—Factors associated with uncontrolled and resistant elevated blood pressure (n = 284).

Uncontrolled Elevated Blood Pressure

Resistant Elevated Blood Pressure

Unadjusted Unadjusted
Factor OR (95% ClI) p value OR (95% ClI) p value
Severe OSA 1.03 (0.54, 1.96) 0.94 3.86 (1.69, 8.83) 0.001
Age 1.02 (0.98, 1.06) 0.36 1.06 (0.99, 1.12) 0.08
Male 1.19 (0.85, 2.17) 0.58 0.97 (0.4, 2.35) 0.95
African American 1.57 (0.73, 3.36) 0.25 2.74 (1.03,7.29) 0.04
Body mass index 0.99 (0.94, 1.04) 0.58 1.07 (1.00, 1.15) 0.04
Ever smoke 0.84 (0.49, 1.43) 0.52 1.82(0.73, 4.51) 0.20
Diabetes 1.13 (0.66, 1.91) 0.66 3.82 (1.54, 9.45) 0.004
CVD 0.73 (0.43, 1.24) 0.24 1.05 (0.47, 2.35) 0.91

CVD, cardiovascular disease; OSA, obstructive sleep apnea.

association was slightly lower than the 24-h ambulatory blood
pressure findings; uncontrolled elevated BP was not associated
with severe OSA.

Among patients on IAR, the odds of having resistant
elevated BP for severe OSA was more than 3-fold higher in
the unadjusted model and increased in the fully adjusted model
(OR =547, 95 % CI 1.34-22.4, p = 0.02), the latter consistent

839

with a higher magnitude of association compared to the 24-h
ambulatory blood pressure findings.

DISCUSSION

In this examination of individuals at high cardiovascular risk

or established CVD, we observed a strong association of severe
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untreated OSA and resistant elevated BP (almost 4-fold higher almost double that of those with a moderate degree of OSA.
odds) despite treatment with an aggressive antihypertensive Finally, in secondary analyses conducted to investigate whether

medication regimen even after consideration of well-recog-
nized hypertension risk factors. Moreover, of those partici-

pants on an IAR, the percentage of those with severe OSA was

those with difficult to control blood pressure were more likely
to have severe OSA, we discovered a 3-fold increase in odds
of resistant elevated blood pressure associated with severe

Figure 2—Proportions of elevated blood pressure between
moderate and severe obstructive sleep apnea by intensive
antihypertensive medication use (n = 284).

[0 Moderate OSA [0 Severe OSA

Figure 3—Comparison of blood pressure between moderate
and severe obstructive sleep apnea among participants
using an intensive antihypertensive regimen (n = 73).

[0 Moderate OSA [0 Severe OSA

80
P =001 Mean Blood Pressure
= —_— 160 - 90
S 604 58.3 o016
o = —_ =0. * a
o P =0.86 8 150 —— (72 P=0.23*
g 39.5 +l +1 80 —
= 404 3841 : = 140 - =
e © s
"g 286 e = " —‘7 —‘7
= 130 5 70+
(%] o 70
S 20 % 0 o1] 68
L 1204 | =
2 + 60
0 T 1 & M0 i
Without (n = 211) With (n=73) (=]
100 50

Intensive Antihypertensive Medication Regimen

Table 3—Logistic regression analyses of severe obstructive

Proportion of Uncontrolled Elevated Blood Pressure

. . 80 10+
sleep apnea with uncontrolled and resistant elevated blood P =099
pressure. - P=0.008 = 3
£ 6o+ S #
Uncontrolled Elevated BP  Resistant Elevated BP = 583 o
OR (95% Cl) OR (95 % Cl) = ' N 6l
6.1
Model 1 1.03 (0.54, 1.96) 3.86 (1.69, 8.83) o 40 o
m (&)
Model 2 1.01(0.52, 1.95) 3.64 (1.52,8.72) L = 4
Model 3 1.02 (0.52, 1.98) 4.12 (1.67,10.2) % 204 |25 §
> —
) a 24
Model 1: Unadjusted (unadjusted data in Tables 2 and 3). Model 2: 0 0

Adjusted for age, sex, race, body mass index. Model 3: Adjusted for
age, sex, race, body mass index, smoking status, diabetes mellitus, and
cardiovascular disease.

*Adjusted for age, gender, race and BMI.

Table 4—Severe obstructive sleep apnea associated with resistant elevated BP among participants using an intensive

antihypertensive regimen.

Unadjusted Adjusted

Factor (n =73) OR (95% CI) p value OR (95% CI) p value
Severe OSA 3.50 (1.26, 9.71) 0.02 3.29 (1.01,10.74) 0.048
Age 1.03(0.97, 1.10) 0.35 1.03 (0.95, 1.12) 0.46
Male 1.38 (0.5, 3.83) 0.54 1.55(0.37, 6.48) 0.55
African American 1.17 (0.39, 3.53) 0.78 1.48 (0.33, 6.73) 0.61
Body mass index 1.06 (0.98, 1.16) 0.17 1.08 (0.97, 1.20) 0.16
Ever smoke 2(0.71, 5.67) 0.19 2.21(0.62,7.91) 0.22
Diabetes 2.63(0.93, 7.40) 0.07 3.00(0.91,9.94) 0.07
CVD event 0.97 (0.38, 2.53) 0.96 0.51(0.14,1.83) 0.30

CVD, cardiovascular disease; OSA, obstructive sleep apnea.
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OSA among those on an intensive antihypertensive medication
regimen. Also noted was a higher proportion of individuals with
increased systolic blood pressure, but not diastolic blood pres-
sure in severe compared to moderate levels of OSA. Interest-
ingly, although the correlation of resting and 24-h ambulatory
blood pressure was moderate, we observed consistent results
when resting as opposed to ambulatory BP was considered in
analyses.

We chose to examine the relationships of elevated BP using
the 130/80 threshold, given that this level has been shown to
be associated with adverse cardiovascular consequences.’
Specifically, a recent large meta-analysis involving about
470,000 participants from 18 prospective cohort studies with
SBP of > 120-139 or DBP > 80-89 mm Hg showed patients
with these BP levels were at elevated risk of CVD after adjust-
ment of cardiovascular risk factors." The risk was consistent
even in the low range of hypertension (SBP of 120-129/80-84
mm Hg). Even mildly elevated BP levels have been also associ-
ated with increased risk of carotid atherosclerosis and increased
atheroma.?!

There are limited data exploring the relationship of OSA and
resistant elevated BP levels. Martinez-Garcia et al. reported
that the prevalence of sleep apnea syndrome was very high in
patients with difficult to control HTN (SBP > 125 mm Hg or
mean DBP > 80 mm Hg despite the use of > 3 antihyperten-
sive medications). Similar to our work, the group found higher
uncontrolled ambulatory SBP in severe OSA and noted that
patients with severe OSA reported greater use of medications
than those without severe OSA."> However, there were some
differences from the current study design and findings. For
example, we chose to take into consideration confounding by
cardiovascular comorbidity and smoking history, and perhaps
had increased study power to examine the subgroup-specific
relationships in the IAR group. Unlike our current study,
increased DBP was associated with severe OSA in the prior
study, which is potentially attributable to the differences in the
baseline characteristics of the two study samples. For example,
our study focused on patients with increased cardiovascular
risk factors, which include systolic hypertension,” or estab-
lished coronary heart disease, and were of an older age range
than the prior study.

A large randomized controlled trial designed to investigate
the effect of sleep apnea treatment on resistant hypertension
(BP > 130/80 mm Hg from 24-h ambulatory blood pressure
monitoring) in a group of participants who were of comparable
age, sex, and obesity in reference to the current study demon-
strated improvements in the mean arterial blood pressure, but
not systolic blood pressure, with continuous positive airway
pressure treatment compared to no sleep apnea treatment.” In
contrast to this trial, our study sample involved participants
with a higher prevalence of cardiovascular disease (> 50%
versus 21% in the aforementioned trial) and also had less severe
apnea. It is possible that the increased cardiovascular risk of our
study participants resulted in observation of a relationship of
severe OSA and SBP, a finding not observed in terms of OSA
treatment effect in the clinical trial.

Elevated SBP has implications as well. There has been a
continuous positive association of SBP and heart failure risk
shown in elderly patients with a SBP as low as < 115 mm
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Hg.* Control of SBP has translated into reduction in mortality,
stroke, and heart failure events.?>?* It has also been shown that
in patients with CVD or target organ damage, 9 patients would
require SBP reduction by 12 mm Hg over 10 years to prevent
one death.”’

There are several potential mechanisms that may explain
the association between resistant elevated BP and severe
OSA. Severe OSA may cause endothelial dysfunction, which
is primarily driven by OSA-associated intermittent hypoxia.?®
Observational data indicate that aldosterone excess could play
a role in the relation between the severity of OSA and in resis-
tant HTN.?*3! Increased sympathetic activity in patients with
OSA linked to increased chemoreflex drive is also thought
to be one of the contributory causes for HTN.*? In particular,
untreated OSA might reduce the effectiveness of antihyper-
tensive medications through pharmacokinetic or chronothera-
peutic effects, which may be activating a hypertensive pathway
that is more resistant to drugs. Alternatively, fatigue observed
in OSA patients could result in suboptimal medication adher-
ence. Of note, while use of CPAP therapy has been shown to be
effective in reducing blood pressure in untreated non-resistant
HTN and OSA, certain antihypertensive medication classes
have been observed to reduce blood pressure to an even more
pronounced degree.*® Although these data suggest that subop-
timal medication adherence may play a role in the interpreta-
tion of our findings, the extent of blood pressure response to
antihypertensive medication in OSA may be physiologically
blunted in the resistant HTN phenotype.

It is now accepted by many that ambulatory blood pres-
sure monitoring, as utilized in the current study, has greater
prognostic value than office BP measurements.***¢ In recently
published guidelines for the management of HTN, more strict
BP control during a 24-h period is identified for management of
high-risk hypertensive patients. Given the high prevalence of
resistant elevated BP in OSA, the use of ambulatory blood pres-
sure monitoring may be useful to this patient population as well.
Nevertheless, it is worth noting that results from the analyses
deriving BP indices from baseline resting values versus 24-h
ambulatory measures yielded consistent findings.

A key point to note is that this study considered a lower
blood pressure cutoff and also excluded those patients with
poorly controlled BP (> 170/110 mm Hg); therefore, our results
could underestimate the true association of severe OSA and
resistant blood pressure. Furthermore, patients enrolled in the
trial were under the care of cardiology subspecialists adhering
to national treatment guidelines. It is noteworthy that despite
the fact that many of these patients were on intensive antihy-
pertensive medication treatment, there appeared to be a signifi-
cant contribution of untreated severe OSA to resistance of BP
control using the BP cutoff of 130/80. These data suggest that
severe OSA contributes to poor BP control despite aggressive
medication usage.

Strengths of the study include the collection of data from
multiple clinical settings, thus enhancing generalizability. The
use of 24-h ambulatory blood pressure monitoring provided
information which has a prognostic value greater than spot
office BP measurements and is a better predictor of cardiovas-
cular risk. Standardized methods were also used for the collec-
tion of sleep and BP measures, which were scored by certified
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technicians using centralized reading and subject to quality
control procedures. We considered various confounding factors,
such as age, gender, race, BMI, cardiovascular risk factors, and
cardiovascular disease status.

The study also had a few limitations: in particular, subjects in
the study included those with moderate to severe OSA without
the ability to compare to those without sleep apnea or with
lesser degrees of sleep apnea. We could not assess whether indi-
viduals with mild to moderate sleep apnea were at increased
risk for elevated BP than individuals without OSA. Dosages of
the medications were not available, and the actual compliance
with the medications could not be determined. However, there
is no evidence to support that patients with severe OSA were
less compliant with medications.

Future investigations should focus on better understanding
the mechanisms such as baroreflex, autonomic, and aldosterone
levels on BP control in OSA, the effect of BP variability, and the
responses to specific pharmacological and other interventions.
Strategies to treat OSA in this subgroup should be strongly
considered, as improved control in BP could lead to decreased
cardiovascular morbidity and mortality. Rigorous trials are
needed to assess the effect of OSA treatment on control of BP
in individuals on [AR treatment.
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