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Study Objectives: Obstructive sleep apnea (OSA) is an independent risk factor for hypertension (HTN). Increasing evidence from animal and human studies
suggests that HTN exacerbates OSA. We performed a systematic review and meta-analysis of studies evaluating the effect of anti-hypertensive medications
on the severity of OSA.

Methods: A literature search of PubMed and Embase was done using search concepts of OSA, HTN, and drug classes used to treat HTN. Studies that
reported changes in the severity of OSA objectively by using apnea-hypopnea index (AHI) or respiratory disturbance index (RDI) were included. Pooled mean
difference estimates were calculated. Tests for heterogeneity, publication bias, and subgroup sensitivity analysis were conducted.

Results: Of 27,376 studies screened, only 11 met inclusion criteria, including 5 randomized controlled trials and 6 single-arm prospective trials. The pooled
mean difference estimate (95% confidence interval [Cl]), based on a random-effects model, was -5.69 (95% CI -10.74 to -0.65), consistent with an overall
decrease in AHI or RDI attributable to antihypertensive medications. The effect size was even more pronounced, -14.52 (95% CI -25.65 to -3.39), when only
studies using diuretics were analyzed. There was no significant heterogeneity or publication bias among the studies. Meta-regression indicated neither age,
baseline AHI, nor change in systolic/diastolic blood pressure influenced the results.

Conclusions: Collectively, findings from these relatively small, short-term studies tend to support the contention that treatment with antihypertensive agents
confers a statistically significant, albeit small, reduction in the severity of OSA, which may be more pronounced with the use of diuretics.
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INTRODUCTION

Hypertension (HTN) and obstructive sleep apnea (OSA) coex-
ist in millions of people and have been associated with heart
disease, stroke, and premature death.! The prevalence of HTN
has been increasing in the United States and is particularly
high in older adults, with up to 60% of those older than 60 y
and 90% of those in the eighth and ninth decades of life having
elevated blood pressure (BP).”> The causal relationship between
elevated BP and cardiovascular mortality appears consistent
across age groups, with those with elevated BP in every de-
cade of life at increased risk of death.®* OSA is present in 1
of 5 adults in the United States and is particularly common
among adults with HTN*?; 30% of patients with HTN and 80%
of those with resistant HTN exhibit significant OSA.°

OSA leads to repetitive episodes of hypercapnia, sleep dis-
ruption, hypoxemia, and activation of the sympathetic nervous
system, and in recent years the last two factors have been
strongly implicated as mechanisms contributing to the devel-
opment or worsening of HTN.” Prospective studies have dem-
onstrated that OSA has a causal relationship to cardiovascular
disease, including stroke, myocardial infarction, and conges-
tive heart failure, even after adjustment for obesity and other
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Increasing evidence
suggests that hypertension (HTN) exacerbates obstructive

sleep apnea (OSA). ltis thus plausible that intensive treatment

of HTN may improve OSA severity, either by volume control (by
promoting diuresis or suppressing aldosterone), stabilization of
upper airway muscles, or perhaps because of some direct effect of
antihypertensive medications

Study Impact: Out of more than 27,000 studies screened, only 11
evaluated the effect of antihypertensive treatment on objective OSA
severity, thus revealing a critical need for more research in this area.
Our meta-analysis suggests that treatment with antihypertensive
agents confers a statistically significant, albeit small, reduction

in the severity of OSA, which may be more pronounced with the
use of diuretics.

common potential confounders."* Additionally, OSA has been
shown to be independently associated with resistant HTN, one
compelling study found OSA was present in 83% of patients
with resistant HTN.® These findings have led national commit-
tees to consider OSA as a cause of HTN and, importantly, re-
sistant HTN.? Despite strong observational data relating OSA
to HTN, treatment of OSA with continuous positive airway
pressure (CPAP) has demonstrated only modest improvement
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Figure 1—Systematic literature: review process.

Total references retrieved: 27,376

(Embase: 19,945; Pubmed: 7,431)

Duplicates removed:
3,824

References screened: 23,552

References excluded as
not relevant to OSA and
HTN: 23,478

References for detailed evaluation:
74 References did not meet
eligibility criteria: 63

(Irrelevant to effect of
antihypertensive on 0SA: 45;
Did not use AHI/RDI for
assessing OSA: 10;

References fulfilled inclusion and
exclusion criteria: 11
Cross sectional studies: 5;

(5 randomized controlled trials, abstracts: 3)

6 single arm prospective studies)

Flow chart of study selection process. AHI, apnea-hypopnea index;
HTN, hypertension; OSA, obstructive sleep apnea; RCT, randomized
controlled trial; RDI, respiratory disturbance index.

in daytime BP in randomized controlled trials (RCT)" calling
into question whether the observed association between HTN
and OSA may in fact be bidirectional.

Hypothetically, intensive BP control may influence OSA by
stabilizing the upper airway, because genioglossus activity is ad-
versely affected by increases in BP."! Furthermore, there is mount-
ing evidence for the role of volume status in affecting the severity
of OSA. In part, these data consist of experimental manipulation
of volume or its distribution in normal subjects that demonstrate
changes in upper airway resistance, cross-sectional area, and
collapsibility in directions that would promote OSA when fluid
accumulates caudally,'>"* and similar effects in patients with re-
sistant HTN" and coexisting congestive heart failure and OSA
have been observed.”” Also compelling are comparisons between
dialysis techniques in patients with coexisting end-stage renal
disease (ESRD) and OSA; regimens that promote reduced vol-
ume status are associated with reductions in OSA severity'®!” and
a relationship has been reported between the degree of rostral
fluid shift during nighttime recumbency and OSA severity in pa-
tients with ESRD."® Lastly, emerging evidence suggests the role
of aldosterone excess, especially among resistant hypertensives,
in worsening OSA severity, likely by promoting fluid retention
and subsequent parapharyngeal edema.”

Clearly, antihypertensive therapy may have differing effects
on volume status, depending on the agent employed. However,
based on the increasing evidence suggesting that elevated
BP may play a role in the pathogenesis of OSA, it is at least
plausible that intensive treatment of HTN may bring about
improvement in the severity of the OSA, either by volume
control (either directly by promoting diuresis or suppressing
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aldosterone), stabilization of upper airway muscles, or perhaps
because of some direct effect of antihypertensive medications.
A handful of small RCTs and single-arm prospective studies,
each with methodological limitations, have investigated this
possibility. The aim of our study was therefore to conduct a
systematic review and meta-analysis to determine whether
these studies, analyzed as a whole, support an effect of anti-
hypertensive medications on OSA severity. Because existing
literature supports the association of nocturnal hypoxia with
cardiovascular outcomes,**?' we additionally evaluated the ef-
fect of antihypertensive medications on nocturnal oxygenation.

METHODS

Literature Search

Literature searches were done using the National Library of
Medicine’s PubMed search engine (http://www.ncbi.nlm.nih.
gov/pubmed/) and Elsevier B.V.’s Embase.com search engine
(http://www.embase.com). Search strategies were developed
by an experienced librarian (PW) and included the con-
cepts of HTN, antihypertensive classes, and sleep apnea (see
Appendix in the supplemental material). Additional sources
were identified from the reference lists of articles retrieved.
Searches were first run in May (PubMed) and December
(Embase.com) of 2012, revised and re-run in March 2013 and
subsequently in March 2014.

Study Eligibility and Selection

Two reviewers (MJ, KK) independently evaluated articles for eli-
gibility in a two-stage procedure. In the first stage, all identified
abstracts were reviewed. In the second stage, full texts of those
that met the inclusion criteria or those for which there was un-
certainty as to eligibility were independently reviewed by both
reviewers. Inclusion criteria consisted of (1) study population—
adults age 18 y or older with HTN; (2) intervention—use of anti-
hypertensive medications; (3) outcome—OSA severity measured
objectively and reported as apnea-hypopnea index (AHI, number
of events of apnea or hypopnea per hour of sleep) or respiratory
disturbance index (RDI, total number of apneas, hypopneas, and
respiratory effort-related arousals per hour of sleep). Studies with
primarily central sleep apnea as the outcome were excluded.?> %
Studies reporting OSA severity in any other unit of measure-
ment such as apnea index* or static charge-sensitive bed**?” or
oxygenation level were excluded; and (4) study design—RCTs
or prospective single arm studies. Cross-sectional studies were
excluded. Studies were eligible for inclusion whether published
or unpublished and irrespective of language. Studies on OSA due
to obesity—hypoventilation syndrome, high altitude sickness, or
involving surgery or benzodiazepines as an intervention, or in-
cluding children were excluded. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines for conduct
of systematic reviews were followed (Figure 1).

Data Extraction

Data from the final selected articles was abstracted indepen-
dently by two reviewers (KK, MJ) and verified by a third re-
viewer (JY). Means and standard deviations (SD) for the OSA
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Table 1—Characteristics of randomized controlled trials.

Baseline Posttherapy AHI
Author, Year Study Sample Age (y) BMI (kg/m?) | AHI or RDI? or RDI® Jadad
(location) Design Therapy Duration | Size, Sex | (mean+ SD) | (mean*SD) | (mean * SD) (mean * SD) Score
Bartel et al. 1997 Cross-over | a-Methyldopa 250 mg 6w 24 49.4 £ 10 33.1+£89 | 1.05(0,79.9) 1.05 (0, 94.2) 3
(South Africa) bid vs Not Vs
Amlodipine 5 mg/d reported 1.3(0, 84.5)
Grote et al. 2000 Parallel Cilazapril 2.5 mg/d 8d 54 50£1 32+07 514+£6.0 439+55 1
(Sweden)® Vs Al male Vs Vs
Placebo 456+5.2 40.7+3.7
Heitman et al. 2010 Parallel Nebivolol 5 mg/d 6w 31 50.1+8.2 29.7 6.1 23+9.2 279+21.2 5
(Germany) Vs 271 M4 F Vs Vs
Valsartan 80 mg/d 23.8+6.6 225+180
Kraiczi et al. 2000 Cross-over Atenolol 50 mg/d 6w 40 5697 295+3 391+£237 | -1.83(-74,+3.7) 4
(Sweden)© Amlodipine 5 mg/d All male 46.0+244 | -59(-12.2,+0.3)
Enalapril 20 mg/d 4141343 | -15(-58, +2.5)
HCTZ 25 mg/d 432 +35.1 -2.2(-9.0, +4.6)
Losartan 50 mg/d 416+26.2 | +5.3(-2.1,+12.7)
Planes et al. 1999 Cross-over | Celiprolol 200 mg/d 21d 50+28 332+23 Not reported 48+ 8 1
(France) Vs Not Vs
Placebo reported 53+8

2Bartel et al. reported values for RDI in terms of median (range), whereas all others reported as mean + SD. ?Baseline and posttherapy total RDI was
calculated using reported RDI and duration for rapid eye movement and nonrapid eye movement sleep. °Reported mean change (95% confidence interval)
in AHI posttherapy. AHI, apnea-hypopnea index; bid, twice a day; BMI, body mass index; HCTZ, hydrochlorothiazide; RDI, respiratory disturbance index;

SD, standard deviation.

outcomes were extracted from preintervention and postinterven-
tion assessments. Medians were used to impute missing means

and range/4 to impute missing SD**% as prescribed in the meta-
analysis literature.’® A within-subject correlation of 0.4 was as-
sumed between pre-post outcome measurements to approximate

the SD of pre-post differences if not reported. The severity of
sleep apnea was reported as RDI in two trials>** and AHI in the

rest of the trials. Two trials reported posttreatment AHI or RDI

for rapid eye movement (REM) and non-REM sleep separately;

however, sufficient information was available to allow for com-
putation of AHI or RDI based on total sleep time, which was

then used in subsequent analyses.>** There were large inconsis-
tencies in the measures of nocturnal oxygenation used across the

studies. Of the 11 studies that reported prenocturnal and post-
nocturnal oxygenation measurement values, 7 reported lowest

oxygen saturation®*?%2*334 and 4 reported mean oxygen satura-
tion,*>?%323 but only 3 reported oxygen desaturation index?>%3*

and only 2 reported hypoxic index.*>*¢ Given the extent of miss-
ing data for these variables, we limited further analysis to the

two variables with most complete data: lowest oxygen saturation

and mean oxygen saturation. Mean and standard deviation (SD)

for change in systolic and diastolic blood pressure was extracted

using office/in-hospital BP measurements for all but one study,*

in which only ambulatory BP data were reported. Study quality

for RCTs using Jadad scoring guidelines was assessed indepen-
dently by two reviewers (KK, MJ)."’

Statistical Analysis

Both fixed- and random-effects models were used. We used
the maximum likelihood method to estimate the between study
variance (%) in the random-effects model. Forest plots were con-
structed to show the estimates and 95% confidence intervals (CI)
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for individual study and the summary effect sizes. We assessed
heterogeneity in the effect sizes via a formal Q-statistic and
quantification heterogeneity metric (I?), and visually through
forest plots. Exploratory meta-regression analysis was done us-
ing study-specific covariates including age, baseline AHI, and
systolic/diastolic BP. We also conducted a leave-one-out method
sensitivity analysis, whereby we re-ran the meta-analysis itera-
tively, removing studies one by one, to identify suspected outli-
ers. To investigate publication bias, we constructed funnel plots
and tested for asymmetry using the Egger regression test**and
the trim and fill method.* All statistical analyses were carried
out in R (version 13.1) using the metafor package (http:/www.
jstatsoft.org/v36/i03/ and http:/www.R-project.org/).

RESULTS

Characteristics of Included Studies

Our search resulted in 11 studies with total of 299 subjects
that met our inclusion and exclusion criteria. Of these, five
were RCTs and six were prospective single arm trials. De-
tails of individual studies are presented in Table 1 (RCTs) and
Table 2 (single-arm prospective trials). Of the five RCTs, three
had a crossover design®**3* and two had parallel designs.>*
Two of the RCTs were placebo controlled®3* whereas the other
three were double blind.?®%-% Apart from the study by Heit-
mann et al., the trials were generally of poor quality. Of the
six single-arm prospective studies, two were done using ac-
etazolamide.”>¥' Although acetazolamide is an antihyperten-
sive agent, it was primarily used as a respiratory stimulant in
these studies. Thus, these studies were excluded from the main
analysis, but included in sensitivity analyses.

Journal of Clinical Sleep Medicine, Vol. 12, No. 8, 2016
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Table 2—Characteristics of single arm prospective studies.

Baseline AHI Posttherapy

Author, Year Sample Size, Age (y) BMI (kg/m?) or RDI AHl or RDI
(location) Therapy Duration Sex (mean * SD) (mean * SD) (mean * SD) (mean * SD)
Bucca et al. 2007 Furosemide 20 mg iv 3 days 15 57+4 41517 74.89 £ 6.95 5717 +54
(Italy) + 10M/5F

Spironolactone 100 mg bid
Edwards et al. 2012 Acetazolamide 500 mg bid 7 days 13 50+2 342+19 489+53 244+£93
(USA)? Not reported
Gaddam et al. 2010 Spironolactone 25-50 mg/d 8 weeks 12 56.5+6.5 36.8+6.8 39.8+£19.5 220+6.8
(USA) + TMI5F

Baseline thiazide (dose n/a)
Inoue et al. 1999 Acetazolamide 351.2 mg/d 39.5 days 75 55.2 25.6 211+£174 191+£173
(Japan) 66 M/9 F
Kasai et al. 2014 Metolazone 2.5-5 mg/d 2 weeks 16 60.0£10.9 33457 57.7+£33.0 48.5+28.2
(USA) + 1M M/5F

Spironolactone 25-50 mg/d
Walsh et al. 1995 Captopril 75 mg/d 1 month 12 637 Not reported 357 205
(UK) MMAF

2Baseline and post therapy total AHI was calculated using reported AHI and duration for REM and NREM sleep. AHI, apnea-hypopnea index; bid, twice a
day; iv, intravenously; RDI, respiratory disturbance index; SD, standard deviation.

The studies varied in the duration of follow-up from 3 to
56 days. Different anti-hypertensive drug classes were used
in the trials, including renin-angiotensin-aldosterone system
inhibitors, beta-blockers, diuretics, calcium channel blockers,
and ganglion blockers. The trials also differed in terms of the
patient populations enrolled. The sample size ranged from 7 to
75 subjects. Among the studies that reported sex of the partici-
pants, only 11.8% (n = 29) were females and race was reported
only by Gaddam et al.*® (six white, six black). There were three
studies>?**¢ that confined enrollment to patients with severe
OSA (AHI > 30) whereas others included a full range of mild
to severe OSA. Of note, in the trial conducted by Bartel et al.,®
all but one participant had RDI < 20 with a median RDI (1.05
events/h) that was normal at baseline.

Main Outcomes

Initially, a fixed-effects model was used to estimate the effect
of antihypertensive medications on change in severity of OSA.
The pooled estimate (95% CI) of mean differences in AHI of
was —5.69 (—10.74, —0.65), which was same using the random-
effects model (Figure 2). No evidence of heterogeneity was
found (Q =5.75, p=0.97; 1> = 0%). Because the study by Bartel
et al.?® mostly included patients without OSA, we conducted
additional analysis excluding this study. This revealed simi-
lar results with the effect size - pooled estimate of mean dif-
ference in AHI being —5.84 [-10.94, —0.74] in both fixed- and
random-effects models. All the aforementioned analytic meth-
ods support a finding that antihypertensive medications, as a
general class, may have a modest clinically meaningful effect
in improving OSA severity.

Effect of Diuretics on Change in OSA Severity

Because volume overload, rostral fluid shifts, and upper air-
way edema may play a role in OSA severity, we analyzed the
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change in AHI preintervention and postintervention in the
four studies that used diuretics (Figure 3). The random-effects
model pooled estimate of effect size (95% CI) in these studies
was —14.52 (—25.65, —3.39) indicating that there was significant
improvement from the use of diuretics in OSA severity. Nota-
bly, the total number of subjects for this analysis was only 57,
thus the wide Cls.

Effect of Age and Baseline OSA Severity

An exploratory meta-regression was performed using a ran-
dom-effects model with study mean age and mean baseline
AHI or RDI values as moderators in order to identify if the
effect of antihypertensives on mean change in AHI varied by
age or baseline OSA severity. Omnibus testing (QM = 1.20,
p = 0.55) indicated that neither age nor initial AHI or RDI in-
fluenced the impact of antihypertensives on OSA severity.

Effect of Change in Blood Pressure

We further examined if there was any relation in the amount
of blood pressure reduction by antihypertensive treatment and
the effect size on OSA severity. All but one study reported
preintervention and postintervention BP.** The mean change
in systolic BP was —5.53 (=10.29, —0.76) and diastolic BP was
—4.34 (-7.07, —1.61). Meta-regression results indicated that nei-
ther systolic nor diastolic BP change had any significant in-
fluence on the effect of antihypertensives on mean change in
AHI (Omnibus QM = 0.90, p = 0.34 and QM = 0.80, p = 0.37,
respectively).

Effect of Antihypertensive Treatment on Nocturnal
Oxygenation

There was no significant effect of antihypertensive treatment
on lowest nocturnal oxygenation saturation. The pooled esti-
mate (95% CI) of mean differences in lowest oxygen saturation
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Figure 2—Forest plot of effect of antihypertensive treatment on change in severity of obstructive sleep apnea (mean change in

apnea-hypopnea index).

Author, Year (Therapy)

MD [95% CI]

Walsh, 1995 (Captopril) -9.00[-21.79, 3.79]
Bartel, 1997 (a—methyldopa ) ; 0.00[-47.09,47.09]
Bartel, 1997 (amlodipine) § 0.25[-43.91,44.41]
Planes, 1998 (Celiprolol) —a— -5.00[-22.18,12.18 ]
Grote, 2000 (cilazapril) —l— -2.61[-13.82, 8.61]
Kraiczi, 2000 (Atenolol) —— -1.83[-22.67, 19.01]
Kraiczi, 2000 (Amlodipine) —e— -5.90[-29.47 ,17.67 ]
Kraiczi, 2000 (Enalapril) —— -1.50[-17.90, 14.90]
Kraiczi, 2000 (Hydrochlorothiazide) —— -2.20[-27.64 ,23.24 ]
Kraiczi, 2000 (Losartan) —— 5.30[-23.36 , 33.96 ]
Bucca, 2007 (Furosemide+Spironolactone) — -17.72[-31.22 ,-4.22]
Gaddam, 2010 (Spironolactone+Thiazide) —_ -17.80[-52.88,17.28 ]
Heitmann, 2010 (Nebivolol) —a— 0.80[-16.69, 18.29 ]
Heitmann, 2010 (Valsartan) : -5.40[-47.81,37.01]
Kasai, 2014 (Metolazone+Spironolactone) -9.20[-75.37 ,56.97 ]
RE Model - -5.69[-10.74,-0.65
| | T | |
-100.00 -50.00 0.00 50.00 100.00

Mean Differences

The effect size estimate is given for each study expressed in terms of mean differences (MD), with the corresponding 95% confidence internal (Cl) indicated

by the error bars. The pooled estimate is shown according to the random-effects (RE) model.

Figure 3—Forest plot of effect of diuretic treatment on change in severity of obstructive sleep apnea (mean change in apnea-

hypopnea index).

Author, Year (Therapy)

MD [95% CI]

Kraiczi, 2000 (Hydrochlorothiazide) ; -2.20[-27.64,23.24]
Bucca, 2007 (Furosemide+Spironolactone) r—l—4 -17.72[-31.22,-4.22]
Gaddam, 2010 (Spironolactone+Thiazide) »—-——| -17.80[-52.88,17.28 ]
Kasai, 2014 (Metolazone+Spironolactone) -9.20[-75.37,56.97 ]
RE Model - ~14.52[-25.65,-3.39]
| l | | | 1
-75.00 -25.00 25.00

Mean Differences

The effect size estimate is given for each study expressed in terms of mean differences (MD), with the corresponding 95% confidence internal (Cl) indicated

by the error bars. The pooled estimate is shown according to the random- effects (RE) model.
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was 2.01 (—0.72, 4.73), using both the fixed- and random-effects
models. However, there was a statistically significant increase
in the mean nocturnal oxygenation saturation after antihyper-
tensive treatment, although the magnitude was very small and
not likely to be clinically meaningful (pooled estimate [95%
CI] of mean differences 1.19 (0.39, 1.99) using the random ef-
fects model). For all these models, there was no evidence of
heterogeneity or publication bias

Publication Bias

The regression test for funnel plot asymmetry was not signifi-
cant (z = 0.42, p = 0.68), indicating low likelihood of publica-
tion bias (Figure S1 in the supplemental material). This finding
was supported by the application of Trim and Fill method,
which estimated the number of missing NULL studies.

Sensitivity Analyses

Because in addition to its action as a respiratory stimulant ac-
etazolamide may cause reduction in OSA severity due to its
antihypertensive effect, we conducted sensitivity analyses by
including two studies that used acetazolamide.?**' The random-
effects model pooled effect size (95% CI) showed even further
decrease in mean change in AHI at —7.23 (-12.02, —2.43) in-
dicating that there was a significant and clinically meaning-
ful reduction in OSA severity (Figure S2 in the supplemental
material). We also conducted sensitivity analysis for the ef-
fect on nocturnal oxygenation by excluding these studies. The
pooled effect on lowest nocturnal oxygenation remained statis-
tically insignificant. Moreover, the pooled estimate (95% CI)
of mean differences in mean oxygen saturation was no longer
significant and was 0.24 (—1.38, 1.85) using both the fixed- and
random-effects models, with no evidence of heterogeneity or
publication bias.

Most studies included in the analysis reported AHI whereas
two reported RDIL.>*® Raw mean differences of the measured
RDI or AHI were used in the primary analysis. However, to
account for the possibility that these two measures could have
different variability, we also conducted a meta-analysis using
standardized mean differences. Hedges g was calculated for
each study and used as an effect size measure. The fixed-model
effect size for standardized mean change in AHI was —0.53
(—=0.73, —0.33) and random-model effect size was —1.46 (-2.52,

—0.40) (data not shown). These results, although statistically
significant, are not clinically meaningful, and thus very similar
to the primary analysis results.

DISCUSSION

In this study, we systematically reviewed and conducted a
meta-analysis of data from RCTs as well as prospective single-
arm trials to quantify the effects of antihypertensive medica-
tions on the severity of OSA. Of more than 27,000 abstracts
that were screened, only 11 studies (including only 5 RCTs),
met the inclusion criteria, highlighting the dearth of evidence
in this area. Altogether, the results revealed that there is a de-
crease in AHI or RDI after treatment with antihypertensive
medications, which reached statistical significance but with a
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magnitude that may not be clinically significant. This effect
was more pronounced in studies using diuretics. Subject age,
baseline AHI or RDI, or change in systolic or diastolic BP did
not seem to play a role in the degree of improvement in OSA
severity. There was no clinically meaningful improvement in
nocturnal oxygenation after antihypertensive treatment.

The trials varied in their use of antihypertensive medica-
tion class, dose, and the number of drugs prescribed. The du-
ration of intervention was not uniform, and the participants
varied in terms of age, sex, and OSA severity. Females and
minority racial/ethnic groups were severely underrepresented,
the subjects studied were almost exclusively Caucasian men.
The quality of RCTs was low, largely due to inadequate de-
scription of randomization methods, small sample size, and
subject dropout.

The mechanisms by which antihypertensive medications
may affect severity of OSA are poorly understood. We view
the mounting evidence relating volume overload in ESRD to
OSA as a model for this novel mechanism in the larger popula-
tion of those with HTN and OSA.'%'®3? In healthy subjects, fluid
displacement from the legs by application of lower body posi-
tive pressure has been shown to increase neck circumference
and upper airway airflow resistance and collapsibility, and re-
duce upper airway caliber.* In a study of 12 patients with OSA
and chronic venous insufficiency, compression stockings were
used to minimize the reservoir of fluid available for redistribu-
tion and reduced the severity of OSA by 36%, supporting the
proposition that displacement of fluid from the legs to the neck
exacerbates OSA.* In a study of 25 patients with resistant HTN,
increased rostral fluid redistribution was significantly associ-
ated with more severe OSA.'* However, Jafari and Mohsenin*?
reported on obese subjects with and without OSA who did not
exhibit worsening of their AHI or RDI during the course of the
night despite significant rostral fluid shifts. For methodological
reasons, these investigators did not include OSA severity dur-
ing REM sleep in their analysis. We believe changes in upper
airway characteristics from fluid shifts would be expected to
have a more profound effect on OSA severity during this sleep
state. This is because the tone of the dilator muscles respon-
sible for maintaining upper airway patency is reduced more
in REM sleep than in non-REM sleep due to the phenomena
of REM-related skeletal muscle hypotonia.*® More recently,
lower fluid overload after hemodialysis has been shown to be
correlated with lower obstructive AHI* thus suggesting fluid
overload as a possible mechanism in pathogenesis of OSA. In
fact, improved ultrafiltration by nocturnal hemodialysis or
continuous peritoneal ambulatory dialysis has been shown to
improve OSA severity."* In nondialysis-dependent hyperten-
sive patients, the plasma and extracellular fluid volume usually
decreases by 10% to 12% in the initial few weeks of treatment
with diuretics, which may potentially improve OSA severity.
However, evidence supporting this is limited. We found a more
pronounced clinically meaningful improvement in AHI sever-
ity when analyzing studies using diuretics only, thus again re-
inforcing the role of volume overload in OSA.

In patients with resistant hypertension, growing evidence
suggests that aldosterone excess contributes to greater sever-
ity of OSA by promoting fluid retention, and subsequently
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parapharyngeal edema.'”*¢ Patients with resistant hypertension
have been shown to have higher aldosterone levels and intravas-
cular volume expansion, as compared to controls.*” Thus, treat-
ment with aldosterone blockers, such as spironolactone, may
improve OSA severity.?>¥3 However, the evidence supporting
this is limited by nonrandomized observational study designs.

Evidence also suggests a role of sympathetic tone on OSA
severity. A recent meta-analysis showed renal sympathetic
denervation was associated with a significant reduction in
mean AHI [mean difference —9.61 (95% CI —15.43 to —3.79),
p = 0.001] 6 month postdenervation.”® It is hypothesized that
denervation reduces salt avidity and perhaps affects venous ca-
pacitance and blood pooling, thereby reducing peripharyngeal
fluid accumulation and OSA severity. However, these results
are based on observational data from only 5 studies and 49
patients, and warrant further investigation.

Hypertension may negatively affect upper airway muscle
tone. Acute increases in systolic BP have an inhibitory effect
on upper airway muscles in sleeping intact cats,” decerebrate
cats,” and anesthetized dogs,” and if confirmed in humans
could represent a mechanism by which uncontrolled BP could
worsen OSA. In fact, Garpestad et al."" demonstrated in five
young adult men who were screened to be free of sleep dis-
orders that when the patients were awake, mean genioglossal
electromyography activity decreased with higher mean arte-
rial pressure. However, average upper airway resistance (R,,)
remained unchanged when Wilson et al.** acutely increased BP
in nine sleeping young adults without sleep apnea, although
R,. did increase further in those with higher baseline values.
Thus, individuals with preexisting upper airway attributes that
put them at risk for OSA may have that risk amplified with the
development of HTN.

The strengths of our study include its methodology, broad
search strategy using multiple search engines, and use of rigor-
ous methods to account for heterogeneity and publication bias.
Only those trials that used objective measures of OSA sever-
ity derived from overnight polysomnography rather than from
static charge-sensitive bed or pulse oximetry were included.
Inclusion of non-English articles and unpublished studies was
done in order to decrease bias. Our limitations are primarily
due to the generally poor quality of the studies that met inclu-
sion criteria. However, despite the methodological limitations
of these studies, to the best of our knowledge, this is the only
evidence are available in the literature on this topic. Consider-
ing the strength of the observed association and robust statis-
tical parameters, such as lack of heterogeneity or publication
bias, it may be reasonable to consider our study hypothesis
generating and warranting further research in this area. In ad-
dition, although we did subgroup analysis of only those stud-
ies including diuretics, our conclusions are limited due to the
small number of subjects in these studies and lack of objective
measures of volume status such as bioimpedance analysis.

CONCLUSIONS

Because OSA and HTN coexist in a population numbered in
the millions, innovative treatment approaches that treat the
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interactions between these two entities could profoundly af-
fect the health and well-being of these patients. It is evident
from these small, short-term follow-up studies that there is a
beneficial effect of antihypertensive medications on sleep ap-
nea severity, although this effect may or may not prove to be
clinically important. If intensive BP control improves OSA
in patients with HTN, then treatment of sleep apnea in these
individuals could include greater efforts at BP control in ad-
dition to using positive airway pressure or other modalities
such as oral appliances or surgery. Larger studies with lon-
ger follow-up and that inclusion of minorities and women are
surely warranted to increase our understanding of the effect of
BP treatment and individual antihypertensive medication class
on OSA severity. Moreover, one population particularly stands
out as potentially benefiting from such research: patients with
chronic kidney disease experience a four times higher inci-
dence of OSA than the general population® and the prevalence
of HTN in these individuals is virtually a given.

ABBREVIATIONS

OSA, obstructive sleep apnea
HTN, hypertension

AHI, apnea-hypopnea index

RDI, respiratory disturbance index
CI, confidence interval

BP, blood pressure

CPAP, continuous positive airway pressure
RCT, randomized controlled trials
ESRD, end-stage renal disease
REM, rapid eye movement

SD, standard deviation
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