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African Americans have a high prevalence of hyperten-
sion and cardiovascular comorbidities.1 Hypertension 
is more common among African Americans compared 
with Caucasians.2 Moreover, hypertension among African 
Americans may be more resistant to treatment, requiring 

either higher medication dosages or alternative drug class 
combinations, compared with Caucasians.3,4

Resistant hypertension is defined as blood pressure (BP) 
that is uncontrolled despite being onthree optimally dosed 
antihypertensive medications of different classes including 
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a long-acting calcium channel blocker (CCB), a renin–an-
giotensin system blocker, and a diuretic. The definition 
also includes the patients who achieve target BP on ≥4 
antihypertensive medications.5 Obstructive sleep apnea 
(OSA) is an independent risk factor for hypertension and 
associated cardiovascular disease.6,7 Based on previous 
studies, racial differences in OSA may explain why African 
Americans have a higher prevalence of resistant hyperten-
sion than Caucasians.

Specifically, previous studies have shown that resistant hy-
pertension is associated with a greater risk of OSA compared 
with less severe hypertension8; and African Americans 
have more frequent symptoms associated with OSA and 
more severe sleep-disordered breathing compared with 
Caucasians.9–13 The mechanism of resistant hypertension 
involving OSA may be that OSA serves to activate the renin–
angiotensin–aldosterone system (RAAS) via increased 
sympathetic activity due to repetitive hypoxemia and hyper-
capnia during episodes of apnea.14 The activation of RAAS 
results in aldosterone secretion, which is mediated by the re-
lease of renin into the blood which converts angiotensin I to 
angiotensin II.

Studies have shown that patients with OSA and hyper-
tension had higher angiotensin II and aldosterone levels 
compared with patients without OSA or hypertension; 
hyperaldosteronism was associated with resistant hyper-
tension.15–17 Aldosterone level was also shown to correlate 
with OSA severity in subjects with resistant hypertension.18 
However, some studies did not confirm these associations.19,20

The purpose of this study is to investigate if aldosterone 
level and hypertension status differ by risks for OSA and 
how aldosterone level varies with hypertension severity and 
control among African Americans.

METHODS

Study population

The Jackson Heart Study (JHS) is an observational study 
of African Americans from Jackson, Mississippi. Its pur-
pose is to study cardiovascular disease among African 
Americans and address health disparities experienced by 
this population. The study design and process of recruit-
ment were described elsewhere.21,22 Participants were 
noninstitutionalized African Americans adults who were 
21–94  years old. Between 2000 and 2004, 5,306 African 
Americans were enrolled. Participants completed baseline 
questionnaires and physical examinations at the time of 
enrollment.

A cross-sectional analysis of baseline data was performed 
to examine the relationship between risks for OSA, hyper-
tension, and aldosterone level. Participants included in the 
analytic sample were those who answered all of the modified 
Berlin questionnaire for OSA,23 had aldosterone measured, 
and had all necessary covariate information at the baseline 
visit. Of the abovementioned 5,306 African Americans, 254 
(4.79%) were excluded from the analytic sample—186 were 
excluded due to missing data (age, gender, systolic or dias-
tolic BP, aldosterone measurements, or any OSA screening 

question), and 68 were excluded due to being prescribed 
a mineralocorticoid receptor antagonist which may sub-
stantially vary aldosterone levels. Those who were taking 
angiotensin-converting enzyme (ACE) inhibitor or angio-
tensin receptor blocker (ARB) were not excluded because 
these medications only exhibit a minor effect on aldosterone 
level,24 and as will be discussed later, African Americans 
have a low renin state.

The JHS adhered to the guidelines set forth by the 
Declaration of Helsinki and was approved by institutional 
review boards of participating institutions. All participants 
provided written informed consent.

Exposures

Risks for obstructive sleep apnea  Obesity, loud snoring, 
breathing cessation during sleep (apnea), daytime sleepi-
ness, unrefreshing sleep, and sleepiness while driving predict 
OSA.11,23 Obesity was defined as having a body mass index 
(BMI) ≥30 kg/m2.25 Continuous BMI was categorized into a 
binary variable, indicating the presence or absence of obe-
sity. Loud snoring, breathing cessation during sleep (apnea), 
daytime sleepiness, unrefreshing sleep, and sleepiness while 
driving were evaluated based on responses to the following 
statements: “You are told that you snore loudly and bother 
others.”; “You are told that you stop breathing (‘hold your 
breath’) in sleep.”; “You fall asleep during the day, particu-
larly when not busy”; “You are tired after sleeping”; and “You 
feel sleepy or fall asleep while driving.”, respectively. The re-
sponse options for all 5 statements were categorized into 
2 groups. Participants who answered “Never” or “Seldom” 
were categorized as not having the risk factor. Those who 
answered “Sometimes,” “Often,” or “Almost always” were 
categorized as having the risk factor.

A surrogate measurement for OSA using a “risk score” 
was created based on factors that are strongly associated with 
OSA. The risk score include the following risk factors: BMI 
≥ 30 kg/m2, loud snoring ≥ “sometimes,” presence of apnea 
during sleep ≥ “sometimes,” daytime sleepiness ≥ “some-
times,” unrefreshing sleep ≥ “sometimes,” and falling asleep 
while driving ≥ “sometimes.” A summary score, expressed 
as a dummy variable, was determined based on the presence 
or absence of these 6 risk factors (0 = no risk factors, 1 = one 
risk factor, etc.). The minimum score was 0, and the max-
imum score was 6.

Hypertension  The diagnosis of nonresistant hyper-
tension (henceforth called hypertension) or resistant hy-
pertension was defined based on the number and type 
of antihypertensive medications a participant was taking 
at the baseline visit. Participants brought with them 
antihypertensive medications that they have taken in the past 
2 weeks. The medication names were transcribed and coded 
by a pharmacist. Medication classes included alpha-receptor 
blocker, ACE inhibitor, ARB, beta-receptor blocker, calcium 
channel blocker, thiazide, loop, and potassium-sparing diu-
retic excluding mineralocorticoid receptor antagonist, and 
miscellaneous agents (vasodilator, central-acting agents, and 
others).
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Hypertension was categorized based on the Seventh 
Report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure 
(JNC 7).26 Systolic and diastolic BPs were recorded as means 
of 2 readings.27 A cutoff of ≥140/90 mm Hg was used to in-
dicate presence of hypertension or uncontrolled hyperten-
sion in those who were taking antihypertensive medications. 
Hypertension and resistant hypertension are defined based 
on the number of antihypertensive medications and BP con-
trol. A 5-level variable was used to examine the relationship 
between categories of hypertension, risks for OSA, and al-
dosterone level. The levels are defined as follows:

	•	 No hypertension—no antihypertensive medications and 
BP <140/90 mm Hg.

	•	 Controlled hypertension—3 or fewer medications and BP 
<140/90 mm Hg.

	•	 Uncontrolled hypertension—no medications or fewer 
than 3 medications along with BP ≥140/90 mm Hg.

	•	 Controlled resistant hypertension—4 or more medications 
and BP <140/90 mm Hg.

	•	 Uncontrolled resistant hypertension—3 or more 
medications and BP ≥140/90 mm Hg.

Outcomes

Aldosterone  Aldosterone level was collected at the base-
line visit between 2000 and 2004. Fasting blood samples were 
drawn and then separated into plasma and serum by sed-
imentation in a refrigerated centrifuge. The blood samples 
were sent to University of Minnesota’s central laboratories 
for storage. Radioimmunoassay was used to measure serum 
aldosterone (ng/dl).21,28 Aldosterone level was analyzed as a 
continuous variable.

Hypertension  The abovementioned 5-level hyperten-
sion variable was used to examine the relationship between 
risks for OSA and distinct categories of hypertension.

Covariates  Covariates included baseline age and gender 
which have previously been shown to be associated with 
OSA and the renin–angiotensin–aldosterone system.29–31 
Age was considered as a continuous variable. Gender was 
categorized as a binary variable (male vs. female) based on 
self-report.

Statistical analysis

In univariable analyses, descriptive statistics were used to 
examine the distribution of the exposures, outcomes, and 
covariates at baseline. Continuous variables that followed 
a normal distribution were presented as means with their 
respective SDs. Continuous variables that did not follow a 
normal distribution were presented as medians with their 
respective interquartile ranges. Categorical variables were 
presented as counts and percentages. For bivariable analyses, 
analysis of variance (ANOVA) and χ 2 tests were used to ex-
amine relationships between risks for OSA and normally 
distributed continuous variables and categorical variables. 

For nonnormally distributed continuous variables, Kruskal–
Wallis tests were used.

Unadjusted and adjusted linear and multinomial lo-
gistic regression models were used to examine relationships 
between risks for OSA, hypertension, and aldosterone. 
Adjusted models accounted for potential confounders based 
on a directed acyclic graph (Figure 1). First, unadjusted 
and adjusted linear regression models were fit to examine 
the relationship between risks for OSA (risk score) and log-
aldosterone level. Second, unadjusted and adjusted multino-
mial logistic regression models were fit to examine the odds 
of having one of the categories of hypertension compared 
with not having hypertension as a function of the risk score. 
Finally, unadjusted and adjusted linear regression models 
were fit to examine the relationship between the categories of 
hypertension and log-aldosterone level. To assess improve-
ment in model fit, adjusted linear and logistic regression 
models that used restricted cubic spline transformation vs. 
linear terms to control for continuous potential confounders 
were compared.32

Logistic regression was used to further delineate which 
risk for OSA in the risk score specifically contribute most 
to aldosterone level. The adjusted model accounted for each 
risk for OSA along with age and gender. A Forest plot of the 
regression estimate for each risk for OSA was constructed.

In the group with uncontrolled hypertension, there may 
be misclassification of participants who were hyperten-
sive on presentation but not on any medications. Elevation 
of BP may be due to white-coat hypertension or other 
nonchronic presentations, such as heavy exertion prior to 
the visit. Therefore, a sensitivity analysis was performed to 
examine the impact of the aforementioned misclassification. 
Participants in the uncontrolled hypertension group who 
had BP readings of ≥140/90  mm Hg were reclassified as 
having no hypertension. The previously described modeling 
was then repeated as part of sensitivity analyses. All statis-
tical analyses were performed using SAS, version 9.4 with an 
α = 0.05 (SAS Institute, Cary, NC).

RESULTS

Univariable analyses

Characteristics of the study population at baseline are 
presented in Table 1. The median (interquartile range) al-
dosterone concentration was 4.30 (4.50) ng/dl. The study 

Figure 1.  Direct acyclic graph (DAG) representing hypothesized 
relationships between risks for obstructive sleep apnea (OSA), hyperten-
sion, and aldosterone.
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population had a mean (SD) age of 55 (12.83) years and 
consisted primarily of females (63.06%). In relation to the 
risks for OSA, approximately half of the population was 
obese and reported loud snoring and daytime sleepiness. 
Notably, subjects reported having the following: apneas 
during sleep (9.16%), unrefreshing sleep (35.10%), and 
falling asleep while driving (14.31%).

The prevalence of hypertension was approximately 60%. 
Of the participants who had hypertension, 29.1% had 
controlled hypertension and 25.9% had uncontrolled hyper-
tension. Of note, a small proportion of participants had re-
sistant hypertension (5.6%).

Bivariable analyses

As shown in Table 1, across the risk score, participants 
with more risks for OSA were younger. The distribution of 
gender was not similar among the groups. In those with 
risk score ≥2, about 30% have controlled hypertension, 
25%–30% have uncontrolled hypertension, and 6%–15% 
have resistant hypertension. The prevalence of hypertension 
and resistant hypertension appeared higher in those with 
risks for OSA compared with no risks. Aldosterone level was 
also higher in those with a greater risk score compared with 
having no risks.

Contribution of each risk for OSA to aldosterone level and 
resistant hypertension

Risks for OSA in the score are presented as the absolute 
number of risks present. The contribution of each risk for 
OSA to the subsequent analyses is presented in Figure 2. 
Obesity (OR 1.51, 95% CI 1.32–1.73) and witnessed apneas 
(OR 1.25, 95% CI 1.002–1.56) contributed most to the al-
dosterone level adjusting for each risk, age, and gender while 
only obesity contributed most to resistant hypertension.

Adjusted analyses—risks for OSA and aldosterone level

The relationship between risks for OSA and log-
aldosterone level is presented in Table 2. Adjusting for 
age and gender, log-aldosterone level remained higher in 
participants with risks for OSA compared with those without 
risks. Log-aldosterone level incrementally increased with 
each additional risk for OSA and was the highest in those 
with the highest risk score (P-trend 0.049).

Adjusted analyses—risks for OSA and hypertension

The relationship between risks for OSA and hyperten-
sion is presented in Table 3. The results indicated that the 

Figure 2.  Adjusted odds ratio (95% CI) for specific risks for obstructive sleep apnea (OSA) and highest quartile of aldosterone (a) and resistant hyper-
tension (b).

Table 2.  Linear regression models of risks for obstructive sleep apnea (OSA) (risk score) and log-aldosterone level

Exposure Unadjusted model Adjusted modela

Risk score Log-aldosterone Confidence interval P-trend Log-aldosterone Confidence interval P-trend 

0 1.40 1.35–1.46 0.040 1.40 1.35–1.45 0.049

1 1.49 1.45–1.52  1.49 1.45–1.52  

2 1.50 1.47–1.54  1.50 1.47–1.54  

3 1.54 1.50–1.58  1.54 1.50–1.58  

4 1.52 1.47–1.58  1.52 1.47–1.58  

5 1.65 1.55–1.74  1.64 1.55–1.73  

6 1.61 1.43–1.80  1.61 1.42–1.79  

aModel adjusted for age and gender.
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odds of having hypertension or resistant hypertension 
compared with not having hypertension increased with 
each additional risk for OSA compared with no risks after 
adjusting for age and gender. For example, comparing a 
risk score of 1 to no risks, the odds ratios for having un-
controlled hypertension or resistant hypertension to not 
having hypertension ranged from 1.5 to 2 in both the un-
adjusted and adjusted models. In the adjusted model, those 
with a risk score of 4–5 compared with those without risks 
had approximately 3–7 times the odds of having uncon-
trolled hypertension or resistant hypertension compared 
with not having hypertension. The odds of having uncon-
trolled hypertension or resistant hypertension in those 
with a risk score of 6 compared with those without risks 
were approximately 3 and 18 times higher, respectively, 

compared with the odds of not having hypertension. There 
was a dose-response increase in odds of having hyperten-
sion or resistant hypertension with increasing risk score 
(P-trend <0.001).

Adjusted analyses—association of hypertension and 
aldosterone level

The relationship between hypertension and aldosterone 
level is presented in Table 4. Log-aldosterone level was 
higher in participants with hypertension compared with 
no hypertension. Additionally, log-aldosterone level was 
higher in those with resistant hypertension compared with 
those with hypertension. There was direct relationship in 
log-aldosterone level across hypertension severity (P-trend 

Table 3.  Multinomial logistic regression models examining the odds of having specified hypertension as a function of the number of risks for 
obstructive sleep apnea (OSA) (risk score) where no hypertension and no risks were the referent groups

 

Unadjusted model Adjusted modela

Odds ratio Confidence interval P-valueb Odds ratio Confidence interval P-valueb 

Controlled hypertension

  1 1.50 1.18–1.92 0.001 1.52 1.16–1.97 0.002

  2 1.96 1.55–2.49 <0.0001 2.16 1.67–2.78 <0.0001

  3 2.14 1.66–2.74 <0.0001 2.67 2.03–3.50 <0.0001

  4 1.97 1.48–2.64 <0.0001 2.74 2.00–3.74 <0.0001

  5 2.53 1.67–3.84 <0.0001 4.24 2.73–6.59 <0.0001

  6 2.19 1.01–4.79 0.049 3.65 1.62–8.21 0.002

Uncontrolled hypertension

  1 1.40 1.10–1.78 0.006 1.39 1.08–1.80 0.011

  2 1.40 1.11–1.78 0.005 1.53 1.19–1.96 0.001

  3 1.63 1.27–2.10 0.000 2.03 1.56–2.65 <0.0001

  4 1.56 1.16–2.08 0.003 2.09 1.54–2.85 <0.0001

  5 2.25 1.48–3.41 0.000 3.27 2.12–5.06 <0.0001

  6 2.17 1.01–4.67 0.048 3.31 1.51–7.29 0.003

Resistant hypertension—controlled

  1 1.72 0.94–3.15 0.082 1.72 0.93–3.20 0.084

  2 1.86 1.02–3.38 0.042 2.06 1.12–3.78 0.019

  3 2.23 1.20–4.12 0.011 2.87 1.53–5.38 0.001

  4 2.30 1.16–4.57 0.017 3.38 1.67–6.81 0.001

  5 3.04 1.23–7.50 0.016 5.45 2.16–13.73 0.000

  6 6.08 1.78–20.70 0.004 11.05 3.15–38.76 0.000

Resistant hypertension—uncontrolled

  1 2.15 0.92–5.06 0.078 2.15 0.91–5.08 0.082

  2 3.30 1.46–7.47 0.004 3.69 1.62–8.42 0.002

  3 3.14 1.34–7.35 0.009 4.16 1.76–9.83 0.001

  4 2.11 0.78–5.77 0.144 3.23 1.17–8.93 0.024

  5 4.07 1.25–13.27 0.020 7.53 2.26–25.06 0.001

  6 9.77 2.28–41.82 0.002 18.86 4.27–83.29 0.000

aModel adjusted for age and gender.
bTrend P-value within each hypertension level for risks for OSA <0.001.
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<0.001) with the highest level in those with uncontrolled re-
sistant hypertension.

Sensitivity analyses examining misclassification

Participants who were hypertensive and not on 
antihypertensive medications were redistributed to the 
“no hypertension” group. Apparent log-aldosterone level 
differences were not found across hypertension severity 
except in the uncontrolled hypertension group where the 
aldosterone level is higher compared with the original dis-
tribution. This may be due to misclassification as these 
participants have elevated BP due to a nonchronic presenta-
tion. An increasing number of risks for OSA led to a higher 
effect estimate in the odds of having uncontrolled hyper-
tension compared with no risks in the multinomial regres-
sion models. Again, this finding supports the possibility of 
misclassification of hypertensive participants who are not on 
antihypertensive medications (see Appendix).

DISCUSSION

We examined the relationships between risks for OSA, hy-
pertension, and aldosterone level in 5,052 African American 
adults in the JHS based on data collected at baseline between 
2000 and 2004. To summarize our findings, risks for OSA 
were significantly associated with both hypertension and re-
sistant hypertension and aldosterone levels with obesity and 
apneas during sleep contributing most to the associations. 
Specifically, each additional risk for OSA increased aldoste-
rone level. Participants who had a higher number of risks 
for OSA had significantly increased odds of having resistant 
hypertension. Aldosterone level was highest in those with 
uncontrolled resistant hypertension. Therefore, our findings 
are consistent with aldosterone playing a role in resistant hy-
pertension in African Americans with risks for OSA.

The limited availability of studies provided the motivation 
to explore our inquiry regarding the relationship between 
risks for OSA, resistant hypertension, and aldosterone in 
African Americans. Furthermore, establishing this relation-
ship is important because previous studies have shown that 
inhibiting aldosterone activity improves BP control and OSA 
severity (reduce aldosterone-induced fluid retention which 
decreases pharyngeal edema and airway resistance).33,34 
Along with continuous positive airway pressure therapy, it 
may provide more consistent and effective BP control.35,36

Although we found that the aldosterone level increased 
with greater number of risks for OSA, the median aldos-
terone level obtained for each risk factor category was 
in the normal range. This could be explained from a pre-
vious study showing that African Americans have a lower 
plasma renin activity due to the reduction in renin secretion 
rate compared with whites, resulting in lower aldosterone 
levels.37 Due to low renin, ACE inhibitors, and ARB may not 
effectively lower BP in this population.38

Although the aldosterone level is low, due to the increased 
sensitivity to aldosterone in African Americans, small var-
iations in aldosterone concentration may affect BP control. 
Also, obesity (increased visceral adiposity) may enhance 
the sensitivity to aldosterone-mediated mineralocorticoid 
receptor activation.39 Note, normal aldosterone level in 
African Americans does not preclude the use of a mineralo-
corticoid receptor antagonist to treat resistant hypertension. 
Nishizaka et al.40 demonstrated that spironolactone, a min-
eralocorticoid receptor antagonist, effectively lowered BP in-
dependent of aldosterone levels.

Limitations and strengths

Our study is the first to demonstrate associations be-
tween risks for OSA and aldosterone levels among African 
Americans. In addition, we provided data on the relationship 
between these risks and distinct categories of hypertension, 
which for our study population was important because of 
the higher prevalence of resistant hypertension. Our results 
confirmed previous studies on OSA and hypertension being 
associated with higher aldosterone levels and OSA may be a 
significant contributing factor to resistant hypertension re-
gardless of control. Moller et al.15 demonstrated that subjects 
with OSA had higher BP, angiotensin II, and aldosterone 
compared with control subjects. Calhoun et al.16 utilized the 
Berlin questionnaire and found that subjects with high prob-
ability of OSA and resistant hypertension had increased al-
dosterone excretion.

Our study had a few limitations. First, we employed a 
cross-sectional study design. We were not able to deter-
mine if the duration of having any of the risks for OSA or 
hypertension played a role in altering the aldosterone levels 
in our study population. Additionally, we could not deter-
mine if participants with resistant hypertension would re-
main resistant if they had the opportunity to be treated for 
a longer duration. Similarly, participants who are on 1 or 2 

Table 4.  Linear regression models of hypertension control and log-aldosterone level

Hypertension control categories 

Unadjusted model Adjusted modela

Log-aldosterone Confidence interval P-trend Log-aldosterone Confidence interval P-trend 

No hypertension 1.34 1.31–1.37 <0.001 1.32 1.28–1.36 <0.001

Controlled hypertension 1.63 1.59–1.66  1.67 1.62–1.71  

Uncontrolled hypertension 1.55 1.52–1.58  1.57 1.52–1.61  

Controlled resistant hypertension 1.79 1.70–1.89  1.83 1.74–1.93  

Uncontrolled resistant hypertension 1.79 1.67–1.91  1.83 1.71–1.95  

aModel adjusted for age, gender, and risks for obstructive sleep apnea (OSA).

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpac091#supplementary-data
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medications and have uncontrolled hypertension may be re-
sistant if followed for a longer period of time. However, our 
study provided insight into the risks for OSA potentially af-
fecting aldosterone level and being associated with resistant 
hypertension.

Second, the JHS cohort only included African Americans 
from Jackson, Mississippi. African Americans from this re-
gion may not represent the general African American pop-
ulation. Therefore, generalizability of the results may be 
limited. However, our finding of low-normal aldosterone 
levels was consistent with previous studies. Most impor-
tantly, clinicians should strongly consider OSA being the 
contributing factor to a patient’s hypertension when the risks 
for OSA are detected.

Third, our definition of hypertension based on the BP 
and number of antihypertensive medications may be bi-
ased due to misclassification of the participants in the un-
controlled hypertension group. About 15% of those in the 
group had BP readings of ≥140/90 mm Hg and not on any 
antihypertensive medications. Some of the participants may 
have white-coat hypertension or elevated BP due to other 
nonchronic presentations. We examined this with a sensi-
tivity analysis, reclassifying them to the “no hypertension” 
group which confirmed nonchronic elevation of BP in some 
of the hypertensive participants.

Fourth, the confidence intervals for some of the effect 
estimates especially in the multinomial logistic regression 
models are wide, indicating a small sample size for the 
comparisons. Many patients do not have all the risks for 
OSA unless their sleep-disordered breathing is severe. Some 
may underreport symptoms such as snoring especially when 
they do not have a bed partner. Although some of the con-
fidence intervals are wide, the trend or dose-response is sig-
nificant and reflects biological plausibility.

Finally, the diagnosis of OSA, which is assessed with 
overnight polysomnography, was not available in the JHS. 
Nevertheless, we used the risks for OSA obtained from a 
validated questionnaire to study their associations with hy-
pertension and aldosterone. The use of a validated question-
naire is applicable to a “real world” scenario, where a primary 
care provider screens a patient at risk for sleep-disordered 
breathing for OSA.

African Americans have an increased risk of having 
resistant hypertension compared with Caucasians. 
Undiagnosed OSA may in part explain this disparity in 
at-risk individuals with resistant hypertension, and it is in 
need of more clinical attention. Furthermore, the presence 
of resistant hypertension regardless of BP control should in-
stigate a clinician to consider further investigation of sleep-
disordered breathing.

The mechanism of resistant hypertension may be due 
to elevated aldosterone level from RAAS activation during 
apnea-induced periods of hypoxemia and hypercapnia. We 
found that risks for OSA were associated resistant hyperten-
sion and aldosterone level. The highest levels of aldosterone 
were found in those with the greatest number of risks for 
OSA and with resistant hypertension. Increased sensitivity 
to aldosterone rather than aldosterone level may elucidate 
the relationship between OSA and resistant hypertension. 

Future studies using a longitudinal and prospective study 
design are needed to confirm the relationship between OSA 
and aldosterone level in African Americans with resistant 
hypertension and determine if diagnosing and treating OSA 
and/or adding an aldosterone receptor antagonist in African 
Americans would result in achieving BP control with fewer 
medications.
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Supplementary data are available at American Journal of 
Hypertension online.
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