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Overview
Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific
relevance, objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words):

Ambulatory blood pressure monitoring (ABPM) allows for the determination of blood pressure (BP)
phenotypes outside of the clinic. Masked hypertension, defined as not having high clinic BP and having
high awake, sleep, or 24-hour BP when measured outside of the clinic among individuals not taking
antihypertensive medication, is associated with an increased risk of cardiovascular disease events. The
prevalence of masked hypertension is high among African Americans. However, the mechanisms
underlying masked hypertension are unknown. Sleep disordered breathing, which includes a
spectrum of symptoms and obstructive sleep apnea (OSA) may be associated with masked hypertension.
African Americans in the Jackson Heart Study (JHS) have a high prevalence of sleep disordered
breathing and risk of OSA, assessed subjectively. Prior studies have demonstrated that compared to
individuals with mild OSA, individuals with moderate to severe OSA have higher awake, sleep, and 24-hour
BP levels on ABPM. There is a paucity of data on the association of sleep disordered breathing and
masked hypertension in African Americans, a population with a high prevalence of sleep disordered
breathing. The primary aim of this study is to determine the association between the burden of sleep
disordered breathing, assessed subjectively, and any masked hypertension (having masked daytime
hypertension: mean awake BP > 135/85 mm Hg, masked nighttime hypertension: mean sleep BP > 120/70
mm Hg, or masked 24-hour hypertension: mean 24-hour BP > 130/80 mm Hg) among African Americans in
the JHS.
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Background/Rationale
Please include discussion on relevance of African Americans to the proposed topic (<1000 words).

Ambulatory blood pressure (BP) monitoring (ABPM) complements clinic BP by quantifying BP outside of
the clinic setting, typically over a 24-hour period. ABPM can be used to identify several phenotypes
including a mismatch in hypertension status based on BP measured in the clinic and outside of the clinic
setting.! Masked hypertension is defined by the presence of BP in the hypertension range while awake,
sleep, or over the entire 24-hour period when measured outside of the clinic among individuals not taking
antihypertensive medication with clinic BP not in the hypertension range.! Based on whether BP levels
on ABPM are high during the awake, sleep, or 24-hour period, masked hypertension can be further
sub-categorized into masked daytime, masked nighttime, and masked 24-hour hypertension,
respectively.

Masked hypertension may represent an intermediate phenotype between sustained normotension (non-
hypertensive clinic and ambulatory BP) and sustained hypertension (hypertensive clinic and ambulatory
BP).! We have previously demonstrated in the JHS that masked hypertension is associated with an
increased risk for incident hypertension, target organ damage and cardiovascular events.? 3 The
prevalence of masked hypertension is high among African Americans in the JHS.2 Among African Americans
in the JHS, male gender is associated with a high prevalence of masked hypertension.?

The risk factors for masked hypertension are unknown. Sleep disordered breathing, which includes a
spectrum of symptoms and sleep conditions ranging from snoring, daytime sleepiness, to obstructive
sleep apnea (OSA) are possible candidate risk factors for masked hypertension. The “burden” of sleep-
disordered breathing including symptoms and the risk of OSA may be quantified using clinical
qguestionnaires and prediction algorithms.> ® African Americans have a higher prevalence of sleep
disordered breathing including snoring and OSA compared with non-Hispanic Whites.” OSA is
characterized by repetitive pharyngeal collapse during sleep with cessation of breathing accompanied
by subsequent arousals resulting in episodes of intermittent hypoxia.2 These episodes of intermittent
hypoxia can lead to oxidative stress, endothelial dysfunction, and activation of the sympathetic
nervous system, which causes elevations in BP.8 Prior studies® among individuals with moderate to
severe OSA have demonstrated higher awake, sleep, and 24-hour BP on ABPM compared to
individuals with mild OSA.

Few studies have examined the association between sleep disordered breathing and masked
hypertension.1 In these studies, the prevalence of masked hypertension was between 30-80% among
those with moderate to severe OSA. ' However, most of these studies were conducted among white men,
had small sample sizes and included individuals taking antihypertensive medication, which itself may
increase the risk of masked hypertension.!! It is not known whether an association exists between sleep
disordered breathing including OSA and masked hypertension among individuals not taking
antihypertensive medication. Further, it is not known if sleep disordered breathing is associated with
masked hypertension in African Americans, a population with a high prevalence of both sleep disordered
breathing and masked hypertension.* 12 Whether there are gender differences in the association between
sleep disordered breathing and masked hypertension among African Americans is also unknown.
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The overall aims of the proposed study are to determine the association of sleep-disordered breathing
including OSA with masked hypertension and its subtypes among African Americans in the JHS.

Research Hypothesis

Primary Aim 1: To determine the association between the burden of sleep disordered breathing and any
masked hypertension (having masked daytime hypertension: mean awake systolic BP [SBP] > 135 mm Hg
or mean awake diastolic BP [DBP] 2 85 mm Hg, masked nighttime hypertension: SBP > 120 mm Hg or mean
nighttime DBP > 70 mm Hg, or masked 24-hour hypertension: mean SBP > 130 mm Hg or mean DBP > 80
mm Hg) among African Americans in the JHS. Hypothesis 1: Compared to participants without a burden of
sleep disordered breathing (Sleep Burden Score =0), participants with a burden of sleep disordered
breathing (Sleep Burden Score >1) will have a higher prevalence of having any masked hypertension.

Primary Aim 2: To determine the association between the risk for OSA and any masked hypertension
among African Americans in the JHS. Hypothesis 2: There will be a graded association between a higher
risk for OSA and increased prevalence of masked hypertension.

Secondary Aim 1: To determine the associations of burden of sleep disordered breathing and the risk of
OSA with masked daytime hypertension, masked nighttime hypertension, and masked 24-hour
hypertension, separately.

Inclusions/Exclusions

Study sample: Jackson Heart Study participants without high clinic BP (SBP/DBP <140/90 mm Hg) at Exam
1, not taking antihypertensive medication, who completed ABPM at baseline and had a complete
recording (defined below) and responses to prevalent sleep symptom questions at Exam 1.

Statistical Analysis Plan and Methods
Include power calculations, if necessary.

Data analytic plan: Using the study by Fulop et al® examining the prevalence of sleep disordered breathing
symptoms among African Americans in the JHS as a guide, prevalent sleep symptoms will be defined as a
positive response (“Sometimes,” “Often,” or “Almost always”) to a set of five questions adapted from the
Berlin Sleep Questionnaire®:

“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, particularly when not busy”;

“You are tired after sleeping”; and

“You feel sleepy or fall asleep while driving.”

ukwnN e

The burden of sleep disordered breathing (Sleep Burden) will be quantified by first coding the responses to
the sleep symptom questions (“Never,” “Seldom,” “Sometimes,” “Often,” or “Almost always”) from 0 for
“Never” to 4 for “Almost Always” and then summing the individual scores, resulting in a Sleep Burden
score that ranges from 0 to 20. As previously defined by Fulop et al., Sleep Burden will then be classified
as “None” (score: 0), “Mild” (score: 1-5), “Moderate” (score: 6—10), and “Severe” (score: >11)®. Risk of
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OSA will be calculated according to a clinical decision rule developed by Rodsutti et al.*® using 5 predictors
of OSA: male sex, sleep complaints, including snoring and stopping breathing during sleep, categories of
body mass index (BMI) and age. The risk of OSA will be determined by assigning the corresponding
numerical value in parentheses for male sex (1.1), prevalent sleep complaints (0.9 for snoring and 0.9 for
stopping breathing during sleep), BMI category: normal weight (0.0), overweight (1.0), obese (1.4) and
morbidly obese (2.2), and age category: less than 30 years (0.0), 30-44 years (1.0), 45-59 years (1.5), and
60 years and above (2.2), and then summed. The total risk of OSA score will be categorized as low (score <
2.5), moderate (score of 2.5 to <4.2), and high (score > 4.2).

A complete ABPM recording will be defined using the International Database of Ambulatory Blood
Pressure in relation to Cardiovascular Outcome (IDACO) criteria (10+ valid daytime measurements
and 5+ valid nighttime measurements). The nighttime and daytime periods will be defined by the
onset of sleep and awake periods, as assessed by participant diaries. For participants missing data
on sleep and awake times from the diary (anticipated ~10% of JHS participants), sleep and awake
times will be defined as midnight to 6am and 10am to 8pm, respectively.*

Baseline characteristics of participants with and without masked hypertension will be calculated as
meanz SD or percentages. The prevalence of masked hypertension will be calculated by level of
sleep burden and risk for OSA. Associations between sleep burden and masked hypertension will
be examined using Poisson regression models with sandwich estimators before and after
adjustment for covariates. Two models with progressive adjustment will be conducted. Model 1
will include adjustment for age, sex, and body mass index (BMI). Model 2 will include adjustment
for education level less than high school, diabetes status, alcohol use, smoking status, total physical
activity score, and reduced estimated glomerular filtration rate. Associations between OSA risk and
masked hypertension will also be examined utilizing Poisson regression with covariate adjustment
but will omit adjustment for sex, age, and BMI as these are components of OSA risk. The
associations of the burden of sleep disordered breathing and the risk of OSA with masked
hypertension will be examined separately for males and females. The above analyses will be
repeated examining the association using each of the individual sleep symptom questions and
masked hypertension.

Sensitivity Analyses: The analyses will be repeated using the BP thresholds used for defining masked
hypertension in the 2017 American College of Cardiology/American Heart Association (ACC/AHA) BP
guideline (mean awake SBP/DBP >130/80 mm Hg), masked nighttime hypertension (mean sleep SBP/DBP
>110/65 mm Hg) and masked 24-hour hypertension (mean 24-hour SBP/DBP 2125/75 mm Hg).

Baseline Characteristics (Exam 1)

Age

Gender

Education level

Body Mass Index

Cigarette smoking status (current and former)
Alcohol use

Physical activity

Diabetes
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Hemoglobin Alc

Cholesterol (total, LDL, HDL)

Estimated glomerular filtration ratio

Urine albumin and creatinine

Antihypertensive medication use (number of classes)
Clinic systolic BP

Clinic diastolic BP

Ambulatory BP (systolic and diastolic)

Time of ABPM reading (Hours)

Time of ABPM reading (Minutes)

Prevalent sleep symptoms instrument (snoring, stop breathing, falling asleep, tired after sleeping, sleepy

while driving)
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