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3. 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): 

 

In 2018, the American Heart Association (AHA) published an update to the 2008 Scientific Statement on 
resistant hypertension (RH). In both Statements, RH was defined as blood pressure (BP) levels above goal 
while taking ≥3 classes of antihypertensive medication or taking ≥4 classes, regardless of BP level. The 
main difference between the 2008 and 2018 Statements is the threshold used to define the BP goal. In the 
2008 Scientific Statement, the BP goal was systolic BP (SBP) <140 mm Hg and diastolic BP (DBP) <90 mm 
Hg for all adults except those with diabetes or chronic kidney disease (CKD), wherein SBP/DBP<130/80 mm 
Hg was the BP goal. In the 2018 Scientific Statement, SBP/DBP goals of <130/80 mm Hg was used for all 
adults. The term apparent treatment-resistant hypertension (aTRH) is used when pseudoresistance (e.g., 
white coat effect) cannot be ruled out. Prior studies report that the prevalence of aTRH is higher in blacks 
compared with whites. We propose to combine data from black participants in the REasons for Geographic 
and Racial Differences in Stroke (REGARDS) study and Jackson Heart Study to (1) compare the prevalence 
of aTRH using the 2018 and 2008 Statement definitions, (2) identify the antihypertensive medication 
classes (individual and combinations)  used among blacks with aTRH, and (3) determine the frequency of 
recommended antihypertensive medication classes (i.e., chlorthalidone or indapamide and a 
mineralocorticoid receptor antagonist) and lifestyle factors (e.g., exercise) with BP-lowering effects in 
those with aTRH.  The results of this study can inform approaches to reduce the burden of aTRH. 
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4. Background/Rationale 
Please include discussion on relevance of African Americans to the proposed topic (<1000 words). 

Hypertension is the leading modifiable cause of cardiovascular disease in the US and worldwide and 
disproportionately affects US blacks.1,2 For instance, according to the 2011-2014 National Health and 
Nutrition Examination Survey, 41.0% of non-Hispanic blacks met the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure definition for 
hypertension compared with 33.4% of non-Hispanic whites.3 Moreover, blacks are more likely to have 
hypertension that is difficult to treat (eg, resistant hypertension) compared to whites.1,4 Resistant 
hypertension is a severe form of hypertension that requires multiple antihypertensive medications to 
treat.  The term apparent treatment-resistant hypertension (aTRH) is used when pseudoresistance (e.g., 
white coat effect or medication non-adherence) cannot be excluded. Among US adults taking 
antihypertensive medication, between 12% and 15% have aTRH.5,6 Black adults are more likely than white 
adults to have aTRH.1  Prior studies demonstrate that aTRH is associated with an increased risk for stroke, 
coronary heart disease and all-cause mortality compared with adults who have hypertension but not 
aTRH.7  

In 2018, the American Heart Association (AHA) published an update to the 2008 Scientific Statement on 
resistant hypertension.1 In both Scientific Statements, resistant hypertension was defined as BP levels 
above goal while taking ≥3 classes of antihypertensive medication or taking ≥4 classes of antihypertensive 
medication regardless of BP level.1,8 The main difference between the 2008 and 2018 Scientific Statements 
is how goal BP is defined. In the 2008 Scientific Statement, goal BP was defined as systolic blood pressure 
(SBP) < 140 mm Hg and diastolic blood pressure (DBP) < 90 mm Hg except for those with diabetes or CKD 
where goal SBP/DBP was <130/80 mm Hg.8 In the 2018 Scientific Statement, goal SBP/DBP is defined as < 
130/80 mm Hg for all adults.1 The lower BP levels used in the 2018 definition are consistent with the 2017 
American College of Cardiology (ACC)/American Heart Association (AHA) BP clinical practice guideline.9 In 
the 2017 ACC/AHA guideline, it was estimated that the prevalence of aTRH would be approximately 4% 
higher in US adults when using the criterion of SBP <130 mm Hg and DBP < 80 mm Hg to define goal BP.9 
However, the guideline writing committee noted that future studies would be needed to confirm this 
estimate.  

In addition to identifying the population which will be newly defined as having aTRH based on the new 
Scientific Statement, it is important to identify factors that may facilitate achieving BP goals among 
individuals with aTRH. Two possible factors that may facilitate the achievement of goal BP are the use of 
certain classes of antihypertensive medication and lifestyle behaviors. According to the 2018 Scientific 
Statement, individuals with resistant hypertension should take a thiazide-like diuretic, chlorthalidone and 
indapamide, to facilitate BP control.1 Moreover, mineralocorticoid receptor antagonists (i.e., 
spironolactone or eplerenone) are recommended as they have been shown to be more successful than α- 
or β-blockers in lowering BP among individuals who are not overtly volume overloaded but who have 
evidence of low renin status or salt sensitivity of BP.1 Several lifestyle factors have BP-lowering benefits 
including weight loss for those who are overweight or obese, physical activity, and reduced alcohol 
consumption.5,9  Additionally, smoking has been associated with increased CVD risk among adults with 
aTRH and cessation should be recommended among those who smoke.7 
 

The primary purpose of the present analysis is to compare the prevalence of aTRH in black adults using 

definitions in the 2008 and 2018 Scientific Statements on resistant hypertension. A secondary goal is to 

determine the percentage of black adults with aTRH taking recommended antihypertensive medication 
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classes.  Additionally, we will determine the prevalence of healthy lifestyle factors among blacks with 

aTRH.  To accomplish these goals, we will use pooled data on black participants from the Jackson Heart 

Study (JHS) and REasons for Geographic and Racial Differences in Stroke (REGARDS) study. We are pooling 

the data to increase the sample size and improve the generalizability of results. Results from the current 

study will provide evidence of the impact of the 2018 AHA Scientific Statement on aTRH among black 

adults. Moreover, these findings may help identify both pharmacological and nonpharmacological 

approaches to improve BP control among blacks with aTRH. 

 

5. Research Hypothesis 
 
Aim 1. Compare the prevalence of aTRH in blacks using the definition in the 2018 versus 2008 AHA 

scientific statements on resistant hypertension. 

Hypothesis 1.1: The prevalence of aTRH will be at least two percentage points higher using the 

definition in the 2018 versus 2008 Scientific Statement. 

Aim 2. Using the 2018 Scientific Statement definition, determine the distribution of individual and 

combination of antihypertensive medication classes used among blacks with aTRH. 

Hypothesis 2.1: The majority of black adults with aTRH will not be taking a thiazide-like diuretic or a 

mineralcortiocoid receptor antagonist.  

Aim 3. Using the 2018 Scientific Statement definition, determine the distribution of healthy lifestyle factors 

among participants with and without aTRH, focusing on: body mass index, physical activity, alcohol 

consumption, and smoking.  

Hypothesis 3.1: Most participants with aTRH will not have lifestyle factors in the range considered 

ideal.  Factors associated with having lifestyle factors in the ideal range will be determined. 

 
6. Inclusions/Exclusions 

 

Study Sample: 

We will analyze data from JHS participants with complete information on clinic SBP and DBP who were taking 
antihypertensive medication defined by self-report and the presence of an antihypertensive medication 
identified during the pill bottle review at Exam 3 (2009-2012)  in the JHS and visit 2 in the REGARDS study 
(2013-2016). Currently, these are the most contemporary visits in each study.  We anticipate including almost 
10,000 black adults in this analysis as 3,819 JHS participants completed exam 3 and 6,082 black participants 
completed the second REGARDS study visit. 

 

 

Hypertension  

SBP and DBP measured using an oscillometric device [SBP, DBP] 
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Antihypertensive medication use [MSRC29A, MSRC2] 

Antihypertensive medication classes [DIURETIC_THZLIKE, VASOD, RENINI, DIURETIC_THZTYPE, 
DIURETIC_POTASS, DIURETIC_LOOP, CENTRAL, CCB, BETA_INT_SYM, BETA_CARDIO_VASOD, 
BETA_CARDIO_NONSELECT, ARB, ALPHA_BETA, ALPHA, ALDO, ACE] 

 

Definitions of aTRH: 

1. 2008 Criteria: BP that is above goal despite the concurrent use of 3 classes of antihypertensive 
medication or the use of 4 or more classes of antihypertensive medication regardless of BP levels. 
Goal blood pressure is defined as SBP < 140 mmHg and DBP < 90 mmHg. For those with CKD or 
diabetes, goal BP is defined as SBP < 130 mm Hg and DBP < 80 mmHg. 
 

2. 2018 Criteria: BP that is above goal despite the concurrent use of 3 classes of antihypertensive 
medication or the use of 4 or more classes of antihypertensive medication regardless of BP levels. 
Goal BP is defined as SBP < 130 mmHg and DBP < 80 mmHg for all adults.  

 
 

Covariates: 

Age [AGE] 

Sex [SEX] 

Education level [EDU3CAT] 

Alcohol Use [ALC01W] 

BMI [BMI3cat] 

AHA Three Category Physical Activity Categorization [PA3cat] 

Current Smoking [SMK3CAT] 

CRP 

History of cardiovascular disease [HxCVD] 

Income 

Depression (CES6) 

Stress (global perceived stress scale) 

Chronic kidney disease [CKD] 

Diabetes mellitus [diabetes] 

Estimated glomerular filtration rate [GFRckdepi] 

Albumin to creatinine ratio (albuminu24hr, creatinineu24hr, albuminuspot, CreatinineUSpot) 

Self-reported blood pressure medication use (msrc29a, msrc1) 
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Anithypertensive medication classes (ace, arb, aldo, vasod, central, alpha, alphabeta, beta_nonsel, 
beta_vasod, beta_intsym, ccb_dhpccb, ccb_ndhpccb, diurloop, diur_kspar, diur_thztype, diur_thzlike, renin) 

Systolic blood pressure [sbp] 

Diastolic blood pressure [dbp] 

Medication adherence [MSRC31A, MSRC31B, MSRC31C, MSRC31D] 

  

 

7. Statistical Analysis Plan and Methods 
Characteristics will be calculated among all participants taking antihypertensive medication with and without 

aTRH according to the 2008 and 2018 AHA Scientific Statement definitions, separately. The prevalence of aTRH 

will be calculated for the 2018 and 2008 Scientific Statement definitions among participants taking 

antihypertensive medication.  Also, we will calculate the percentage of participants with aTRH and controlled 

BP according to each of the Scientific Statement definitions. We will use bootstrap resampling with 

replacement to estimate a 95% confidence interval for the difference in prevalence between aTRH defined 

using the two Scientific Statements. Next, we will calculate the percentage of participants taking each class of 

antihypertensive medication (i.e., angiotensin-converting enzyme inhibitors, α-blockers, angiotensin receptor 

blockers, β-blockers, dihydropyridine and non-dihydropyridine calcium channel blockers, central acting α2-

agonists, mineralocorticoid receptor antagonists [spironolactone or eplerenone], thiazide or thiazide-like 

diuretics, potassium-sparing diuretics, loop diuretics, and direct acting vasodilators) among those with aTRH 

by the 2018 Scientific Statement definition. We will also determine the percentage of participants with aTRH 

as defined by the 2018 Scientific Statement taking a thiazide-like diuretic (chlorthalidone or indapamide). The 

distribution of lifestyle factors (i.e., body mass index [<25, 25 to <30, 30 to <35 and ≥ 35 kg/m2], physical 

activity [> 150 minutes per week, 75 to <150 minutes per week, <75 minutes per week], alcohol use [none, 

moderate, heavy], and current smoking [never, former, current]) will be calculated among participants with 

aTRH overall and by controlled BP status using the 2018 Scientific Statement definition. For participants with 

aTRH using the 2018 Scientific Statement definition, factors (i.e., age, sex, education, income, diabetes, CKD, 

history of cardiovascular disease, stress, depressive symptoms) associated with use of a thiazide-like diuretic, 

mineralocorticoid receptor antagonist and having ideal levels of each lifestyle factor will be determined using 

Poisson regression models with two levels of adjustment. The first model will include age, sex, and each factor 

(i.e., education, income, diabetes, CKD, history of cardiovascular disease, stress and depressive symptoms), 

separately. The second model will include all of the variables simultaneously. 
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