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Abstract

More stringent blood pressure (BP) goals have led to greater prevalence of apparent
resistant hypertension (ARH), yet the long-term prognostic impact of ARH diagnosed
according to these goals in the general population remains unknown. We assessed the
prognostic impact of ARH according to contemporary BP goals in 9612 participants
of the Atherosclerosis Risk in Communities (ARIC) study without previous cardiovas-
cular disease. ARH, defined as BP above goal (traditional goal <140/90 mmHg, more
stringent goal <130/80 mmHg) despite the use of >3 antihypertensive drug classes
or any BP with 24 antihypertensive drug classes (one of which was required to be a
diuretic) was compared with controlled hypertension (BP at goal with 1-3 antihyper-
tensive drug classes). Cox regression models were adjusted for age, sex, race, study
center, BMI, heart rate, smoking, eGFR, LDL, HDL, triglycerides, and diabetes. Using
the traditional BP goal, 133 participants (3.8% of the treated) had ARH. If the more
stringent BP goal was instead applied, 785 participants (22.6% of the treated) were
reclassified from controlled hypertension to uncontrolled hypertension (n = 725) or to
ARH (n = 60). Over a median follow-up time of 19 years, ARH was associated with in-
creased risk for a composite end point (all-cause mortality, hospitalization for myocar-
dial infarction, stroke, or heart failure) regardless of whether traditional (adjusted HR
1.50, 95% Cl: 1.23-1.82) or more stringent (adjusted HR 1.43, 95% Cl: 1.20-1.70) blood

pressure goals were applied. We conclude that in patients free from cardiovascular
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disease, ARH predicted long-term risk regardless of whether traditional or more strin-

gent BP criteria were applied.

1 | INTRODUCTION

Elevated blood pressure (BP) is the most important risk factor for
cardiovascular and renal death.! Although hypertension aware-
ness and treatment have improved in the last decades, many pa-
tients still have elevated BP despite drug treatment.?* Resistant
hypertension is defined as BP above target despite use of antihy-
pertensive medications from 23 drug classes, or the need to use
antihypertensive medications from 24 drug classes to achieve the
BP goal.” The etiology of resistant hypertension is believed to be
multifactorial and to include obesity, increased renal sodium reten-
tion, and increased activity in the renin-angiotensin-aldosterone
and sympathetic nervous systems.® The term “apparent resistant
hypertension” (ARH) is used in the absence of confirmatory out-of-
office BP measurements or in the absence of ascertained adher-
ence to the antihypertensive drug regimen.7'8 Apparent resistant
hypertension is associated with cardiovascular risk factors and with
prevalent cardiovascular disease.”?28 Prospective studies have
shown that ARH is also a marker of increased risk for cardiovascu-
lar morbidity and mortality across a wide range of patient popula-
tions.'¥23 |n 2018, the American College of Cardiology/American
Heart Association guidelines lowered both the diagnostic threshold
and the BP treatment goal for hypertension from 140/90 mmHg
to 130/80 mmHg.24 Expectedly, the prevalence of ARH increases
when the lower threshold is applied,® but the long-term prognostic
impact of ARH diagnosed with the lower blood pressure threshold
has not been investigated in a primary preventive setting. The car-
diovascular prognosis in patients who change hypertension catego-
ries if the more stringent BP criteria are applied is also not known.
The aim of this analysis of a prospective observational study was
to assess the prevalence and prognostic significance of ARH, diag-
nosed with either the traditional (BP2140/90 mmHg) or the more
stringent (BP=130/80 mmHg) criteria, in a community-based cohort
of persons without known cardiovascular disease. We also explored
the cardiovascular outcomes in participants who changed hyper-
tension categories if the hypertension criteria were changed, and
the prognostic significance of the number of antihypertensive drug
classes used.

2 | METHODS

2.1 | Participants

The Atherosclerosis Risk in Communities (ARIC) study is an obser-
vational cohort study which recruited 15 792 mostly Caucasian
and African American men and women aged 45-64 years from

four US communities (Forsyth County, NC; Jackson, MS;

Minneapolis, MN and Washington County, MD).2°> The study
protocol was approved by the institutional review boards of all
participating centers. All participants provided written informed
consent. Recruitment and enrollment (visit 1) took place between
1987 and 1989, and participants were thereafter followed up
prospectively on triennial follow-up visits through 1996-1998. In
this analysis, the third follow-up visit (visit 4), which took place
between 1996 and 1998 and was completed by 11 656 partici-
pants, was used as baseline. We first excluded participants with
a prevalent or prior diagnosis of (or missing data for) coronary
heart disease (n = 699) and/or stroke (n = 298) and/or heart fail-
ure (n = 846), participants who were enrolled in the randomized
trial ALLHAT (Antihypertensive and Lipid Lowering Treatment
to Prevent Heart Attack Trial) (n = 56) or who had missing data
(n = 15) for baseline BP (Figure 1). We thereafter excluded 401
participants (Figure 1) who had incomplete baseline data for one
or more of the following variables: BMI (body mass index), heart
rate, smoking status, eGFR (estimated glomerular filtration rate),
LDL (low-density lipoprotein), and HDL (high-density lipoprotein)
cholesterol, TG (triglycerides), or prevalent diabetes status (de-
fined as fasting plasma glucose 2126 mg/dl, non-fasting glucose
2200 mg/dl, self-reported use of diabetes medications, or self-
reported physician diagnosis of diabetes), and those who were
of a race other than Black or White or who were non-White par-
ticipants at the Minneapolis or Washington County Centers. This
yielded a study cohort of 9612 participants.

2.2 | Antihypertensive drugs

The following drug classes were identified as antihypertensives:
angiotensin-converting enzyme (ACE) inhibitors, angiotensin re-
ceptor blockers (ARB), calcium channel blockers, diuretics (thi-
azides/thiazide-like diuretics/loop diuretics/potassium-sparing
diuretics), beta-adrenergic blockers, mineralocorticoid receptor
antagonists (spironolactone), alpha-adrenergic blockers, cen-
trally acting sympatholytics (clonidine/reserpine/methyl-dopa/
guanfacine), and vasodilators (hydralazine/minoxidil). Single-pill
combinations were categorized into their component classes. The
number of antihypertensive drug classes were summed for each

participant.

2.3 | Hypertension categories

Baseline BP was measured in the sitting position. The BP values
reported represent means of two measurements performed at
the same visit. For each of the two BP goals (<140/90 mmHg and
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FIGURE 1 Study flowchart. ARIC,

atherosclerosis risk in communities; ARICvisit 1

n=15792

ALLHAT, antihypertensive and lipid

lowering treatment to prevent heart l
attack trial; BMI, body mass index; CHD,

coronary heart disease; eGFR; estimated

‘ ) A ARIC visit 4
glom.erul.ar f||trat|.0n rate; HDL, hlgh n=11656 Excluded (n=1643)
density lipoprotein; HF, heart failure; Ml, - HF before visit 4 or missing (n=846)
myocardial infarction; LDL, low density - CHD before visit 4 or missing (n=699)
lipoprotein; TG, triglycerides —— | - Stroke before visit 4 or missing (n=298)
{ - ALLHAT participants (n=56)

4

Study cohort
n=9612

- Baseline blood pressure missing (n=15)

Excluded (n=401)
- BMI missing (n=15)
- Heart rate missing (n=59)
- Smoking status missing (n=68)
-eGFR/HDL /TG missing (n=71)
- LDL missing (n=228)
- Diabetes status missing (n=110)
- Race other than Black or White (n=27)
- Non-White participants at Minneapolis or
Washington County centers (n=32)

<130/80 mmHg, respectively), participants were classified as hav-
ing either no hypertension (BP below goal and no prescribed anti-
hypertensives), controlled hypertension (BP below goal with use of
antihypertensives from one, two, or three drug classes), untreated
hypertension (BP above goal and no antihypertensives), uncontrolled
hypertension (BP above goal despite use of antihypertensives from
one or two drug classes), or ARH (BP above goal despite use of antihy-
pertensives from 23 drug classes or any BP with use of antihyperten-

sives from 24 drug classes, one of which was required to be a diuretic).

2.4 | End points

Participants were followed until the occurrence of a composite
end point (first hospitalization for incident stroke or heart fail-
ure, or hospitalization for myocardial infarction, or death of any
cause) or to December 31, 2019 (except in Jackson, where end
point information was available only throughout 2017). The ARIC
end point definitions and adjudication procedures have been de-

scribed previously.zé'28

2.5 | Statistics

Descriptive data are presented as mean + SD (standard deviation)
for continuous variables. Trends for differences across hyperten-
sion groups were tested for statistical significance with linear re-
gression for continuous variables, and with a chi-squared test for
trend for categorical variables. Using participants with controlled
hypertension as the reference group, Cox regression models were
used to evaluate the impact of the different hypertension catego-
ries on time to first occurrence of the composite end point. Each
of the components of the composite end point were also explored
separately. For each hypertension category, the unadjusted HR

(hazard ratio) with its 95% CI (confidence interval) was estimated,
as well as the adjusted hazard ratio (aHR). Adjustments were made
for the following baseline variables: age, sex, race, and study
center, BMI, heart rate, current smoking, diabetes, and levels of
eGFR, LDL, HDL, and TG. Cox regression models were also used to
explore the prognostic impact of the number of prescribed antihy-
pertensive drugs. P values <0.05 were considered as statistically
significant. Statistical analyses were performed in STATA, version
14 (College Station, TX).

3 | RESULTS

3.1 | Baseline characteristics

Baseline hypertension categories and characteristics are shown
in Table 1 and in Table 2. Regardless of whether the BP goal was
<140/90 mmHg or <130/80 mmHg, participants with ARH were
less likely to be current smokers, more likely to be Black and to
have diabetes and were on average older, with lower levels of
eGFR and HDL and higher levels of TG. Overall, 3473/9612 par-
ticipants (36.1%) used 21 antihypertensive drug. The four most
frequently used antihypertensive drug classes were diuretics,
(n = 1507, 43.4% of the treated), followed by calcium channel
blockers (n = 1025, 29.5% of the treated), ACE inhibitors or an-
giotensin receptor blockers (n = 1013, 29.2% of the treated), and
beta-adrenergic blockers (n = 1008, 29.0% of the treated). There
were 2096 participants (60.4% of the treated) who used antihyper-
tensive medications from only one drug class, 1075 participants
(31.0% of the treated) who used antihypertensive medications
from two drug classes, and 302 participants (8.7% of the treated)
who used antihypertensive medications from 23 drug classes. The
drug class most frequently used as monotherapy was diuretics
(n = 505 participants, 24.1% of monotherapy participants).
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TABLE 1 Baseline characteristics by HT (hypertension) status. No HT = BP (blood pressure) <140/90 mmHg and no antihypertensives;

Controlled HT = BP < 140/90 mmHg with 1-3 antihypertensives; Untreated HT = BP > 140/90 mmHg and no antihypertensives;

Uncontrolled HT = BP 2 140/90 mmHg with 1-2 antihypertensives; Resistant HT = BP > 140/90 mmHg with 23 antihypertensives or 24
antihypertensives regardless of BP, one antihypertensive required to be a diuretic

No HT Controlled HT
n=5029 n=2306
Systolic BP (mmHg) 118 + 12 122 £ 11
Diastolic BP (mmHg) 68+9 69 +9
Pulse pressure (mmHg) 49 +11 52+11
Heart rate (bpm) 62+9 63 +11
Age (years) 61.7 £5.5 63.0+5.6
Female sex, n (%) 2845 (56.6%) 1329 (57.6%)
Black race, n (%) 743 (14.8%) 595 (25.8%)
BMI (kg/m?) 27.5+4.9 30.0+5.8

815 (16.2%)
461 (9.2%)

Current smoker, n (%)

Diabetes mellitus, n (%)

288 (12.5%)
485 (21.0%)

eGFR (ml/min/1.73 m?) 8316 81+19
LDL (mg/dl) 124 + 33 120 + 33
HDL (mg/dl) 52+17 49 + 16
TG (mg/dl) 131 £+ 65 143 + 67
Diuretic, n (%) 1035 (44.9%)
CCB, n (%) 630 (27.3%)
BB, n (%) 632 (27.4%)
AB, n (%) 252 (10.9%)
ACEi, n (%) 589 (25.5%)
Central sympatholytics, 96 (4.2%)

n (%)
ARB, n (%) 45 (2.0%)
Spironolactone, n (%) 36 (1.6%)
Vasodilators, n (%) 17 (0.7%)

Untreated HT Uncontrolled HT Resistant HT P
n=1110 n=1034 n=133 (trend)
152 +12 154 + 14 151+ 20 NA
79 +10 78 +11 75+ 14 NA
73+15 75+15 76 19 NA
64 +10 63+11 64 +13 <0.001
63.6+5.6 64.6 5.7 65.2+5.8 <0.001
653 (58.8%) 645 (62.4%) 77 (57.9%) 0.001
309 (27.8%) 321 (31.0%) 52(39.1%) <0.001
28.8+5.8 29.9 +5.8 32.6+5.8 <0.001
177 (15.9%) 120 (11.6%) 7 (5.3%) <0.001
138 (12.4%) 248 (24.0%) 52 (39.1%) <0.001
85+ 18 8120 75+21 <0.001
126 + 34 125+ 34 117 £ 33 0.93
53+18 50+ 16 49 + 16 0.06
130 + 62 148 + 72 155+77 <0.001
339 (32.8%) 133 (100.0%) NA
317 (30.7%) 78 (58.6%) NA
305 (29.5%) 71 (53.4%) NA
104 (10.1%) 30 (22.6%) NA
280 (27.1%) 76 (57.1%) NA
58 (5.6%) 28(21.1%) NA
14 (1.4%) 12 (9.0%) NA
4(0.4%) 3(2.3%) NA
4(0.4%) 15 (11.3%) NA

Abbreviations: AB, alpha adrenergic blockers; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, beta-
adrenergic blockers; BMI, body mass index; BPM, beats per minute; CCB, calcium channel blockers, eGFR, estimated glomerular filtration rate; HDL,

high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.
3.2 | Untreated participants

There were 6139 (63.9%) participants who did not use antihyper-
tensive medications. Among them, the majority (n = 5029, 81.9%
of the untreated) had BP <140/90 mmHg (no hypertension), and
the remaining 1110 participants (18.1% of the untreated) had BP
2140/90 mmHg (untreated hypertension). If the more stringent
hypertension criteria 2130/80 mmHg were instead applied, 1172
participants (19.1% of the untreated) were reclassified from no hy-

pertension to untreated hypertension.
3.3 | Treated participants
There were 3473 participants (36.1%) who used 21 antihyperten-

sive medication at baseline. Applying the traditional blood pressure

goal <140/90 mmHg, the number of participants with controlled

hypertension was 2306 (66.4% of the treated), 1034 participants
(29.8% of the treated) had uncontrolled hypertension and 133 par-
ticipants (3.8% of the treated) fulfilled the criteria for ARH. If the more
stringent blood pressure goal <130/80 mmHg was instead applied, 785
participants (22.6% of the treated) were reclassified from controlled
hypertension to either uncontrolled hypertension (n = 725, 20.9% of
the treated) or to ARH (n = 60, 1.7% of the treated) so that the number
of participants with controlled hypertension decreased to 1521 (43.8%
of the treated), the number of participants with uncontrolled hyper-
tension increased to 1759 (50.6% of the treated) and the number of
participants with ARH increased to 193 (5.6% of the treated).

3.4 | Outcomes by hypertension categories

The cumulative incidence of the composite outcome is shown in

Figure 2 by hypertension categories. Median follow-up time was 19
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TABLE 2 Baseline characteristics by HT (hypertension) status. No HT = BP (blood pressure) <130/80 mmHg and no antihypertensive
drugs; Controlled HT = BP < 130/80 mmHg with 1-3 antihypertensives; Untreated HT = BP > 130/80 mmHg and no antihypertensives;
Uncontrolled HT = BP 2 130/80 mmHg with 1-2 antihypertensives; Resistant HT = BP > 130/80 mmHg with >3 antihypertensives or 24
antihypertensives regardless of BP, one antihypertensive required to be a diuretic

No HT Controlled HT Untreated HT Uncontrolled HT Resistant HT P

n=3857 n=1521 n=2282 n=1759 n=193 (trend)
Systolic BP (mmHg) 114 +10 116 +9 141+ 14 145+ 15 145+ 19 NA
Diastolic BP (mmHg) 66+7 67 +8 779 77 £ 10 75+13 NA
Pulse pressure (mmHg) 47 +9 50+ 10 64 +16 68+ 16 70 £ 19 NA
Heart rate (bpm) 62+9 62 +10 64 + 10 63+11 63+13 <0.001
Age (years) 61.6+54 62.8+5.6 629 +57 64.1+5.6 64.5+59 <0.001
Female sex, n (%) 2223 (57.6%) 879 (57.8%) 1275 (55.9%) 1058 (60.1%) 114 (59.1%) 0.36
Black race, n (%) 511 (13.2%) 345(22.7%) 541 (23.7%) 549 (31.2%) 74 (38.3%) <0.001
BMI (kg/m?) 27.2+4.8 29.8+5.7 28.7 £5.5 30.1+5.8 325+6.1 <0.001
Current smoker, n (%) 666 (17.3%) 214 (14.1%) 326 (14.3%) 190 (10.8%) 11 (5.7%) <0.001
Diabetes mellitus, n (%) 314 (8.1%) 320 (21.0%) 285 (12.5%) 402 (22.9%) 63 (32.6%) <0.001
eGFR (ml/min/1.73m?) 83+ 16 81+20 84 +17 82+20 76 +21 0.001
LDL (mg/dl) 123 + 33 119 + 32 126 + 34 124 + 34 117 + 33 0.21
HDL (mg/dl) 52+17 49 £ 16 52+17 50+ 16 48+ 15 <0.001
TG (mg/dl) 129 + 65 143 + 67 133 £ 64 145 £ 70 153+71 <0.001
Diuretic, n (%) 695 (45.7%) 619 (35.2%) 193 (100.0%) NA
CCB, n (%) 366 (24.1%) 541 (30.8%) 118 (61.1%) NA
BB, n (%) 451 (29.7%) 458 (26.0%) 99 (51.3%) NA
AB, n (%) 177 (11.6%) 171 (9.7%) 38 (19.7%) NA
ACEi, n (%) 366 (24.1%) 474 (26.9%) 105 (54.4%) NA
Central sympatholytics, 60 (3.9%) 85 (4.8%) 37 (19.2%) NA

n (%)

ARB, n (%) 30 (2.0%) 28 (1.6%) 13 (6.7%) NA
Spironolactone, n (%) 28 (1.8%) 11 (0.6%) 4(2.1%) NA
Vasodilators, n (%) 7 (0.5%) 10 (0.6%) 19 (9.8%) NA

Abbreviations: AB, alpha adrenergic blockers; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BB, beta-

adrenergic blockers; BMI, body mass index; BPM, beats per minute; CCB, calcium channel blockers, eGFR, estimated glomerular filtration rate; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.
[quartile one: 12; quartile three: 22] years. Compared with patients different hypertension categories are presented for the individual out-
with controlled hypertension, patients with no hypertension had sig- comes in Tables S1-54.
nificantly lower risk of experiencing the composite outcome (Table 3),
regardless of BP goal (aHR 0.77, 95% Cl: 0.71-0.82 when hypertension
control was defined as BP<140/90 mmHg, and aHR 0.74, 95% CI: 0.68-

0.80 when hypertension control was defined as BP<130/80 mmHg).

3.5 | Outcomes by reclassification of
hypertension categories
The incidence rates for the composite end point were progressively

higher from untreated hypertension to uncontrolled and to ARH, re-
gardless of BP goal (Table 3). Compared with controlled hypertension,
ARH was associated with significantly higher risk for the composite end
point, regardless of whether hypertension control was defined as BP
<140/90 mmHg (@aHR 1.50, 95% Cl: 1.23-1.82) or as BP <130/80 mmHg
(aHR 1.43, 95% Cl: 1.20-1.70). Despite similar between-group BP lev-
els, ARH was associated with a significantly higher risk compared also
with uncontrolled hypertension (aHR 1.31, 95% Cl: 1.07-1.60, P = .010
with BP goal<140/90 mmHg, aHR 1.31, 95% CI: 1.11-1.56, P =.002
with BP goal<130/80 mmHg). Incidence rates and hazard ratios for the

The 1172 participants who were reclassified from no hypertension
to untreated hypertension if the diagnostic threshold was changed
from 140/90 mmHg to 130/80 mmHg were at significantly higher
risk for the primary composite outcome than the 3857 participants
who were not reclassified (HR 1.28, 95% Cl: 1.17-1.41, P < .001; aHR
1.16, 95% Cl: 1.05-1.27, P = .002). However, those 785 participants
who were reclassified from controlled to uncontrolled hypertension
or to ARH were not at significantly higher risk than the 1521 partici-
pants who were not reclassified (HR 1.08, 95% Cl: 0.97-1.20, P = .18;
aHR 1.03, 95% Cl: 0.92-1.15, P = .61).
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(A) Hypertension Criteria 2140/90 mmHg
No HT P
0.75+ Controlled HT o > el

Untreated HT
Uncontrolled HT
Apparent resistant HT

0.50

0.25+

Log-Rank test P <0.001

Cumulative Incidence of Composite Outcome

0.00 T T T T T
0 5 10 15 20
Years
(B) Hypertension Criteria 2130/80 mmHg
No HT ——
0.75 5 ffﬁ
Controlled HT ——— ¥ S
Untreated HT ——— L ///
Uncontrolled HT ——— Pl e
Apparent resistant HT

0.50

0.25+

Cumulative Incidence of Composite Outcome

0.00

FIGURE 2 Cumulative incidence of the primary composite
outcome by hypertension categories. Hypertension (HT) defined
by (A) traditional criteria (BP = 140/90 mmHg) or by (B) more
stringent criteria (BP = 130/80 mmHg). Composite outcome:
first hospitalization for either incident myocardial infarction or
stroke or heart failure, or death.

3.6 | Outcomes by number of antihypertensive

The cumulative incidence of the composite outcome is shown in
Figure 3 by numbers of antihypertensive drug classes. Among the
2259 participants with BP 2140/90 mmHg and among the 4224
participants with BP 2130/80 mmHpg, the incidence rates of the
composite end point increased with increasing numbers of anti-
hypertensive drug classes (Table S5). Compared with treatment
with no antihypertensive drugs, the aHR for treatment with 23
antihypertensive drug classes was 1.50, 95% Cl: 1.21-1.85 among
participants with BP 2140/90 mmHg, and 1.62, 95% Cl: 1.36-1.92
among participants with BP 2130/80 mmHg. Among the 7353 par-
ticipants with BP <140/90 mmHg and among the 5388 participants
with BP<130/80 mmHg, the incidence rates of the composite end
point also increased with increasing number of antihypertensive
drug classes (Table S6). Compared with untreated normotensive

participants, the aHR for treatment with >3 antihypertensive drug

classes was 1.73, 95% Cl. 1.44-2.08 among participants with BP
<140/90 mmHg and 1.71, 95% Cl: 1.36-2.17 among participants
with BP<130/80 mmHg.

4 | DISCUSSION

In ARIC participants without prior cardiovascular diseases, long-
term risks for cardiovascular morbidity and all-cause mortality
were significantly higher in participants with ARH at baseline than
in participants with controlled hypertension at baseline, regardless
of whether the traditional or the stringent BP criteria were applied.
Long-term risk was significantly higher in participants with ARH
also when compared with participants with uncontrolled but non-

resistant hypertension, despite similar BP levels.

4.1 | Prevalence of ARH

In the ARIC cohort, the prevalence of ARH was lower than in other
population-based cohorts.”®° The reason for this discrepancy re-
mains unclear, but we believe that exclusion of participants with
known cardiovascular diseases, and differences in demographic
characteristics and prescription patterns, contributed. Less than
ten percent of the treated participants in the present cohort used
antihypertensive drugs from 23 drug classes at baseline. If the more
stringent BP criteria were applied instead of the traditional BP cri-
teria, almost one in four treated participants were reclassified from
controlled to uncontrolled hypertension or to ARH. However, we
did not observe a significantly increased risk in these participants.
In contrast, untreated participants who were reclassified from no
hypertension to untreated hypertension if the BP criteria were
lowered were at higher risk than untreated participants whose hy-
pertension categories did not change. This may imply that for the
purpose of long-term risk prediction, utilization of the more strin-
gent blood pressure criteria is of larger importance in untreated
than in treated people. Several markers of cardiovascular risk were
elevated in participants with ARH, but smoking was less common,
an apparently paradoxical association reported also from other

cohorts.??%0

4.2 | Prognostic significance of resistance to
antihypertensive treatment

Increased cardiovascular risk in patients with ARH has been de-
scribed in several cohorts of patients with and without cardiovascular

1123 \yith the exception of patients with heart failure.!

comorbiditites,
Novel findings in the present study were that the prognostic signifi-
cance of ARH, diagnosed on a single occasion, was retained during a
median follow-up time of almost 20 years. To the best of our knowl-
edge, this is one of the longest follow-up times reported for outcomes

in patients with ARH. Furthermore, we found increasing incidence rates
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TABLE 3 Outcomes (first hospitalization for incident myocardial infarction or stroke or heart failure, or death) by hypertension (HT)

categories
Events

Traditional BP goal (<140/90 mmHg) Event rate
No HT 2328 events
n=5029 26.3/1000 py
Controlled HT 1401 events
n=2306 38.7/1000 py
Untreated HT 706 events
n=1110 41.7/1000 py
Uncontrolled HT 715 events
n=1034 48.8/1000 py
Apparent resistant HT 108 events
n=133 65.3/1000 py
Stricter BP goal (<130/80 mmHg)
No HT 1715 events
n = 3857 24.9/1000 py
Controlled HT 914 events
n=1521 38.0/1000 py
Untreated HT 1319 events
n=2282 36.0/1000 py
Uncontrolled HT 1163 events
n=1759 45.0/1000 py
Apparent resistant HT 147 events
n=193 58.2/1000 py

Unadjusted HR (95% Cl)

P value

0.64 (0.60-0.69)
P<.001

Ref.

1.09 (1.00-1.19)
P=.06

1.31(1.19-1.43)
P <.001

1.84(1.51-2.23)
P<.001

0.62(0.57-0.68)
P<.001

Ref.

0.94 (0.87-1.02)
P=.16

1.22(1.12-1.33)
P <.001

1.65(1.39-1.97)
P<.001

Adjusted® HR (95% Cl)
P value

0.77(0.71-0.82)
P<.001

Ref.

1.06 (0.97-1.16)
P=.23

1.14 (1.05-1.25)
P=.004

1.50(1.23-1.82)
P<.001

0.74 (0.68-0.80)
P <.001

Ref.

0.96 (0.88-1.04)
P=.33

1.09 (1.00-1.19)
P=.06

1.43(1.20-1.70)
P <.001

?Adjusted for baseline age, sex, race, and study center, BMI, heart rate, current smoking, eGFR, LDL, HDL, TG, and diabetes status.

of the composite outcome with use of more antihypertensive drugs,
both in patients with uncontrolled and controlled BP. This suggests
that other factors besides BP goal achievement contribute to the in-
creased risk associated with resistance to antihypertensive treatment.
The number of antihypertensives required to achieve a certain BP level
may be a marker for more advanced vascular and metabolic disease
burden which makes BP control harder to achieve and increases cardi-
ovascular risk. Indeed, ARIC participants who were strictly normoten-
sive (SBP<130 mmHg) on repeated measurement occasions have been
shown to have higher levels of circulating cardiac biomarkers, impaired
cardiac structure and function evaluated with echocardiography, and
higher prevalence of comorbidities if one or more antihypertensive
drugs were used than if no antihypertensive drugs were used, and to
have a higher risk of incident heart failure.%? Resistant hypertension
has been associated with endothelial dysfunction, increased arterial
stiffness,>® elevated plasma levels of aldosterone®* and inflammatory
biomarkers,®® and with a high prevalence of obstructive sleep apnea.3¢
Undiagnosed causes of secondary hypertension, such as primary hy-
peraldosteronism, Cushing's syndrome, or atherosclerotic renovascu-
lar disease, may also be more prevalent among participants with ARH,

possibly contributing to their increased risk.

4.3 | Prognostic significance of BP control

Compared with participants with untreated hypertension, we did

not observe significantly lower risk in participants with controlled

hypertension. This finding should not be interpreted as evidence
against initiation of antihypertensive drug treatment in primary pre-
ventive patients. Elevated BP at a single occasion is not sufficient
to establish a definitive diagnosis of hypertension in a previously
untreated patient.?* Furthermore, ARIC participants were recom-
mended to consult their physician if the BP was found to be elevated.
Therefore, participants with untreated hypertension at baseline may
have received treatment during follow-up. Likewise, some partici-
pants with controlled hypertension at baseline may have had uncon-
trolled hypertension during follow-up. This might have attenuated
any prognostic impact of their baseline hypertension status.

4.4 | Strengths and limitations

Strengths of this study were the community-based cohort, the
focus on participants without known cardiovascular disease likely
to be representative of patients seen in general clinical practice
aimed at primary prevention, and the long follow-up period. The
large cohort also made it possible to compare outcomes across
the entire range of BP treatment phenotypes, from untreated par-
ticipants with or without elevated BP to treated participants with
controlled or uncontrolled hypertension, or ARH. However, sev-
eral factors related to so-called pseudo-resistant hypertension,
such as information about medication doses and adherence, were
not assessed in the ARIC study and these represent important

study limitations. Sub-optimal dosing of antihypertensive drugs
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FIGURE 3 Cumulative incidence of the primary composite outcome by numbers of antihypertensive drug classes in patients with
BP > 140/90 mmHg (A), BP = 130/80 mmHg (B), BP < 140/90 mmHg (C), and BP < 130/80 mmHg (D). Composite outcome: first
hospitalization for incident myocardial infarction or stroke or heart failure, or death.

is common in patients with ARH.% Poor adherence is also com-
mon and is even more prevalent when assessed objectively with
biochemical methods than when assessed with questionnaires
or through pharmacy dispensing databases.®®*° Another impor-
tant limitation is that BP measurements were performed only at
baseline and only on one visit. Fluctuations in BP values during
follow-up are likely to have occurred, but were not accounted for
in this analysis. Furthermore, BP control was assessed by office BP
measurements and was not confirmed by home or 24-hour ambu-
latory BP measurements, which represent the gold standard, and
no adjustments were made for changes in BP levels or treatment
during follow-up. Baseline investigations took place prior to the
questioning of beta-adrenergic blockers as first-line antihyperten-
sives,*! and before the beneficial effects of spironolactone had
been demonstrated in patients with resistant hypertension.*>*3
Recent guidelines also recommend initiation of antihypertensive
drug therapy with two drug classes for many patients.?* Therefore,
the clinical care and the prescription pattern of antihypertensive
drugs at baseline may not entirely mirror that seen in clinical prac-

tice today, which is a limitation. It is also possible that some drugs

classified as antihypertensives were prescribed for other indica-
tions than for hypertension (for instance, beta-adrenergic block-
ers may have been used for arrhythmias). Finally, since this is an
observational study, the results should not be used to guide deci-
sions about optimal blood pressure treatment targets or diagnos-

tic criteria.

5 | CONCLUSIONS

In this observational community-based cohort of people who were
free from cardiovascular disease at baseline, long-term risk was
elevated in participants with ARH, regardless of whether the tra-
ditional or the more stringent blood pressure criteria were applied.
The increased risk was independent of traditional markers of risk.
The risk increased also with increasing numbers of antihyperten-
sive medications in patients with blood pressure below either the
traditional or the more stringent blood pressure goal. This implies
that resistance to antihypertensive medications can be used to

identify patients at risk for developing cardiovascular disease and
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suggests that risk factor modification may be considered in these

patients.
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