1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Hypertension. Author manuscript; available in PMC 2022 January 01.

-, HHS Public Access
«

Published in final edited form as:
Hypertension. 2021 January ; 77(1): 72-81. d0i:10.1161/HYPERTENSIONAHA.120.15064.

Adverse health outcomes associated with refractory and
treatment resistant hypertension in the Chronic Renal
Insufficiency Cohort (CRIC)

Michael G. Buhnerkempel:2, Vivek Prakash3, Albert Botchway!2, Bemi Adekola3, Jordana
B. Cohen#5, Mahboob Rahman®, Matthew R. Weir’, Ana C. Ricardo®, John M. Flack3

1Department of Internal Medicine, Southern lllinois University School of Medicine, Springfield, IL
2Center for Clinical Research, Southern lllinois University School of Medicine, Springfield, IL

3Department of Internal Medicine, Division of General Internal Medicine, Hypertension Section,
Southern lllinois University School of Medicine, Springfield, IL

4Renal-Electrolyte and Hypertension Division, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, PA

SDepartment of Biostatistics, Epidemiology, and Informatics, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA

6Division of Nephrology, Department of Medicine, Case Western Reserve University, Cleveland,
OH

"Department of Medicine, University of Maryland School of Medicine, Baltimore, MD

8Division of Nephrology, Department of Medicine, University of Illinois at Chicago, Chicago, IL

Abstract

Refractory hypertension is a severe phenotype of antihypertension treatment failure. Treatment
resistant hypertension, a less severe form of difficult-to-treat hypertension, has been associated
with significantly worse health outcomes. However, no studies currently show how health
outcomes may worsen upon progression to refractory hypertension. Refractory hypertension and
treatment resistant hypertension were studied in 3147 hypertensive participants in the Chronic
Renal Insufficiency Cohort (CRIC). The hypertensive phenotype (i.e., no treatment resistant or
refractory, treatment resistant, or refractory hypertension) was identified at the baseline visit and
health outcomes were monitored at subsequent visits. Outcome risk was compared using Cox
proportional hazards models with time-varying covariates. A total of 136 (4.3%) individuals were
identified with refractory hypertension at baseline. After adjusting for participant characteristics,
individuals with refractory hypertension had increased risk for the composite renal outcome across
all study years (50% decline in estimated glomerular filtration rate or end stage renal disease;
hazard ratio for study years 0-10 = 1.73 [95% confidence interval; 1.42—2.11]) and the composite
cardiovascular disease outcome during later study years (stroke, myocardial infarction, or
congestive heart failure; hazard ratio for study years 0-3 = 1.25 [0.91-1.73], for study years 3-6 =
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1.50 [0.97-2.32]), and for study years 6-10 = 2.72 [1.47-5.01]) when compared to individuals
with treatment resistant hypertension. There was no significant difference in all-cause mortality
between those with refractory vs. treatment resistant hypertension. We provide the first evidence
that refractory hypertension is associated with worse long-term health outcomes compared to
treatment resistant hypertension.
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Introduction

Treatment resistant hypertension (TRH) affects nearly 20% of U.S. adults currently being
treated for hypertensionl. However, the current definition of TRH (i.e., controlled blood
pressure [BP; <140/90 mm Hg] when prescribed = 4 antihypertensive medication classes,
inclusive of a diuretic or uncontrolled BP [>140 and/or =90 mm Hg] when prescribed = 3
antihypertensive medication classes, inclusive of a diuretic)? includes refractory
hypertension, a novel phenotype of antihypertensive treatment failure3: 4. Refractory
hypertension (RfH; defined in population studies as uncontrolled BP when taking =5
antihypertensive medication classes, inclusive of a diuretic) represents a notable 3-31% of
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those originally diagnosed with TRH3-8, However, the importance of differentiating
individuals with RfH from individuals with TRH is speculative given that little is currently
known about the prognosis of those with RfH separate from those with TRH.

TRH is associated with higher risks of all-cause mortality and cardiovascular disease (CVD;
e.g., stroke, congestive heart failure [CHF], myocardial infarction) compared to non-resistant
hypertension 9 10, However, these estimates of outcome risk include RfH within the
definition of TRH20, Although health outcomes in RfH have not been studied, in population
studies, individuals with RfH have been shown to have higher body mass index than their
treatment resistant counterparts® as well as higher prevalence of comorbidities such as
diabetes and albuminuria® 68, RfH is also associated with decreased kidney function
(estimated glomerular filtration rate [eGFR] < 60 ml/min/1.73m?2) and black race 3 6.8, As
such, we would expect the prognosis to be worse for those with RfH compared to TRH,
although no current evidence supports this hypothesis!L.

To provide the first evaluation of the relationship between RfH and renal, cardiovascular,
and mortality outcomes, we used data from the Chronic Renal Insufficiency Cohort (CRIC)
Study. Individuals with decreased kidney function have a higher prevalence of RfH
compared to the general population3 68, Due to the low prevalence of RfH in the general
population®, the CRIC Study’s focus on participants with impaired kidney function provides
an ideal population to study RfH. The aims of this study were two-fold. First, we aimed to
evaluate if prognosis for adults with RfH differs from those with treatment resistant and
those with non-treatment resistant or RfH. Second, because previous estimates of outcome
risk in patients with TRH included those with RfH, we also aimed to provide corrected
estimates of outcome risk for those with treatment resistant, but not refractory, hypertension.
Overall, through this analysis, we aimed to assess if refractory hypertensives require
consideration as a separate phenotype from TRH due to markedly different health outcomes.

The data for this study can be obtained by request from the National Institutes of Health
through the National Institute of Diabetes and Digestive and Kidney Diseases’ Central
Repository (https://repository.niddk.nih.gov/home/). Code for all statistical analyses is
available upon request from the corresponding author.

Study Population

Study design and rationale of the CRIC Study have been described previously12 13, Briefly,
the CRIC Study is an ongoing, multicenter, prospective cohort study designed to evaluate
risk factors and for the progression of chronic kidney disease (CKD) and CVD in adults with
mild to moderate CKD. The study recruited 3939 adults between 2003 and 2008 from seven
clinical centers in the U.S. (Baltimore, MD; Philadelphia, PA; Cleveland, OH; Detroit, Ml;
Chicago, IL; New Orleans, LA; and Oakland, CA). Inclusion criteria included age 21 to 74
years and estimated glomerular filtration rate (eGFR) range of 20 to 70 ml/min/1.73 mZ2.
Exclusion criteria included diagnosis of polycystic kidney disease and use of
immunosuppression for glomerulonephritis. The CRIC study was approved by all
participating centers’ institutional review boards, and all patients provided informed consent.
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De-identified data was obtained for this study, and as such, these analyses were deemed non-
human subjects research by the local Institutional Review Board (Springfield Committee for
Research Involving Human Subjects).

Of the 3939 participants enrolled in CRIC, 548 patients with controlled BP (<140/90 mm
Hg) on zero hypertensive medications at baseline (representing both hypertensive and
normotensive individuals) were excluded from the analysis. An additional 220 participants
were excluded due to censoring in any outcomes at the baseline visit. One participant was
excluded for missing systolic blood pressure, and 23 were excluded for missing medication
data, leaving 3147 participants in the final analysis data set at the baseline visit (Figure 1).
Participants were subsequently lost to follow-up over the course of yearly study visits (see
Table S1 for full follow-up participation).

Blood pressure measurement

Participant’s BP was measured with a Tycos Classic Aneroid sphygmomanometer using a
standard protocol (i.e., refrain from caffeine, smoking, and exercise at least 30 minutes
before, five-minute rest immediately before, quiet room, appropriate size cuff, seated with
back supported, legs uncrossed, feet flat on floor and taken using the right arm whenever
possible with arm supported on a table). The average of 3 BP measurements was used.

Refractory/Treatment resistant hypertension definition

TRH was defined as BP =140 and/or =290 mm Hg despite being prescribed 3 or 4
antihypertensive drug classes, including a diuretic (uncontrolled TRH; Table 1) or BP
<140/90 mm Hg while prescribed 4 or more antihypertensive drug classes, including a
diuretic (controlled TRH; Table 1)2.

Definitions of RfH differ between clinic and population studies due to the relative rarity of
mineralocorticoid receptor antagonist (i.e., spironolactone and eplerenone, which are
required under the most evolved clinic definition?) use outside of hypertension specialty
clinics8. Thus, RfH was defined as BP =140/90 despite being prescribed =5 antihypertensive
drug classes, including a diuretic, as in other population studies (Table 1)3: 6 8.

Because medication adherence and white coat hypertension were not routinely assessed
during all visits, apparent TRH (aTRH) and apparent RfH (aRfH) are more appropriate
labels for these definitions. However, for the remainder of this paper, we will use TRH and
RfH for simplicity. Individuals without TRH or RfH will be referred to as non-TRH/RfH
(Table 1)

We note that a threshold of 140/90 mm Hg was used in the definitions of hypertension,
TRH, and RfH. This threshold is consistent with the definition used in the CRIC study?3, in
previous outcomes studies in CRIC20, and in the previous Joint National Committee on
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 8) guidelines!4.
However, the previous JNC 71° and current American College of Cardiology/American
Heart Associationl® guidelines advocate for lower treatment targets (130/80 mm Hg) for
individuals with CKD or all hypertensives, respectively. To explore the impact of newer

Hypertension. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buhnerkempe et al.

Outcomes

Page 5

blood pressure targets on our results, we performed a sensitivity analysis using 130/80 mm
Hg as the threshold for hypertension in all definitions.

Three outcomes were chosen for this analysis: 1) a composite of cardiovascular outcomes,
including stroke, myocardial infarction (MI), and congestive heart failure (CHF); 2) a
composite of renal outcomes, including 50% decline in eGFR from baseline or end-stage
renal disease (ESRD); and 3) all-cause mortality. In all analyses, participants were censored
at their last follow up visit or at the time of death. Deaths in CRIC are ascertained by reports
from next of kin, retrieval of death certificates or obituaries, review of hospital or outpatient
records, and searching Social Security Death vital status and state death files, if available.
Heart failure and major cardiovascular events in CRIC are identified by asking study
participants biannually if they were hospitalized and by reviewing electronic health records.
At least two study physicians review all events and deaths using medical records and
determine the likelihood of events based on modified clinical Framingham criteria. ESRD is
identified by self-report and corroborated using data from the United States Renal Data
System. Becase eGFR was only measured at fixed intervals, ascertainment of time to eGFR
halving was imputed assuming a linear decline in kidney function between annual visits!’.

Covariate Definitions

In the CRIC study, individuals self-identified race. Diabetes was defined as self-reported use
of anti-diabetes medication, fasting plasma glucose = 126 mg/dl, or non-fasting plasma
glucose =200 mg/dl. eGFR was estimated by an internally derived equation utilizing serum
creatinine, and cystatin C18. Current smoking was defined as both currently smoking
cigarettes and having smoked 100 cigarettes in one’s lifetime. A history of cardiovascular
disease was defined as previously having coronary artery disease, prior revascularization,
heart failure, stroke, and/or peripheral vascular disease. Antihypertensive medications were
grouped according to class (i.e., nitrates, vasodilators, aldosterone antagonists, epithelial
sodium channel [ENaC] inhibitors, renin-angiotensin system [RAS] blockers,
sympatholytics, diuretics, beta blockers, and calcium-channel antagonists). We note that
because aldosterone antagonists are considered as their own class for this study, we consider
RAS blockers instead of renin-angiotensin-aldosterone system (RAAS) blockers combined.
In addition, diuretics include loop and thiazide diuretics. K-sparing diuretics were included
as either aldosterone antagonists (i.e., spironolactone, eplerenone) or ENaC inhibitors (i.e.,
amiloride, triamterene) and did not satisfy the diuretic prescription requirement for RfH and
TRH in this analysis.

Statistical Analysis

For the cross-sectional analysis of baseline measurements, two comparisons were made:
non-TRH/RfH vs TRH, and TRH vs RfH. Continuous baseline characteristics were
compared with t-tests and categorical characteristics with Chi-square tests. Median follow-
up durations for each outcome were estimated using the reverse Kaplan-Meier method.

Relative risks for each outcome between those with non-TRH/RfH, TRH, and RfH were
estimated with Cox proportional hazard models. Hypertensive classification (i.e., non-
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TRH/RfH vs. TRH vs. RfH) was included as a time-varying predictor, allowing individuals
to change their hypertensive phenotype through time in accordance with their BP control and
the intensity of their prescribed antihypertensive treatment. Additional baseline covariates
included in the Cox models included: age, sex, race/ethnicity, college education, diabetes,
body mass index (BMI), eGFR (log-transformed), current smoking, 24-hour urine protein
(log-transformed), low-density lipoprotein (LDL), history of cardiovascular disease, and
study site. The proportional hazard assumption was tested for each individual covariate in
the model and globally by methods outlined by Grambsch and Therneaul®. In the event of a
violation of the proportional hazard assumption for any individual covariate, a step function
was introduced to stratify time into intervals demarcated by the following year ranges: years
0 to 3, years 3+ to 6, and years 6+ to 10, where the intervals are non-overlapping (i.e., left-
open and right-closed intervals). Age, BMI, and the log of eGFR were all included as time-
varying coefficients in this way to satisfy the proportional hazard assumption. In addition,
the coefficients for hypertension classification were estimated using these intervals when
analyzing the CVD composite outcome due to a failure of the proportional hazard
assumption related to RfH in this outcome only. All additional analyses use this interval
estimation of the hypertension classification coefficients for consistency.

Missing data was present in observations of BMI (0.3%, 8/3147), 24-hour urine protein
(5.1%, 160/3147), and LDL (0.4%, 12/3147). Missing values were imputed prior to
estimation of the Cox models. Imputation was done by multiple imputation using chained
equations as described in Van Burren & Groothuis-Oudshoorn20. Imputation models
included the Nelson-Aalen estimator of cumulative hazard as a predictor variable as
recommend by White & Ryston?L. Coefficients for log hazard were pooled before
exponentiation to determine hazard ratios as recommended by Marshall et al.22.

Because individuals with uncontrolled TRH (i.e., uncontrolled BP when prescribed 3 or 4
antihypertensive drug classes, including a diuretic) may progress to a refractory diagnosis
upon treatment intensification, have higher BP levels, and have higher health risks than those
with controlled TRH23, these individuals may be more similar to refractory hypertensives
than their controlled TRH counterparts. To assess the relationship between uncontrolled
TRH and RfH, we also repeated all analyses using only uncontrolled TRH, while excluding
those with controlled TRH at any point in time.

Of the 3147 hypertensive participants in CRIC considered in this study, 2006 (63.7%) had
baseline BP control consistent with non-TRH/RfH hypertension, 1005 (31.9%) had TRH,
and 136 (4.3%) had RfH. Among participants with RfH at baseline, 32 (23.5%) still had RfH
at their final follow-up visit (Table S2). In those with TRH, 490 (48.8%) exited the study
with TRH, while 71 (7.1%) progressed to RfH upon exit (Table S2). Participants with non-
TRH/RfH at baseline largely maintained this phenotype at their final visit (n = 1592; 79.4%)
with only 371 (18.5%) and 43 (2.1%) progressing to TRH and RfH, respectively (Table S2).
Over the course of the study, 2109 participants (67.0%) transitioned between phenotypes 1
or fewer times (Table S3).
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Baseline participant characteristics

Baseline characteristics are provided in Table 2. In general, participants in CRIC were over
50, majority male, predominately Caucasian or African American, and obese. Compared to
those with TRH, those with RfH at baseline were more likely to be black, have a history of
cardiovascular disease, congestive heart failure, and stroke, and have lower serum potassium.
Compared to those with non-TRH/RfH hypertension, individuals with TRH at baseline were
more likely to be older, black, a non-smoker, and have lower educational attainment. In
addition, compared to those with non-TRH/RfH, those with TRH at baseline were more
likely to have lower eGFR, higher BMI, higher HbALlc, higher proteinuria, higher urine
albumin-to-creatinine ratio, and higher HDL, LDL, and total cholesterol. They are also more
likely to report a history diabetes, cardiovascular disease, congestive heart failure, stroke,
atrial fibrillation, and chronic obstructive pulmonary disease. We also note that there was a
trend towards higher levels of serum aldosterone when comparing RfH to TRH and TRH to
non-TRH/RfH at baseline, although the former trend was of borderline statistical
significance (p = 0.07 and 0.02, respectively).

Baseline medication use

Outcomes

Compared to those with TRH, those with RfH at baseline were more likely to be prescribed
second-line antihypertensive medications, including nitrates, vasodilators, sympatholytics,
beta blockers and calcium channel antagonists. There was no apparent difference amongst
difficult-to-treat phenotypes in non-antihypertensive medication use at baseline (i.e., aspirin,
nonsteroidal anti-inflammatory drugs [NSAIDs], selective serotonin reuptake inhibitors
[SSRIs], and statins). When compared to those with non-TRH/RfH hypertension, those with
TRH at baseline were more likely to be prescribed all antihypertensive medication classes as
well as aspirin, NSAIDs, and statins.

The median follow-up time for the renal composite (50% eGFR decline/ESRD) outcome
was 7.02 years (95% Cl: 6.95-7.09) with 1121 reported composite renal events. The median
follow-up time for the CVD composite (stroke/MI/CHF) outcome was 7.87 years (7.81-
7.93), with CHF alone contributing to over half (466) of the 799 reported composite CVD
events (Table S4). The median follow-up time for all-cause mortality was 7.99 years (7.93—
8.06) with 678 reported deaths.

In unadjusted analyses, the risk of renal and CVD outcomes was higher in individuals with
RfH compared to those with TRH and in individuals with TRH compared to those with non-
TRH/RfH, but all-cause mortality was only higher in those with TRH compared to those
with non-TRH/RfH (Table S5). When adjusting for patient characteristics, hazard ratios
were attenuated, but there remained a significantly higher risk of renal outcomes in RfH vs.
TRH and in TRH vs. non-TRH/RfH (Table 3). Similarly, the adjusted risk for cardiovascular
outcomes was significantly higher in RfH vs. TRH in years 6-10 (although there was a non-
significant trend towards higher risk in RfH in years 3-6) and in TRH vs. non-TRH/RfH in
years 0-6 (Table 3). Also, the hazard ratio for RfH vs. TRH in years 0-3 for the CVD
composite outcome was shown to be potentially higher, although not statistically significant,
in the RfH phenotype (Table 3). After adjustment, there was no difference in the risk of all-
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cause mortality in RfH vs. TRH, despite there being a significantly higher risk of mortality
in TRH vs. non-TRH/RfH (Table 3).

Of the 1005 individuals with TRH at baseline, 408 (40.6%) had uncontrolled TRH. When
the analyses were restricted to individuals with uncontrolled TRH, we found similar adjusted
hazard ratios for all outcomes when comparing RfH to uncontrolled TRH and uncontrolled
TRH to non-TRH/RfH (Table 4).

When we used a threshold of 130/80 mm Hg to define hypertension, TRH, and RfH instead
of 140/90 mm Hg, we found similar results (Tables S6 and S7). Under this threshold, risk for
the cardiovascular and renal composite outcomes were higher in more severe hypertensive
phenotypes (i.e., RfH vs. TRH vs. non-TRH/RfH; Table S5). Although all-cause mortality
risk was greater in individuals with TRH vs. non-TRH/RfH, there was no difference between
individuals with RfH and TRH (Table S5).

Discussion

This study is highly novel as it is the first quantify the long-term health impacts of RfH and
provide context for this diagnosis relative to TRH. We have shown that RfH is associated
with markedly greater risk of CKD progression and cardiovascular events, especially in later
study years, when compared to those with TRH, while no increase in mortality was
observed. Despite separating out the relatively high risk patients with RfH, we still observed
significantly higher risks for all health outcomes in participants with TRH when compared
to no TRH or RfH. The negative health impacts observed here have been hypothesized
previously but not confirmed?Z,

Although there is a paucity of studies evaluating health outcomes in RfH, and our study is
limited to individuals with CKD, other longitudinal studies of TRH have found similar
associations between TRH and increased cardiovascularl® 23-26  renal10. 25 and all-cause
mortality10: 23-26 risk. Uncontrolled TRH, by definition, is more similar to RfH than
controlled TRH. Previous studies found that cardiovascular risk was greater in uncontrolled
TRH compared to controlled TRH with no difference in mortality23. This finding mirrors
our own that cardiovascular and renal events are increased in RfH compared to uncontrolled
TRH with no corresponding increase in all-cause mortality (Table 4). Thus, our results point
to RfH as a high risk hypertension phenotype despite the similarity in definition with
uncontrolled TRH, with health risks increasing from non-resistant/refractory hypertension to
TRH to RfH.

We also found similar risk profiles under thresholds of 140/90 mm Hg (Tables 3 and 4) and
130/80 mm Hg (Table S6 and S7). The lack of differentiation in outcome risk between
thresholds may indicate that hypertension severity may not lie on a strict continuum, a
conjecture supported by the observation that individuals with RfH have significantly higher
BP levels than even their TRH counterparts (Table 2). In this regard, the choice of BP
threshold may have little to do with identifying individuals with TRH and RfH. Rather, the
choice of BP target may only impact individual outcome risks within hypertension
phenotypes and not the relative risks between phenotypes. However, future studies are
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needed to further elucidate how changes in treatment targets impact outcomes in severe
hypertensive classes like TRH and RfH.

When compared to the prevalence of RfH observed in CRIC, population studies have
generally found prevalence to be lower (i.e., 0.5-1.4%)3 6 8_Given that patients with CKD
are known to be at greater risk for RfH3 6: 8 the relatively high prevalence of RfH reflects
the patient population considered in CRIC. In addition, this relatively high prevalence is in
line with estimates obtained from hypertension specialty clinics (i.e., 2.7-9.5%)%* ®, where
CKD is a common comorbidity.

In this study, baseline patient characteristics were similar between those with treatment
resistant and RfH. Only race, serum potassium, and a history of cardiovascular disease and
congestive heart failure were significantly different when comparing these two phenotypes at
baseline. This result is in contrast to population-based studies where age, sex, BMI,
albuminuria, and diabetes were also found to be significantly different between RfH and
TRH3: 6.8 In comparison with population studies, CRIC’s patient population was restricted
to those with CKD. Restriction of the analyses to individuals with CKD may have
introduced selection bias, eliminating some of the demographic and clinical characteristics
that were previously observed to be associated with RfH. In addition, we found a
nonsignificant trend towards higher serum aldosterone in patients with RfH at baseline that
could indicate the presence of undiagnosed primary aldosteronism. Because primary
aldosteronism is associated with increased CVD?%7~29 and renal health3C risks, relatively high
rates of undiagnosed primary aldosteronism could, at least in part, explain some of our
results regarding negative health outcomes in individuals with RfH. RfH may also reflect
poor adherence to medications, which could not be measured in this study, and may also
partly explain some of the elevated risk observed.

This study benefits from several strengths. There was a relatively large sample size of
individuals with hypertension in the CRIC Study, particularly those with RfH. In the general
population, this is a relatively rare phenotype, and a much larger sample size would be
required to identify a sufficient number of patients with RfH. Also, the duration of follow-up
within CRIC is long, providing robust longitudinal data on long-term health outcomes.

However, this study is also limited in several ways. First, the focus is specifically on
individuals with CKD, and despite the large overall sample size, refractory hypertension is
relatively rare. Future studies are needed to confirm outcomes of RfH in other patient
populations. We also did not rigorously explore social determinants of health. We included
education level, which was not different between those with TRH and those with RfH.
However, African-American participants were more likely to have RfH, which could reveal
potential latent confounding in the role of RfH in shaping health outcomes due to
unaccounted for social determinants of health. Self-identification of race by participants may
limit these racial conclusions though. In addition, as noted above, white-coat hypertension,
masked hypertension, and medication nonadherence cannot be excluded in this analysis
leading to potential misclassification of a participant’s hypertension phenotype, although the
prevalence of white-coat hypertension in CRIC has previously been found to be low31.
Similarly, therapeutic inertia could lead to further misclassification between hypertension
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phenotypes if individuals with uncontrolled BP were not prescribed additional medications
as needed. Future cohort studies should attempt to disentangle the impact of therapeutic
nonadherence, therapeutic inertia, and white-coat hypertension on risk assessments for
refractory hypertension. Finally, the definition of RfH has changed over time3-6:8.9.11,
However, using the most evolved definition (i.e., uncontrolled BP when taking 5 or more
antihypertensive drug classes, including a long-acting thiazide or thiazide-like diuretic and a
mineralocorticoid receptor antagonist [MRA])# is often prohibitive given the low utilization
of mineralocorticoid receptor antagonists in the general population3: 8. This definition is also
limited in populations with CKD, like in CRIC, because MRAs may be discontinued due to
hyperkalemia risk in those patients with eGFR <45 mL/min per 1.73 m2. As a result, we
chose to use a definition for refractory hypertension that is used in population-based
studies® 8. More guidance is needed about how to reconcile definitions of RfH across patient
populations and whether the specific definition of RfH impacts our understanding of patient
outcomes.

Perspectives

This study provides the first evidence that, in cohort of individuals with CKD, the prognosis
of those with RfH is worse than in those with TRH. As such, RfH should be considered as a
quantitatively worse phenotype from TRH. Specifically, the cardiovascular and renal health
risks associated with RfH underscore the need for early identification of these individuals,
despite their relative rarity, in order to better monitor and mitigate long-term risk through
alternate treatment strategies. Future studies should attempt to confirm these findings in non-
CKD populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What is New?
. This is the first study to separately consider refractory hypertension and
treatment resistant hypertension to make clear the health risks associated with
each.

What is Relevant?

. This study showed that health outcomes worsened when considering
refractory hypertension vs. treatment resistant hypertension vs. non- treatment
resistant or refractory hypertension.

Summary?

Refractory and treatment resistant hypertension were evaluated in a 3147 individuals with
mild-to-moderate chronic kidney disease who were at higher risk for these severe forms
of hypertension. Renal and cardiovascular outcomes, but not mortality, were worse for
those with refractory compared to treatment resistant hypertension. Those with treatment
resistant hypertension experienced higher risks for all outcomes (renal, cardiovascular,
and mortality) when compared to those without refractory or treatment resistant
hypertension.
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A 4

3391
participants

A 4

BP controlled (<140/<90 mm Hg) at baseline
on no hypertensive medications (n = 548)

v

3171
participants

A 4

Censoring in one or more outcomes at baseline
(n=220)

A 4

3148
participants

Missing medication data (n = 23)

A 4

3147 participants
in study population

Figure 1:

Missing systolic BP (n = 1)

Flow chart showing patient inclusion/exclusion criteria. Arrows and boxes to the right show
the number of patients excluded for various reasons. Boxes on the left show the number of
patients in the study after each exclusion criteria is applied.
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Table 1:

Hypertensive phenotype

Abbreviation

Definition

Refractory hypertension

RfH

BP > 140/90 while prescribed = 5 antihypertension medication classes, including a
diuretic

Treatment resistant hypertension | TRH

BP > 140/90 while prescribed 3 or 4 antihypertension medication classes, including a
diuretic

OR

BP <140/90 while prescribed = 4 antihypertension medication classes, including a
diuretic

Responsive hypertension

Non-TRH/RfH

BP > 140/90 while prescribed 1 or 2 antihypertension medication classes, including a
diuretic

OR

BP > 140/90 while prescribed any antihypertension medication, not including a diuretic
OR

BP = 140/90 while not prescribed antihypertension medication

OR

BP <140/90 while prescribed 1, 2, or 3 antihypertension medication classes, including a
diuretic

OR

BP <140/90 while prescribed any antihypertension medication, not including a diuretic
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Table 2:
Baseline characteristics of CRIC participants according to hypertensive phenotype.
Hypertensive Phenotype p-value
non-TRH/RfH TRH RfH non-TRH/ TRH vs.
Characteristic (n =2006) (n =1005) (n=136) RfH. vs. RfH
TRH

Age, years, mean (SD) 57.9 (11.0) 61.0(9.2) 60.9 (8.9) <0.01 0.90
Women, n (%) 891 (44) 438 (44) 56 (41) 0.69 0.66
Race, n (%) <0.01 0.04

Non-Hispanic white 898 (45) 296 (29) 28 (21)

Non-Hispanic black 788 (39) 531 (53) 89 (65)

Hispanic 251 (13) 136 (14) 16 (12)

Other 69 (3) 42 (4) 3(2)
Education, n (%) <0.01 0.67

Less than high school 392 (20) 264 (26) 38 (28)

High school graduate 374 (19) 212 (21) 31 (23)

Some college 585 (29) 313 (31) 44 (32)

College graduate and Above 655 (33) 216 (21) 23(17)
Diastolic BP, mm Hg, mean (SD) 72.4(12.4) 70.6 (13.6) 78.8 (16.3) <0.01 <0.01
Systolic BP, mm Hg, mean (SD) 126.6 (19.7) 135.4 (23.3) 158.7 (14.8) <0.01 <0.01
eGFR, mL/min per 1.73 m2, median (IQR) 44.7 (34.0-55.4) 36.9 (28.4-47.4) 34.9 (26.8-49.2) <0.01 0.27
Serum creatinine, mg/dL, mean (SD) 1.8 (0.6) 2.0(0.7) 2.1(0.7) <0.01 0.12
HbA1c, %, mean (SD) 6.6 (1.5) 7.0 (1.6) 7.1(1.7) <0.01 0.39
Serum potassium, mmol/L, mean (SD) 4.4 (0.5) 4.3(0.6) 4.2 (0.6) 0.11 0.01
24-hour urine protein, g, median (IQR) 0.2 (0.1-0.8) 0.3(0.1-1.3) 0.9 (0.2-2.6) <0.01 0.07
HDL, mg/dL, mean (SD) 48.2 (15.7) 45.3 (13.9) 46.3 (14.6) <0.01 0.41
LDL, mg/dL, mean (SD) 103.9 (35.4) 97.3(34.2) 102.9 (41.3) <0.01 0.08
Total cholesterol, mean (SD) 185.5 (46.5) 177.7 (44.2) 183.0 (50.0) <0.01 0.19
BMI, kg/m2, mean (SD) 31.6 (7.4) 34.1(8.0) 34.0 (8.0) <0.01 0.87
érli;)e albuminin/creatinine ratio, ug/mg, mean 597.2 (1605.9) 836.9 (1785.1) 1090.5 (1461.9) <0.01 0.12
Serum aldosterone, ng/dL, mean (SD) 13.8 (17.6) 15.6 (24.3) 23.9(126.1) 0.02 0.07
Diabetes, n (%) 889 (44) 651 (65) 94 (69) <0.01 0.37
History of cardiovascular disease, n (%) 526 (26) 490 (49) 88 (65) <0.01 <0.01
Congestive heart failure, n (%) 102 (5) 170 (17) 34 (25) <0.01 0.03
Current smoker, n (%) 284 (14) 115 (11) 13 (10) 0.04 0.61
Stroke, n (%) 163 (8) 145 (14) 29 (21) <0.01 0.05
Atrial fibrillation, n (%) 282 (14) 223 (22) 38 (28) <0.01 0.16
Asthma, n (%) 246 (12) 135 (14) 20 (15) 03 0.93
Chronic obstructive pulmonary disease, n (%) 54 (3) 39 (4) 7 (5) 0.05 0.59
General medication use, n (%)

Aspirin 812 (40) 550 (55) 72 (53) <0.01 0.76

NSAIDs 999 (50) 600 (60) 81 (60) <0.01 1.00
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Hypertensive Phenotype p-value
non-TRH/RfH TRH RfH non-TRH/ TRH vs.
Characteristic (n =2006) (n =1005) (n=136) RfH. vs. RfH
TRH
SSRIs 196 (10) 98 (10) 11 (8) 1.00 0.64
Statins 1089 (54) 688 (68) 93 (68) <0.01 1.00
Number of antihypertensive classes prescribed, 2 (0, 6) 4(3,8) 5(5,7) <0.01 <0.01
median (range)
Antihypertensive medication use, n (%)
Nitrates 36 (2) 113 (11) 29 (21) <0.01 <0.01
Vasodilators 73 (4) 202 (20) 69 (51) <0.01 <0.01
Aldosterone antagonists 44 (2) 78 (8) 12 (9) <0.01 0.79
ENaC inhibitors 82 (4) 81 (8) 10 (7) <0.01 0.91
RAS blockers 1417 (71) 823 (82) 120 (88) <0.01 0.09
Sympatholytics 231(12) 392 (39) 105 (77) <0.01 <0.01
Diuretics 861 (43) 1005 (100) 136 (100) d e
Beta blockers 782 (39) 796 (79) 129 (95) <0.01 <0.01
Calcium channel antagonists 685 (34) 652 (65) 115 (85) <0.01 <0.01

*
Diuretics are required in the definition for both TRH and RfH
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Adjusted hazard ratios™ (HR) for outcomes in patients with no treatment resistant or refractory, treatment
resistant, and refractory hypertension.

Table 3:

Outcome non-TRH/RfH TRH | RfH
CVD Composite (stroke/MI/CHF)
Events per 1000 person years 28.8 65.1 122.1
HR (95% CI) - Years 0 — 3 0.69 (0.55-0.85) | o 7 [ 1.25(0.92-1.73)
HR (95% CI) — Years 3— 6 0.59 (0.46-0.77) | Ref. | 1.50(0.97-2.32)
HR (95% CI) - Years 6 — 10 1.06 (0.73-1.56) | Ref. | 2.72 (1.47-5.01)
Renal Composite (50% eGFR decline/ESRD)
Events per 1000 person years 52.8 95.8 190.6
HR (95% Cl) - Years 0 -10 0.81 (0.71-0.93) | Ref. 1.73 (1.42-2.11)
All-Cause Mortality
Events per 1000 person years 21.9 44.2 61.5
HR (95% CI) - Years 0 — 10 0.82 (0.70-0.97) | Ref. | 0.95(0.69-1.31)

*
Hazard ratio adjusted for sex, race, education, diabetes, current smoking, log(24-hour urine protein), LDL, history of CVD, clinic site, age (time

stratified), BMI (time stratified), and log(eGFR) (time stratified).

fReference category for hazard ratios.
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Adjusted “hazard ratios (95% CI) for outcomes in patients with no treatment resistant or refractory,

Table 4:

uncontrolled treatment resistant, and refractory hypertension.

Outcome

non-TRH/RfH

Uncontrolled TRH

RfH

CVD Composite (stroke/MI/CHF)

Years0-3 0.72 (0.55-0.94) Ref. 7 1.32 (0.90-1.92)
Years 3 -6 0.63 (0.46-0.86) | Ref. 1.27 (0.70-2.32)
Years 6 — 10 1.02 (0.64-1.63) | Ref. 3.51 (1.71-7.19)
Renal Composite (50% eGFR decline/ESRD)
Years 0 -10 0.80 (0.68-0.93) | Ref. 1.66 (1.31-2.10)
All-Cause Mortality

Years 0 — 10 0.89 (0.73-1.09) | Ref. 1.15 (0.80-1.67)

*
Hazard ratio adjusted for sex, race, education, diabetes, current smoking, log(24-hour urine protein), LDL, history of CVD, clinic site, age (time

stratified), BMI (time stratified), and log(eGFR) (time stratified).

fReference category for hazard ratios.
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