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1 | INTRODUCTION

It is unclear whether black patients with chronic kidney disease (CKD) vs those with-
out CKD who take antihypertensive medication have an increased risk for apparent
treatment-resistant hypertension (aTRH). The authors analyzed 1741 Jackson Heart
Study participants without aTRH taking antihypertensive medication at baseline.
aTRH was defined as uncontrolled blood pressure while taking three antihypertensive
medication classes or taking four or more antihypertensive medication classes, regard-
less of blood pressure level. CKD was defined as an albumin to creatinine ratio
>30 mg/g or estimated glomerular filtration rate <60 mL/min/1.73 m2. Over 8 years,
20.1% of participants without CKD and 30.5% with CKD developed aTRH. The
multivariable-adjusted hazard ratio for aTRH comparing participants with CKD vs
those without CKD was 1.45 (95% Cl, 1.12-1.86). Participants with an albumin to
creatinine ratio 230 vs <30 mg/g (hazard ratio, 1.44; 95% CI, 1.04-2.00) and esti-
mated glomerular filtration rate of 45 to 59 mL/min/1.73 m? and <45 vs 260
mL/min/1.73 m? (hazard ratio, 1.60 [95% CI, 1.16-2.20] and 2.05 [95% Cl, 1.28-3.26],

respectively) were more likely to develop aTRH.

with chronic kidney disease (CKD) have hypertension that requires

treatment with multiple classes of antihypertensive medication.? In

Apparent treatment-resistant hypertension (aTRH) is defined as un-
controlled blood pressure (BP; systolic/diastolic BP 2140/90 mm Hg)
with concurrent use of three or more classes of antihypertensive med-
ication, or controlled BP (systolic/diastolic BP <140/90 mm Hg) with
use of four or more classes of antihypertensive medication.® Ideally,
one of these antihypertensive medication classes should be a diuretic,
and all of the drugs should be prescribed at optimal doses. Most adults

addition, the prevalence of aTRH is high among adults with CKD.%™®
CKD is associated with increased salt and water retention, ex-
cessive activation of the renin-angiotensin-aldosterone system, and
overactivation of the sympathetic nervous system.>”® In addition,
antihypertensive treatment has been associated with smaller reduc-
tions in systolic and diastolic BP among adults with lower eGFR and

higher albumin to creatinine ratio (ACR), suggesting that more severe
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CKD may contribute to diminished effectiveness of antihypertensive
medication.>’ Therefore, it is plausible that adults with CKD have
an increased risk for developing aTRH. Determining the association
between CKD and aTRH may inform treatment strategies aimed at
improving BP control in patients with CKD. This may be particularly
useful among black patients, given their high prevalence of both CKD
and aTRH and increased risk for cardiovascular outcomes associated
with aTRH.%1%! The goal of the current analysis was to determine
whether black adults with CKD have an increased risk for incident
aTRH. In addition, we determined risk factors for incident aTRH among
participants with CKD. To address these aims, we conducted an analy-
sis of adults who participated in the JHS (Jackson Heart Study).

2 | METHODS

2.1 | Study participants

JHS is a community-based observational study of black adults re-
cruited from urban and rural areas of three counties (Hinds, Madison,
and Rankin) comprising the Jackson, Mississippi, metropolitan area.
Details of the study design and recruitment have been previously pub-
lished.'?"14 Participants were recruited from the ARIC (Atherosclerosis
Risk in Communities) site in Jackson, Mississippi, and a representative
sample of tri-county residents, study volunteers, randomly contacted
individuals, and eligible family members of participants in any one of
the ARIC, volunteer, or random samples. The final JHS cohort of 5306
black adults 21 years and older was enrolled between 2000 and 2004.
The study protocol was approved by the institutional review boards
governing research in human subjects at the participating centers and
all participants provided written consent.

Participants with hypertension who were taking antihypertensive
medication at baseline (n=2462) formed the base population for the
current analysis. We excluded 289 participants with prevalent aTRH or
for whom aTRH status could not be determined at baseline, and 409
participants who did not attend any follow-up study visits. Participants
who self-reported end-stage renal disease (ESRD) at baseline (n=23)
were excluded from the analyses. After these exclusion criteria were

applied, we included 1741 JHS participants in all analyses.

2.2 | Data collection

Of relevance to the current analysis, data were collected during a
baseline study visit in 2000-2004 and follow-up visits in 2005-2008
(visit 2) and 2009-2012 (visit 3). Baseline data were collected dur-
ing an in-home interview and a study examination conducted in the
JHS clinic after an overnight fast. Information on age, sex, education,
cigarette smoking, physical activity, history of myocardial infarction,
and self-reported use of antihypertensive and antidiabetes mellitus
medication was collected during the study interview. During the clinic
visit, a standardized protocol was followed to measure BP, height,
and weight, and collect blood and urine samples. Information was re-
corded by reviewing the pill bottles for all medications taken within
the 2 weeks prior to the clinic visit. Height and weight were measured

and used to calculate body mass index. Fasting serum glucose was
measured using a glucose oxidase method on a Vitros 950 or 250
analyzer (Ortho Clinical Diagnostics). Glycated hemoglobin was meas-
ured using a Tosoh high-performance liquid chromatography system
(Tosoh Corporation). Diabetes mellitus was defined as a glycated
hemoglobin level 26.5%, a fasting plasma glucose level 2126 mg/dL,
or use of antidiabetes mellitus medication.*®

Using specimens collected during the baseline study visit, urinary
albumin was measured with the Dade Behring BN Il nephelometer
(Siemens). Serum and urine creatinine levels were measured using a
multi-point enzymatic spectrophotometric assay on a Vitros 950 Ortho
Clinical Diagnostics analyzer. Creatinine values were biochemically cal-
ibrated to Cleveland Clinic-equivalent Minnesota Beckman CX3 assay
for analysis purposes.*> We measured urinary ACR and estimated glo-
merular filtration rate (eGFR) was calculated via the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation.*® CKD was
defined as an ACR >30 mg/g or an eGFR <60 mL/min/1.73 m?.

2.3 | BP measurement and definition of aTRH

At each visit, BP was measured after a 5-minute rest on the participant’s
right arm using one of four cuff sizes selected following measurement
of the arm circumference. The average of two measurements taken
1 minute apart was used to define clinic BP. Quality control was assured
by technician recertification, procedural checklists, and data review.'>1”
BP was measured using a random-zero sphygmomanometer (Hawksley
& Sons Limited) at visits 1 and 2 and a semiautomatic oscillometric
device (Omron HEM-907XL, Omron Healthcare, Inc) at visits 2 and 3.
Among the 4182 JHS participants who attended visit 2 and had their
BP measured, 2115 participants were included in a BP comparability
substudy, for which BP was assessed simultaneously by a random-zero
sphygmomanometer and the Omron HEM-907XL device using a Y con-
nector. As described elsewhere,18 the random-zero BP measurements
were calibrated to the semiautomated device using robust regression.
When available, BP from the semiautomated device was used. In the
current analysis, the calibrated BP measurements were used for 1741
participants at visit 1 and 849 participants at visit 2 who did not have
their BP measured using the semiautomatic oscillometric device.
Medication names recorded during the pill bottle review were
coded into generic drug names and subsequently grouped into drug
classes. One-pill combinations were classified into multiple medica-
tion classes. Antihypertensive medication classes were defined using
the Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC
7),%? with updates based on review of medications in each class by
study investigators. Medication adherence was defined based on
participant self-report of whether they took each of their prescribed
antihypertensive medications in the prior 24 hours. Those who re-
ported not taking one or more of their antihypertensive medications
were classified as nonadherent and those who reported taking all
of their antihypertensive medications were classified as adherent.
Hypertension was defined as a systolic BP 2140 mm Hg and/or a di-
astolic BP 290 mm Hg and/or self-reported use of antihypertensive
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medication. Uncontrolled BP was defined as a systolic BP 2140 mm Hg
and/or a diastolic BP 290 mm Hg, and controlled BP was defined as
a systolic BP <140 mm Hg and a diastolic BP <90 mm Hg. aTRH was
defined as uncontrolled BP with concurrent use of three or more an-
tihypertensive medication classes including a diuretic or use of four
or more antihypertensive medication classes including a diuretic with
controlled BP.!

2.4 | Statistical analysis

We used multiple imputation (n=10 data sets) and chained equations to
impute variables with missing data. The number and percentage of par-
ticipants missing each variable are presented in Table S1. Characteristics
of JHS participants at baseline were calculated by CKD status. The sta-
tistical significance of differences across groups was calculated using t
tests and chi-square tests, as appropriate. We then calculated the cumu-
lative percentage of participants with and without CKD who developed
aTRH at visit 2 and 3. Using interval-censored Cox regression models,
we calculated crude and multivariable-adjusted hazard ratios for aTRH
comparing participants with vs those without CKD. For participants
who did not develop aTRH, follow-up ended at the last study visit they
attended. Initial adjustment included age and sex. Full multivariable ad-
justment included age, sex, education, current smoking, physical activ-
ity, body mass index, diabetes mellitus status, and history of myocardial
infarction. Next, we calculated the percentage of participants who de-
veloped aTRH and crude and multivariable-adjusted hazard ratios for
incident aTRH associated with baseline level of ACR (<10, 10-29, and
>30 mg/g) and eGFR (260, 45-59, and <45 mL/min/1.73 m?), sepa-
rately. In sensitivity analyses, we conducted the above analyses limited
to individuals who were adherent to antihypertensive medication and
also conducted a complete case (ie, unimputed) analysis. We calculated
multivariable-adjusted hazard ratios (HRs) for incident aTRH associ-
ated with CKD, eGFR, and ACR in subgroups defined by age (<65 vs
>65 years), sex, diabetes mellitus status, history of myocardial infarction,
use of each antihypertensive medication class, and number of classes
of antihypertensive medications being taken at baseline. Because of
the limited number of participants who developed aTRH in some sub-
groups, we grouped ACR and eGFR into two categories (ie, ACR <10 vs
210 mg/g, consistent with the threshold for normal albuminuria from a
spot urine test according to the 2009 National Kidney Foundation and
US Food and Drug Administration report on proteinuria as a surrogate
outcome in CKD,?° and eGFR 260 vs <60 mL/min/1.73 m?) for these
analyses. Finally, among participants with CKD, we calculated HRs for
incident aTRH associated with each study covariate included in the mul-
tivariable model described above. Analyses were conducted using SAS

software version 9.4 (SAS Institute Inc).

3 | RESULTS

3.1 | Study characteristics

Overall, 410 (23.6%) participants included in this analysis had CKD.
Participants with CKD vs those without CKD were older and more

likely to have less than a high school education, a body mass index
>30 kg/mz, diabetes mellitus, a history of myocardial infarction, and
reduced left ventricular ejection fraction (Table 1). Mean left ventricu-
lar mass and systolic BP were higher and mean physical activity score
and diastolic BP were lower among participants with CKD vs those
without CKD. A higher percentage of participants with CKD vs those
without CKD were taking three classes of antihypertensive medica-

tion at baseline.

3.2 | alRH associated with CKD and levels of
ACR and eGFR

Over a median follow-up of 8.0 years (maximum: 12.2 years), 392 par-
ticipants developed aTRH. Among study participants with and without
CKD, 22.8% and 12.3%, respectively, developed aTRH by visit 2 (me-
dian of 4.6 years of follow-up) (Table 2). By visit 3, 30.5% with CKD
and 20.1% without CKD developed aTRH. The crude HR for aTRH
comparing those with and those without CKD was 1.73 (95% Cl,
1.39-2.16). After full multivariable adjustment, the HR was 1.45 (95%
Cl, 1.12-1.86). Results were similar when restricted to participants
who were adherent to their antihypertensive medications (n=1309)
and in the complete case analysis (data not shown).

The percentage of participants who developed aTRH increased
with higher ACR and lower eGFR (Table 3). The multivariable-adjusted
HR for incident aTRH was 1.54 (95% Cl, 1.15-2.07) and 1.44 (95%
Cl, 1.04-2.00) for participants with an ACR 10 to 29 and =30 mg/g,
respectively, each compared with those with an ACR <10 mg/g. The
multivariable-adjusted HR for incident aTRH was 1.60 (95% Cl, 1.16-
2.20) and 2.05 (95% Cl, 1.28-3.26) for participants with an eGFR 45
to 59 mL/min/1.73 m? and <45 mL/min/1.73 m?, respectively, each
compared with those with an eGFR 260 mL/min/1.73 m?. Results
were similar when restricted to participants who were adherent to
their antihypertensive medications and in a complete case analysis
(data not shown). The association between CKD and, separately, ACR
>10 mg/g and eGFR <60 mL/min/1.73 m? with incident aTRH was
consistent across subgroups (Figure and Figure S1).

3.3 | alRH associated with study covariates

Among participants with CKD, the multivariable-adjusted HR for in-
cident aTRH was 1.67 (95% Cl, 1.10-2.52) for men vs women and
1.66 (95% Cl, 1.12-2.48) for participants with vs those without diabe-
tes mellitus (Table 4). In addition, the multivariable-adjusted HR was
1.70 (95% Cl, 1.04-2.79) for participants with vs those without eGFR
<60 mL/min/1.73 m2,

4 | DISCUSSION

In the current study of a large community-based study of black adults
being treated for hypertension, CKD was associated with an increased
risk for incident aTRH, which was present after multivariable adjust-
ment. Over 30% of participants with CKD developed aTRH during



1120 TANNER €T AL.
WILEY
TABLE 1 Baseline characteristics of Jackson Heart Study participants with hypertension by CKD status
Characteristic No CKD (n=1331) CKD (n=410) P value
Age,y 58.5 (10.1) 63.0 (11.0) <001
Male sex, % 29.0 294 .661
Less than high school education, % 20.1 29.6 <.001
Current smoking, % 9.1 9.8 .238
Total physical activity score, exercise units* 8.3(2.5) 7.4 (2.5) <.001
Body mass index =30 kg/m?, % 59.5 62.3 .001
Diabetes mellitus, % 26.0 43.5 <.001
History of myocardial infarction, % 4.7 10.9 <.001
Left ventricular ejection fraction <50%, % 2.1 4.4 <.001
Left ventricular mass, g 150.3 (42.6) 164.7 (98.2) <.001
Systolic blood pressure, mm Hg 128.7 (14.6) 132.8 (16.7) <.001
Diastolic blood pressure, mm Hg 76.1(8.3) 74.8 (9.6) <.001
Serum creatinine, mg/dL 1.0(0.2) 1.2(0.4) <.001
Albumin to creatinine ratio, mg/g 5.9 (4.2-9.5) 41.4(11.8-118.1) <.001
eGFR, mL/min/1.73 m? 84.0(13.9) 66.6 (21.6) <.001
CKD stage, %t
1 30.0 16.4 <.001
2 70.0 33.1
3a 0 38.2
3b 0 10.1
4 0 2.0
5 0 0.2
Antihypertensive medication class, %
ACEI 34.8 38.9 <.001
Aldosterone antagonist 1.5 1.8 134
a-Blocker 4.6 4.9 440
Angiotensin Il receptor blocker 15.0 19.7 <.001
B-Blocker: cardioselective and nonselective 18.1 204 <.001
B-Blocker: intrinsic sympathomimetic activity 0.2 0 .002
Calcium channel blocker 35.2 36.9 .049
Central-acting agent 3.2 4.9 <.001
Combined a- and p-blocker 0.4 1.0 <.001
Direct vasodilator 0.3 0.5 .074
Loop diuretic 6.3 10.4 <.001
Potassium-sparing diuretic 14.1 13.7 470
Thiazide diuretic 55.5 55.6 912
No. of antihypertensive medication classes, %
1 32.9 24.6 <.001
2 47.7 46.7
3 19.4 28.7

Values are expressed as mean (SD) or percentage, except for albumin to creatinine ratio, which is presented as median (25th and 75th percentiles).

Abbreviation: ACEI, angiotensin-converting enzyme inhibitor.
*Physical activity score ranges from 1 to 20, with a higher score indicating higher physical activity.

fChronic kidney disease (CKD; defined as an estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m? or an albumin to creatinine ratio 230 mg/g)
classified according to eGFR (mL/min/1.73 mz) as follows: stage 1, 290; stage 2, 60-89; stage 3a, 45-59; stage 3b, 30-44; stage 4, 15-29; and stage 5, <15.
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TABLE 2 Percentage of participants who developed aTRH and
hazard ratios for incident aTRH hypertension associated with CKD

No CKD CKD

No. of cases of incident aTRH/No. who attended study visit

Visit 2 151/1229 86/377

Visit 2 or visit 3 267/1331 125/410
Patients who developed aTRH, %

Visit 2 12.3 22.8

Visit 2 or visit 3 20.1 30.5
Hazard ratio (95% Cl) for aTRH

Crude 1.73 (1.39-2.16)
1.58 (1.23-2.03)

1.45(1.12-1.86)

1 (reference)

Age and sex adjusted 1 (reference)

Multivariable adjusted* 1 (reference)

Abbreviations: aTRH, apparent treatment-resistant hypertension; CKD,
chronic kidney disease.

*Adjusted for age, sex, less than high school education, current smoking,
physical activity, body mass index =30 kg/m?, diabetes mellitus, and his-
tory of myocardial infarction.

Apparent treatment-resistant hypertension defined as uncontrolled blood
pressure with concurrent use of 23 antihypertensive medication classes
including a diuretic or use of 24 antihypertensive medication classes in-
cluding a diuretic with controlled blood pressure.

Median time between visits: visit 1 to visit 2, 4.6 years; visit 2 to visit 3,
3.1 years; and visit 1 to visit 3, 8.0 years.

follow-up compared with approximately 20% of those without CKD.
In addition, higher ACR and lower eGFR values were each associated
with an increased risk for aTRH. Among participants with CKD, male
sex, diabetes mellitus, and reduced eGFR were associated with higher
risk for aTRH.

Prior studies have reported a high prevalence of aTRH among
adults with CKD. For example, 40% of participants with hypertension
in the CRIC (Chronic Renal Insufficiency Cohort) study5 had aTRH. In
the CRIC study, the prevalence of aTRH was higher in participants
with lower eGFR. The multivariable-adjusted odds ratio for aTRH as-
sociated with each 5-mL/min/1.73 m? lower eGFR was 1.14 (95% Cl,

WILEY- 2!

1.10-1.17).° Older age, male sex, black race, diabetes mellitus, and a
higher body mass index were each associated with a higher odds ratio
for having aTRH.’ Also, in the REGARDS (Reasons for Geographic and
Racial Differences in Stroke) study,® there was a strong, graded asso-
ciation between higher ACR and lower eGFR with a higher prevalence
of aTRH. Male sex, black race, diabetes mellitus, larger waist circum-
ference, history of myocardial infarction or stroke, and lower eGFR and
higher ACR levels were each associated with aTRH.®

Laboratory studies demonstrate that chronic elevations in BP pro-
mote damage to the renal vasculature, leading to intimal and medial
thickening, renal ischemia, and glomerulosclerosis.?!?? In addition, ep-
idemiologic studies suggest that adults with aTRH have an increased
risk for the development of incident CKD. In an analysis of claims data
from two health plans within the Cardiovascular Research Network
Hypertension Registry, Daugherty and coIIeagues23 reported that
individuals with aTRH were more likely to develop CKD compared
with those with nonresistant hypertension (14.5% vs 10.4%). After
multivariable adjustment, aTRH was associated with a higher risk of
a composite end point including CKD and cardiovascular events (HR,
1.47; 95% Cl, 1.33-1.62).2% In addition, among individuals with preva-
lent CKD, aTRH has been associated with CKD progression.5'24 In the
aforementioned CRIC analysis, aTRH was associated with an increased
risk for a composite outcome including 50% reduction in eGFR or
ESRD (multivariable-adjusted HR, 1.28; 95% Cl, 1.11-1.46).

Although there are few data on whether adults with CKD have
an increased risk for incident aTRH, this association is biolog-
ically plausible. CKD is associated with excessive activation of the
renin-angiotensin-aldosterone and sympathetic nervous systems,
which promote increased sodium retention and increased periph-
eral resistance.” In an analysis of the MESA (Multi-Ethnic Study of
Atherosclerosis) study,?? early kidney dysfunction (indicated by serum
cystatin C levels) was associated with incident hypertension among
participants without clinically apparent kidney or cardiovascular dis-
ease. In addition, in a clinic-based study of adults with uncontrolled
BP taking antihypertensive medication at a baseline study visit, an
ACR of 30 to 300 mg/g and >300 mg/g were associated with a 5.1

TABLE 3 Percentage of participants who developed aTRH and hazard ratios for incident aTRH associated with baseline albumin to

creatinine ratio and eGFR

No. of cases of incident aTRH/
No. who attended visit 2 or 3

ACR, mg/g
<10 209/1112 18.8
10-29 105/361 29.2
230 78/268 29.1
eGFR, mL/min/1.73 m?
260 321/1534 20.9
45-59 50/157 31.8
<45 21/50 42.2

Participants who developed
aTRH at visit2or 3, %

Age- and sex-adjusted
hazard ratio (95% Cl)

Multivariable-adjusted*
hazard ratio (95% Cl)

1 (reference)
1.54 (1.15-2.07)
1.44 (1.04-2.00)

1 (reference)
1.61(1.21-2.16)
1.66 (1.22-2.26)

1 (reference)
1.60 (1.16-2.20)
2.05 (1.28-3.26)

1 (reference)
1.53(1.12-2.09)
2.45 (1.56-3.86)

Abbreviations: ACR, albumin to creatinine ratio; aTRH, apparent treatment-resistant hypertension; eGFR, estimated glomerular filtration rate.
*Adjusted for age, sex, less than high school education, current smoking, physical activity, body mass index =30 kg/mz, diabetes mellitus, and history of

myocardial infarction.
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Age HR (95% CI) HR (95% CI) HR (95% CI)
< 65 years :—-— 138 (1.00-1.91) : —— 157 (1.15-2.14) : —a— 208(137-3.17)
2 65 years |—a— 158 (1.10 - 2.29) —— 1.38 (0.93 - 2.05) —— 156 (1.07 - 2.28)
Sex | | |
Female . 127 (0.93-1.74) - 1.41 (1.01 -1.97) | —— 156 (1.11 - 2.18)
Male | —=—  1.83(1.20-2.78) |—=—  1.70(1.12-257) | —=— 1.99(1.18-3.35)
Diabetes : : :
No . 1.28 (0.92 - 1.80) |—— 153 (1.1 - 2.11) —— 151 (1.02 - 2.22)
Yes | —=—  1.73(120-249) —— 150 (1.01 - 2.23) | —m—  199(1.32-300)
History of MI 1 1 1
No |- 149 (1.15-1.92) - 159 (1.24 - 2.04) . - 173 (1.29-2.32)
Yes ——— 128(0.49-3.36) ! 0.88 (0.31 - 2.47) : 1.75 (0.69 - 4.45)
Medication classes : ' i
1 — 1.04 (0.51-2.14) L —=— 163(090-296) ——l———  1.14(043-3.08)
2 —a— 152 (1.04-2.21) —.— 1.46 (0.98 - 2.18) —a—  153(099-2.36)
3 e 129 (0.84-1.98) —.— 1.41 (0.95 - 2.08) —— 1.49 (0.98 - 2.27)
1 ] 1
Overall R 2 1.45 (115 - 1.84) R 2 150 (1.17 - 1.93) , 4 1.70 (1.29 - 2.26)
[ [ : [ 1 | | : T 1 [ T : [ 1
0.25 0.50 1.00 2.00 4.00 0.25 050 1.00 2.00 4.00 0.25 0.50 1.00 2.00 4.00
CKD ACR =10 malg eGFR < 60 ml/min/1.73m?

FIGURE Multivariable-adjusted hazard ratios (HRs) for incident apparent treatment-resistant hypertension associated with chronic kidney
disease (CKD), albumin to creatinine ratio (ACR), and estimated glomerular filtration rate (eGFR) among participants, in subgroups. CKD is
defined as an ACR 230 mg/g or an eGFR <60 mL/min/1.73 m?. Ml indicates myocardial infarction

TABLE 4 Incident aTRH associated with study covariates among
participants with CKD (n=410)

Multivariable-

Age- and sex-adjusted adjusted*hazard

hazard ratio (95% ClI) ratio (95% Cl)
Age, per 10y 1.11(0.93-1.33) 1.08 (0.88-1.34)
Male sex 1.55 (1.04-2.30) 1.67 (1.10-2.52)

Less than high

school education

Current smoking

Total physical
activity, per
exercise unit’

Body mass index
>30 kg/m?

Diabetes mellitus

History of
myocardial
infarction

ACR, mg/g
<10
210

eGFR, mL/min/1.73 m?

260
<60

0.96 (0.62-1.49)

0.98 (0.46-2.08)

0.95(0.87-1.04)

1.33(0.87-2.04)

1.74 (1.20-2.52)
0.82 (0.43-1.54)

1 (reference)
1.06 (0.64-1.77)

1 (reference)

1.44(0.94-2.19)

0.90 (0.58-1.40)

1.08 (0.52-2.26)

0.98 (0.90-1.07)

1.24(0.81-1.91)

1.66(1.12-2.48)
0.77 (0.40-1.4¢6)

1 (reference)
1.23(0.68-2.22)

1 (reference)

1.70 (1.04-2.79)

Abbreviations: ACR, albumin to creatinine ratio; aTRH, apparent treatment-
resistant hypertension; CKD, chronic kidney disease; eGFR, estimated glo-
merular filtration rate.

*Adjusted for all variables in the left column.

TPhysical activity score ranges from 1 to 20, with a higher score indicating
higher physical activity.

and 10.3 mm Hg smaller systolic BP reduction, respectively, over
a median of 5 years of follow-up when compared with patients
with an ACR <30 mg/g.” Similarly, compared with patients with an
eGFR 260 mL/min/1.73 m?, those with reduced eGFR (<60 mL/
min/1.73 m?) experienced an 8.4-mm Hg smaller reduction in sys-
tolic BP during follow-up.” The presence of albuminuria and reduced
eGFR also delayed the time to attainment of goal BP. These data
suggest that individuals with CKD may have attenuated responses to
antihypertensive pharmacotherapy, making them more susceptible to
developing aTRH.

Blacks are less likely than whites to have impaired kidney function
but more likely to develop ESRD.?>"%’ For example, in the REGARDS
study, the prevalence ratio for eGFR <60 mL/min/1.73 m? compar-
ing blacks with whites was 0.51 (95% Cl, 0.48-0.54).2° However, the
United States Renal Data System recently reported that blacks are
three times more likely than whites to develop incident ESRD.?’ This
racial difference was also present in the REGARDS study.26 Data have
shown that blacks have a higher prevalence of hypertension compared
with whites and are less likely to have controlled BP to <140/90 mm
Hg.28 In addition, black patients with CKD are more likely than their
white counterparts to have aTRH.® Along with the findings of the cur-
rent study, these data emphasize the importance of achieving BP con-
trol in black patients with CKD.

Achieving BP control is a major challenge in the management of
patients with CKD.?? However, prior studies suggest that, with ap-
propriate interventions, BP goals can be achieved and maintained in
populations where BP has historically been difficult to control.%°-33
For example, in AASK (African American Study of Kidney Disease and
Hypertension),30 black patients with hypertension and reduced eGFR

were randomized to a goal mean arterial pressure (MAP) of either 102
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to 107 mm Hg (usual MAP goal) or <92 mm Hg (low MAP goal). In the
low MAP goal group, the percentage of participants who achieved
a BP <140/90 mm Hg increased from 20% at baseline to 79% by
14 months post-randomization, while these percentages increased
from 22% to 42% in the usual MAP goal group.®® The findings of the
current study emphasize the need for intensive clinical management
strategies to lower BP early in the course of CKD in an effort to pre-
vent aTRH. This is especially important given that aTRH is associated
with increased risk for cardiovascular disease, ESRD, and all-cause

mortality. 23243435

5 | STUDY STRENGTHS AND LIMITATIONS

In the current study, misclassification of aTRH was minimized by the
use of standardized BP measurements and a pill bottle review to iden-
tify the number of antihypertensive medication classes being taken.
Other strengths include the large community-based sample of black
adults and the availability of both albuminuria and eGFR measurements.
However, the findings of the current study should be considered in the
context of certain limitations. Albuminuria and eGFR were assessed at
a single time point, making misclassification of CKD status possible. In
addition, although highly correlated, JHS used two different methods
of measuring BP across study visits, potentially causing misclassifica-
tion of aTRH status. We also did not have medication dosing informa-
tion or a validated measure of antihypertensive medication adherence.
Some participants may have been nonadherent to therapy or taking an

inadequate treatment regimen and not truly treatment resistant.

6 | CONCLUSIONS

Data from the current study suggest that black adults with CKD vs
those without CKD have an increased risk for developing aTRH.
Furthermore, higher ACR and lower eGFR values were each associ-
ated with an increased risk for aTRH. Intensive BP monitoring and
early therapeutic interventions aimed at preventing the development
of aTRH should be a high priority in blacks with CKD.
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