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Rationale & Objective: There are limited data
about the prevalence and prognostic significance
of orthostatic hypo- and hypertension in patients
with chronic kidney disease. The objective of this
study is to determine the prevalence of orthostatic
hypo- and hypertension in a cohort of patients with
chronic kidney disease and examine their associ-
ation with clinical outcomes.

Study Design: Prospective cohort study: Chronic
Renal Insufficiency Cohort (CRIC) Study.

Setting & Population: 7 clinical centers, partici-
pants with chronic kidney disease.

Exposures: Orthostatic hypotension (decline in
systolic blood pressure [BP]>20mm Hg) and
orthostatic hypertension (increase in systolic
BP > 20 mm Hg) from seated to standing position.

Outcomes: Cardiovascular and kidney outcomes
and mortality.

Analytical Approach: Logistic regression was
used to determine factors associated with ortho-
static hypo- and hypertension; Cox regression was

used to examine associations with clinical
outcomes.
Results: Mean age of study population

(n=3,873) was 58.1+11.0 years. There was a
wide distribution of change in systolic BP from

seated to standing (from —73.3 to +60.0 mm Hg);
180 participants (4.6%) had orthostatic hypo-
tension and 81 (2.1%) had orthostatic hyperten-
sion. Diabetes, reduced body mass index, and
B-blocker use were independently associated
with orthostatic hypotension. Black race and
higher body mass index were independently
associated with orthostatic hypertension. After a
median follow-up of 7.9 years, orthostatic
hypotension was independently associated with
high risk for cardiovascular (HR, 1.12; 95% ClI,
1.03-1.21) but not kidney outcomes or mortality.
Orthostatic  hypertension was independently
associated with high risk for kidney (HR, 1.51;
96% CI, 1.14-1.97) but not cardiovascular
outcomes or mortality.

Limitations: Orthostatic change in BP was

ascertained at a single visit.

Conclusions: Orthostatic hypotension was inde-
pendently associated with higher risk for cardio-
vascular outcomes, whereas orthostatic
hypertension was associated with higher risk for
kidney outcomes. These findings highlight the
importance of orthostatic BP measurement in
practice and the need for future investigation to
understand the mechanisms and potential in-
terventions to minimize the risk associated with
orthostatic changes in BP.

L))

Check for
updates

Visual Abstract included

Complete author and article
information provided before
references.

Correspondence to
M. Rahman (mahboob.
rahman@uhhospitals.org)

Kidney Med. 3(2):206-215.
Published online February
6, 2021.

doi: 10.1016/
Jxkme.2020.10.012

© 2021 The Authors.
Published by Elsevier Inc.
on behalf of the National
Kidney Foundation, Inc. This
is an open access article
under the CC BY-NC-ND
license (http://
creativecommons.org/
licenses/by-nc-nd/4.0/).

Orthostatic changes in blood pressure (BP) reflect al-
terations in the homeostatic response to change in
body position; appropriate compensatory mechanisms to
maintain BP on standing are integral for continued
perfusion to vital organs. With standing, blood pools in
the lower extremities and abdominal vasculature, setting
off a cascade of decreased venous return to the heart and
decreased cardiac output and in turn reduced firing of
carotid artery and aortic arch baroreceptors.' In most in-
dividuals, autonomic regulation increases cardiac output
and vasoconstriction to return BP to seated/supine levels.'

Autonomic neuropathy, neuronal damage, and arterial
stiffness, among other factors, can lead to suboptimal BP
response, resulting in orthostatic changes in BP.” Ortho-
static hypotension, a significant decrease in BP on stand-
ing, has been shown to be a risk factor for adverse
cardiovascular and neurologic events, including stroke,
coronary artery disease, heart failure, atrial fibrillation,

cognitive  dysfunction, and all-cause mortality.” '°
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However, though many physiologic and homeostatic
changes that are associated with orthostatic hypotension,
such as neuropathy and vascular stiffness, are common in
patients with chronic kidney disease (CKD), less is known
about orthostatic hypotension in these patients. Cross-
sectional studies show that orthostatic hypotension is
more common in patients with lower estimated glomer-
ular filtration rates (eGFRs), but whether orthostatic hy-
potension is associated with increased risk for kidney or
cardiovascular events over time is not known.'' '*
Although research has focused mainly on the effects
associated with abnormal reductions in BP with standing,
evidence has shown that increases in BP with standing are
also common.' '**' This likely reflects overcompensation
of the neuronal and vascular pathway involved in BP
maintenance.'” Previous studies evaluating the long-term
prognostic significance of orthostatic hypertension have
demonstrated inconsistent results; to our knowledge, no
previous studies have examined this in patients with CKD.
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PLAIN-LANGUAGE SUMMARY

When patients stand from a seated position, some pa-
tients have a significant decrease in blood pressure
(orthostatic hypotension) and others may have a sig-
nificant increase in blood pressure (orthostatic hyper-
tension). These blood pressure profiles have not been
well studied in the chronic kidney disease population.
Our study sought to identify the prevalence of ortho-
static hypo- and hypertension and factors associated
with these conditions in this population. Additionally,
we wanted to characterize cardiovascular and kidney
outcomes for individuals with these blood pressure
profiles. We used a multicenter cohort study to analyze
blood pressure data alongside demographics, comorbid
conditions, medications, and laboratory studies. We
found that diabetes, body mass index, race, and
B-blocker use were associated with blood pressure
changes on standing. Participants with orthostatic hy-
pertension were at risk for developing kidney out-
comes, whereas those with orthostatic hypotension
were at high risk for cardiovascular outcomes.

To our knowledge, our study represents the largest
evaluation of orthostatic changes in BP in patients with
CKD. The objectives of this work were to examine the
prevalence of orthostatic hypo- and hypertension in pa-
tients with mild to moderate kidney disease enrolled in the
Chronic Renal Insufficiency Cohort (CRIC) Study, identify
characteristics associated with higher prevalence of
orthostatic hypo- and hypertension in CRIC participants,
and evaluate whether the presence of orthostatic hypo- or
hypertension is associated with risk for kidney and car-
diovascular outcomes.

METHODS

Study Population

Data from the CRIC Study were used to conduct analyses
reported in the article. This data set was publicly available
through the National Institute for Diabetes and Digestive
and Kidney Diseases repository.

CRIC is a prospective multicenter cohort study and
included 3,939 participants with mild to moderate CKD
(eGFR, 20-70 mL/min/1.73 mz) aged 21 to 74 years at
baseline. The design and baseline characteristics of this
group have been previously published.'® Exclusion criteria
included a diagnosis of polycystic kidney disease and active
immunosuppression for glomerulonephritis, as well as
cirrhosis, class III or IV heart failure, HIV infection, cancer,
and pregnancy. The study protocol was approved by the
institutional review board of each participating site, and
written informed consent was obtained from all
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participants. This analysis was limited to deidentified data
and was considered exempt by the local institutional re-
view board. All research was conducted in adherence with
the Declaration of Helsinki.

At study visits, demographic and physical measurements,
medical history, medication use, and serum and urine for
laboratory assessments were collected. Participants were
followed up annually with in-person clinic visits and also
contacted by telephone approximately 6 months apart.
Diabetes was determined as at least 1 of the following: self-
reported insulin or oral hypoglycemic medication use,
fasting blood glucose level = 126 mg/dL or a nonfasting
level = 200 mg/dL, or glycated hemoglobin level = 6.5%.
GFR was estimated using the CRIC Study equation.'”

BP was measured during the baseline clinic visit by
trained study staff following standardized protocols as
recommended by the American Heart Association using
aneroid sphygmomanometers. Three seated measurements
were obtained after 5 minutes of rest; subsequently, a
standing BP measurement was obtained following 2 mi-
nutes of standing. Change in BP on standing was calculated
as the standing measurement minus the average of 3 seated
measurements.

Orthostatic hypotension was defined as a reduction in
systolic BP > 20 mm Hg on standing.' Orthostatic hyper-
tension was defined as an increase in systolic BP = 20 mm
Hg on standing.” We also conducted sensitivity analyses
with alternate thresholds for defining orthostatic hypo-
and hypertension.

Cardiovascular events were ascertained during the
course of the study by asking participants about hospi-
talizations during clinic or telephone visits. Hospital re-
cords were then obtained and were adjudicated using
event-specific guidelines by 2 clinicians. Cardiovascular
events evaluated during follow-up included myocardial
infarction, stroke, heart failure, and peripheral arterial
disease. In addition to participant report, end-stage
kidney disease was also ascertained through the US
Renal Data System. Mortality was determined through
report from next of kin, retrieval of death certificates or
obituaries, review of hospital records, and linkage with
the Social Security Mortality Master File. A composite
cardiovascular outcome of the first occurrence of heart
failure, myocardial infarction, stroke, or peripheral
arterial disease was considered as the cardiovascular
outcome; the development of end-stage kidney disease
or a 50% decline in eGFR was defined as the kidney
outcome.

Statistical Methods

Baseline characteristics were summarized as mean =+ -
standard deviation for continuous variables and frequency
(number) and percentage for discrete measures by
orthostatic hypo- and hypertension. Distribution of the
change in BP with orthostasis was examined as a contin-
uous variable and values were plotted as a frequency
histogram.
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Figure 1. Distribution of changes in blood pressure on standing
in Chronic Renal Insufficiency Cohort (CRIC) Study participants.
Abbreviations: OH, orthostatic hypotension; OHT, orthostatic
hypertension.

Associations between orthostatic hypo-/hypertension
and covariates, selected based on univariate associations
and/or scientific feasibility of the variable as a possible
contributor to orthostatic change in BP, were first modeled
separately to provide unadjusted odds ratios. The inde-
pendent associations between each outcome variable and
covariates (clinical center, age, sex, race, diabetes status,
cardiovascular disease history, smoking status, body mass
index [BMI], ankle-brachial index, B-blocker use,
angiotensin-converting enzyme [ACE] inhibitor or angio-
tensin receptor blocker [ARB] use, eGFR, total cholesterol
level, hemoglobin level, calcium level, phosphate level,
and urinary albumin-creatinine ratio) were then modeled
by way of multivariable logistic regression to provide the
adjusted odds ratios. Estimates were computed using
Firth’s penalized maximum likelihood method of estima-
tion, and 95% profile likelihood CIs were calculated to
describe the sampling distribution.”’

To evaluate the relationship between orthostatic hypo-/
hypertension and the occurrence of cardiovascular and
kidney outcomes, the survival probability was estimated
using the Kaplan-Meier method. Log-rank test was used to
determine whether survival curves were statistically
different from each other. To compare the relative survival
experiences between groups, unadjusted and adjusted
hazard ratios (HRs) were computed using semi-parametric
Cox proportional hazards models. Schoenfeld residuals
were used to evaluate whether the covariate’s effects on the
hazard rate were constant over time. If the proportional
hazard assumption was violated, interactions were
included to address nonproportionality. The exact method
of approximation was used for tied event times. We
evaluated the association between orthostatic changes in
BP as a continuous variable and clinical outcomes using
unadjusted penalized spline curves with Cox regression.

We performed sensitivity analysis to determine the
impact of alternative threshold values for orthostatic hypo-
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and hypertension and their effect on kidney and cardio-
vascular outcomes. To evaluate the impact of each criterion
on survival outcomes, separate adjusted Cox proportional
hazards models were fit to the data.

The distribution of changes in BP histogram was created
using SPSS, version 25 (IBM Corp). All other analyses were
conducted using SAS, version 9.4 (SAS Inc).

RESULTS

Of the 3,939 participants enrolled in the CRIC Study,
baseline BP measurements were missing in 66 participants;
therefore, data from 3,873 participants are the basis for
this report. The mean age of the study population was
58 £ 11 years, 55% were men, 48% had diabetes, and 42%
were African American. Mean eGFR was 45 £+ 17 mL/min/
1.73 m”. Figure | demonstrates the distribution of changes
in systolic BP; 180 individuals (4.6%) had orthostatic
hypotension and 81 (2.1%) had systolic orthostatic hy-
pertension, as defined. There was a wide range of changes
in systolic BP on standing (—73.3 to 60.0 mm Hg).

Orthostatic Hypotension

Baseline characteristics of patients stratified by the pres-
ence of orthostatic hypotension are reported in Table 1.
Patients in the orthostatic hypotension group were more
likely to be of Hispanic ethnicity, have diabetes at
baseline, and have a history of cardiovascular disease. In
addition, there were several differences in clinical, de-
mographic, and laboratory characteristics in participants
with orthostatic hypotension compared with those
without orthostatic hypotension. Patients with ortho-
static hypotension were more likely to be prescribed
a-blockers or B-blockers (Table 1). In a cross-sectional
multivariable binary logistic regression model, diabetes
at baseline, reduced BMI, and B-blocker use were inde-
pendently associated with the presence of orthostatic
hypotension (Table 2).

After a median follow-up of 7.9 years, 819 participants
died, 940 had a composite cardiovascular event, and 1,164
had the composite kidney outcome. In unadjusted ana-
lyses, participants with orthostatic hypotension were more
likely to experience the cardiovascular outcome (HR, 1.74;
95% CI, 1.45-2.09), kidney outcome (HR, 1.85; 95% CI,
1.56-2.18), and mortality (HR, 1.39; 95% CI, 0.78-1.79)
than those without orthostatic hypotension. In models
adjusted for clinical center, age, sex, race, diabetes status,
seated systolic BP, cardiovascular disease history, smoking
status, BMI, ankle-brachial index, B-blocker use, ACE in-
hibitor or ARB use, eGFR, total cholesterol level, hemo-
globin level, calcium level, phosphate level, and urinary
albumin-creatinine ratio, the presence of orthostatic hy-
potension was independently associated with the com-
posite cardiovascular outcome (HR, 1.12; 95% CI, 1.03-
1.21), but not the kidney outcome (HR, 1.08; 95% CI,
0.9-1.3) or mortality (HR, 0.87; 95% CI, 0.64-1.14;
Table 3). When components of the composite
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Table 1. Baseline Characteristics of Patients by Presence or Absence of Orthostatic Hypotension

No Orthostatic Hypotension Orthostatic Hypotension Total
(n=3,693) (n=180) (N =3,873)
Demographics
Age, y 58411 59+11 58411
Male sex 2,025 (54.8%) 96 (53.3%) 2,121 (54.8%)
Black race 1,567 (42.4%) 36.7%) 1,633 (42.2%)

Hispanic ethnicity
Comorbid conditions (history of)
Diabetes mellitus

Myocardial infarction/
revascularization

419 (11.3%)

1,736 (47.0%)
793 (21.5%)

66 (
50 (27.7%)

128 (71.1%)
46 (25.6%)

469 (12.1%)

1,864 (48.1%)
839 (21.7%)

Peripheral vascular disease 232 (6.3%) 20 (11.1%) 252 (6.5%)
Congestive heart failure 349 (9.5%) 21 (11.7%) 370 (9.6%)
Stroke 353 (9.6%) 28 (15.6%) 381 (9.8%)

Cardiovascular disease [n (%)]
Hypertension [n (%)]
Ever smoker [n (%)]
Current smoker [n (%)]
BP data

1,200 (32.5%)
3,157 (85.5%)
2,021 (564.7%)
485 (13.1%)

80 (44.4%)
173 (96.1%)
97 (53.9%)
25 (13.9%)

1,280 (33.0%)
3,330 (86.0%)
2,118 (64.7%)
510 (13.2%)

Seated pulse, beats/min 67.8+11.3 67.0+£12.0 67.8+11.4
Standing pulse, beats/min 72.3+12.4 71.8+13.3 72.2+12.5
Seated systolic BP, mm Hg 127.5+21.5 147.5+27.0 128.5+22.2
Seated diastolic BP, mm Hg 71.3+12.9 75.2+14.8 71.5+13.0
Pulse pressure, mm Hg 56.2+18.8 72.3+20.8 56.95+19.2
Standing systolic BP, mm Hg 127.5+£22.0 120.6+27.1 127.1£22.3
Standing diastolic BP, mm Hg 73.5+13.4 69.7£15.5 73.4+13.5
Laboratory data
Triglycerides, mg/dL 156.6£116.2 161.6+118.6 156.9£116.3
Total cholesterol, mg/dL 183.3144.4 196.5+64.9 183.9+45.6
HDL cholesterol, mg/dL 475+15.5 48.9+15.2 475+15.5
LDL cholesterol, mg/dL 102.6+35.2 109.8+42.7 102.9+35.6
VLDL cholesterol, mg/dL 33.4+26.0 37.9+30.3 33.6+26.2
BMI, kg/m? 32.2+7.8 29.3+5.9 32.1+7.8
Ankle-brachial index 1.05+.20 1.01+.23 1.04+0.20
Hemoglobin, g/dL 12.7+1.8 11.8+1.9 12.6+1.8
Hemoglobin A, % 6.6+1.5 71+1.9 6.6+1.6
Serum albumin, g/dL 4.0+.46 3.7+.57 3.9+0.47
Calcium, mg/dL 9.2+.50 9.1+.58 9.2+0.51
Phosphate, mg/dL 3.7+.67 4.0£.60 3.7+0.67

Urinary albumin-creatinine ratio,
Hg/mg

48.0 [8.2-434.3]

238.0 [23.1-1740.5]

51.9 [8.7-458.8]

eGFR,* mL/min/1.73 m? 45+17 38+13 45+17
Medications

ACE inhibitor use 1,807 (49.2%) 80 (45.5%) 1,887 (49.1%)

Angiotensin receptor blocker use 923 (25.1%) 55 (31.3%) 978 (25.4%)

Oo-agonist use 314 (8.6%) 24 (13.6%) 338 (8.8%)

a-Blocker use
B-Blocker use

517 (14.1%)
1,781 (48.5%)

38 (21.6%)
108 (61.4%)

555 (14.4)
1,889 (49.1%)

Note: Values expressed as mean + standard deviation, number (percent), or median [interquartile range].
Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; VLDL, very low-density lipoprotein.

%eGFR calculated using the Chronic Renal Insufficiency Cohort Study equation.

cardiovascular end point were evaluated individually, the Orthostatic Hypertension

presence of orthostatic hypotension was associated with  Baseline characteristics of participants with (n = 81; 2.1%)
higher risk for myocardial infarction, stroke, and periph-  and without orthostatic hypertension are presented in
eral arterial disease, but not congestive heart failure Table S1. Participants with orthostatic hypertension were
(Table 3). more likely to be older, be of Black race, and have diabetes.
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Table 2. Factors Independently Associated With Orthostatic Hypotension

Reference Category
(for categorical variables)

Unadjusted Odds
Ratio (95% CI)

Adjusted Odds
Ratio (95% CI)

Age,y

Female sex Male

Black race Non-Black
Hispanic ethnicity Non-Hispanic
Diabetes mellitus Nondiabetic

Cardiovascular disease
disease

Current smoker

Total cholesterol (mg/dL)?
Serum albumin (g/dL)
Hemoglobin (g/dL)
Calcium (mg/dL)
Phosphate (mg/dL)

BMI (kg/m?)

Urinary albumin-creatinine ratio (ug/mg)®
eGFR (mL/min/1.73 m?)°
Ankle-brachial index (units)
3-Blocker use

ACE inhibitor or ARB use
ARB use

No history of cardiovascular

Not current smoker

No B-blocker use
No ACE inhibitor or

1.01 (0.99-1.03) 1.02 (0.99-1.04)
0.93 (0.69-1.25) 0.94 (0.64-1.39)
0.80 (0.59-1.09) 0.72 (0.47-1.11)
2.99 (2.12-4.19) 1.32 (0.65-2.55)
2.78 (2.02-3.89) 1.93 (1.29-2.87)
1.68 (1.25-2.27) 1.38 (0.95-1.98)
1.08 (0.69-1.62) 0.97 (0.56-1.61)
1.06 (1.03,1.09) 1.04 (1.01-1.08)
0.41 (0.31-0.55) 0.71 (0.46-1.10)
0.76 (0.70-0.83) 0.89 (0.78-1.01)
0.61 (0.46-0.82) 0.94 (0.62-1.42)
1.62 (1.32-1.97) 1.05 (0.79-1.38)
0.94 (0.92-0.96) 0.92 (0.89-0.94)
3.21 (2.21-4.62) 1.57 (0.82-2.86)
0.87 (0.83,0.92) 0.99 (0.92-1.07)
0.41 (0.20-0.87) 0.70 (0.32-1.49)
1.70 (1.25-2.32) 1.52 (1.06-2.19)
1.16 (0.84-1.63) 1.26 (0.86-1.88)

Note: eGFR calculated using Chronic Renal Insufficiency Cohort Study equation. For continuous variables, estimates per 1 unit change except for variables noted.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate.

“Total cholesterol per 10-mg/dL change.
PUrinary albumin-creatinine ratio per doubling.
°eGFR per 5-mL/min/1.73 m? change.

In a cross-sectional multivariable binary logistic regression
model, Black race and higher BMI were independently
associated with the presence of orthostatic hypertension
(Table S2).

After a median follow-up of 7.9 years, in unadjusted
comparisons, participants with orthostatic hypertension at
baseline were more likely to develop the composite car-
diovascular end point (HR, 1.34; 95% CI, 1.00-1.8),
kidney end point (HR, 1.48; 95% CI, 1.14-1.91), and
mortality (HR, 1.5; 95% CI, 1.04-2.17) compared with
participants without orthostatic hypertension. In Cox
regression models adjusted for clinical center, age, sex,
race, diabetes status, seated systolic BP, cardiovascular

disease history, smoking status, BMI, ankle-brachial index,
B-blocker use, ACE inhibitor or ARB use, eGFR, total
cholesterol level, hemoglobin level, calcium level, phos-
phate level, and urinary albumin-creatinine ratio, ortho-
static hypertension was independently associated with
increased risk for progression to end-stage kidney disease
or 50% decline in GFR (HR, 1.51; 95% CI, 1.14-1.97)],
but not associated with adverse cardiovascular outcomes or
mortality (Table 4).

Sensitivity analysis showed a greater prevalence of dis-
ease when alternative definitions of orthostatic hypoten-
sion (decrease in systolic BP > 20 mm Hg or decrease in
diastolic BP> 10 mm Hg, n=1270; decrease in systolic

Table 3. Association Between Orthostatic Hypotension at Baseline and Clinical Outcomes

Outcome No. of Events

Unadjusted Hazard Ratio
(95% CI) (n = 3,873)

Adjusted Hazard Ratio
(95% CI)? (n = 3,573)

Composite cardiovascular outcome
Kidney outcome

All-cause mortality

Heart failure

Myocardial infarction

Stroke

Peripheral arterial disease

No OH =875, OH = 65
No OH = 1,074, OH = 90
No OH = 770, OH = 49
No OH = 447, OH = 31
No OH =212, OH =12
No OH = 126, OH = 6
No OH =156, OH =13

1.74 (1.45-2.09) 1.12 (1.08-1.21)
1.85 (1.566-2.18) 1.08 (0.9-1.3)

1.39 (0.78-1.79) 0.87 (0.64-1.14)
1.63 (1.33-1.99) 1.16 (0.92-1.43)
1.49 (1.21-1.84) 1.15 (1.04-1.27)
1.46 (1.18-1.81) 1.13 (1.02-1.25)

1.58 (1.28-1.95) 1.13 (1.02-1.24)

Note: Cardiovascular composite outcome includes heart failure, myocardial infarction, stroke and peripheral arterial disease. Kidney outcomes includes end-stage

kidney disease or 50% decline in eGFR.

Abbreviations: eGFR, estimated glomerular filtration rate; OH, orthostatic hypotension.
2Cox proportional hazards models adjusted for clinical center, age, sex, race, diabetes, seated systolic blood pressure, cardiovascular disease, smoking status, body
mass index, ankle-brachial index, B-blocker use, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use, eGFR, total cholesterol level, hemoglobin

level, calcium level, phosphate level, and urinary albumin-creatinine ratio.
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Table 4. Association Between Orthostatic Hypertension at Baseline and Clinical Outcomes

Outcome No. of Events

Unadjusted Hazard Ratio
(95% CI) (n = 3,873)

Adjusted Hazard Ratio
(95% CI)? (n = 3,573)

Composite cardiovascular outcome
Kidney outcome

All-cause mortality

Heart failure

Myocardial infarction

Stroke

Peripheral arterial disease

No OHT =217, OHT =7

No OHT =913, OHT = 27
No OHT =1,135, OHT =
No OHT = 793, OHT = 26
No OHT =469, OHT =9

No OHT =125, OHT =7
No OHT =164, OHT =5

1.34 (1.00-1.8)
1.48 (1.14-1.91)
1.5 (1.04-2.17)
1.15 (0.83-1.61)
1.28 (0.92-1.78)
1.33 (0.96-1.86)
1.3 (0.94-1.81)

1.3 (0.93-1.75)
1.51 (1.14-1.97)
1.44 (0.94-2.1)
1.0 (0.68-1.4)
1.28 (0.88-1.78)
1.34 (0.92-1.87)
1.29 (0.89-1.8)

29

Note: Cardiovascular composite outcome includes heart failure, myocardial infarction, stroke, and peripheral arterial disease. Kidney outcome includes end-stage

kidney disease or 50% decline in eGFR.

Abbreviations: eGFR, estimated glomerular filtration rate; OHT, orthostatic hypertension.
2Cox proportional hazards models adjusted for clinical center, age, sex, race, diabetes, seated systolic blood pressure, cardiovascular disease, smoking status, body
mass index, ankle-brachial index, B-blocker use, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use, eGFR, total cholesterol level, hemoglobin

level, calcium level, phosphate level, and urinary albumin-creatinine ratio.

BP> 10 mm Hg, n=619) and hypertension (increase in
systolic BP>20mm Hg or increase in diastolic
BP > 10 mm Hg, n = 444; increase in systolic BP > 10 mm
Hg, n=413) were used (Tables S3 and S4). The point
estimates of the HR for the association between orthostatic
hypotension and orthostatic hypertension and clinical
outcomes were consistent when defined by change in
systolic BP > 20 mm Hg or change in systolic BP > 20 mm
Hg and/or change in diastolic BP > 10 mm Hg. There
were no statistically significant associations between
orthostatic hypo- or hypertension and outcomes when
defined by change in systolic BP > 10 mm Hg.

The association between orthostatic change in BP as a
continuous variable and clinical outcomes demonstrated
higher risk for outcomes at the extremes of decline and
increase in BP with standing (Figs 2 and S1).

We conducted additional analyses evaluating the
association between orthostatic hypo- and hyperten-
sion with the cardiovascular and kidney outcomes
and mortality adding an interaction term for dia-
betes. The interaction term for diabetes was not
statistically significant, suggesting that the associations
were consistent across participants with and without
diabetes. We also conducted similar analyses adding
an interaction term for GFR (above and below the
median). The interaction terms were not statistically
signiﬁcant, suggesting that the associations were
consistent across participants with low and high
GFRs.

DISCUSSION

Our study demonstrates that there is a wide range of
orthostatic changes in BP among patients with mild to
moderate CKD. Orthostatic hypotension (4.6%) is more
common than orthostatic hypertension (2.1%) in this
cohort; diabetes, reduced BMI, and [-blocker use are
associated with higher prevalence of orthostatic hypoten-
sion. Black race and higher BMI are associated with higher
prevalence of orthostatic hypertension. The presence of
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orthostatic hypotension is associated with higher risk for
adverse cardiovascular outcomes, whereas orthostatic hy-
pertension is associated with higher risk for adverse kidney
outcomes.

The prevalence of orthostatic hypotension is ~ 5%,
increasing with age to 16% to 18% in patients older than
65 years.” '”'*?! The mechanisms underlying orthostatic
hypotension are not fully understood; intravascular vol-
ume depletion or impaired autonomic response are
thought to mediate the decrease in BP with standing seen
in these patients. Various comorbid conditions, such as
diabetes, hypertension, and cardiovascular disease, in-
crease the risk for orthostatic hypotension in the general
population. Patients with neurologic conditions, such as
Parkinson disease and dementia with Lewy bodies, are also
more likely to have orthostatic hypotension.'®***® Pa-
tients with orthostatic hypotension have been shown to be
at increased risk for falls, ischemic stroke, coronary artery
disease, heart failure, atrial fibrillation, CKD, cognitive
function decline, and all-cause mortality, though a recent
analysis from the Systolic Blood Pressure Intervention Trial
(SPRINT) showed that orthostatic hypotension was not
associated with higher risk for cardiovascular disease
eVentS.si 10,12,24,25

Less is known about orthostatic hypotension in patients
with CKD. In the Irish Longitudinal Study on Ageing, 11%
of participants with GFRs < 60 mL/min/1.73 m”* had
orthostatic hypotension.'” In SPRINT, participants with
orthostatic hypotension were more likely to have
GFRs < 45 mL/min/1.73 m” (16%) compared with those
without  orthostatic ~ hypotension (9%), and
GFRs <45 mL/min/1.73 m” were independently associ-
ated with greater decrease in BP standing.'' In the
Atherosclerosis Risk in Communities (ARIC) Study, the
presence of orthostatic hypotension was associated with
increased risk for incident CKD and increased
albuminuria.'”

Our study makes an important contribution to this field.
We demonstrate that the prevalence of orthostatic hypo-
tension in the CRIC population is ~ 5%, consistent with
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Figure 2. Association between orthostatic change in systolic blood pressure (as a continuous variable) and clinical outcomes.

other literature in the field. Importantly, we demonstrate cardiovascular outcomes. Several factors that may
for the first time in the setting of CKD that orthostatic contribute to alterations in BP compensation with standing
hypotension is associated with higher risk for are present in patients with CKD; these include arterial
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stiffness, anemia, and impaired autonomic function,
among other determinants.””® Whether these factors
mediate the relationship between orthostatic hypotension
and cardiovascular outcomes needs to be evaluated in
future studies. As expected, individuals with diabetes have
a high prevalence of orthostatic hypotension, likely sec-
ondary to autonomic neuropathy and impaired barore-
ceptor  sensitivity. Medication-induced = sympathetic
blockade may contribute to orthostatic decline in BP with a
lower capacity to increase cardiac output in response to
decreases in BP with orthostasis.

Our study highlights the importance of orthostatic
measurement of BP in patients with CKD. In addition to
well-recognized associations between orthostatic hypo-
tension and outcomes such as cognitive function and falls,
we now demonstrate that the presence of orthostatic hy-
potension may be an independent risk factor for cardio-
vascular disease. Future research must look to further
elucidate the mechanism underlying this relationship and
evaluate whether interventions to optimize orthostatic
changes in BP can improve outcomes.

Orthostatic hypertension has not been as well studied
in the general population, though recently there has
been increasing interest in this phenotype of orthostatic
change in BP.”” The mechanisms of orthostatic hyper-
tension are not known; it is thought that excessive
activation of the neurohormonal mechanisms that
regulate BP with change in position contribute to this
phenomenon.*’

The prevalence of orthostatic hypertension in the liter-
ature is variable, ranging between 1% and 28%, in part due
to lack of a uniform definition.” The ARIC Study reported
systolic orthostatic hypertension in 2.4% of community-
dwelling middle-aged individuals moving from seated to
standing position.” Tabara et al’' had similar findings
when measuring systolic orthostatic hypertension in
community-dwelling individuals (2.7%). Orthostatic hy-
pertension is observed with conditions including hyper-
tension, abnormal diurnal BP variation, dysautonomias,
and diabetes.”*" Some but not all studies that have eval-
uated long-term outcomes have shown increased risk for
cardiovascular morbidity and mortality, as well as all-cause
mortality, in patients with orthostatic hypertension.*”**
Patients with orthostatic hypertension have also been
shown to have cognitive decline and lower scores in
testing of neurobehavioral functioning and activities of
daily living.” "

To our knowledge, no prior study has evaluated
orthostatic hypertension in the CKD population. We
demonstrate that the prevalence of orthostatic hyperten-
sion in CRIC Study participants was low; <3% of the study
population has a >20 mm Hg increase in BP with standing.
This is lower than what has been reported in other studies,
but as discussed next, lack of consistency of definition in
studies limits the ability to compare across studies. In
addition, our study population was younger compared
with other studies that have focused on geriatric patients,
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who are more likely to have orthostatic hypertension. In
our study, African American race and higher BMI were
associated with higher prevalence of orthostatic hyper-
tension, which is consistent with risk factors in the general
population.'*+*¢

Participants with orthostatic hypertension were shown
to be at increased risk for kidney outcomes. The mecha-
nism of how orthostatic hypertension may mediate the
progression of kidney disease is unclear; we speculate that
because most individuals are ambulatory during the day,
participants with orthostatic hypertension are exposed to a
higher BP over the course of the day than those without
hypertension. This higher burden of hypertension may
eventually contribute to progression of kidney disease. It is
also possible that there are other confounders that affect
the relationship between orthostatic hypertension and
kidney disease.

This is a novel finding and future studies will be needed
to further evaluate the mechanism underlying these find-
ings. There was no statistically significant association be-
tween orthostatic hypertension and cardiovascular events
in our study, which is different from other studies, how-
ever, our findings may be due to the small number of
patients with orthostatic hypertension and future studies
with larger numbers of patients with orthostatic hyper-
tension will be needed to definitively address this issue.

One of the challenges in evaluating the literature in this
field is lack of a consensus definition of these conditions.
Several permutations of systolic and diastolic BP cutoffs
have been proposed in previous studies. We conducted
sensitivity analyses using other common BP thresholds to
define orthostatic hypo- and hypertension. We noted that
change in systolic BP of at least 20 mm Hg identified
participants at high risk for outcomes and may need to be
considered when defining significant orthostatic changes
in BP in future studies.

There are several strengths of this study. The CRIC study
population is well characterized and diverse and has a large
sample size with a long duration of follow-up and care-
fully adjudicated outcomes. Another strength is that BP was
carefully measured using standardized protocols recom-
mended by the American Heart Association by trained
providers in a research setting.

However, several limitations need to be considered. We
studied a single measure of orthostatic change at baseline;
it is plausible that orthostatic changes in BP are variable
throughout the follow-up of these patients and that this
may affect outcomes. Future research needs to examine the
orthostatic change in BP over time and its relationship with
outcomes. In addition, we considered only a single mea-
surement of BP after standing; some investigators have
measured BP repeatedly every 10 seconds after standing,
allowing assessment of “stabilization” of BP. Finally, falls
and other symptoms of orthostatic hypotension were not
ascertained in CRIC and therefore the association between
orthostatic changes in BP and these conditions could not be
studied.
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In summary, we demonstrate that there is marked
variability in the response of BP to change in position from
seated to standing. Systolic orthostatic hypotension was
observed in 4.6% of individuals compared with 2.1% of
individuals with orthostatic hypertension in the CRIC
population. Both were independently associated with
various demographic and clinical factors that can be used
to assess risk for each phenotype of change in BP. The
presence of orthostatic hypotension at baseline was inde-
pendently associated with increased risk for cardiovascular
outcomes; the presence of orthostatic hypertension was
associated with higher risk for kidney outcomes. These
novel findings highlight the importance of measurement
of orthostatic BP in practice and the need for future
investigation to understand the mechanisms and potential
interventions to minimize the risk associated with ortho-
static changes in BP.
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Conclusion: orthostatic hypertension is independently associated with higher

risk of kidney outcomes, while orthostatic hypotension is associated with higher risk of
cardiovascular outcomes.

Reference: Rouabhi M, Durieux J, Al-Kindi S et al. Orthostatic
hypertension and hypotension and outcomes in CKD: The CRIC
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