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Association of Orthostatic Hypotension Timing With Clinical
Events in Adults With Diabetes and Hypertension: Results

From the ACCORD Trial

Stephen P. Juraschek,' Lewis A. Lipsitz,? Jennifer L. Beach,' and Kenneth J. Mukamal’

OBJECTIVE

To determine the effects of orthostatic hypotension (OH) measurement
timing on its associations with dizziness, falls, fractures, cardiovascular
disease (CVD), and mortality.

METHODS

We analyzed OH measurements from the Action to Control
Cardiovascular Risk in Diabetes BP trial, which evaluated two blood
pressure (BP) goals (systolic BP [SBP] < 120 mm Hg vs. SBP < 140 mm
Hg) and incident CVD among adults with diabetes and hypertension.
Seated BP was measured after 5 minutes of rest at baseline and
follow-up visits (12 months, 48 months, and exit). Standing BP was
measured 3 consecutive times (M1-M3) after standing, starting at 1
minute with each measurement separated by 1 minute. Consensus OH
was defined as a drop in SBP = 20 mm Hg or diastolic BP (DBP) = 10 mm
Hg. Participants were asked about orthostatic dizziness, recent falls,
and recent fractures, and underwent surveillance for CVD events and
all-cause mortality.

RESULTS
There were 4,268 participants with OH assessments over 8,450 visits
(mean age 62.6 years [SD = 6.6]; 46.6% female; 22.3% black). Although

Orthostatic hypotension (OH) is a readily measured and
frequently encountered physical sign in clinical practice
with a prevalence of over 20% in older populations.!
However, substantial debate remains regarding the timing
of its measurement and interpretation. Although some
observational studies have identified OH as a risk factor for
dizziness, falls, fractures, cardiovascular disease (CVD), and
mortality,'~> others have not found it to be informative for
these outcomes."®-8 One explanation may relate to when
OH is assessed. Recent studies of continuous blood pressure
(BP) measurements after standing suggest that early drops
in BP are associated with dizziness,” whereas others report
that delayed recovery in orthostatic BP beyond 1 minute
(i.e., sustained OH) is more strongly associated with falls.!?
In contrast, we demonstrated in a predominantly healthy,
middle-aged population that measurements within 1 minute

all measures of consensus OH were significantly associated with
dizziness, none were associated with falls, and only M2 (~3 minutes)
was significantly associated with fractures. No measurements were
associated with CVD events, but later measurements were significantly
associated with mortality. BP treatment goal did not increase risk of OH
regardless of timing. Associations were not consistently improved by
the mean or minimum of M1-M3.

CONCLUSION

In this population of adults with hypertension and diabetes, neither
single time nor set of measurements were clearly superior with regard
to outcomes. These findings support the use of a flexibly timed, single
measurement to assess OH in clinical practice.
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of standing were more informative for dizziness, falls, and
fractures than later measurements between 1 and 2 minutes.?
However, our study did not examine measures within 2-3
minutes or beyond 3 minutes, time intervals commonly
recommended in clinical practice guidelines.!!~16

The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) BP trial examined the effects of systolic BP (SBP)
goal (<120 mm Hg vs. <140 mm Hg) on CVD events and
mortality in adults with diabetes and hypertension.!” In addition,
participants were asked about prior orthostatic dizziness, falls,
and fractures.'® An assessment of OH was introduced later as
part of the trial protocol with 3 standardized measurements
occurring between 1 and 5 minutes after standing. Ultimately,
this trial did not show a relationship between BP treatment and
OH. Furthermore, although OH was associated with death, it
was not associated with major CVD events.® However, whether
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these associations differed by time of assessment was not
reported. Given the higher prevalence of diabetic autonomic
neuropathy with potentially more severe or delayed recovery
of BB, ACCORD BP offers a unique opportunity to explore
the implications of timing in a highly prevalent and potentially
vulnerable, yet understudied population.

We revisited the ACCORD study to examine the effects of
timing on the association of OH with (i) postural dizziness,
(ii) clinical events related to OH, namely falls and fractures,
and (iii) long-term major cardiovascular events or all-cause
mortality. Our last objective was (iv) to examine the effects of
timing on BP treatment goal and OH. We hypothesized that
earlier measurements of OH would be more important for
dizziness, falls, and fractures than later OH measurements or
OH based on the mean or minimum of all 3 measurements.
We also hypothesized that timing would be less informative
for CVD, mortality, or the effects of BP treatment on OH.

METHODS
Study participants

As reported previously, ACCORD was a 2 x 2 factorial
trial that included 10,251 participants from 77 clinical sites
in the United States and Canada.!”!* All participants were
randomized to intensive vs. standard glycated hemoglobin
targets (<6% vs. 7%-7.9%), whereas half were included in
the ACCORD BP trial, a sub-study examining BP treatment
goal (described later). All participants were required to have
a diagnosis of type 2 diabetes mellitus with a hemoglobin
Alc of at least 7.5%. In addition, participants were required
to have an elevated risk of CVD, namely, a prior history
of CVD for adults aged 40-79 years or in absence of
prior CVD for adults aged 55-79 years, albuminuria, left
ventricular hypertrophy, anatomic evidence of subclinical
atherosclerosis, or 2 or more risk factors for CVD: obesity,
smoking, hypertension, or hyperlipidemia. Participants
with a body mass index greater than 45 kg/m? or a serum
creatinine above 1.5 mg/dl were excluded."

The ACCORD BP trial was a sub-study of ACCORD,
which included 4,733 participants of whom 4,329 had OH
measurements (see Supplementary Material SM1).57 Eligibility
for ACCORD BP required an SBP between 130 and 180 mm Hg,
a regimen of no more than 3 antihypertensive medications, and
a 24-hour urinary protein <1 g. Our study was further limited
to participants who successfully completed all three standing
BP assessments intended by the OH protocol. As a result,
we excluded 9 participants who were missing 1 or 2 standing
measurements (N = 4,320). We further excluded 52 participants
missing covariate information (N = 4,268). This secondary
analysis was performed using a de-identified, public dataset
maintained by the National Institutes of Health/National Heart,
Lung, and Blood Institute BioLINCC. The Beth Israel Deaconess
Institutional Review Board determined that this secondary anal-
ysis was not considered human subjects research.

Study design

Recruitment into the ACCORD BP trial was performed
in two phases, one between January and June 2001 and

the other between February 2003 and October 2005.7:1
There were 2,362 participants randomized to an intensive
treatment goal (SBP < 120 mm Hg), and 2,371 randomized to
a standard treatment goal (SBP < 140 mm Hg). Participants
assigned to the intensive goal attended visits monthly for the
first 4 months followed by visits every 2 months. Participants
in the standard goal treatment group attended visits at
month 1, 4, and then every 4 months. Additional visits were
scheduled as needed to monitor treatment response and trial
implementation. In the original BP trial, the mean SBP at
4 months in the intensive treatment goal was 119.3 mm Hg
vs. 133.5 mm Hg in the standard treatment goal. At 1 year,
the intensive group was on 3.4 antihypertensive medications
vs. 2.1 in the standard group. Follow-up for the trial ended
in June 2009.

OH and postural dizziness

The OH protocol was initiated in October 2004 in all
participants in the ACCORD BP sub-study for baseline visits
(among newly enrolled participants), 12-month, 48-month,
and exit visits (in participants with no study events).
Participants were asked to sit for at least 5 minutes with
minimal activity. Then, using an Omron HEM-907 with a
programmed 1-minute interval, participants underwent
a series of 3 seated measurements. BP measurements were
typically performed over the upper right arm using a cuft size
selected based on measured arm circumference. They were
then asked to stand (see Supplementary Material SM2 for the
original manual of procedures and Supplementary Material
SM3 for a schematic of the protocol). One minute after
standing, another series of three measurements (separated
by 1-minute intervals) was initiated. The same arm and
cuff were used for both seated and standing assessments.
Participants were also asked whether they experienced
dizziness or lightheadedness during the standing process.

Postural change in SBP or diastolic BP (DBP) from seated
to standing (reported per —10 mm Hg) was determined by
taking the standing measure and subtracting the mean seated
measure for SBP or DBP and then multiplying by —1/10. OH
was defined in the following way: systolic OH (a decrease in
SBP of at least 20 mm Hg), diastolic OH (a decrease in DBP
of at least 10 mm Hg), or consensus OH (a decrease in SBP
of at least 20 mm Hg or a decrease in DBP of at least 10 mm
Hg), based on thresholds used in the original consensus
definition.'>?* OH was determined using each of the three
standing measurements individually, an average of the
three standing measurements (a more precise and specific
definition), or the minimum of the three measurements (a
more sensitive definition).

Self-reported events: fall and fracture

Beginning in January 2006, participants were asked
about falls or fractures as part of an ancillary study called
ACCORD-BONE.!#2! This ancillary study included 5 of the
7 clinical center networks, comprising 54 of the original 77
sites and 3,099 ACCORD-BP trial participants (1,534 in
the intensive arm and 1,565 in the standard arm). At every
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annual visit (earliest being the first 12-month follow-up
visit), participants were asked about falls and fractures (see
Supplementary Material SM4). For falls, participants were
asked: “In the last 12 months have you fallen and landed
on the floor or ground, or fallen and hit an object like a
table or stair?” For fractures, participants were asked: “Has
a doctor or other health care provider told you that you
have broken or fractured any bones since your last annual
ACCORD visit?” For 2006 (the year these questionnaires
were initiated), the time interval of the fracture question
was altered to include any fractures since randomization (as
opposed to last annual visit).

Prospective clinical events: major CVD events, mortality,
and secondary outcomes

Participants were followed for CVD events throughout
the study. The primary outcome in the original ACCORD
trial was the first occurrence of a major CVD event defined
as nonfatal myocardial infarction, nonfatal stroke, or death
from CVD. The secondary analysis was death from any cause.
All events were adjudicated by a central committee, who were
blinded to the study group assignments. Other outcomes in
the ACCORD trial were examined in supplemental analyses,
including death from cardiovascular causes, nonfatal stroke,
total stroke, hospitalization or death due to heart failure, and
a composite outcome composed of the primary outcome
plus revascularization or hospitalization for congestive
heart failure (CHF; called the “expanded macrovascular
outcomes”).

Other covariates

Demographic characteristics included age, sex, and race
(white, black, Hispanic, other). History of CVD, history
of heart failure, history of stroke, history of myocardial
infarction, smoking status, diuretic use, central alpha-
adrenergic agonist use, and beta blockers use were self-
reported. History of CVD and heart failure was asked as
part of a participant’s medical history during the baseline
visit, whereas history of myocardial infarction and stroke
was asked during the screening visit while assessing eligi-
bility. Body mass index was determined from standardized
measurements of height and weight. Fasting glucose
concentrations were measured in plasma collected prior to
randomization using standard assays.?? Resting baseline SBP,
DBBP, or heart rate was determined during the baseline visit.

Statistical analysis

Study population characteristics were described using
means (SD) and proportions, overall and by BP goal. We
examined the association of postural change in SBP or
DBP or 3 OH metrics (systolic OH, diastolic OH, or con-
sensus OH) with self-reported dizziness, falls, or fractures
at any point during follow-up using generalized estimating
equations (binomial family, logit link, exchangeable cor-
relation structure, robust variance estimator) adjusted for
baseline age, sex, race, trial network, treatment arm (both
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BP goal and glycemic goal assignments), baseline SBP, base-
line DBP, baseline heart rate, baseline body mass index,
baseline fasting plasma glucose, history of CVD, history
of myocardial infarction, history of stroke, history of heart
failure, and smoking status. Postural change in BP and
OH definitions were examined by measurement (1, 2, or
3), as an average value, or based on the minimum of the
three measurements. BP assessments contributing to these
analyses were performed at baseline, 12-month, 48-month,
and exit visits.

We also examined the association of postural change in
SBP or DBP or the 3 OH metrics with major CVD events or
mortality from any cause, using Cox proportional hazards
models adjusted for the aforementioned covariates. For
survival models, postural change assessments were treated
as time-varying covariates based on measurements from
baseline, 12-month, 48-month, and exit visits. Models were
left-censored to begin with the first visit during which an
assessment of postural change occurred with values updated
at subsequent visits (for most participants, the first visit
was at baseline or the 12-month visit). Follow-up ended if
a participant experienced an event of interest or when the
study ended (administrative censoring). We included OH
assessments during the “Exit” visit in this analysis. Because
the date of the “Exit” visit was not made publicly available,
this value was estimated using the administrative censoring
date among living participants at the end of the study with
the assumption that all participants survived at least 1 hour
after their postural change BP assessment. As a result, there
was minimal contribution of the exit visit to follow-up.
These models were conducted for each measurement time
as well as the average and minimum of all three standing
measurements.

All the aforementioned Cox models, using postural
change in BP or the 3 OH definitions, were repeated for
our secondary outcomes: cardiovascular mortality, nonfatal
stroke, total stroke, or CHF death or hospitalization.
We also examined postural change in BP or the 3 OH
definitions in relation to 1 composite secondary outcome:
expanded macrovascular outcomes (primary outcome plus
revascularization or hospitalization for CHF). We confirmed
the Cox proportional hazards assumption of all models for
both primary and secondary outcomes using Schoenfeld
residuals.

Finally, we looked at the effect of BP goal (intensive
vs. standard) on postural change in SBP or DBP from
measurement 1-3, the average, and the minimum,
determined during post-randomization visits. First,
we plotted the distribution of standing SBP and DBP
obtained via measurements 1-3 by treatment goal. Then
we performed a repeat measures analysis of all available
follow-up assessments, examining postural change in SBP or
DBP (measurements 1-3, the average, and the minimum)
via generalized estimating equations (normal family, identity
link, exchangeable correlation structure, robust variance
estimator). We repeated these analyses examining the effect
of BP goal on odds of systolic OH, diastolic OH, or consensus
OH (binomial family, logit link, exchangeable correlation
structure, robust variance estimator). These models were
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performed for OH determined based on each individual
measurement as well as for OH based on the average and the
minimum of all three standing measurements. All treatment
effect models were adjusted for glycemia goal assignment as
well, accounting for the ACCORD factorial design.

Analyses were conducted with Stata version 14.0 (Stata
Corporation, College Station, TX). P values less than 0.05
were considered significant without adjustment for multiple
comparisons.

RESULTS
Population characteristics

Of the 4,268 participants in this study, the mean age was
62.6 years (SD = 6.6), 46.6% were women, and 22.3% were
black (Table 1). The mean baseline SBP was 139.0 (15.7)
mm Hg, DBP was 75.9 (10.3) mm Hg, and heart rate was
72.9 (11.6) bpm. Mean body mass index was 32.1 (5.5) kg/
m? and mean fasting plasma glucose was 174.7 (57.5) mg/dl.
Population characteristics were similar across randomized
groups. There were 1,313 participants with standing BP
measured at baseline, 2,630 with standing BP measured at
12 months, 3,061 with standing BP measured at 48 months,
and 1,456 with standing BP measured at study exit for a total

0f 8,450 visits with an OH assessment. OH was more prevalent
with measurement 1 vs. measurement 3 (Supplementary
Table ST1). The average of the 3 measurements was the most
specific, whereas the minimum standing BP was the most
sensitive definition for OH.

Dizziness, falls, and fractures

Negative postural changes in SBP based on each of the
three individual measurements, the average measurement,
and the minimum SBP measurement were associated with
dizziness (odds ratios [ORs] of 1.12-1.21 per —10 mm
Hg; Table 2). Similarly, all measures of systolic OH were
significantly associated with dizziness (ORs of 1.90-2.82).
Meanwhile, the first measurements of negative postural
change in DBP (OR 1.16 per —-10 mm Hg; 95% CI: 1.01,
1.32) or diastolic OH (OR 1.78; 95% CI: 1.22, 2.58) were
most strongly associated with dizziness. The consensus
definition was associated with dizziness with all 3 individual
measurements, the average, and the minimum measurement
(ORs of 1.53-2.01) although the first two measurements
demonstrated a slightly greater magnitude and were more
statistically significant than the third measurement.

The minimum measurement for postural change in
SBP was most strongly associated with falls (OR 1.08; 95%

Table 1. Baseline characteristics overall and by treatment group, Mean (SD) or N (%)

Overall, N = 4,268

Standard BP Goal, N = 2,151 Intensive BP Goal, N = 2,117

Age, yr 62.6 (6.6)
Female, N (%) 1,987 (46.6)
Race, N (%)
White 2,577 (60.4)
Black 953 (22.3)
Hispanic 279 (6.5)
Other 459 (10.8)
Mean SBP, mm Hg 139.0 (15.7)
Mean DBP, mm Hg 75.9 (10.3)
Mean heart rate, mm Hg 72.9 (11.6)
Body mass index, kg/m? 32.1 (5.5)
Fasting plasma glucose, mg/dl 174.7 (57.5)
History of cardiovascular disease, N (%) 1,409 (33.0)
History of myocardial infarction, N (%) 581 (13.6)
History of stroke, N (%) 255 (6.0)
History of heart failure, N (%) 168 (3.9)
Smoking status, N (%)
Never 1,901 (44.5)
Former 1,821 (42.7)
Current 546 (12.8)
Diuretic use, N (%) 1,564 (36.6)
Central alpha antagonist, N (%) 69 (1.6)
Beta blocker, N (%) 1,170 (27.4)

62.6 (6.7) 62.6 (6.5)
999 (46.4) 988 (46.7)
1,273 (59.2) 1,304 (61.6)
495 (23.0) 458 (21.6)
147 (6.8) 132 (6.2)
236 (11.0) 223 (10.5)
139.2 (15.4) 138.9 (16.0)
75.9 (10.2) 75.9 (10.5)
72.8 (11.4) 73.0 (11.8)
32.1 (5.4) 32.2 (5.6)
173.5 (57.7) 176.0 (57.3)
715 (33.2) 694 (32.8)
309 (14.4) 272 (12.8)
121 (5.6) 134 (6.3)
78 (3.6) 90 (4.3)
965 (44.9) 936 (44.2)
909 (42.3) 912 (43.1)
277 (12.9) 269 (12.7)
790 (36.7) 774 (36.6)
25(1.2) 4(2.1)
578 (26.9) 592 (28.0)

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Table 2. The association of orthostatic hypotension at 3 different times, the average, or a minimum of 3 standing measurements with
dizziness upon standing, fall in the previous year, or fracture in the previous year

Dizziness, N = 422/8,450 visits Falls, N = 986/5,070 visits Fracture, N = 151/5,071 visits

OR (95% Cl) P OR (95% CI) P OR (95% Cl) P

SBP per -10 mm Hg

M1 1.16 (1.07, 1.26) 0.0002 1.05 (0.99, 1.11) 0.12 1.03 (0.89, 1.20) 0.66
M2 1.16 (1.07, 1.26) 0.0004 1.03 (0.97, 1.10) 0.28 1.13(0.97, 1.31) 0.12
M3 1.12 (1.03, 1.22) 0.01 1.03 (0.97, 1.09) 0.39 1.01 (0.88, 1.16) 0.85
Ave 1.18 (1.08, 1.29) 0.0002 1.04 (0.98, 1.11) 0.20 1.07 (0.91, 1.25) 0.41
Min 1.21 (1.12, 1.31) <0.0001 1.08 (1.01, 1.14) 0.02 1.09 (0.94, 1.28) 0.26
Systolic orthostatic hypotension (drop in SBP = 20 mm Hg)
M1 1.90 (1.33, 2.72) 0.0004 1.36 (0.99, 1.87) 0.06 1.66 (0.86, 3.20) 0.13
M2 2.49 (1.71, 3.61) <0.0001 1.49 (1.06, 2.11) 0.02 2.86 (1.61, 5.08) 0.0003
M3 2.10 (1.43, 3.09) 0.0002 1.35(0.94, 1.92) 0.10 1.15 (0.51, 2.58) 0.74
Ave 2.82(1.91, 4.18) <0.0001 1.64 (1.11, 2.42) 0.01 2.08 (1.00, 4.31) 0.0501
Min 2.09 (1.57, 2.79) <0.0001 1.29 (1.00, 1.67) 0.0504 1.80 (1.07, 3.03) 0.03
DBP per =10 mm Hg
M1 1.16 (1.01, 1.32) 0.04 1.02 (0.93, 1.13) 0.62 1.01 (0.80, 1.28) 0.93
M2 1.05 (0.92, 1.20) 0.46 0.95 (0.87, 1.05) 0.33 0.99 (0.79, 1.25) 0.96
M3 1.07 (0.93, 1.23) 0.32 0.95 (0.86, 1.04) 0.28 0.93 (0.74, 1.16) 0.51
Ave 1.11 (0.96, 1.29) 0.16 0.97 (0.87, 1.08) 0.58 0.97 (0.75, 1.26) 0.82
Min 1.14 (0.99, 1.30) 0.06 0.99 (0.89, 1.09) 0.78 0.98 (0.77, 1.26) 0.90
Diastolic orthostatic hypotension (drop in DBP > 10 mm Hg)
M1 1.78 (1.22, 2.58) 0.003 1.14 (0.82, 1.59) 0.44 1.16 (0.55, 2.46) 0.70
M2 1.27 (0.79, 2.02) 0.32 1.19 (0.81, 1.74) 0.38 2.07 (1.06, 4.07) 0.03
M3 1.21(0.75, 1.97) 0.43 0.76 (0.49, 1.16) 0.20 1.59 (0.74, 3.41) 0.24
Ave 1.33(0.77, 2.28) 0.30 1.05 (0.65, 1.68) 0.85 1.13(0.39, 3.27) 0.82
Min 1.38 (0.99, 1.92) 0.06 1.07 (0.82, 1.39) 0.63 1.37 (0.79, 2.36) 0.26
Consensus orthostatic hypotension (drop in SBP = 20 mm Hg or DBP = 10 mm Hg)
M1 1.71 (1.27, 2.30) 0.0004 1.22 (0.94, 1.58) 0.14 1.16 (0.64, 2.12) 0.63
M2 1.73 (1.24, 2.41) 0.001 1.30 (0.98, 1.73) 0.07 2.52 (1.56, 4.08) 0.0002
M3 1.53 (1.09, 2.15) 0.01 0.99 (0.74, 1.34) 0.96 1.23 (0.65, 2.31) 0.53
Ave 2.01(1.41, 2.84) 0.0001 1.22(0.88, 1.70) 0.24 1.62 (0.84, 3.10) 0.15
Min 1.61 (1.25, 2.08) 0.0003 1.16 (0.94, 1.43) 0.18 1.50 (0.96, 2.35) 0.07

Models were adjusted for baseline age, female, race, trial network, treatment arm, baseline SPB, baseline DBP, baseline heart rate, baseline
body mass index, baseline fasting plasma glucose, history of cardiovascular disease, history of myocardial infarction, history of stroke, history
of heart failure, and smoking status. All participants represented in this table had all 3 standing blood pressure measurements. These analyses
included 4,267 participants for dizziness; 3,658 participants for fall; and 3,659 participants for fracture. Abbreviations: Ave, average; ClI,
confidence interval; DBP, diastolic blood pressure; Min, minimum; OR, odds ratio; SBP, systolic blood pressure.

CI: 1.01, 1.14). In contrast, the 2nd measurement and the Incident CVD events and mortality

average measurement of systolic OH were more strongly ,
associated with falls (OR 1.49 [95% CI: 1.06, 2.11] and OR None of the measurements O,f postural change in SBP,
1.64 [95% CI: 1.11, 2.42], respectively), whereas the 2nd posturall change mn DBP’, SYStOhC, OH, Or consensus OH
measurement of systolic OH (2.86; 95% CI: 1.61, 5.08), the were  significantly assoc1at§d ,Wlth major CVD events,
minimum of systolic OH (OR 1.80; 95% CI: 1.07, 3.03), the regardless of measurement timing (Table 3). The measures
2nd measurement of diastolic OH (OR 2.07; 95% CI: 1.06, most associated with major CVD events were the 3rd and

4.07), and OH (OR 2.52: 95% CI: 1.56, 4.08 minimum standing measurement for diastolic OH (HR
), and consensus OH ( o ) 1.95 [95% CI: 1.25, 3.04] and 1.50 [95% CI: 1.03, 2.18]),

were more strongly associated with fractures than the other ;
respectively.

measurements.
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Table 3. The association of orthostatic hypotension at 3 different times, the average, or a minimum of 3 standing measurements with

cardiovascular events or mortality (HR, 95% ClI)

Primary outcome (fatal cardiovascular disease, myocardial
infarction, or stroke), N = 270 events/4,152 participants

Mortality from any cause,
N =173 events/4,259 participants

HR (95% CI) P HR (95% CI) P
SBP per =10 mm Hg
M1 1.07 (0.98, 1.17) 0.13 1.15(1.03, 1.28) 0.01
M2 1.00 (0.91, 1.10) 0.98 1.10 (0.98, 1.23) 0.10
M3 0.99 (0.90, 1.08) 0.84 1.09 (0.98, 1.22) 0.11
Average 1.02 (0.93, 1.13) 0.64 1.14 (1.01, 1.28) 0.04
Minimum 1.02 (0.93, 1.12) 0.73 1.14 (1.02, 1.27) 0.02
Systolic orthostatic hypotension (drop in SBP 2 20 mm Hg)
M1 1.08 (0.65, 1.80) 0.77 1.71 (1.00, 2.93) 0.051
M2 1.22 (0.71, 2.11) 0.47 2.18 (1.27, 3.75) 0.005
M3 1.10 (0.63, 1.94) 0.73 1.39 (0.73, 2.66) 0.32
Average 1.28 (0.71, 2.30) 0.41 1.81(0.94, 3.48) 0.07
Minimum 1.05 (0.68, 1.63) 0.81 1.79 (1.14, 2.80) 0.01
DBP per -10 mm Hg
M1 1.15(0.99, 1.34) 0.07 1.08 (0.90, 1.30) 0.40
M2 1.06 (0.91, 1.24) 0.42 1.02 (0.85, 1.23) 0.83
M3 1.08 (0.93, 1.26) 0.32 1.02 (0.85, 1.23) 0.80
Average 1.12 (0.95, 1.32) 0.18 1.05 (0.86, 1.29) 0.63
Minimum 1.14 (0.97, 1.33) 0.10 1.06 (0.88, 1.29) 0.53
Diastolic orthostatic hypotension (drop in DBP > 10 mm Hg)
M1 1.36 (0.85, 2.19) 0.20 0.88 (0.43, 1.81) 0.74
M2 1.40 (0.84, 2.34) 0.20 1.78 (0.98, 3.22) 0.06
M3 1.95 (1.25, 3.04) 0.003 2.14 (1.25, 3.67) 0.006
Average 1.60 (0.95, 2.72) 0.08 1.39 (0.68, 2.85) 0.37
Minimum 1.50 (1.03, 2.18) 0.03 1.69 (1.07, 2.66) 0.02
Consensus orthostatic hypotension (drop in SBP = 20 mm Hg or DBP = 10 mm Hg)
M1 1.21 (0.81, 1.80) 0.35 1.24 (0.75, 2.04) 0.40
M2 1.21 (0.78, 1.86) 0.39 1.88 (1.18, 2.99) 0.008
M3 1.38 (0.92, 2.07) 0.12 1.77 (1.11, 2.81) 0.02
Average 1.20 (0.75, 1.92) 0.45 1.48 (0.85, 2.58) 0.17
Minimum 1.20 (0.86, 1.69) 0.28 1.68 (1.14, 2.46) 0.008

Models adjusted for baseline age, female, race, trial network, treatment arm, baseline SBP, baseline DBP, baseline heart rate, baseline body
mass index, baseline fasting plasma glucose, history of cardiovascular disease, history of myocardial infarction, history of stroke, history of
heart failure, and smoking status. All participants represented in this table had all 3 standing blood pressure measurements. Abbreviations: ClI,
confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Measurement time was inconsistently associated
with mortality from any cause. For SBP, mortality from
any cause was most strongly associated with postural
change in SBP measurement 1 (HR 1.15; 95% CI: 1.03,
1.28), and systolic OH measurement 2 (HR 2.18; 95% CI:
1.27, 3.75). The average postural change in SBP was also
significantly associated with mortality (HR 1.14; 95% CI:
1.01, 1.28). Furthermore, the minimum standing SBP
for postural change (HR 1.14; 95% CI: 1.02, 1.27) and
systolic OH were associated with mortality (HR 1.79;

95% CI: 1.14, 2.80). In contrast, later measurements of
DBP were significantly associated with mortality from
any cause, specifically, diastolic OH measurement 3 (HR
2.14; 95% CI: 1.25, 3.67). The minimum standing DBP
for diastolic OH was also associated with mortality (HR
1.69; 95% CI: 1.07, 2.66). Consensus OH was significantly
associated with mortality from any cause when assessed
via measurement 2 (HR 1.88; 95% CI: 1.18, 2.99) and 3
(HR 1.77;95% CI: 1.11, 2.81) as well as the minimum (HR
1.68;95% CI: 1.14, 2.46).
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Other CVD outcomes

Neither postural change in SBP nor systolic OH
was  significantly associated with cardiovascular
mortality, nonfatal stroke, total stroke, or CHF death or
hospitalization (Supplementary Table ST1). Similarly,
postural change in DBP was not significantly associated
with these outcomes with the exception of CHF death or
hospitalization. Greater drops in DBP upon standing were
significantly associated with higher odds of CHF death or
hospitalization when assessed at measurement 2 (HR 1.31;
95% CI: 1.04, 1.65), measurement 3 (HR 1.34; 95% CI:
1.06, 1.70), the average of all 3 standing measurements (HR
1.38; 95% CI: 1.07, 1.78), or the minimum of the 3 standing
measurements (HR 1.35; 95% CI: 1.07, 1.70). Diastolic OH
and consensus OH were also not significantly associated
with any of the supplemental outcomes with a few notable
exceptions. Diastolic OH measured during measurement
3 or as the minimum of the 3 standing BP measurements
were significantly associated with cardiovascular mortality
(HR 4.00 [95% CI: 2.02, 7.93] and 2.25 [95% CI: 1.17,
4.34], respectively), while consensus OH measured
during measurement 3 was significantly associated with
cardiovascular mortality (HR 2.20; 95% CI: 1.11, 4.37)
and consensus OH based on the minimum standing BP
measurement was significantly associated with CHF death
or hospitalization (HR 1.79; 95% CI: 1.10, 2.92).

Treatment effects on postural change and OH

A more intensive BP goal caused a leftward shift in the
distribution of standing SBP and DBP (Figure la-d).
However, this effect varied little by measurement time. This
was reflected by the virtual absence of an effect of treatment
goal on postural change in SBP, systolic OH, and postural
change in DBP (Table 4). There was evidence of a lower
odds of having diastolic OH (OR 0.74; 95% CI: 0.57, 0.97)
or consensus OH (OR 0.80; 95% CI: 0.65, 0.98) as assessed
during measurement 3 alone. Also, intensive treatment
was significantly associated with lower odds of diastolic
OH when based on the minimum standing DBP (OR 0.78;
95% CI: 0.65, 0.94) and consensus OH when based on the
minimum standing BP (OR 0.80; 95% CI: 0.69, 0.94).

DISCUSSION

In this secondary analysis of the ACCORD trial, we
examined timing of OH assessments in adults with diabetes
and hypertension, and we found that earlier OH assessments
were more significantly associated with dizziness upon
standing, whereas middle measurements (closest to 3 minutes)
were more significantly associated with falls and fracture in
the previous year. The clinical significance of the timing of
OH assessment was not as consistent for CVD or mortality
from any cause. Intriguingly, a more intensive BP treatment
goal was associated with lower odds of OH as measured by
the last measurement. Neither the average nor minimum of
the 3 measurements were more consistently associated with
outcomes than the individual timed measurements.
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Postural dizziness is an important manifestation of
OH?* and a likely mediator of clinical events like falls.?*
Drops in BP upon standing that do not maintain adequate
perfusion pressure are thought to contribute to cerebral
hypoperfusion, manifesting as dizziness.?>* However, there
is substantial debate about which pattern of postural change
in BP contributes most to the clinical symptom of dizzi-
ness. Although a number of reports have shown that OH
identified within 1 minute of standing is associated with diz-
ziness,>?” others have shown that adults with rapid recovery
of BP within 30 seconds of standing were less likely to report
OH symptoms.?® This is thought to be related to the abil-
ity to autoregulate cerebral blood flow. Previous studies have
also emphasized the importance of SBP rather than DBP in
relation to dizziness.?® In our study, although virtually any
drop in SBP was associated with dizziness, only the earliest
drops in DBP were associated with dizziness. Our data are
consistent with other studies, in that one need not wait for a
longer time to capture systolic OH, while later assessments
of diastolic OH could result in misclassification and null
association.”” Notably, the earliest measurement was more
consistently associated with dizziness than the average or
minimum of three measurements. This suggests that timing
may be particularly important for identifying OH associated
with dizziness.

Falls and fracture are variably associated with OH in the
literature.>”*® In the Atherosclerosis Risk in Communities
study, OH measures within 1 minute of standing in a
middle-aged, community-based population were most asso-
ciated with risk of falls or fracture.? Similarly, in a population
of older adults with hypertension, OH detected at 1 minute
was more strongly associated with falls than detection at 3
minutes.”” In ACCORD, OH was not consistently associated
with falls, but the second measurement (which on average
would be closest in time to 3 minutes) was associated with
a higher odds of fracture. This differed from our hypothesis
that dizziness would track with falls and fracture. Whether
this discrepancy is related to population differences (e.g., OH
in a diabetic population), outcome reporting (recalled vs.
incident claims), or an absence of measures within 1 minute
of standing cannot be determined in our study. However,
future study protocols should evaluate OH measurements
within 1 minute and at 3 minutes with fall and fracture risk
to better answer this question.

In ACCORD, OH assessment was not consistently asso-
ciated with CVD or its subtypes regardless of timing. This
contrasts with numerous other studies, which have shown
OH to be associated with CVD.">*1-36 We also did not
observe an association between systolic OH and stroke or
diastolic OH and myocardial disease as reported by others.>”
We speculate that this discordance may be secondary
to ACCORD’s study population of adults with diabetes.
Although OH may predominantly reflect subclinical CVD
in ambulatory populations,®® OH in adults with diabetes
may disproportionately reflect comorbid autonomic dys-
function or hypovolemia .’

With regard to mortality from any cause, both earlier
systolic OH and later diastolic OH measurements were
more strongly associated with mortality from any cause
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Kernel density plots of the distribution of standing systolic blood pressure (SBP) for intensive (a) and standard (b) blood pressure treatment

goals, and diastolic blood pressure (DBP) for intensive (c) and standard (d) blood pressure treatment goals. Each line represents measurement 1-3 (M1
solid, M2 dash, M3 dot). There were 2,110 participants assigned the intensive BP goal, and 2,145 participants assigned the standard goal, contributing
7,153 follow-up visits. M1, standing measurement 1; M2, standing measurement 2; M3, standing measurement 3.

compared to OH detected at other time points. In contrast,
prior studies of OH assessment timing have found OH to be
associated with mortality regardless of measurement time.?
Some hypothesize that sustained OH contributes to greater
risk of death.” However, this may also reflect increased
variability in BP regulation or underlying cardiovascular
pathology, which are important risk factors for mortality.!
Notably, systematic reviews of cohort studies examining OH
and mortality show associations between OH and mortality
across variably timed collection protocols,*>* which supports
the perspective that timing is less consistently important
for predicting mortality. However, if timing was truly not a
factor, then one might expect that the mean measurement
would provide the most precise assessment of standing BP
and thus the strongest association with mortality, and yet
this was not observed in our study.

Current OH guidelines vary with regard to the timing of
standing BP assessments. Some recommend measurements
close to 1 minute,* 2 minutes,'*!* within 3 minutes,'>?° or at
1 and 3 minutes.'® Although the 2nd measurement, closest to
3 minutes, was the most reliably associated with outcomes,
our study does not provide robust evidence for any of the
aforementioned timing recommendations. However, the
fact that single measurements were as reliable as the mean or
minimum supports the use of single measurement in clinical
practice, which is less time intensive than either a mean or
minimum of 3 measurements.

Our study has several limitations. First, OH measures
began at 1 minute and were separated by 1-minute intervals,
likely extending between 1.5 minutes to 4.5 minutes after
standing. However, the actual time of the OH result was not
reported. Furthermore, we are unable to compare these later
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Table 4. Effects of blood pressure treatment goal on orthostatic hypotension

Intensive vs. moderate BP goal, N = 7,147

B or odds ratio (95% Cl) P
Postural change in SPB per 1 mm Hg
M1 -0.08 (-0.72, 0.56) 0.81
M2 0.14 (-0.51, 0.79) 0.67
M3 -0.01 (-0.67, 0.65) 0.98
Average 0.01 (-0.58, 0.61) 0.96
Minimum 0.29 (-0.33, 0.91) 0.36
Systolic orthostatic hypotension (drop in SBP 2 20 mm Hg)
M1 1.02 (0.80, 1.29) 0.88
M2 1.00 (0.76, 1.30) 0.99
M3 0.91 (0.70, 1.18) 0.48
Average 1.14 (0.84, 1.54) 0.40
Minimum 0.89 (0.74, 1.08) 0.24
Postural change in DBP per 1 mm Hg
M1 0.07 (-0.32, 0.47) 0.71
M2 0.15 (-0.24, 0.55) 0.44
M3 0.02 (-0.38, 0.41) 0.94
Average 0.08 (-0.28, 0.44) 0.67
Minimum 0.25 (-0.13, 0.62) 0.20
Diastolic orthostatic hypotension (drop in DBP = 10 mm Hg)
M1 0.96 (0.76, 1.21) 0.71
M2 0.86 (0.66, 1.11) 0.24
M3 0.74 (0.57, 0.97) 0.03
Average 0.96 (0.71, 1.29) 0.78
Minimum 0.78 (0.65, 0.94) 0.01
Consensus orthostatic hypotension (drop in SBP 2 20 mm Hg or DBP = 10 mm Hg)
M1 0.92 (0.76, 1.11) 0.39
M2 0.89 (0.72, 1.09) 0.24
M3 0.80 (0.65, 0.98) 0.03
Average 1.01 (0.80, 1.28) 0.93
Minimum 0.80 (0.69, 0.94) 0.006

This analysis was limited to participants with orthostatic hypotension assessments after baseline. Abbreviations: BP, blood pressure; Cl,
confidence interval; DBP, diastolic blood pressure; M1, standing measurement 1; M2, standing measurement 2; M3, standing measurement 3;

SBP, systolic blood pressure.

measurements with measurements within 1 minute. It is
possible that associations may differ with postural change
within 1 minute, as we have shown previously.* Second, OH
was largely not associated with CVD in this study. It is unclear
why this was the case, perhaps due to the fact that OH among
adults with diabetes reflects pathways that are not specific
to subclinical CVD. Third, power was limited by the late
implementation of the OH protocol, variable assessments of
self-reported outcomes (falls and fracture), and lack of post-exit
follow-up (cardiovascular events and mortality), minimizing
the contribution of exit visit assessments. This could account for
some of the nonsignificant associations, particularly between
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OH with falls and fractures. Fourth, additional outcomes of
interest were uncommon in this population (i.e., syncope).
As a result, we were unable to include this in our study. Fifth,
the OH protocol was from seated to standing, which may
result in a less sensitive OH assessment. Sixth, ACCORD was
not designed to examine the effect of antihypertensive class
on OH. Seventh, the many comparisons in this study create
an opportunity for chance associations. As a result, isolated
measurements should be interpreted with caution. Finally,
analyses of OH as a risk factor are inherently observational
and hence subject to residual confounding from unmeasured
characteristics of study participants.
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Our study has numerous strengths. OH assessments
were rigorously performed by trained personnel, using a
standardized protocol. Furthermore, repeat assessments
increased power and afforded an opportunity to model
OH as a time-varying covariate. Our study encompassed
a large, relevant population, known to have a higher
prevalence of OH. Furthermore, CVD and mortality events
were adjudicated by a trained, expert committee. Finally,
the randomized BP goal design allowed for a causal evalu-
ation of the effects of BP treatment goal on OH at various
time points.

These findings have several potential implications. Earlier
assessments of OH are more strongly related to dizziness,
but assessments closer to 3 minutes are more strongly asso-
ciated with falls and fracture. There is less consistency in
the relationship between the timing of OH and CVD and
mortality from any cause. These findings suggest that timing
of OH may associate differently with different outcomes,
potentially reflecting unique patterns of BP stabilization
after standing. For example, it is possible that initial OH
causes transient cerebral hypoperfusion, while delayed OH
represents autonomic dysfunction or BP dysregulation
due to underlying diseases (e.g., diabetes).*® These findings
highlight a need for better subtyping of OH at the time
of detection. Importantly, regardless of timing of OH
measurement, the more intensive target BP goal did not
increase risk of OH, confirming findings of several large
randomized trials of BP goal.®*¢*” This observation does not
support prior reports suggesting that BP treatment is a cause
of OH.#4

In conclusion, in a population of diabetic and hypertensive
adults, a single OH assessment within 1-5 minutes after
standing was as consistently associated with outcomes as the
average or the minimum of 3 standing measurements and
may represent a more simple way to assess OH. However,
given the number of comparisons in our study, these findings
require confirmation in other cohorts.

SUPPLEMENTARY DATA

Supplementary data are available at American Journal of
Hypertension online.
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