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Abstract

Background—We recently demonstrated that more intensive blood pressure (BP) treatment 

lowered risk of orthostatic hypotension (OH) measured with a seated-to-standing protocol. 

However, seated-to-standing OH assessments are less sensitive than supine-to-standing and could 

miss clinically relevant OH.

Objectives—Using data from the Systolic Hypertension in Europe (Syst-Eur) trial, we examined 

the effect of hypertension treatment on incidence of OH based on the difference in BP from 3 body 

positions.

Methods—Syst-Eur was a multi-center, randomized trial that enrolled adults with isolated 

systolic hypertension to investigate whether active hypertension treatment could reduce 

cardiovascular events. Participants underwent BP measurement in supine, seated, and standing 

positions. Using differences in BP between the 3 body positions (seated minus supine, standing 

minus seated, and standing minus supine), we defined OH as a drop in systolic BP ≥20 mm Hg or 

diastolic BP ≥10 mm Hg. We included measurements from baseline and follow-up visits.

Results—Among 4,695 participants (mean age 70.2 ± 6.7 years, 66.9% female) with 42,636 

BP measurements, OH was present in 4.9% of measures with supine-to-seated, 7.9% with seated-

to-standing, and 11.4% with supine-to-standing protocols, respectively. Compared with placebo, 

BP treatment did not increase OH with any set of maneuvers, OR 0.79 (95% CI: 0.65, 0.95) with 
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seated-to standing, 1.03 (95% CI: 0.86, 1.24) with supine-to-seated, and 0.99 (95% CI: 0.86, 1.15) 

with supine-to-standing.

Conclusion—Regardless of protocol, active hypertension treatment did not increase the risk 

of OH, reinforcing evidence that OH should not be viewed as a complication of hypertension 

treatment.
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Introduction

Orthostatic hypotension (OH) is an important risk factor for stroke, cardiovascular disease, 

and premature death.1,2 While OH disproportionately affects older adults with uncontrolled 

hypertension,3 in a recent meta-analysis of 9 randomized trials we demonstrated that more 

intensive hypertension treatment lowered risk of OH among hypertensive adults, regardless 

of their age.4 However, the majority of these studies assessed OH using a seated-to-standing 

protocol, which underestimates the risk of OH.5 Whether more aggressive hypertension 

treatment increases the risk of OH among older adults assessed using a supine-to-standing 

protocol has not been determined.
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The Systolic Hypertension in Europe (Syst-Eur) trial was a multi-center, randomized 

controlled trial that examined the effect of active hypertension treatment with nitrendipine, 

as well as enalapril and hydrochlorothiazide as necessary, for blood pressure (BP) reduction 

versus placebo on stroke outcomes among adults aged 60 years and older.6 Throughout the 

study, adults with isolated systolic hypertension (systolic BP 160–219 mm Hg, diastolic BP 

<95 mm Hg) underwent supine, seated, and standing BP readings.6,7 However, the effects of 

treatment on supine-to-standing OH has not been reported.

Our objectives in the present study were: (1) to characterize the effect of change in 

body position (supine-to-seated, seated-to-standing, supine-to-standing) on the prevalence 

of OH, (2) to determine the effect of treatment with nitrendipine (and enalapril and/or 

hydrochlorothiazide as necessary) versus placebo on risk for developing OH according to 

change in body position, and (3) to determine whether treatment modified the relationships 

between OH determined based on the three body positions with trial outcomes (coronary 

heart disease, stroke, congestive heart failure, death). We hypothesized that despite a higher 

prevalence of OH based on change from the supine-to-standing position (compared to 

supine-to-seated or seated-to-standing), hypertension treatment would not cause OH nor 

alter its relationships with trial outcomes.

Methods

Data Availability

The data that support the findings of this study are available from the original Syst-Eur 

investigators upon reasonable request.

Overview

The Syst-Eur Trial was an investigator-initiated, multi-center randomized controlled trial 

conducted by the European Working Party on High Blood Pressure in the Elderly between 

1990 and 1997.6,8 The trial was performed at 198 sites in 23 countries across Europe.8 

Funding for coordination was supplied by the European Union and the trial was sponsored 

by Bayer AG with additional funding from the Flemish Ministry of Public Health and the 

Belgian National Research Fund.6,8 The primary goal of the study was to investigate the 

effect of hypertension treatment on stroke morbidity and mortality among older adults.6,8 

All participants provided consent prior to enrollment and the protocol was approved by the 

ethics committees at the University of Leuven and all participating centers.8,9

Study Population

Syst-Eur investigators enrolled 4,695 European adults aged 60 years and older with 

isolated systolic hypertension (systolic BP 160–219 mm Hg, diastolic BP <95 mm 

Hg).8 Participants with hypertension secondary to a specific condition requiring treatment 

(e.g., hyperthyroidism or renal artery stenosis), and those with severe hypertension were 

ineligible.6,8 Also ineligible were those participants with severe cardiac conditions such as 

congestive heart failure and aortic aneurysm, patients with renal failure, patients with a 

myocardial infarction within the prior year, and patients with other severe diseases.6,8
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Trial Interventions

Prior to randomization, participants underwent a placebo run-in period during which all 

BP lowering medications were discontinued. They were then given a placebo tablet and 

their BP was measured at one-month intervals to ascertain their eligibility for the study 

(systolic BP 160–219 mm Hg, diastolic BP <95 mm Hg, standing systolic BP ≥ 140 mm 

Hg). Participants who met eligibility criteria for randomization were randomly assigned to 

the treatment or placebo group. Participants in the treatment group were given titrated doses 

of nitrendipine (10–40 mg/day) until their BP dropped at least 20 mm Hg and below 150 

mm Hg.6,9 If participants on the maximum dose of nitrendipine did not reach appropriate 

BP control they were given enalapril (5–20 mg/day) and optionally hydrochlorothiazide 

(12.5–25 mg/day) to achieve treatment goals.6,8,9 In the case that the first medication caused 

side effects, the second and third medications were substituted sequentially.6

During the double-blind study period, participants were examined at least every 3 months 

during follow-up visits with more frequent visits as needed during medication adjustment 

(Supplement Figure S1).6 At each visit, participants’ BP was measured in the supine, seated, 

and standing positions. Randomization ended upon withdrawal from the trial or reaching 

an endpoint, whether fatal or nonfatal.6 The trial was stopped in February 1997 due to a 

significant benefit of treatment on incidence of stroke.9

Orthostatic Hypotension

The original Syst-Eur trial followed the British Hypertension Society guidelines for BP 

measurement: BP was measured twice after a 2-minute rest in the supine position, then 

measured twice after a 5-minute rest while sitting, and then twice after a 2-minute rest while 

standing.6,8 The supine, seated, and standing measurements were based on the average of the 

two measurements taken in each of these three positions.7 OH was defined using thresholds 

of the consensus definition as a drop of at least 20 mm Hg systolic and/or at least 10 mm Hg 

diastolic BP.1,10,11

Cardiovascular Disease Outcomes

Endpoints were determined by committee based on participants’ files and information from 

the investigators. Cardiovascular disease endpoints were based on review of ICD-9 codes.8 

Stroke was defined as a neurological deficit which lasted for longer than 24 hours or 

led to death, and with no apparent cause other than vascular etiologies.6,8 Myocardial 

infarction was defined as at least 2 of 3 factors: retrosternal pain with or without radiations 

and not responding to nitroglycerine, abnormalities on electrocardiogram corresponding 

to myocardial infarction, and increased cardiac enzymes.6,8 Congestive heart failure was 

defined as a combination of symptoms such as dyspnea, clinical signs such as crackles or 

edema, and treatment with vasodilators, antihypertensives, or diuretics.8,9

Other Covariates

Age and sex were self-reported. Baseline GFR was calculated using the 2021 CKD-EPI 

equation based on creatinine measurements.12 Body mass index (kg/m2) was derived from 

height and weight measurements. History of diabetes, history of stroke, and history of 

cardiovascular disease were self-reported.
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Statistical Analyses

Baseline characteristics were summarized overall and by treatment assignment, using means, 

standard deviations (SD), and proportions. Change in BP by study protocol was determined 

using generalized estimating equations (normal family, identity link, robust variance 

estimator with an exchangeable covariate matrix). The relationship between changes by 

protocol were visualized via scatter plots and Lowess curves.

In addition, we used generalized estimating equations (binomial family, logit link, 

robust variance estimator with an exchangeable covariate matrix) with a treatment-by-

visit interaction term (visits rendered as pre-randomization: 0, post-randomization: 1) to 

determine the effect of treatment assignment on both the prevalence of OH as well as the 

odds of developing new or recurrent OH post-randomization with OH defined using each 

of the 3 protocols. Prevalence was plotted by study assignment and protocol based on each 

individual measure as well as by individual participants (by counting any OH case within 

pre-specified time intervals: 0 months, 0–6 months, 6–12 months, 12–24 months, 24–36 

months, 36–48 months, and >48 months).

We also examined the associations between OH, measured via three different protocols, on 

endpoints: all-cause mortality, fatal CVD, myocardial infarction (fatal & nonfatal), stroke 

(fatal & nonfatal), and heart failure (fatal & nonfatal) in both independent and joint (i.e., 

mutually adjusted for all 3 protocols) Cox proportional hazards models. Model 1 was 

adjusted for age and sex. Model 2 was further adjusted for baseline GFR, body mass 

index, history of diabetes, history of stroke, history of cardiovascular disease, and treatment 

assignment. Model 3 was further adjusted for baseline seated systolic BP. Using these same 

models, we also examined the associations of change in systolic BP per 10 mm Hg and in 

diastolic BP per 5 mm Hg on study endpoints. Kaplan-Meier failure functions were used to 

visualize the cumulative incidence of outcomes by protocol.

A two-tailed P-value of <0.05 was considered significant. All analyses were conducted using 

Stata version 15.1 (Stata Corporation, College Station, TX, USA).13

Results

Baseline Characteristics

At baseline, the sample was 66.8% female with a mean age of 70.2±6.7 years (Table 1). The 

overall mean seated SBP was 173.8±10.0 mm Hg and the mean DBP was 85.5±5.9 mm Hg. 

Other baseline characteristics were evenly balanced between randomized assignments.

Position and mean blood pressure

Prior to randomization, SBP and DBP did not differ significantly among participants after 

changing from the supine to seated positions (Table 2). However, we observed significant 

differences between the supine and standing position in SBP (−4.7 mm Hg; 95% CI: −4.9, 

−4.4) and DBP (2.0 mm Hg; 95% CI: 1.8, 2.1) and between the seated and standing position 

in SBP (−4.9 mm Hg; 95% CI: −5.1, −4.7) and DBP (1.9 mm Hg; 95% CI: 1.7, 2.0). These 

changes were virtually identical regardless of assignment to placebo or active therapy.
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Prior to randomization, changes in seated-to-standing and supine-to-seated BP tended to 

be inversely related (i.e., participants for whom blood pressure decreased in the seated-to-

standing protocol generally had a blood pressure increase in the supine-to-standing protocol 

and vice versa). In comparisons of the supine-to-standing protocol with either seated-to-

standing or supine-to-seated protocols, the slopes tended to be less than 1, suggesting that 

changes in supine-to-standing BP were generally smaller than corresponding changes in the 

supine-to-seated and seated-to-standing protocols (see Supplement Figures S2–S3). These 

relationships did not differ by treatment assignment.

Effects of Active Treatment on OH

At baseline, OH was present in 4.9% of measurements with supine-to-seated, 7.9% with 

seated-to-standing, and 11.4% with supine-to-standing protocols (Supplement Table S1). 

Compared with placebo, active BP treatment was not associated with OH regardless of 

position, ORs being 1.03 (95% CI: 0.86, 1.24) with supine-to-seated, 0.79 (95% CI: 

0.65, 0.95) with seated-to-standing, and 0.99 (95% CI: 0.86, 1.15) with supine-to-standing 

protocols (Table 3). Similarly, treatment for hypertension did not increase the prevalence 

of OH at any of the follow-up intervals, regardless of measurement protocol (Figure 1, 

Supplement Figure S1).

Association of OH prior to randomization with outcomes

Prior to randomization, OH measured using the supine-to-standing protocol was associated 

with higher all-cause mortality after adjustment for age and sex, with an adjusted hazard 

ratio of 1.45 (95% CI: 1.01, 2.09) (Supplement Table S2; Figure 2). Otherwise, OH did not 

independently or jointly predict any fatal or nonfatal endpoint, regardless of how OH was 

measured. When examined as a continuous change, supine-to-seated change in SBP was 

inversely associated with mortality and heart failure in joint models (Supplement Table S3). 

In contrast, both supine-to-seated and seated-to-standing changes in DBP were inversely 

associated with all-cause mortality, while only seated-to-standing changes in DBP were 

inversely associated with fatal CVD in joint models (Supplement Table S4).

Discussion

In this study of older adults with hypertension, we found that the proportion with OH 

differed based on the measurement protocol used with a higher number of OH cases detected 

via a supine-to-standing protocol versus a seated-to-standing protocol. Moreover, the supine-

to-standing protocol was more strongly associated with all-cause mortality, although this 

association was weak and not independent of other positions in joint models. Nevertheless, 

regardless of measurement protocol used, hypertension treatment did not increase the risk of 

OH, reinforcing observations that hypertension treatment does not cause OH.

The finding that there are significant differences in the prevalence of OH when evaluated 

via the three different protocols aligns with our hypothesis. OH based on the consensus 

definition is defined as a drop of at least 20 mm Hg systolic and/or at least 10 mm 

Hg diastolic BP within 3 minutes of standing or sitting up at least 60 degrees on a tilt 

table.1,10,11 The present study shows that these definitions may not result in an equivalent 
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prevalence of OH, and as such clinicians should be aware of possible discrepancies in 

the sensitivity of these measurement protocols. This finding is supported by our previous 

work using data from the STURDY trial, which found OH among 3.9% of participants 

with a seated-to-standing protocol versus 20.4% of participants with a supine-to-standing 

protocol.14 Similarly, a recent study found that BP drops were more pronounced among 

geriatric patients with higher levels of frailty when using a supine-to-standing as supposed to 

seated-to-standing measurement protocol. However, this relationship was not found among 

patients with lower or medium levels of frailty.15

Prior work suggests that seated-to-standing changes in BP are equivalent to greater 

magnitude changes in supine-to-standing BP based on observations in populations with 

neurogenic OH.16 Contrary to these observations, we found that the changes in SBP for 

supine-to-seated and seated-to-standing protocols were inversely related. Moreover, the 

overall change in BP between the supine and standing positions was often less than the 

individual changes between the supine-to-seated and seated-to-standing protocols. This 

questions the idea that different seated cut points can be used as a substitute for supine 

BP when assessing OH.17 This inverse relationship is supported by prior findings which 

show that both systolic and diastolic BP readings are on average lower in the supine position 

as compared to the seated position.18,19

Regardless of OH measurement protocol, intensive treatment for hypertension did not 

increase the risk of having OH. Some observational studies have shown a higher incidence 

of OH after hypertension treatment using alpha blockers,20 beta blockers,20–22 and centrally 

acting drugs.20 The impact of hypertension treatments targeting the renin-angiotensin-

aldosterone system on OH are less consistent.20–22 Two of these trials used a seated-to-

standing protocol21,22 while one used a supine-to-standing protocol.20 Nevertheless, in a 

recent meta-analysis of 9 randomized clinical trials, we showed that intensive BP lowering 

treatment decreased the risk of OH based on seated-to-standing protocols.4 However, the 

question remained whether these studies missed OH elicited from a supine-to-standing 

protocol. The present study addresses this concern, demonstrating that there was no 

increased risk of OH from treatment with a number of first-line antihypertensive agents, 

regardless of protocol used.8,23–30

OH detected by a supine-to-standing protocol was only mildly associated with all-cause 

mortality and this relationship was not independent from OH from the seated-to-standing 

protocol. While other studies have demonstrated OH to be associated with all-cause 

mortality,2,31 these relationships are inconsistent.32,33 Our study suggests that the protocol 

used to detect OH may not fully explain this heterogeneity in the literature. Further research 

is needed to understand both the optimal context, population, and protocol for predicting 

adverse events in relation to OH.

Our study has a few limitations. First, the measurement of OH via a supine-to-standing 

protocol was calculated as a composite measurement in which participants first sat up and 

were measured and then stood, compared to standing up in a single motion. This may 

limit the clinical implications of our findings regarding the supine-to-standing protocol. 

Moreover, temporal effects of the protocols cannot be isolated from the protocols, which 
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may explain, in part, why joint models attenuated the relationship between supine-to-

standing OH and all-cause mortality. Second, this study only included three classes of 

anti-hypertensive medications: a dihydropyridine calcium channel blocker that served as 

first-line treatment, an ACE inhibitor, and a thiazide diuretic. Thus, while our findings are 

applicable to first-line hypertension treatments, they may not be applicable to the range of 

antihypertension treatment regimens employed in clinical practice. Finally, our study sample 

was limited to a group of European adults aged 60 years and older. It is unclear whether the 

association between OH and outcomes varies by age. This may limit the generalizability of 

this study to younger populations.

Our study also has multiple strengths. Our study represents one of the largest comparisons 

of OH protocol in the literature among older adults with hypertension, a group with a higher 

prevalence of OH. Moreover, this is one of the only trials of hypertension treatment with 

supine-to-standing OH assessments, allowing us to examine OH using a more sensitive 

protocol. Finally, events were adjudicated and all assessments rigorously performed.

In conclusion, while more OH was detected via a supine-to-standing protocol, hypertension 

treatment did not increase the risk of having OH with any of the three protocols used. These 

findings reinforce evidence that the discovery of OH should not be considered a reason to 

discontinue or down-titrate hypertension therapy.

Perspectives

In a previous work, we demonstrated that hypertension treatment decreased the risk of 

orthostatic hypotension.4 However, these studies only assessed orthostatic hypotension when 

participants transferred from a seated-to-standing position. The present study, a post-hoc 

analysis of Syst-Eur, included supine, seated, and standing positions in its OH assessment. 

While OH was most prevalent when based on a supine-to-standing protocol, hypertension 

treatment did not increase the risk of orthostatic hypotension regardless of position. These 

findings reinforce that OH should not be considered a consequence of first-line hypertension 

treatments nor a reason to reduce hypertension therapy.

Supplementary Material

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

What is New?

Although more orthostatic hypotension was detected based on a supine-to-standing 

protocol, hypertension treatment did not increase risk of orthostatic hypotension 

regardless of protocol used for the assessment of OH.

What is Relevant?

Prior reports demonstrated no effect from hypertension treatment on OH based on seated-

to-standing protocols, but it was unknown whether effects might differ with a more 

sensitive protocol, involving the supine position.

Clinical/pathophysiological relevance

Our findings suggest that hypertension treatment does not contribute to a higher risk of 

orthostatic hypotension regardless of measurement protocol
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Figure 1. 
Percentage (95% CI) of measurements with OH over study follow-up months estimated 

using generalized estimating equations by protocol (supine-to-seated, seated-to-standing, 

supine-to-standing) and by active (solid lines) or placebo (dashed lines) assignments. 

Models included a Poisson family, log link with a robust variance estimator and 

exchangeable covariance matrix.
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Figure 2. 
Cumulative incidence plots according to orthostatic hypotension status and treatment 

group for all-cause mortality (A-C) and cardiovascular disease death (D-F) for the supine-

to-seated protocol, the seated-to-standing protocol, and the supine-to-standing protocol. 

ACT represents active therapy, PLA represents placebo, and OH represents orthostatic 

hypotension.
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Table 1.

Baseline characteristics by overall and by randomized treatment assignment

Overall, N=4695 Placebo, N = 2297 Active Therapy, N = 2398

Mean (SD) or % Mean (SD) or % Mean (SD) or %

Mean age, y 70.2 (6.7) 70.2 (6.7) 70.3 (6.7)

Female, % 67 66 68

Mean supine systolic blood pressure, mm Hg 173.6 (12.5) 173.8 (12.6) 173.4 (12.5)

Mean supine diastolic blood pressure, mm Hg 85.4 (6.3) 85.4 (6.4) 85.4 (6.2)

Mean seated systolic blood pressure, mm Hg 173.8 (10.0) 173.9 (10.1) 173.8 (9.9)

Mean seated diastolic blood pressure, mm Hg 85.5 (5.9) 85.5 (5.9) 85.5 (5.8)

Mean standing systolic blood pressure, mm Hg 169.0 (12.2) 169.2 (12.1) 168.8 (12.4)

Mean standing diastolic blood pressure, mm Hg 87.4 (7.7) 87.4 (7.7) 87.3 (7.7)

Body mass index, kg/m2 27.0 (4.1) 27.0 (4.0) 27.0 (4.2)

Body mass index ≥30 kg/m2, % 20 20 20

Estimated glomerular filtration rate, ml/min per 1.73 m2 66.0 (15.1) 66.0 (14.9) 66.0 (15.4)

eGFR < 60 ml/min per 1.73 m2 37.6 37.4 37.9

History of diabetes, % 10 10 9

History of stroke, % 1 1 1

History of cardiovascular disease, % 6 6 6

Abbreviations: eGFR, estimated glomerular filtration rate; OH, orthostatic hypotension; SD, standard deviation. Mean supine systolic blood 
pressure N overall/placebo/active: 4691/2294/2397. Mean supine diastolic blood pressure N overall/placebo/active: 4691/2294/2397. Body mass 

index and body mass index ≥30 kg/m2 N overall: 4661/2280/2381. eGFR and eGFR < 60 ml/min per 1.73 m2 N overall/placebo/active: 
4688/2296/2392.
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Table 2.

Position and mean blood pressure by study assignment

Systolic blood pressure, mm Hg

Mean (SD) Change (95% CI) Change (95% CI)

Pre-randomization, N=4,695 (42,636 measurements)

 Supine 173.6 (173.3, 174.0) Ref -

 Seated 173.8 (173.5, 174.1) 0.2 (−0.0, 0.4) Ref

 Standing 169.0 (168.6, 169.3) -4.7 (−4.9, −4.4) -4.9 (−5.1, −4.7)

Post-randomization Placebo, N=2,250 (55,240 measurements)

 Supine 164.1 (163.5, 164.7) Ref -

 Seated 162.8 (162.2, 163.4) -1.3 (−1.6, −1.1) Ref

 Standing 160.6 (159.9, 161.2) -3.5 (−3.9, −3.2) -2.2 (−2.5, −2.0)

Post-randomization Active, N=2,354 (62,914 measurements)

 Supine 154.2 (153.7, 154.7) Ref -

 Seated 152.3 (151.8, 152.8) -1.9 (−2.2, −1.6) Ref

 Standing 150.1 (149.6, 150.6) -4.0 (−4.4, −3.7) -2.2 (−2.4, −1.9)

Diastolic blood pressure, mm Hg

Mean (SD) Change (95% CI) Change (95% CI)

Pre-randomization, N=4,695 (42,633 measurements)

 Supine 85.4 (85.2, 85.6) Ref -

 Seated 85.5 (85.3, 85.7) 0.1 (−0.0, 0.2) Ref

 Standing 87.4 (87.2, 87.6) 2.0 ( 1.8, 2.1) 1.9 ( 1.7, 2.0)

Post-randomization Placebo, N=2,248 (55,239 measurements)

 Supine 84.0 (83.7, 84.3) Ref -

 Seated 83.8 (83.6, 84.1) -0.2 (−0.3, −0.0) Ref

 Standing 86.2 (85.9, 86.5) 2.2 ( 2.0, 2.5) 2.4 ( 2.2, 2.6)

Post-randomization Active, N=2,352 (62,909 measurements)

 Supine 80.2 (80.0, 80.5) Ref -

 Seated 79.8 (79.5, 80.0) -0.5 (−0.6, −0.3) Ref

 Standing 82.1 (81.7, 82.4) 1.8 ( 1.6, 2.1) 2.3 ( 2.1, 2.5)

Note: A few diastolic blood pressure measurements were missing.
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Table 3.

Effects of Active Treatment on OH, N = 4694 participants with 53,335 measures

Placebo Active OR (95% CI) for new or 
recurrent OH

P

Pre-randomized 
OH, %

Follow-up OH, 
%

Pre-randomized 
OH, %

Follow-up OH, 
%

Supine-to-Seated 4.9 6.1 4.9 6.4 1.03 (0.86, 1.24) 0.73

Seated-to-
Standing

7.2 3.8 8.5 3.6 0.79 (0.65, 0.95) 0.013

Supine-to-
Standing

11.2 8.5 11.5 8.7 0.99 (0.86, 1.15) 0.90

Abbreviations: CI, confidence intervals; OH, orthostatic hypotension
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