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ARTICLE INFO ABSTRACT

Section Editor: Marzetti Emanuele Background: Orthostatic hypotension (OH) is common in older adults with hypertension. Antihypertensive
treatment (AHT) prevents cardio- and cerebrovascular events. However, physicians are concerned to cause OH,

Keywords: making them hesitant to initiate or augment AHT in older adults with hypertension.

Hypertension Methods: We systematically researched electronic databases for trials with older participants (>65 years) with

Antihypertensive medication
Blood pressure
Postural hypotension

hypertension and OH assessment after initiating, discontinuing, or augmenting AHT. Study quality was assessed
using the ROBINS-I tool. Meta-analyses on OH prevalence and postural blood pressure (BP) drop were performed.
Results: Twenty-five studies (26,695 participants) met inclusion criteria, of which fifteen could be included in the
meta-analyses. OH prevalence decreased after AHT initiation or augmentation (risk ratio 0.39 (95 % CI =
0.21-0.72; 1? = 47 %; p < 0.01), n = 6 studies), but also after AHT discontinuation (risk ratio 0.39 (95 % CI =
0.28-0.55; 2=0 %; p < 0.01), n = 2 studies). Postural BP drop did not change after initiation or augmentation of
AHT (mean difference 1.07 (95 % CI = -0.49-2.64; =92 %; p = 0.18), n = 11 studies). The main reason for ten
studies not to be included in the meta-analyses was absence of baseline OH data. Most of these studies reported
OH incidences between 0 and 2 %. Studies were heterogeneous in OH assessment methods (postural change,
timing of BP measurements, and OH definition). Risk of bias was moderate to serious in twenty studies.
Conclusion: Results suggest that AHT initiation or augmentation decreases OH prevalence, implying that the risk
of inducing OH may be overestimated in current AHT decision-making in older adults. However, the overall low
level of evidence and the finding that AHT discontinuation reduces OH prevalence limit firm conclusions at
present and highlight an important research gap. Future AHT trials in older adults should measure OH in a
standardized protocol, adhering to consensus guidelines to overcome these limitations.

1. Introduction and/or 10 mmHg diastolic (Freeman et al., 2011; Brignole et al., 2018).
OH is causally associated with immediate incidents, such as dizziness
Orthostatic hypotension (OH) is classically defined as a sustained and falls (Mol et al., 2019), and is a marker for increased risk of func-

blood pressure (BP) drop upon standing of at least 20 mmHg systolic tional decline (Mol et al., 2018), dementia (Iseli et al., 2019), and
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mortality (Frith et al., 2015). Dizziness and falls can originate directly
from temporarily reduced cerebral oxygenation (Mol et al., 2019;
Finucane and Kenny, 2016). Longer-term adverse outcomes might also
result from cerebral hypoperfusion due to inadequate BP regulation
after postural change (Claassen et al., 2021). On the other hand, OH may
be a manifestation of cardiovascular disease, which explains its associ-
ation with poorer long-term outcomes (Juraschek et al., 2018). OH has a
prevalence of 6 % in the general population (Joseph et al., 2017) up to
26 % in geriatric patients of 85 years or older (Low, 2008). It is common
in adults with hypertension, which can be explained by overlap in un-
derlying causes, such as impaired BP regulation caused by arterial
stiffness (Mattace-Raso et al., 2006; Raber et al., 2022). In addition,
antihypertensive drugs, prescribed to prevent cardio- and cerebrovas-
cular events associated with hypertension, have been linked to OH and
cerebral hypoperfusion, especially posing a risk to older adults (Veglio
et al., 2009; Biaggioni, 2018).

A survey among US geriatric healthcare professionals showed they
were less likely to initiate antihypertensive treatment (AHT) in older
adults, especially those >85 years, and a recent study showed that the
presence of OH leads primary care physicians to deprescribe AHT
(Hajjar et al., 2002; Kaye et al., 2023). Recent, less conservative
guidelines recommend AHT in older adults over 65 years at a systolic BP
> 130 mmHg (Whelton et al., 2018; Williams et al., 2018). However,
these guidelines advise caution in frail older adults. Therefore, AHT in
older adults is started at a higher threshold than in the adult population,
as it is still unknown whether the benefits of treatment outweigh the
risks (Fernandes and Olde Rikkert, 2019). The assumption that AHT
causes or increases OH is, however, controversial. In a meta-analysis on
drug-induced OH, of all commonly used types of AHT, only beta-
blockers were associated with OH (Bhanu et al., 2021). In a random-
ized controlled trial (RCT) in community-dwelling older adults aged 75
years or older, discontinuing antihypertensives led to a lower incidence
of OH (Moonen et al., 2016). On the other hand, a meta-analysis of
clinical trials demonstrated that intensive AHT, i.e., treatment towards a
lower target BP, reduced the risk of OH in adults (not necessarily older
adults) with hypertension compared to standard treatment (Juraschek
et al., 2021). In another meta-analysis, no cerebral hypoperfusion was
found in older adults over 50 years undergoing AHT (van Rijssel et al.,
2022). Differences in study design, OH assessment methods, and defi-
nitions of OH may partly explain these contrasting findings.

We aimed to investigate whether a change in AHT is associated with
(changes in) OH prevalence and severity in older adults specifically. To
do so, published trials that encompassed changes in antihypertensive
drug use (either initiated, discontinued, or augmented) and measured
OH solely at follow-up (qualitative synthesis) or at baseline and follow-
up (meta-analyses) were systematically reviewed, including a critical
review on the methods used to assess OH.

2. Methods

This systematic review was registered in PROSPERO under the
number ‘CRD42020191375".

2.1. Study selection

Inclusion criteria were: 1) population with participants of 65 years or
older, or subgroup analysis with participants of 65 years or older (Sab-
harwal et al., 2015); 2) study design was an RCT or uncontrolled trial
during which AHT was initiated, discontinued, or augmented; 3) anti-
hypertensives belonged to five major classes (Laurent, 2017):
angiotensin-converting enzyme (ACE) inhibitors, angiotensin-receptor
blockers (ARBs), beta-blockers, calcium-channel blockers (CCBs), and
diuretics (when studies investigated multiple types of AHT, only the
analyses on these five types were considered in our synthesis); 4) AHT
was prescribed for the indication ‘hypertension’; 5) OH was reported
after a change in AHT; 6) written in English. Exclusion criteria
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encompassed 1) study design of cross-sectional studies, case reports,
letters to the editor, and review articles; 2) studies restricted to neuro-
genic OH, including only participants with Parkinson's disease, or
related synucleopathies; 3) studies investigating an acute effect of AHT,
for example in the postoperative setting.

2.2. Literature search

In consultation with a librarian, a search strategy was determined,
using keywords and MeSH terms for ‘antihypertensive drugs’, ‘ortho-
static hypotension’, and ‘older adults’, see Supplemental Material.
Electronic databases that were searched were PubMed, Embase, Web of
Science, and Cochrane Library. The search was performed from incep-
tion to 21 November 2023. Duplicate abstracts were removed using
Endnote (version 20), and the remaining non-duplicate abstracts were
imported into Rayyan QCRI software for title and abstract screening,
performed independently by two reviewers (J.S., R.C., M.K., or R.d.H.).
Full-text screening was independently performed by two reviewers (J.S.,
M.K., or R.d.H.). Discrepancies were solved by a third reviewer (R.d.H.
or J.C.). Moreover, references of eligible studies were screened for
additional studies meeting the inclusion criteria.

2.3. Data extraction and risk of bias

Data were extracted from the original articles (M.K.), including age,
study design, antihypertensive medication class, OH measurement
characteristics (type of postural change, definition of OH used, timing of
BP measurement), OH prevalence, and resting and standing BP. The
consensus definition of OH as a ‘sustained reduction of systolic blood
pressure of at least 20 mmHg or diastolic blood pressure of 10 mmHg within 3
min of standing or head-up tilt to at least 60 degrees on a tilt table’ was used
to retrieve OH prevalence, when more definitions were given (Freeman
et al., 2011). When different standing BP values were given, the value
between 1 and 3 min of standing was used rather than a value before 1
min or after 3 min. Resting and standing BP were derived from figures
when not reported explicitly. When unreported, the difference between
resting and standing BP (standing minus resting BP) was calculated, and
standard deviations were imputed using a correlation coefficient
calculated from a study in which these values were present, as explained
in further detail in the Supplemental Material (Higgins et al., 2022). A
sensitivity analysis was performed to determine the impact of imputa-
tion. Risk of bias was assessed by two authors independently (M.K. and
0.H.) using the Risk of Bias in Nonrandomized Studies of Interventions
(ROBINS-I) tool for uncontrolled trials, as we were interested in differ-
ences between pre- and post-treatment (Sterne et al., 2016; Higgins
et al., 2022). The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) assessment was performed to determine
the overall level of evidence (Schunemann et al., 2013).

2.4. Meta-analysis

Meta-analyses were performed using Revman version 5.4.1,
addressing two outcome values: prevalence of OH (after initiating AHT
and after discontinuation of AHT) and rest-stand difference in BP as a
measure for OH severity. Studies were included in the meta-analysis if
they reported these outcomes before and after a change in AHT. These
meta-analyses were repeated after exclusion of studies that were judged
to have a serious or unknown risk of bias. For the OH prevalence anal-
ysis, the inverse variance method with a random effects model for
dichotomous outcomes was used, reporting a risk ratio. For the rest-
stand difference analysis, the inverse variance method with a random
effects model for continuous variables was used, resulting in a reported
mean difference. Heterogeneity was assessed using the I? statistic. P-
values below 0.05 were considered statistically significant.
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3. Results
3.1. Search

The literature search identified 2678 articles, 1905 of which were
unique and screened. Eventually, twenty-five studies were included in
this systematic review, see Fig. 1.

Included studies (26,695 individuals with a change in AHT) were
performed between 1985 and 2023, see Table 1. Twelve RCTs, three
cross-over trials, and ten uncontrolled trials were included. Four RCTs
investigated drug versus placebo, one continuation versus discontinua-
tion of AHT, six antihypertensive drug class 1 versus antihypertensive
drug class 2, and one intensive (towards a lower BP target) versus
standard AHT. Uncontrolled trials studied either the initiation or addi-
tion (nine studies) or discontinuation (one study) of a specific antihy-
pertensive drug. All studies involved hypertensive community-dwelling
older adults in age groups ranging to 80 years or older. Specific study
samples included patients with mild cognitive impairment (one study
(Moonen et al., 2016)) or Alzheimer's disease (one study (de Heus et al.,
2019);). Restrictions on baseline OH were set in three studies, excluding
all OH (Bravo et al., 1990), excluding only symptomatic OH (Lee et al.,
2021) or excluding standing SBP values below 110 mmHg (Williamson
et al., 2016). Five studies excluded people with (uncontrolled or insulin-
dependent) diabetes mellitus (Lee et al., 2021; Williamson et al., 2016;
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Jansen et al., 1989; Masuo et al., 1996; Suzuki et al., 2015). Treatment
duration varied between 6 weeks and 5 years. The postural change used
to assess OH was sit-to-stand (ten studies), supine-to-stand (eight
studies), or not reported (eight studies). Six studies adhered to the
current consensus definition of OH (Freeman et al., 2011). Thirteen
studies did not specify how they defined OH, three only investigated
systolic OH, and three used supine-stand cut-off values for a sit-stand
postural change.

3.2. Quality assessment

Three trials had a low risk, twelve moderate risk, and nine serious
risk of bias; one was judged to no information (Table 2 and Supple-
mentary Table S.1). Serious risk was mainly caused by inadequate
control for potential confounders in an uncontrolled trial design (age,
baseline BP). Moderate risk of bias in the selection domain was often due
to the absence of an AHT washout period prior to a change in AHT.
Unknown risk of bias in the domains ‘deviation from intended in-
terventions’ and/or ‘missing data’ was due to unreported numbers of
participants lost to follow-up and/or unreported numbers of participants
with completed outcome assessment. Moderate risk of bias in the
reporting domain was often judged because of the absence of a pre-
published protocol.

[ Identification of studies via databases and registers ]

Records identified from:
Databases (n = 2768)

Identification

A4

Records screened on title and
abstract (n = 1963)

A

Screening

Reports assessed for eligibility
(n=213)

Records removed before
screening:
Duplicate records removed
(n =805)

Records excluded
(n =1750)

Reports excluded (n = 190):

» Age < 65 years (n = 107)
Wrong study design (n = 38)
Off-topic (n = 21)

Remaining duplicate (n = 2)
Other drug (n = 3)

Acute setting (n = 5)

Wrong indication (n = 6)
Duplicate sample (n = 6)

OH not linked to AHT (n = 2)

'«

A

Studies included in review

(n=25)

Studies included in meta-

analyses (n = 15)
Meta-analysis 1 (n = 8)
Meta-analysis 2 (n = 11)

Additional studies identified using
references (n = 2)

Fig. 1. PRISMA flow diagram of study selection and inclusion. Meta-analysis 1: meta-analysis on the OH prevalence before and after a change in AHT. Meta-analysis

2: meta-analysis on the rest-stand BP difference before and after a change in AHT.



Table 1
Characteristics of the included studies.
First author Sample Study sample Age’ Baseline BP target Class of Medication Design Comparison OH Baseline Timing BP Follow-up
size SBP/DBP" AHT at start® definition’ position measurement® duration
Acanfora ( 28 69 (1) 156 (1.5) / Not ACE + Diu Washout Uncontrolled Drug use Not reported Sit Not reported 24 weeks
Acanfora et al., 101 (1.0) reported trial
1997)*
Beckett (Beckett 1933 84 (3) 173.0 (8.4) < 150/ Diu (+ ACE) Washout RCT Drug > 20/10 Sit 2 1.8 years
et al., 2008)* /90.8(8.5) 80 mmHg mmHg at 2 (median)
1912 173.0 (8.6) Placebo 2.1 years
/90.8 (8.5) (mean)
Bravo (Bravo 214 No OH 70 (4) 164 (18) / DBP < 90 CCB Washout Uncontrolled Drug use Not reported Sit Mean 1;3;5 12+
et al., 1990)* 100 (4) mmHg trial weeks
Bursztyn ( 23 68 (1) 163 (4) / DBP <90 CCB Washout RCT (cross- Drug 1 > 10 mmHg Sit Not reported 6 weeks
Bursztyn et al., 97 (1) mmHg over) SBP or DBP
1993)* 163 (4) / ACE Drug 2
97 (2)
De Heus (de Heus 112 AD 76 (5) 148.2 (6.3) Not CCB AHT RCT Drug >15/7 mmHg Sit 1;5 78 weeks
et al., 2019)* /78.8(8.4) reported at1l
103 75 (6) 149.3 (6.8) Placebo
/80.5(8.9)
Fogari (Fogari 47 82 (4 178.9 DBP <90  ARB + CCB Washout RCT Drug 1 > 20/10 Supine 2 24 weeks
et al., 2009)* (13.8) / mmHg mmHg at 2
98.6 (5.2)
47 83 (5) 178.7 ARB + Diu Drug 2
14.1)/
97.7 (4.9)
Fotherby ( 47 76 151 (19) / Not 62 % Diu, AHT Uncontrolled Drug >20 mmHg Supine Mean 1;2;3 12 months
Fotherby and (range 81 (11) reported 47 % CCB, trial discontinuation SBP at 1-3
Potter, 1994)* 65-84) 43 % B
Germino ( 176 72 (5) 165.5 <130/ ARB (+ Washout Uncontrolled Drug use Not reported Not Not reported 12 weeks
Germino et al., (11.9) / 80 mmHg Diu) trial reported
2012) 87.7 (9.6)
Jansen (Jansen 15 No insulin- 72 (2) 190 (6) / Not CCB Washout RCT Drug 1 > 20 mmHg Supine 2 12 weeks
et al., 1989)* dependent DM 104 (1) reported SBP
16 75 (4) 186 (4) / Diu Drug 2
103 (2)
Juraschek ( 2552 > 65' 146.6 < 140/ Diu (+ p) AHT RCT Drug 1 >20/10 Not Not reported 5 years
Juraschek et al., (15.7) / 90 mmHg mmHg <3 reported
2019) 83.1 (10.1)
1552 146.5 CCB (+ p) Drug 2
(15.6) /
82.9 (10.1)
1559 146.8 ACE (+ B) Drug 3
(15.6) /
83.0 (10.0)
Krakoff (Krakoff, 57 78 (7) Range DBP DBP < 95 CCB Washout RCT Drug Not reported Supine 5 8 weeks
1989) mmHg
32 78 (8) 95-114 Placebo
Laher (Laher 60 75 190 (6.3) / <160/90 ACE (+Diu)  Washout Uncontrolled Drug use Not reported Sit Not reported 12 weeks
et al., 1988)* (range 106 (1.3) mmHg trial
65-85)
Landmark ( 10 73 193 (29) / Not CCB Washout RCT (cross- Drug 1 Not reported Supine 2 8 weeks
Landmark and (range 104 (12) reported over)
Dale, 1985)* 65-83) 193 (30) / Placebo
106 (11)

(continued on next page)
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Table 1 (continued)

First author Sample Study sample Age® Baseline BP target Class of Medication Design Comparison OH Baseline Timing BP Follow-up
size SBP/DBP" AHT at start® definition® position measurement® duration
Langdon ( 1507 > 65 181.3/ DBP <90 CCB AHT Uncontrolled Drug use Not reported Not Not reported 10 weeks
Langdon, 2000) 104.2 mmHg trial reported
Lee (Lee et al., 238 No symptomatic OH 74 (3) 156.6 (9.9) < 140/ ARB (+Diu)  Washout RCT Drug 1 Not reported Sit Not reported 16 weeks
2021) and insulin- /83.7 (8.9) 90 mmHg
120 dependent or 74 (4) 156.5 (9.9) ACE (+ Diu) Drug 2
uncontrolled DM /83.7 (8.9)
Masuo (Masuo 50 No DM 73 (6) SBP 170 SBP < CCB No AHT RCT Drug 1 >10 % SBP or Supine 2 2 years
et al., 1996)* 140 > 20/10
50 74 (7) mmHg B Drug 2 mmHg at 2
50 74 (5) ACE Drug 3
50 78 (8) Diu Drug 4
Moonen (Moonen 86 MCI 80 (4) 155.6 Not B/Diu/ AHT RCT Discontinuation >20/10 Sit Immediately; 2x 4 months
et al., 2016)* (21.6) / reported ARB/ACE mmHg <3 within 3
84.7 (11.0) /CCB
76 82 (3) 149.5 Continuation
(23.8) /
82.1 (11.3)
Neutel (Neutel 3010 74 (6) 162.2 < 140/ ACE AHT Uncontrolled Drug use Not reported Not Not reported 12 weeks
et al., 2004) (14.6) / 90 mmHg trial reported
88.9 (10.4)
Sato (Sato et al., 62 74 (7) 156.0 < 140/ ARB + Diu AHT RCT Drug 1 Not reported Not Not reported 1 year
2015) (14.0) / 90 mmHg reported
82.9 (10.5)
58 75 (6) 156.1 ARB + CCB Drug 2
(11.6) /
82.7 (9.5)
Silveira (Silveira 400 > 80" SBP 181.5 Not Diu Washout RCT Drug 1 >20/10 Sit Not reported 6 months
et al., 2004)* (11.3) reported mmHg
400 182.2 ACE Drug 2
(11.3)
400 180.9 Placebo
(11.5)
Slavachevsky ( 39 70 (49 158.8 (8.7) >6 ACE Washout RCT (cross- Drug 1 > 20 mmHg Supine Immediately;1;5 8 weeks
Slavachevsky /97.1(5.9) mmHg over) SBP
et al., 2000)* SBP
160.3 (9.1)  decrease CCB Drug 2
/96.3(5.7)
Suzuki (Suzuki 9255 No DM > 65' SBP 157 SBP < ARB + Diu AHT Uncontrolled Drug use Not reported Not Not reported 6 months
et al., 2015) (15) 140 trial reported
mmHg
Weijs (Weijs et al., 14 Frail (CFS 4-7) 80 (5) 164 (10) / SBP < ACE/ARB/ AHT Uncontrolled Drug use >20/10 Supine/ 1;3;5 7 weeks
2023)*¢ 87 (11) 140 CCB/Diu trial mmHg <5 sit (median)
mmHg (+p/Diu)
Weir (Weir et al., 228 70 (4) 155.1 (9.3) SBP < CCB/ARB AHT Uncontrolled Drug use Not reported Not Not reported 20 weeks
2013) /85.4(8.9) 140 (+ Diu) trial reported
mmHg
Williamson ( 1317 No type 2 DM and 80 (4) 141.6 SBP < #AHT AHT RCT Intensive Not reported Not Not reported 3.14 years
Williamson standing DBP < 110 (15.7) / 120 reported (median)
et al., 2016) mmHg 71.3(11.0) ~mmHg
1319 80 (4) 141.6 SBP < Standard
(15.8) / 140
70.9 (11.0) mmHg

OH: orthostatic hypotension, DM: diabetes mellitus, CFS: clinical frailty scale, RCT: randomized controlled trial, AHT: antihypertensive treatment, ARB: angiotensin receptor blocker, ACE: angiotensin-converting enzyme
inhibitor, CCB: calcium channel blocker, Diu: diuretic, p: beta blocker, #AHT: number of antihypertensive drugs, BP: blood pressure. <3: within three minutes. SBP: systolic blood pressure, DBP: diastolic blood pressure,
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3.3. Qualitative synthesis

3.3.1. AHT efficacy

All studies showed AHT to reduce resting BP (not reported by five
studies). The SBP decrease after initiating AHT ranged from 6.8 to 33
mmHg, while the SBP increase after antihypertensive discontinuation
was 6 mmHg (Moonen et al., 2016).

3.3.2. OH prevalence before and after a change in AHT

Twenty-three studies investigated the effect of AHT use on OH
prevalence (Moonen et al., 2016; de Heus et al., 2019; Bravo et al., 1990;
Lee et al., 2021; Williamson et al., 2016; Jansen et al., 1989; Masuo
et al., 1996; Suzuki et al., 2015; Acanfora et al., 1997; Bursztyn et al.,
1993; Fogari et al., 2009; Fotherby and Potter, 1994; Germino et al.,
2012; Krakoff, 1989; Laher et al., 1988; Landmark and Dale, 1985;
Langdon, 2000; Neutel et al., 2004; Sato et al., 2015; Silveira et al.,
2004; Slavachevsky et al., 2000; Weir et al., 2013). Before treatment, OH
prevalence, reported by seven of these studies, ranged from 0 to 33 %
(de Heus et al., 2019; Williamson et al., 2016; Jansen et al., 1989; Masuo
et al.,, 1996; Silveira et al., 2004; Slavachevsky et al., 2000). After
treatment, twenty-one studies reported OH prevalence (de Heus et al.,
2019; Bravo et al., 1990; Lee et al., 2021; Williamson et al., 2016; Jansen
et al., 1989; Masuo et al., 1996; Suzuki et al., 2015; Acanfora et al.,
1997; Bursztyn et al., 1993; Fogari et al., 2009; Germino et al., 2012;
Krakoff, 1989; Laher et al., 1988; Landmark and Dale, 1985; Langdon,
2000; Neutel et al., 2004; Sato et al., 2015; Silveira et al., 2004; Sla-
vachevsky et al., 2000; Weir et al., 2013), of which nine reported no OH
events (Bravo et al., 1990; Jansen et al., 1989; Acanfora et al., 1997;
Bursztyn et al., 1993; Krakoff, 1989; Laher et al., 1988; Landmark and
Dale, 1985; Sato et al., 2015; Weir et al., 2013), six had an on-AHT
prevalence between 0 and 2 % (Lee et al., 2021; Masuo et al., 1996;
Suzuki et al., 2015; Germino et al., 2012; Langdon, 2000; Neutel et al.,
2004), and six between 2 and 22 % (de Heus et al., 2019; Williamson
et al., 2016; Fotherby and Potter, 1994; Silveira et al., 2004; Sla-
vachevsky et al., 2000). Two RCTs reported a decrease in OH on both
AHT and placebo but no significant differences between AHT and pla-
cebo (de Heus et al., 2019; Silveira et al., 2004). Both studies measured
OH using a sit-stand transition, for which one study used supine-stand
cut-off values. AHT initiation led to a significant decrease in OH
events in one uncontrolled trial, measured according to the consensus
definition of OH (Masuo et al., 1996), and no significant change in two,
considering only systolic OH (Jansen et al., 1989; Slavachevsky et al.,
2000). One RCT showed that augmenting AHT did not lead to a higher
OH incidence in the intensive compared to the standard treatment group
(Williamson et al., 2016). In this study population, OH was present at
baseline in almost 10 % of the samples, but people with a baseline
standing SBP below 110 mmHg were excluded while having a resting
SBP above 130 mmHg (inclusion criterion) (Williamson et al., 2016).
Discontinuation of AHT, as assessed by two studies, led to a significantly
decreased OH prevalence at follow-up for the discontinuation compared
to the continuation group, assessed by a supine-stand or sit-stand tran-
sition (Moonen et al., 2016; Fotherby and Potter, 1994).

3.3.3. Classes of antihypertensives

Ten included studies compared different antihypertensive classes
(Lee et al., 2021; Jansen et al., 1989; Masuo et al., 1996; Bursztyn et al.,
1993; Fogari et al., 2009; Juraschek et al., 2019; Landmark and Dale,
1985; Sato et al., 2015; Silveira et al., 2004; Slavachevsky et al., 2000).
A combination of different antihypertensive drug classes was frequently
initiated, either immediately or when a participant was not responsive
to monotherapy. The most used antihypertensive drugs were CCBs (63
%), diuretics (44 %), ACE inhibitors (41 %), ARBs (30 %), and beta
blockers (11 %). One RCT compared the use of enalapril (ACE inhibitor),
nifedipine (CCB), metoprolol (beta blocker), and thiazide (diuretic) and
showed a significant decrease in OH prevalence for all drugs, from
approximately 20 % to 0 % for all classes except thiazide (Masuo et al.,

¢ Medication at start: AHT means that AHT was still used, no AHT means that as an inclusion criterium, participants did not use AHT, and washout means there was a washout period before the intervention.

4 Reported as systolic/diastolic blood pressure drop (resting-standing value).
¢ Reported in minutes after postural change. Mean before the number of minutes means that the mean of different measurements was taken as the standing blood pressure value.

f Mean (SD) or range of age not reported, only age group.

b Reported as SBP/DBP mean (SD) or range minimum-maximum, in mmHg.
8 Only available in pre-print (not yet peer-reviewed).

@ Reported as mean (SD) or mean (range minimum-maximum).

" In meta-analysis.

AD: Alzheimer's Disease, MCI: mild cognitive impairment. Study sample: all studies included community-dwelling older adults, specific characteristics of the sample are reported, as well as relevant exclusion criteria that

might have influenced study results regarding OH. If nothing reported, there were no particularities.
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Table 2
Quality assessment.
First author Year D1 D2 D3 D4 D5 D6 D7 Overall
Acanfora 1997 X + + ? ? + — x
Beckett 2008 + + + + + + + +
Bravo 1990 X + + ? + + + X
Bursztyn 1992 + + + + + + — _
De Heus 2019 + — + + + + + -
Fogari 2008 + + + + ? + — _
Fotherby 1994 X + + ? + + — X
Germino 2012 X + + + + + + X
Jansen 1988 + + + + + + — _
Juraschek 2019 + - + ? ? + n _
Krakoff 1989 + + + X + + — X
Laher 1988 X + + + + + - X
Landmark 1985 + + + + + + - -
Langdon 2000 X — + + + + - X
Lee 2021 + + + + + + + +
Masuo 1996 + + + ? ? + — _
Moonen 2016 + + -+ + + + + +
Neutel 2004 X - + - - + — X
Sato 2014 + + + ? — + + _
Silveira 2004 + + + ? ? + ? ?
Slavachevsky 2000 + + + + + + - _
Suzuki 2015 X - + + + + - x
Weijs 2023 - - + + + + + -
Weir 2013 - - + + ? + + _
Williamson 2016 + - + + + + + -

Domains: D1: bias due to confounding, D2: bias due to selection of participants, D3: bias in classification of interventions, D4: bias due to deviations from intended
interventions, D5: bias due to missing data, D6: bias in measurement of outcomes, and D7: bias in selection of the reported result. Judgement: x: serious risk of bias, —:

moderate risk of bias, +: low risk of bias,?: no information.

1996). A randomized cross-over trial showed a significant decrease for
enalapril but not for nifedipine (Slavachevsky et al., 2000), while an
RCT showed no significant differences for both nitrendipine (CCB) and
hydrochlorothiazide (diuretic) (Jansen et al., 1989). The stratification

A: Initiation or augmentation of AHT

for AHT class by one RCT showed that discontinuing ARBs had the
highest probability of recovery from OH, but most participants used
multiple antihypertensives at baseline (Moonen et al., 2016). Another
RCT showed that long-term OH risk did not significantly differ between

After Before Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
De Heus 2019 5 99 9 112 16.1% 0.63[0.22, 1.81] I
Jansen 1988 Ca 0 15 0 15 Not estimable
Jansen 1988 Diu 0 16 0 16 Not estimable
Masuo 1996 ACE 0 50 9 50 4.3% 0.05[0.00, 0.88] = |
Masuo 1996 beta 0 50 10 50 4.3% 0.05[0.00, 0.79]
Masuo 1996 Ca 0 50 1 50 4.3% 0.04 [0.00, 0.72]
Masuo 1996 diu 3 50 1 50 14.0% 0.27 [0.08, 0.92] N
Silveira 2004 35 829 102 829 26.8% 0.34 [0.24, 0.50] -
Slavachevsky 2000 ACE 0 36 3 36 4.0% 0.14[0.01, 2.67] _
Slavachevsky 2000 Ca 6 36 4 36 14.5% 1.50 [0.46, 4.87] I
Weijs 2023 3 14 3 14  11.8% 1.00[0.24, 4.13] . S
Total (95% Cl) 1245 1258 100.0% 0.39 [0.21, 0.72] <>
Total events 52 162
ity: 2= - Chi2 = = = - 12 = 479 I t t i
?et(te;ogeneltyl.l T?fu : (2)1_352 ;:7h| o _12.(1Jgsdf 8 (P =0.06); 12=47% 0.001 01 1 10 1000
est for overall effect: Z = 2.97 (P = 0.003) Less OH after AHT More OH after AHT

B: Discontinuation of AHT

After Before Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight [V, Random, 95% CI IV, Random, 95% CI
Fotherby 1994 4 47 11 47 9.9% 0.36 [0.12, 1.06]
Moonen 2016 18 46 93 93 90.1% 0.40 [0.28, 0.56] ——
Total (95% CI) 93 140 100.0% 0.39 [0.28, 0.55] .
Total events 22 104

ity 2= - Chiz = = = S 12 = 09 t t t } } t

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df =1 (P = 0.88); I? = 0% 01 02 05 1 ) s 10

Test for overall effect: Z = 5.44 (P < 0.00001)

Less OH after withdrawal More OH after withdrawal

Fig. 2. Forest plot of orthostatic hypotension (OH) prevalence after and before initiation, augmentation (A) or discontinuation (B) of antihypertensive treatment
(AHT). ACE: ACE inhibitor, Ca: calcium channel blocker, Diu: diuretic, beta: beta-blocker.
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different classes of antihypertensive drugs. Within the first year after the
initiation of AHT, amlodipine, a CCB, showed a significantly higher risk
of OH than lisinopril (ACE inhibitor) or chlorthalidone (diuretic)
(Juraschek et al., 2019).

3.4. Meta-analysis

Six studies (1258 individuals) could be included in the meta-analysis
on OH prevalence before and after initiation of AHT (de Heus et al.,
2019; Jansen et al., 1989; Masuo et al., 1996; Silveira et al., 2004;
Slavachevsky et al., 2000), and two (140 individuals) on OH prevalence
before and after discontinuation of antihypertensives (Moonen et al.,
2016; Fotherby and Potter, 1994). Eleven studies (3406 individuals)
were suitable for the meta-analysis on BP difference between resting and
standing before and after treatment (de Heus et al., 2019; Bravo et al.,
1990; Jansen et al., 1989; Acanfora et al., 1997; Beckett et al., 2008;
Bursztyn et al., 1993; Fogari et al., 2009; Laher et al., 1988; Landmark
and Dale, 1985; Silveira et al., 2004; Slavachevsky et al., 2000). Meta-
analyses showed that OH prevalence decreased after the initiation of
AHT, with a risk ratio of 0.39 (95 % confidence interval (CI) 0.21-0.72;
12 = 47 %; p < 0.01) after treatment compared to before treatment
(Fig. 2A). OH prevalence decreased after AHT discontinuation with a
risk ratio of 0.39 (95 % CI 0.28-0.55; ?=0 %; p < 0.01) after compared
to before discontinuation of AHT (Fig. 2B). The difference between
resting and standing BP did not change significantly after AHT initiation
with a mean difference of 1.07 (95 % CI -0.49-2.64; I (Brignole et al.,
2018) = 92 %; p = 0.18) (Fig. 3). A sensitivity analysis revealed no
significant impact of imputation of standard deviations on the results of
the meta-analysis (eFigure 1 in the Supplement). Funnel plots showed
publication bias towards a decrease in OH after initiating AHT, and
publication bias towards a decrease in OH after AHT discontinuation
(see eFigure 4 and 5 in the Supplement). The overall level of evidence
was graded as very low (GRADE assessment, eFigure 3 in the Supple-
ment). A sensitivity analysis presented that omitting all studies with
serious or unknown risk of bias did not significantly alter the results of
the meta-analysis (eFigure 2 and 3 in the Supplement).

4. Discussion
4.1. Main findings
This systematic review and meta-analysis focused on the effects of

AHT on postural BP, especially on the prevalence of OH, in older adults
with hypertension. Our meta-analyses showed a reduction in the
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prevalence of OH and no significant change in the magnitude of the drop
in BP upon standing after initiation or augmentation of AHT. Contrarily,
the two studies on AHT discontinuation also showed a decrease in the
prevalence of OH. Studies were heterogeneous concerning antihyper-
tensive classes, trial designs, and methods to assess and define OH; very
often, such methods were not reported. In line with this, quality of ev-
idence, as assessed by GRADE, was very low.

4.2. Mechanisms behind a possible association between AHT and OH

Initiation of AHT most often decreased or did not change OH prev-
alence. Similarly, there were no differences in OH prevalence between
initiating intensive versus standard AHT in one large RCT. However,
patients with severe systolic OH at baseline were excluded from this
study, limiting the generalizability (Williamson et al., 2016). Our find-
ings on AHT initiation in older adults are consistent with previous
research that did not specifically focus on older adults. A recent meta-
analysis showed that adults (>18 years) treated towards a lower BP
target (intensive treatment) had lower odds of OH compared to those
receiving standard treatment (Juraschek et al., 2021). Age did not alter
this result. Moreover, the Syst-Eur trial, including 4695 adults aged 60
years and older, observed no effect of an ARB, ACE inhibitor, or diuretic
on the prevalence of OH, regardless of the type of postural change used
to assess OH (Grobman et al., 2023). A study that was excluded from this
review for wrong prescription indication (not all participants had hy-
pertension) investigated the effect of AHT versus placebo on OH in
people who had experienced at least one fall in the last year. There was
no significant difference between AHT and placebo on either the
magnitude of the postural BP drop or the prevalence of OH (Sumukadas
et al., 2018). In older adults with a lacunar stroke, of whom 78 % were
hypertensive, a higher OH prevalence after standard treatment (towards
a higher BP goal) compared to intensive treatment (towards a lower BP
goal) was found (White et al., 2015). Shared mechanisms between OH
and hypertension could explain the improvement of OH after AHT
initiation. Examples are autonomic dysfunction and decreased barore-
flex sensitivity in hypertension, causing increased BP variability and,
thus, a higher risk of OH (Raber et al., 2022). Reducing hypertension
could restore baroreflex function and improve postural BP regulation.

On the other hand, AHT can theoretically have a negative effect on
the stability of postural BP by inhibiting vasoconstriction or reducing
intravascular volume (Rivasi et al., 2020). In addition to the rise in heart
rate, which is limited by beta-blockers, vasoconstriction is a compen-
satory mechanism to maintain BP after postural change via the barore-
flex, failure of which leads to OH. Moreover, a reduced intravascular

After AHT Before AHT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Acanfora 1997 4 14 28 7 15 28 8.4% -3.00 [-3.76, -2.24] -
Beckett 2008 -3.8 78 701 -5 93 1912 8.4% 1.20[0.49, 1.91] =
Bravo 1990 0 115 214 -1 16.8 214 6.8% 1.00[-1.73, 3.73] - T
Bursztyn 1992 ACE 3 25 20 2 37 20 7.6% 1.00 [-0.96, 2.96] ™
Bursztyn 1992 Ca 4 24 20 1 37 20 7.6% 3.00[1.07, 4.93] e
De Heus 2019 -2 97 99 -31 95 112 6.9% 1.10[-1.50, 3.70] T
Fogari 2008 ARB/Ca -10.1 6.1 47 9 13 47 5.4% -1.10 [-5.21, 3.01) - =1
Fogari 2008 ARB/Diu -17.2 6 47 -89 13.2 47 5.4% -8.30[-12.45, -4.15] e
Jansen 1988 Ca 1 441 15 4 52 15 6.2% 5.00 [1.65, 8.35] — =
Jansen 1988 Diu -3 341 16 -3 37 16 7.2% 0.00[-2.37, 2.37] I
Laher 1988 2 34 60 5 54 64 7.9% 3.00 [1.42, 4.58] S
Landmark 1985 3 113 10 -11 255 10 0.7% 14.00[-3.29, 31.29] >
Silveira 2004 -49 64 829 -81 81 829 8.4% 3.20[2.50, 3.90] -
Slavachevsky 2000 ACE 2.8 43 36 61 79 36 6.6% 3.30[0.36, 6.24] = =
Slavachevsky 2000 Ca -75 49 36 -97 841 36 6.4% 2.20[-0.89, 5.29] T
Total (95% CI) 2178 3406 100.0% 1.07 [-0.49, 2.64] P

Heterogeneity: Tau® = 7.41; Chi*> = 185.95, df = 14 (P < 0.00001); I> = 92%
Test for overall effect: Z = 1.34 (P = 0.18)

0 5 0 5 10
More OH after AHT Less OH after AHT

Fig. 3. Forest plot of systolic blood pressure (BP) rest-stand difference after and before initiation of antihypertensive treatment (AHT). ACE: ACE inhibitor, Ca:

calcium channel blocker, Diu: diuretic.
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volume worsens OH (Rivasi et al., 2020). Accordingly, two studies that
investigated the discontinuation of AHT reported a reduction in OH
(Moonen et al., 2016; Fotherby and Potter, 1994). However, these
studies have important drawbacks. One used the consensus OH defini-
tion for systolic BP (Fotherby and Potter, 1994), while the other assessed
OH through a sit-stand transition (Moonen et al., 2016). In the latter
study, BP was measured three times successively immediately after
standing, of which at least one measurement should meet the criteria for
OH. The first measurement was taken immediately after standing (much
earlier than after 1 min of standing) and, therefore, will have reflected
initial OH. Applying the consensus definition of OH to such early mea-
surements, rather than the appropriate criteria of initial OH (i.e., a BP
drop of >40 mmHg systolic and/or 20 mmHg diastolic within the first
15 s after standing (Wieling et al., 2007)) will overestimate the preva-
lence of OH. The time needed to complete a measurement immediately
after postural change depends on the height of BP, with shorter cuff
inflation and deflation times for lower BP values and longer times for
higher BP values. This may have caused a bias towards finding less OH
after discontinuation of AHT. Another large AHT discontinuation trial,
the TONE trial, which did not meet our inclusion criterium for age and,
therefore, was not included in our analyses, did not support the finding
of reduced OH after AHT discontinuation. In 975 older adults (60 years
and older), AHT discontinuation increased orthostatic symptoms and
related events such as falls (Juraschek et al., 2022a).

4.3. OH assessment

In some trials we included in this review, OH prevalence and inci-
dence were extremely low, leading to concerns regarding the reliability
of the OH measurement. For example, a trial including >1000 older
participants that reports an OH incidence of almost zero during a 6- to
16-week trial is unlikely, with a reported prevalence in community-
dwelling older adults around 30 % (Low, 2008; Hiitola et al., 2009).
We suspect these trials specifically investigated side effects and were
only warned of the presence of OH when a participant reported OH-
related symptoms. However, OH symptoms and OH do not overlap
(Freeman et al., 2020; Claffey et al., 2022). Therefore, results of studies
reporting only OH incidence and not prevalence at baseline should be
interpreted with caution.

Our review highlighted a significant issue regarding the lack of
consistency in OH assessment. We observed variations in the time points
for BP assessment (directly upon standing, after 1, 2, 3, or 5 min of
standing), the type of postural change (supine-stand or sit-stand), which
requires different cut-off values (Shaw et al., 2017), and the definition of
OH that was used (depending on the year of publication and the pres-
ence of a consensus definition). The 2011 consensus definition of OH is
most often used in recent literature (Freeman et al., 2011). This defi-
nition is still vague regarding two important aspects. First, the term
within 3 min may still include a measurement taken before 1 min,
overlapping with initial OH. Second, the term sustained is not defined. In
addition, this consensus definition suggests to use a different cut-off
value (SBP reduction of 30 mmHg) for patients with supine hyperten-
sion. However, no study included in this review has used this definition,
although all studies included older adults with hypertension. A sit-stand
postural change, especially when using supine-stand cut-off values, may
underestimate the presence of OH (Juraschek et al., 2022b), which could
partly explain the very low prevalence rates found in some studies.

4.4. Strengths and limitations

An important strength of this systematic review is the focus on older
adults since this group is at greater risk of OH, and we lack under-
standing of the balance between harms and benefits of AHT. Further-
more, we provide a critical and comprehensive review of OH assessment
methods used in all the included studies. In the meta-analysis, we pooled
results regarding OH prevalence and compared the BP drop after
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standing before and after treatment. While the first approach is more
sensitive to individual differences in response to treatment, the second
approach can capture small postural BP changes after treatment.

This systematic review also had some limitations. First, different
classes of AHT have different mechanisms of action: some have been
linked to an increased risk of OH (beta-blockers) (Bhanu et al., 2021),
and others to a reduced risk of OH (ARBs, ACE inhibitors) (Yee and
Struthers, 1998). As many studies investigated antihypertensive com-
bination therapy instead of monotherapy, we could not stratify the
meta-analyses for AHT class and specifically could not separate beta-
blockers from other classes. While most guidelines do not recommend
beta-blockers as a first-line treatment option in older patients to reduce
the risk of OH, in clinical practice, many older patients still use beta-
blockers for reasons other than hypertension. Because guidelines now
also advise to use combination therapy rather than monotherapy,
separating effects of individual drug classes may clinically be less rele-
vant. Second, we included differences between resting and standing BP,
for which standard deviations were often unknown and imputed from a
study with known standard deviations. Third, cross-over trials were
treated as parallel-group instead of paired-group designs in the meta-
analyses, as no individual patient data were reported, making imputa-
tion of treatment effects impossible. A carryover effect was not expected
in any of these trials since these used a washout period between two AHT
classes, making inclusion of only the first treatment regimen undesir-
able. The result might be a higher reported standard deviation and,
therefore, lower weight in the meta-analysis, possibly underestimating
the contribution of the cross-over trials (Elbourne et al., 2002). Fourth,
our meta-analyses should be interpreted with caution as many studies
had a moderate to serious risk of bias, often due to the lack of a per-
protocol analysis or the lack of reporting the participants lost to
follow-up. Therefore, participants who changed from treatment to no-
treatment group were part of the analysis, underestimating the effect
of AHT to either reduce or aggravate OH. Fifth, many included studies
were designed to investigate AHT effectiveness and/or safety instead of
studying OH, which was only a secondary outcome. Therefore, the
generalizability of the meta-analysis is reduced, for example illustrated
by the exclusion criteria. Two studies excluded diabetes mellitus (either
only insulin-dependent or all cases) (Jansen et al., 1989; Masuo et al.,
1996), excluding a large proportion of the older population. One study
excluded participants with OH at baseline (Bravo et al., 1990). None-
theless, for that study, we could still determine whether AHT induced a
reduction in standing BP. As a previous systematic review and meta-
analysis showed no significant influence of exclusion of baseline OH in
studies on falls incidence after AHT (Reddin et al., 2023), we also expect
no significant bias here. Sixth, besides AHT, other drugs can influence
postural BP. In three studies, use of alpha-blockers (although excluded
when prescribed for hypertension) (Weijs et al., 2023), antipsychotics
(Moonen et al., 2016; de Heus et al., 2019), antidepressants (Moonen
et al., 2016; de Heus et al., 2019; Weijs et al., 2023), benzodiazepines
(Moonen et al., 2016; de Heus et al., 2019; Weijs et al., 2023) and
dopaminergic agents (de Heus et al., 2019) was reported at baseline. Use
of this medication may have confounded the effect of AHT on OH, in the
sense that the combination of AHT with this medication could increase
the risk of OH. Seventh, we did not limit our search to only recent
studies, as most AHT efficacy trials have been performed in the 1980s
and 1990s. Different BP targets were strived for at that time (systolic BP
<140-160 mmHg, diastolic BP <90 mmHg) compared to more recent
studies (systolic BP <130 mmHg, diastolic BP <80 mmHg). However, all
studies show a decrease in BP, making it still possible to research the
effects of BP lowering on OH prevalence and severity.

4.5. Perspectives
Age influences the balance between hypertension, OH, and AHT

(Hajjar, 2005). Older adults are more susceptible to BP dysregulation,
and thus hypertension and OH, since they often have diminished
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baroreceptor function and vascular compliance due to arterial stiffness
(Lipsitz, 1989). As OH is related to falls, this poses a high risk of fractures
and hospitalization in older adults. In addition, the absolute risk of
hypertension-related cardio- and cerebrovascular events is highest in
older adults (Izzo et al., 2018). Moreover, the combination of uncon-
trolled hypertension and OH has been shown to pose a greater risk of
falling than OH without concomitant hypertension (Gangavati et al.,
2011; Donoghue et al., 2021). The results of this systematic review
suggest that evidence is lacking for the widespread concern that initi-
ating or augmenting AHT in older adults causes OH. Even in a small
study in frail older adults the prevalence of OH did not increase after
augmentation of AHT (Weijs et al., 2023). However, heterogeneity in
studies, especially in the assessment of OH, and few studies performed in
frail older adults (e.g. those who are more susceptible to hypotension or
syncope) limit firm conclusions about AHT not being a possible pre-
disposing or exacerbating factor for OH. The use of intermittent BP
measurements, although simple and cheap, is problematic, as timing is
crucial for OH cut-off values. Including continuous BP measurements
could provide a solution in future AHT trials (Finucane et al., 2019;
Breeuwsma et al., 2018). The cost and complexity of these devices may
limit widespread use, although having these measurements, at least in a
well-defined subgroup, may help address the raised issues.

5. Conclusion

This systematic review and meta-analysis identifies an important
research gap in the effect of AHT on OH in older adults. Current, albeit
limited, evidence suggests that AHT initiation and augmentation do not
increase OH prevalence or severity in older adults with hypertension,
confirming previous reviews in adults. In contrast, two trials of
discontinuation of AHT found a reduced prevalence of OH; however, in
one of those, we identified important methodological flaws. We found
that the overall quality of evidence is low, limiting firm conclusions to
be drawn. A notable finding is that studies were heterogeneous in their
methods to assess OH, their definition of OH, and the classes of AHT
investigated. Therefore, in future AHT trials that include older adults,
the use of an OH measurement protocol according to current consensus
guidelines is recommended, if possible, using continuous BP measure-
ments, to allow for in-depth analysis of the effect of AHT on OH.
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