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Abstract

Orthostatic hypotension(OH) is highly prevalent in ageing populations and may contribute to cognitive decline through
cerebral small vessel disease(CSVD). Research on the association between OH and CSVD is fragmented and inconsis-
tent. We systematically reviewed the literature for studies assessing the association between OH and CSVD, published
until December Ist 2023 in MEDLINE, PubMed or Web of Science. We included studies with populations aged >60, that
assessed OH in relation to CSVD including white matter hyperintensities(VWWMH), lacunes and cerebral microbleeds.
Modified |BI checklist was used to assess risk of bias. A narrative synthesis of the results was presented. Of 3180
identified studies, eighteen were included. Fifteen studies reported on WMH, four on lacunes, seven on microbleeds. Six
of fifteen studies on WMH found that OH was related to an increased burden of WMH, neither longitudinal studies
found associations with WMH progression. Findings were inconsistent across studies concerning lacunes and micro-
bleeds. Across outcomes, adequate adjustment for systolic blood pressure tended to coincide with smaller effect
estimates. Current evidence on the OH-CSVD association originates mostly from cross-sectional studies, providing
inconsistent and inconclusive results. Longitudinal studies using standardized and fine-grained assessment of OH and
CSVD and adequate adjustment for supine blood pressure are warranted.
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Orthostatic hypotension (OH) is a common condition
in older adults, with a prevalence of approximately
10-30% in the older population.!* OH is defined as
a blood pressure drop of at least 20 mmHg in systolic
blood pressure (SBP) and/or 10mmHg in diastolic
blood pressure (DBP) within 3 minutes after standing
up.” OH is associated with risk of cardiovascular dis-

ease and stroke, as well as cognitive decline and demen-
tia,>® but underlying mechanisms are uncertain. It has
been hypothesized that the link between OH and
dementia is due at least in part to the development of
cerebral small vessel disease (CSVD) with episodic
cerebral hypoperfusion. Several studies have reported
on the association between OH and CSVD, but evi-
dence is fragmented, with individual studies often too
small to detect meaningful effects in varying markers
of CSVD.
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CSVD can be assessed on brain imaging as white
matter hyperintensities, lacunes, perivascular spaces or
microbleeds.” The prevalence of CSVD increases with
age, from about 5% at age 50 years to almost 100%
among people older than 90 years.® Cardiovascular dis-
ease and cardiovascular risk factors, such as high blood
pressure, smoking, hypocholesteremia and diabetes con-
tribute to the development of CSVD.>'® OH might be
related to CSVD through several mechanisms, including
cerebral hypoperfusion, shared etiological mechanisms,
or autonomous nervous system failure.'"!> First, OH
occurs rapidly after standing up, which limits the poten-
tial for autoregulation to buffer these sudden BP
changes, especially when vasoreactivity falters with
larger blood pressure drops, resulting in cerebral hypo-
perfusion and oxidative stress. Oxidative stress in these
vessels may contribute to microvascular dysfunction and
damage, and ultimately leads to CSVD. Second, the
relation between OH and CSVD may in part be
accounted for by shared risk factors, with most impor-
tantly high systolic blood pressure (SBP), which is
strongly associated with both OH and the development
of CSVD."*'" In patients with uncontrolled hyperten-
sion, OH is common and causes physicians to be reluc-
tant with antihypertensive treatment to avoid
symptomatic OH and falls. Even though scientific evi-
dence suggests that treatment of hypertension is benefi-
cial in patients with vascular OH, undertreatment of
hypertension is common, and could results in associa-
tions between OH and CSVD if SBP is not properly
accounted for.'> Third, cerebral damage caused by
CSVD could lead to autonomous failure and OH (i.e.,
reverse causation). These mechanisms could be disen-
tangled at least in part through longitudinal study of
OH in relation to CSVD risk, accounting for shared
etiological factors.

The aim of this study is to systematically review the
existing literature on the association between OH and
CSVD, taking into account study characteristics (which
includes study population, study design), OH and
CSVD measurement method, and possible confound-
ing factors.

Methods

This systematic review was reported in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines'® and regis-
tered with the PROSPERO International prospective reg-
ister of systematic reviews [CDR number: 42022313278].

Search strategy

To identify relevant publications, we conducted sys-
tematic searches in the bibliographic databases

PubMed, Embase and Web of Science (Core
Collection) from inception to December 1st 2023, in
collaboration with a medical information specialist
(RV). The following terms were used (including syno-
nyms and closely related words) as index terms or free-
text words: “Orthostatic hypotension”, “Cerebral small
vessel disease”, “Cerebrovascular disease”. The refer-
ences of the identified articles were searched for other
studies meeting the criteria. All languages were accept-
ed. Duplicate articles were excluded by a medical infor-
mation specialist using Endnote X20.0.1 (Clarivatetm),
following the Amsterdam Efficient Deduplication
(AED)-method'” and the Bramer-method.'® The full
search strategies for all databases can be found in
Appendix A.

Selection strategy

Two reviewers (JW and NS) independently screened all
potentially relevant titles and abstracts using Rayyan'®
for relevant, peer-reviewed original research articles
published in the English language. The full text article
was checked for the eligibility criteria if title and
abstracts were not sufficient. Differences in judgement
were resolved through consensus discussion. Inclusion
criteria were: mean age >60 years; assessment of OH in
accordance with the 1996 and 2011 consensus defini-
tion (i.e., drop in SBP >=20mmHg and/or DBP
> = 10 mmHg within 3 min of standing);>*° and assess-
ment of CSVD, including either white matter hyper-
intensities, lacunes or microbleeds. We included
qualitative, visual ratings of imaging markers, as well
as quantitative, volumetric assessment of MRI. Studies
without primary data, such as reviews, case reports and
editorials, were excluded.

Data extraction

The full text of the selected articles were assessed by
two reviewers for full review and data extraction for:

e Study characteristics: author, year of publication,
study design, study population and characteristics
(mean age, sex, presence of orthostatic hypotension),
in- and exclusion criteria.

e OH measurement method: active standing or tilt
table test, duration of supine position, timing of
blood pressure measurement, assessor of blood pres-
sure measurement and further division of OH
measurement.

e Measurement methods of main CSVD outcomes
variables: white matter hyperintensities, lacunes
and microbleeds (MRI sequence, scoring tools).

e Measure of association: odds ratio (OR), hazard
ratio (HR), beta () or prevalence of outcome
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variables in patients with and without OH (including
t-test statistics). If possible, OR’s were calculated
from absolute numbers.

e Adjustment for confounding factors: demographic
and clinical factors including, but not limited to,
age, sex, systolic blood pressure, cardiovascular dis-
ease, diabetes, neurological disease and OH-
inducing medication.

Risk of bias assessment

Two reviewers (JW and HD) independently evaluated
the methodological quality of the full text papers using
the (modified) Johanna Briggs Institute (JBI) checklist
for cross-sectional studies,”' comprising eight questions
regarding risk of bias. We modified the generic ques-
tions to reflect the specific risks of bias regarding our
research question (supplemental table 1). Any discrep-
ancies were resolved through consensus discussion.
Total risk of bias score was low if all items were
scored low, moderate if one or two items were moder-
ate/unclear or one item high, and high if more than one
item high or more than two items moderate/unclear.
Traffic light summary risk-of-bias plots for non-
randomized included studies were produced by the
risk-of-bias visualization (robvis) online tool to show
risk of bias per JBI checklist question (D1-D8).*

Analysis

We conducted a narrative synthesis of included studies
and outcomes. Meta-analysis was planned for all out-
comes, if a sufficient number of studies (i.e. at least
three) reported on comparable exposure and outcome
definitions in similar patient populations. After apprais-
al of all evidence, we decided against meta-analysis
because of the large variety between studies. For exam-
ple, measurement methods for OH varied substantially,
as did measurement methods for CSVD. Moreover,
reported measures of association were inconsistent. As
such, for none of the outcomes there were more than
three sufficiently comparable studies suitable for
meta-analysis.

Results

Search results

The literature search generated a total of 4716 referen-
ces: 945 in PubMed, 2614 in Embase and 1157 in Web
of Science. After removing duplicates, 3180 unique
references remained. The flow diagram of the search
and selection process according to the PRISMA guide-
lines is presented in Figure 1. After title and abstract

screening, 64 articles remained for full text screening, of
which 18 were deemed eligible and were included.

Summary of findings

Table 2 provides an overview of all included studies
and their main results. The findings are stratified by
CSVD outcome measure; white matter hyperintensities
(Table 1), lacunes (Table 2) and microbleeds (Table 3).

Orthostatic hypotension and white matter hyperintensities.

Fifteen studies reported on the association between
OH and white matter hyperintensities, of which 13
were cross-sectional and 2 longitudinal by design. Six
studies included community-dwelling older adults.>*>®
The other nine studies were clinic-based, including
patients with Parkinson’s Disease (5 studies),” >* cog-
nitive complaints (3 studies)*®*** or cardiovascular
disease (2 studies).**” Sample sizes ranged from 48
patients with Parkinson’s disease to 5700 adults in the
largest community-based study.’®3! Most studies
(n=10) used active standing for the assessment of
OH,>27272831.32.343638 - oy used the tilt table
test>%3337 and one used home measured OH (mea-
sured after active standing).>* The time from standing
up till repeated BP measurement varied, with some
studies measuring at one and three minutes,**>*3¢
whereas other measured only at one minute,”** only
at three minutes,?®?%3%333% Jater than three minutes,>’
or some unspecified moment within three minutes after
standing up.>?*! The majority of studies used visual
ratings of WMH as the outcome measures, notably the
Fazekas score,?t?7-32:35:36.39 1 Qeheltens  score,>>2%~
3140 or other visual ratings such as white matter
grade, advanced deep white matter lesions, or adjusted
Fazekas score.”*?*3*37 Four studies used volumetric
assessment of white matter hyperintensities.>*>-%34

Among all 13 cross-sectional studies, six found a
significant association between OH and increased risk
of having white matter hyperintensities,® 2>2%-32:36
with effect size (OR, 95%CI) ranging from 1.29
(1.04-1.60) point increase in the Fazekas scale in
patients with ischemic stroke to 4.91 (2.74-8.79) risk
of Fazekas scale >2 in community dwelling older
patients. Nine studies did not report a significant asso-
ciation, 26 2830313373537 with  mostly non-significant
differences in Scheltens scores or white matter volume
presented. The number of participants in these studies
ranged between 48 PD patients to 3971 patients with
cognitive complaints.

Among two longitudinal studies, one included 504
participants with CSVD, of whom 361 (72%) were re-
examined after 5 years and 296 (59%) again after
9 years. The other study included 3147 community-
dwelling individuals, of whom 1858 (59%) underwent
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Figure 1. Selection process shown through PRISMA 2020 flow diagram.

repeated MRI after 5 years of follow-up. Neither of
these 2 longitudinal studies found a statistically signif-
icant association between OH and risk of developing or
progression of white matter hyperintensities (OR [95%
CIJ: 3.63 [0.29-6.98], and beta [95%CI]: 0.04 [—0.10—
0.19], respectively).>>2°

Thorough adjustment for potential confounders
appeared associated with smaller effect estimates
(Table 2). Notably, none of the studies that adjusted
for SBP (as a continuous variable) reported a signifi-
cant association;>>?* of studies adjusting for history
of hypertension, four out of five had statistically signif-
icant results.?>*%2323¢ With regard to means of OH
assessment, five studies focused specifically on OH at
three minutes after standing up, of which three found
that OH was associated with increased risk of white
matter hyperintensities.”®*** Five out of eight studies
assessing OH at a time point shorter than three minutes

after standing up observed no association with
WMH.?*** Kario et al assessed OH at 6-10 minutes
after tilting, and found no association.®’

To summarize the results, all OR’s (given or calcu-
lated from prevalence) for association between OH and
WMH (Fazekas score), and mean &+ SD for Scheltens
scores were combined in Figure 2. It was not possible
to include all studies due to the high heterogeneity
between studies and no pooled estimate can be pro-
duced. Therefore the figure should be interpreted
with caution.

Orthostatic hypotension and lacunes. Four cross-sectional
studies reported on the association between OH and
lacunes, performed in older patients with cognitive
complaints visiting the memory clinic,***> older com-
munity dwelling older adults,?* or patients with SVD.?
All studies had a cross-sectional study design and used
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> =1 lacunes as cut-off value. All these studies used
active standing for the measurement of OH, with one
study using home-measured OH (divided into mea-
sured once or more than once during the three day
self-measurement period),”* and one study dividing
OH in Early OH (only at 1 minute) and delayed/pro-
longed OH (only at 3, or at 1 and 3 minutes).*

One of four studies reported a significant association
between OH and the presence of lacunes,”* whereas the
other three studies did not.*>*** The study that found
an association was performed in community dwelling
older adults (OR [95%CI] for home-measured OH
once: 1.89 [0.89-3.08], and for home measured OH
more than once: 5.36 [2.99-9.61]). Both studies
among memory clinic outpatients found no association
between OH and lacunes: OR (95%CI) of 1.16 (0.65—
2.08)* and OR (95%CI) for early OH of 0.70 (0.47—
1.06) and delayed/prolonged OH 1.21 (0.91-1.62)),
respectively.®® In patients with SVD the OR (95%CI)
was 1.88 (0.97-3.61).

All OR’s for association between OH and lacunes
are presented in Figure 3. Due to the low number of
studies and high heterogeneity between studies no
pooled estimate could be produced and the figure
should be interpreted with caution.

Orthostatic hypotension and microbleeds. Seven cross-
sectional studies reported results on OH and micro-
bleeds, of which three studies included patients with
Parkinson’s disease,*' ** one study included communi-
ty dwelling older adults,>* two included patients with
cognitive complaints visiting a memory clinic,***> and
one with patients with SVD.?* Six studies used >1
microbleeds as cut-off value whilst one study used >3
microbleeds.>> Two studies further divided presence of
microbleeds into lobar microbleeds and deep/infraten-
torial microbleeds.*>** All studies used active standing
for the measurement of OH, one used HOH?** and
one divided into early and delayed/prolonged OH.*
Furthermore one study only assessed OH when typical
complaints of OH were present.*?

Overall three studies found a significant association
between OH and presence of microbleeds,>**>*! and
four studies did not.>*3%%*%3 One of the two that segre-
gated lobar from deep microbleeds showed an associa-
tion between OH and deep/infratentorial microbleeds
(OR (95%CI) 5.11(1.57-17.5)), but not significantly
with lobar microbleeds (OR (95%CI) 2.38 (0.78-7.05)),
adjusted for important confounders (age, sex, hyperten-
sion, history of CVD, diabetes), the other showed a
prevalence of 3% in patients without OH, compared
to 9% in OH patients (p-value >0.05). This study
showed that specifically the combination of OH with
supine hypertension was associated with the presence
of microbleeds at any location, (OR (95%CI)

1.29 (1.04-1.60)),* adjusted for hypertension, diabetes,
history of stroke, antiplatelet treatment and WMH.

The OR’s for the association between OH and
microbleeds (given or calculated) are presented in
Figure 4. Due to the high heterogeneity between stud-
ies, in OH measurement method, microbleed definition,
and adjustments for confounders, no pooled estimate
could be produced and the figure should be interpreted
with caution.

Risk of bias assessment

The risk of bias assessment is visualized in Figure 5.
Overall risk of bias was low in two out of eighteen
studies (11%), moderate in five studies (28%) and
high in eleven studies (61%), mostly due to risk of
bias in measurement of OH (D4, high risk in 28%),
dealing with confounding factors (D6, high risk in
28%, moderate risk in 6%), measurement of CSVD
(D7, high in 17%, moderate in 22%, largely due to
the lack of (information on) blinding) or inappropriate
statistical analysis (DS, high in 33%).

Supplementary figure 1 shows a visualized summary
of findings per outcome measure, color coded for risk
of bias (low - green, moderate - yellow, high - red) and
the direction of the result (positive association - green
and no/negative association - red).

Meta-analysis

As stated before, no meta-analysis could be performed
due to the large variety between studies.

Discussion

In this systematic review of studies on the association
between OH and CSVD in older adults, we included
16 cross-sectional and 2 longitudinal studies. Taken
together, there was no consistent association between
OH and white matter hyperintensities, lacunes or
microbleeds. However, effect estimates varied substan-
tially across studies, driven at least in part by hetero-
geneity in study populations and research methods.
There are several possible patterns in the results and
possible factors explaining the differences in study out-
come and therefore the inconclusive results. First, there
was a large variability in study populations such as
community-dwelling older adults, patients with
Parkinson’s Disease, with memory complaints, or
with dementia. The pathophysiology of OH in these
groups might differ, with a larger contribution of auto-
nomic dysfunction in patients with o-synucleopathy
(i.e., Parkinson’s disease or Lewy body dementia) or
more generally neurodegeneration in memory clinic
populations, compared to predominantly hypertension
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(@) Association OH and WMH (Fazekas Score) per study (OR, 95%Cl)
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Figure 2. (a) Association OH and Fazekas score, OR’s (95%Cl) per study (given or calculated) and (b) Association OH and Scheltens
score, mean Scheltens score &= SD for patients with and without OH, per study.

or vascular disease related OH in population-based
cohorts. In population-based cohorts, results might be
less susceptible to selection bias and more easily extrap-
olated to a broader population. However, studies of
patients with neurodegenerative disease shed light on
the impact of OH on CSVD in these often more vulner-
able groups, provided reference subjects are adequately
chosen and analyses adjusted for important confounders.
In this systematic review, we observed no clear difference
in the reported association between study populations.

Second, study design and statistical methods dif-
fered between included studies. Most studies had a
cross-sectional study design and showed both signifi-
cant and non-significant associations. There were two
studies with a longitudinal design, which give more
insight into causal relation than cross-sectional studies.
Importantly, both studies found no association
between OH and development or progression of
white matter hyperintensities.”>*** However, this could
also be due to attrition (which ranged from 28 to 41%),
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Figure 3. Association OH and presence of lacunes, OR’s (95%CIl) per study (given or calculated).

Association OH and microbleeds per study (OR, 95%Cl)
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Figure 4. Association OH and presence of microbleeds, OR’s (95%Cl) per study (given or calculated).

in which patients with more severe progression may be

more often lost to follow-up.

The association between OH an CSVD was studied
with different statistical methods: t-test, linear, logistic
or cox-regression models. We did find that most studies

that adjusted their models for the confounding effect of
SBP, did not find an association between OH and
CSVD.?*?%3% Both OH and the occurrence of CSVD
are strongly associated with uncontrolled hypertension
and high SBP.”'* Therefore, the OH — CSVD
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Figure 5. (a) Risk of bias traffic light plot. DI Inclusion criteria clear, D2 Subjects and setting clear, D3 Exposure measured in valid
way, D4 Objective, standardized criteria for the condition, D5 Confounding factor identified, D6 Strategy to deal with confounding
factors, D7 Outcomes measurement valid and reliable, D8 Statistical analysis appropriate. Judgement: High, moderate, low and (b)
Risk of bias summary plot (unweighted). D1 Inclusion criteria clear, D2 Subjects and setting clear, D3 Exposure measured in valid way,
D4 Objective, standardized criteria for the condition, D5 Confounding factors identified, Dé Strategy to deal with confounding
factors, D7 Outcomes measurement valid and reliable, D8 Statistical analysis appropriate. Judgement: High, moderate, low.

association might be the consequence of high SBP
rather than OH. Two studies also presented a signifi-
cant association between SBP and WMH burden, inde-
pendent of OH status.?”** These findings highlight the
importance of taking SBP into account when examin-
ing the association between OH and CSVD. Although
current evidence indicates hypertension treatment can
reduce OH, it is frequently withheld from patients with
OH due to anticipated risks of exacerbating OH and
increased risk of falls.'> As high SBP may be a signif-
icant, if not driving, factor in the link between OH and

CSVD, adequate treatment of hypertension in patients
with vascular determined OH may well be pivotal to
avoid clinical consequences of CSVD.

Further, there was a large variability in OH mea-
surement and measurement of CSVD. With respect to
the OH measurements most studies used active stand-
ing blood pressure measurement after seated or supine
rest, whilst others used blood pressure measurement
during a tilt table test; no differences in the
OH-CSVD relation were observed between these stud-
ies. Further, the length of standing up/remaining
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upright after repeating the blood pressure measurement
for OH measurement varied. If OH is causally related
to CSVD, it could be expected that longer periods of
OH during standing might increase the risk of CSVD.
This is in line with the finding that most, but not all,
studies focusing on OH at three minutes did find an
association. However, prolonged blood pressure drops
are also indicative of autonomic failure, which may be
a consequence rather than a cause of brain injury.
Future studies would benefit from use of uniform OH
measurement methods, and consistent reporting of rel-
evant OH patterns. In our opinion, most accurate
information is gained when OH is measured after
supine rest of at least 3 minutes, followed by BP meas-
urements continuously after postural change, or at
least after 1, 3 and 5 minutes of active standing. This
method is most reflective of real life situations, and
gives insight in early, prolonged an delayed OH.
Measurement of the physiological impact of OH on
the brain may benefit too from concurrent flow mea-
surement using for example near infrared spectroscopy
or transcranial Doppler.

Lastly, CSVD was measured with different tools.
For white matter hyperintensities visual scores, e.g.
Fazekas score or Scheltens score, were the most
common measurement methods. However, a quantita-
tive measure, such as white matter volume, might be
more sensitive to detect subtle changes and is preferable
in research settings. Similarly, taking location and
number of microbleeds into account might be useful
to distinguish different pathophysiological pathways,
with large numbers or primarily lobar localization
being more suspicious for cerebral amyloid angiopathy,
and deep/infratentorial microbleeds being more
common in hypertension related damage.***

In summary, this systematic review found no conclu-
sive evidence for an association between OH and CSVD.
Current evidence on the association between OH and
CSVD originates mostly from cross-sectional studies,
providing inconclusive and inconsistent results, two lon-
gitudinal studies found no association. High supine
blood pressure might be the most important pathophys-
iological link between OH and CSVD. Future longitu-
dinal studies are warranted, using standardized and
fine-grained assessment of OH and CSVD, with ade-
quate adjustment for supine blood pressure.
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