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Novelty

This study found increased aortic stiffness and central systolic blood pressure are
independently associated with orthostatic systolic BP fall in CKD patients. This study
found increased carotid-femoral PWV, but not carotid-radial PWV or aortic
augmentation index, suggesting that aortic stiffening may have a larger role in
baroreceptor insensitivity in CKD than small arterial segment changes. Aortic
stiffness may represent a potential therapeutic target for reducing the cardiovascular
risk associated with CKD. Measures of central arterial pressures may be a more useful

tool than peripheral measures in CKD patients

Structured Abstract

Objective:

Orthostatic hypotension (OH) has a significant association with cardiovascular
disease. OH becomes more common in older age, as does arterial stiffness, shown to
be independently associated with impaired baroreflex sensitivity and OH.
Measurement of arterial compliance and central blood pressures are increasingly
important, with evidence that central BP more closely correlates to end-organ damage
and mortality than peripheral measurements.

Patients with chronic kidney disease (CKD) are high risk for cardiovascular events,
which can be predicted through measures of arterial compliance. We hypothesised
that OH is associated with arterial stiffness and central blood pressure in CKD
patients.

Design/Setting:



We tested this hypothesis within the Arterial Compliance And oxiDant strEss as
predictors of loss of renal function, morbidity and Mortality In Chronic kidney
disease (ACADEMIC) study, a single-centre prospective observational study of the
progression of arterial stiffness and renal function.

Participants:

146 patients with CKD 3 or 4.

Measurements:

24-hour ambulatory BP monitoring with postural sensing (DIASY'S Integra 2,
Novacor France); Central Systolic and Diastolic BP (¢SBP and ¢cDBP) and aortic
Augmentation Index using Sphygmocor® (Atcor, Australia); Carotid-femoral pulse
wave velocity (cfPWV) using Complior® (ALAM Medical, France).

Results:

23 patients had a postural SBP fall (prevalence 15.8%), with mean drop 7mmHg.
Patients with OH had higher cfPWV (15.2m/s vs 12.7m/s in patients without OH
(p<0.001)) and central SBP (147.5 vs 135.7, p=0.012). Regression analysis gave an
odds ratio (OR) of orthostatic SBP fall for cfPWV of 1.46 (95% CI 1.16-1.84,
p=0.001) and 1.03 for cSBP (95% CI 1.004-1.06, p=0.024) after adjustment for
cardiovascular risk factors.

Conclusion:

Aortic stiffness and central SBP are independently associated with orthostatic SBP
fall in CKD patients. This suggests that enhanced arterial stiffness may be an
underlying mechanism in baroreflex dysfunction, and may partly explain the vascular

risk in CKD patients.
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Text

Introduction

Orthostatic hypotension (OH) is a descriptive term for a reduction in blood pressure
on standing, due to impairment of compensatory autonomic reflexes necessary to
maintain venous return and cardiac output as blood pools in the lower limbs [1]. The
relationship between orthostatic hypotension (OH) and cardiovascular disease has
been compellingly demonstrated [2, 3], with multiple meta-analyses finding a
significant association of OH with all-cause mortality [4, 5].Orthostatic hypotension
becomes increasingly common in older age, with prevalence estimates ranging from
5-50% depending on the population and threshold criteria used [6-8]. Aortic stiffness
is also closely related to ageing [9-11] and has been shown to be independently
associated with impaired baroreflex sensitivity and clinic-based OH [12-14].
Measurement of central arterial pressures has become progressively more important in
cardiovascular assessment, with growing evidence that central BP more closely
correlates to end organ damage, cardiovascular events and all-cause mortality when
compared with peripheral measurements [15]. Non-invasive measurement of central
blood pressure is now being increasingly used in a research and clinical setting to

evaluate this risk for patients.

Patients with chronic kidney disease (CKD) are known to be at high risk for
cardiovascular events and mortality [16], which can be independently predicted
through measures of arterial compliance such as aortic pulse wave velocity (PWV)
[17, 18].With daytime fatigue documented as one of the most common symptoms of

CKD, this patient group have been shown to change posture between lying and



standing more frequently than healthy individuals [19], increasing the potential
negative consequences of OH, such as falls. Thus far, there have been few studies of
the epidemiology of OH in CKD and its relationship to arterial stiffness. A 2013 study
showed the prevalence of OH in a stable outpatient CKD population to be 12.6% [20],
while a prospective Japanese study found a prevalence of 42% in end-stage renal
failure prior to haemodialysis, with the presence of OH indicating a doubling in risk
for all-cause mortality [21]. A 2016 Chinese study suggested that OH was associated
with increased aortic stiffness but had a less clear relationship with central systolic

pressures [22].

Twenty-four hour ambulatory BP monitoring (ABPM) has been endorsed by the
European Society of Hypertension as superior to clinic BP measurements and is
particularly important in identifying BP-related risk in CKD patients [23]. The high
variability of brachial BP in orthostatic hypotension, due to impaired BP regulatory
mechanisms [24], is an important consideration in the evaluation of OH. ABPM with
position sensing within a patient’s natural environment and activity removes the
confounding effects of ‘white-coat hypertension’ and an artificial clinic environment
[25, 26]. ABPM therefore has an important role in evaluating and managing

cardiovascular disease in patients with CKD [27].

We hypothesized that the presence of ambulatory orthostatic BP fall in CKD stage 3
and 4 patients would be associated with increased aortic stiffness, independent of
known cardiovascular risk factors. We further hypothesized that measures of central
systolic blood pressure would be more strongly correlated with OH in this patient

group than peripheral blood pressure.



We tested this hypothesis within the Arterial Compliance And oxiDant strEss as
predictors of loss of renal function, morbidity and Mortality In Chronic kidney
disease (ACADEMIC) study, a single-centre prospective observational study of the
progression of arterial stiffness and renal function in a cohort of 200 patients with

CKD stage 3 or 4 [28].

Methods

Population

Patients with CKD stage 3 and 4 were recruited from outpatient nephrology clinics at
Brighton and Sussex University Hospitals National Health Service Trust, United
Kingdom. Exclusion criteria were: previous diagnosis of left ventricular failure,
aortic stenosis with gradient >30mmHg and atrial fibrillation with uncontrolled
ventricular response. All patients were treated with the aim of achieving UK Renal
Association targets for the management of BP in CKD [29]: a target BP of 130/80
mmHg for patients with a urine protein:creatinine ratio (uPCR) <100 mg/mmol and a
target of 125/70 mmHg if uPCR >100 mg/mmol. The choice of antihypertensive
medication was at the discretion of the clinician but generally followed British
Hypertension Society guidelines [30]. Data on the specific antihypertensive regimen
or length of antihypertensive treatment for each patient were not collected during this
study. At the time of the study all participants were outpatients and stable on their
antihypertensive regime. A history of cardiovascular disease and associated risk

factors was obtained.



This study was approved by the West Sussex Research Ethics Committee, and
patients gave written informed consent. The study was conducted in accordance with

Good Clinical Practice Guidelines and the Declaration of Helsinki.

Clinic Measurements

Measurements were conducted in a quiet, temperature-controlled room by the same
two trained research staff throughout the study. BP was measured twice using an
appropriate cuff size with the patient supine at 5 and 10 minutes after rest (Omron 705
CP, Tokyo, Japan), and the mean of the two readings recorded. The mean blood
pressure (MBP) was calculated as: MBP=(SBP-DBP)/3 +DBP.

Aortic stiffness was measured using Complior (RALAM Medical) following best
practice guidelines [31]. Pulse waves were assessed transcutaneously at the right
femoral, radial and common carotid arteries, and the distance between the two
recording sites was measured. The time interval between the recorded pulse waves
was calculated by Complior software, and the PWV obtained using the equation
PWV(m/s)=Distance(m)/Time(s).

Central Systolic and Diastolic BP (cSBP and cDBP) and aortic Augmentation Index
(AIx) were recorded using Sphygmocor® (Atcor, Australia) through applanation

tonometry at the radial artery.

24-Hour ABPM measurements
Twenty-four hour ABPM with postural sensing was measured using a Diasys Integra
II recorder (Novocor, Cedex, France) on the non-dominant arm. This machine

measures posture as horizontal (lying) or vertical (standing or sitting). Daytime BP



measurements were taken at 30 minute intervals (0700-2200) and night-time readings
at 60 minute intervals (2200-0700). Following European Society of Hypertension
guidelines [23], we included patients in statistical analysis if they had at least 5 valid
lying and 5 valid standing measurements with 2/3 of overall measurements being

assessed as valid (26 of the 39 readings taken).

Although definitions of OH vary, a consensus statement by Freeman et al. has been
broadly accepted as a sustained reduction of systolic blood pressure (SBP) of at least
20mmHg or diastolic blood pressure (DBP) of 10mmHg within 3 minutes of standing
or head-up tilt to at least 60° on a tilt table [1]. However, it has been argued that
criteria defining OH are arbitrary and the degree of OH does not correlate well with
morbidity and mortality in all patient groups and contexts [32, 33]. For the purposes
of this study, we have included all degrees of orthostatic blood pressure fall calculated

as: Ambulatory orthostatic BP fall = mean lying BP — mean upright BP.

Statistical Analysis

Statistical analysis was carried out using SPSS version 23 (SPSS). Data were
analysed using appropriate statistical tests following examination of distribution and
skew. Differences in means between patients with and without ambulatory orthostatic
BP fall were compared using the Independent samples ¢ test. Binary logistic
regression analysis was performed to assess whether carotid-femoral PWYV or central
SBP (continuous determinant) are independently associated with ambulatory
orthostatic BP fall (binary outcome). This calculated odds ratios (ORs) and
corresponding 95% confidence intervals (95% CI). Analysis was adjusted for age,

gender, estimated Glomerular Filtration Rate (eGFR), smoking history, Body Mass



Index (BMI), Total Cholesterol, Diabetes Mellitus, use of anti-hypertensives.
Univariate analysis of variance was used to compare mean carotid-femoral PWV

between groups with and without OH fall, adjusting for baseline clinic SBP.

Results

The total study population included 200 patients, of which 158 underwent ambulatory
BP recording. 146 patients had adequate numbers of valid lying, standing and overall
readings according to ESH guidelines and constituted the population for analysis.
Baseline characteristics of the population are shown in Table 1 with prevalence of
diabetes 21.2%. Of the 146 patients included in analysis, 23 had a fall in systolic
blood pressure on standing, giving a prevalence of OH (defined in Methods section as
ambulatory orthostatic BP fall) of 15.8%. The mean change in blood pressure with
posture for each group is shown in Table 2, demonstrating an average drop in systolic
BP of 7mmHg in the OH group compared to a rise of 13mmHg in the group without

OH.

There was a significant difference in carotid-femoral PWV for patients with and
without ambulatory orthostatic BP fall (15.2m/s vs 12.7m/s, p=0.00016, 95%
confidence interval of the difference 1.23-3.78) (see Table 1). After adjustment for
baseline clinic systolic BP, carotid-femoral PWV remained significantly different
between groups (15.00m/s vs 12.7m/s, p=0.001). The Pearson correlation between
cfPWV and mean postural SBP drop in the whole patient population was 0.17
(p=0.04). Patients with an ambulatory orthostatic BP fall had a significantly higher

central systolic BP measured at the carotid artery (147.5 vs 135.7, p=0.012, 95% CI
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2.7-21.1), and a higher systolic BP on both clinic measurement (159 vs 149 p=0.03,
95% CI11.2-18.9) and lying systolic BP on 24-hour ABPM (133.4 vs 111.3, p<0.0001,
95% CI1 15.9-28.3). In terms of measures of peripheral arterial compliance, there was
no statistically significant difference between the groups in carotid-radial PWV or
aortic augmentation index, suggesting that the central arteries may play a larger role
in mediating this variation. Diastolic blood pressure measurements did not differ

significantly between the groups when measured either peripherally or centrally.

The associations between carotid-femoral PWV, central SBP and 24 hour ambulatory
orthostatic BP fall remained statistically significant following adjustment for potential
confounders (Table 3). Regression analysis gave an adjusted odds ratio (OR) of
ambulatory orthostatic systolic BP fall for carotid-femoral PWV of 1.46 (P = 0.001,
95% C11.16-1.84) and an adjusted OR of ambulatory orthostatic BP fall for central
SBP of 1.03 (P =0.024, 95% CI 1.004-1.06). Neither clinic systolic BP or MAP were
significant predictors of ambulatory orthostatic systolic BP fall and carotid-femoral
PWYV remained significant after adjustment for these potential confounders (Table 4)
with OR 1.51 (P=0.001, 95% CI 1.19-1.91). Central SBP remained significant after

adjustment for clinic SBP with OR 1.13 (P=0.036, 95% CI 1.008-1.269).
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Discussion

The prevalence of ambulatory orthostatic SBP fall in our population was 15.8%,
congruent with that found by Bhat (12.6%) et al in a statistically similar CKD
population [20]. Information on duration of CKD or hypertension was not collected
during this study but there was no significant difference in eGFR or use of
antihypertensives between groups.

The patient group with ambulatory orthostatic SBP fall had significantly higher clinic
and 24 hour ABPM lying SBP, which is consistent with previous studies [34-36]. It
has been proposed that isolated systolic hypertension, particularly in older patient
groups, is related to impaired arterial compliance [37], which in turn is linked to

orthostatic hypotension [38].

The few studies that have been published on the relationship between aortic stiffness
and OH have shown mixed results. A large cross-sectional study of older adults in
Rotterdam showed an independent association between arterial stiffness and clinic
orthostatic hypotension, with subjects in the last quartile of carotid-femoral PWV
measurements having an OR of 1.45 (95% CI 1.09-1.93) for orthostatic hypotension
compared with the first quartile [12]. A limitation identified by the authors was that
the findings were based on BP levels from a single occasion, and it was suggested that
the use of ABPM monitoring had the potential to improve accuracy and precision. A
study of 57 elderly subjects with a recent fall showed upper-limb arterial wall
stiffness was significantly greater in patients with OH than in patients without OH
[39]. A small Greek study of hypertensive subjects found that there was a significant

relationship between orthostatic change in systolic BP and aortic stiffness in untreated
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hypertensive patients. In treated hypertensive patients, no significant relationship was
found between orthostatic systolic or diastolic BP change and carotid-femoral PWV
[40], with the caveat that the results were based on only nine OH subjects. The
majority of the population in our study were treated hypertensive patients and
therefore our results draw contrary conclusions, suggesting that there is an association

between orthostatic BP change and arterial stiffness in treated hypertensives.

The loss of compensatory autonomic reactions to a change in posture, attributed to an
impairment in baroreflex sensitivity, has also been linked to increased arterial
stiffness [13]. This reflex is in part dependent upon changes in transmural pressure
stimulating stretch-sensitive baroreceptors in the carotid sinus and aortic arch. With
reduced elasticity of the arterial wall, this stretch response may be diminished, leading
to impaired triggering of neurally mediated pathways. Studies in healthy patients and
haemodialysis patients have demonstrated an association between increased arterial

stiffness and reduced cardiovagal baroreflex sensitivity [41, 42].

Further related mechanisms include changes in the reflection wave arriving back from
the peripheral resistance vessels, with this wave arriving sooner in stiffer vessels,
elevating the baseline systolic BP. Previous studies have suggested that augmentation
index was positively associated with OH [43]. We found that aortic augmentation
index, although high in the OH group, did not reach statistical significance. This may
be due to the low number in this group or lack of sensitivity of this index in older
patient groups, or may be influenced by other variables such as height or drugs. For
example, drugs acting to relax arterioles may dampen the reflected wave and reduce

neurogenic vasoresponses associated with orthostatic changes [44]. Other influences
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over OH may be sympathetic activity which may also be modulated by drugs [45].
Whilst there was no significant difference in antihypertensive use between groups, we
were unable to compare doses or types of antihypertensive medication, which may
have had an influence over SBP and OH. However, as antihypertensive use was in
accordance with British Hypertension Society guidelines, it is likely that regimens
were similar between patients with similar eGFR. There is no clear evidence
suggesting certain antihypertensives are more likely to cause OH in this patient group,
with some weak evidence linking beta blockers to OH in some combinations and at
some eGFR levels [46]. Chan et al found no significant difference in OH risk between
patients on ACE I or ARB medications in a variety of combinations [47], while
Sasaki et al found no significant difference in the presence or absence of OH in
patients taking calcium antagonists, beta blockers, ACE I or diuretics either before or
after initiation of haemodialysis [21]. Future studies in this area would benefit from

comparison of different types of antihypertensive regimens on SBP and OH.

Nevertheless, our results suggest that aortic stiffness and central (aortic) SBP are
significantly associated with ambulatory orthostatic systolic BP fall, which remains
significant following adjustment for other cardiovascular variables that could
represent potential confounders. These results suggest that aortic stiffness may be an
important determinant of orthostatic hypotension in CKD patients, and may be linked

to the increased cardiovascular risk in this patient group.

The high risk of cardiovascular events and mortality in this group is well documented,
for example a 2013 meta-analysis found a 30% increase in the risk of congestive heart

failure in this group [4]. There are few studies exploring the impact of OH on
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cardiovascular outcomes in CKD patients, but Sasaki et al found a significant increase
in all-cause mortality for ESRD patients with OH [21]. Baroreflex dysfunction has
been found to be common in both OH and poor prognostic groups with CHF [14, 48],
and it has been suggested that this may be an important intermediate in the
relationship between OH and CHF. Similarly, since we have shown that aortic
stiffness is independently associated with the presence of orthostatic SBP fall in CKD
patients, we propose that enhanced arterial stiffness may also be an important
underlying mechanism which may be mediated by baroreflex dysfunction, and may

explain some of the vascular mortality risk in CKD patients.

Central vs peripheral measures in CKD patients

Measurement of central blood pressure has been shown to be a better predictor of
cardiovascular outcomes than peripheral measures [49, 50]. This may be particularly
relevant in CKD, where aortic stiffening has been proposed both as a cause, and
consequence, of renal dysfunction [51].

This study found a significant increase in aortic stiffness as measured by carotid-
femoral PWV, but not carotid-radial PWV or aortic augmentation index, suggesting
that aortic stiffening may have a larger role in baroreceptor insensitivity in CKD than
small arterial segment changes.

There was also a significant difference in central SBP between patients with and
without ambulatory orthostatic SBP fall. The ratio of peripheral to central blood
pressure is different between those with and without ambulatory orthostatic BP fall
despite similar heart rates in both groups, suggesting this is a real difference and not
heart-rate dependent. This reinforces the concept that orthostatic hypotension in this

patient group is related to aortic dysfunction, measurable as aortic stiffness.
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This may be important because it represents a potential therapeutic target as well as a
means by which to stratify risk in patients with CKD and OH, and may be more
accurate than relying on peripheral measures alone. Further studies are warranted to
investigate the impact of OH and arterial stiffness on cardiovascular outcomes in this

patient group.

Limitations
This was a cross-sectional analysis and thus cannot infer causality or prognosis of OH
in this group, but our findings offer an important starting point for a prospective study

on this subject.

A potential limitation of ABPM monitoring is that the time interval between change
in posture and BP measurement is not recorded or the length of time in the vertical or
lying position, potentially underestimating the level of OH measured. Therefore we
cannot draw conclusions on the importance of time intervals in measuring orthostatic
BP change, and the prognostic implications of the time interval of orthostatic
measurement is an area that warrants further research. Similarly, the ABPM machine
used does not take into account sitting vs standing, considering both as ‘vertical’ on

measurement — if anything, this may underestimate the true level of OH.

We chose to investigate the association between all degrees of ambulatory orthostatic
BP fall and aortic stiffness, rather than using consensus criteria for defining OH, as no

guidelines for measurement of OH on ABPM exist. The validity of consensus criteria
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has been questioned [52].A large study of elderly Japanese American males found
that smaller systolic and diastolic drops were associated with significant differences in
mortality, recommending lower diagnostic thresholds [32]. The low degree of
accuracy and precision of measuring BP in a clinic setting makes it more appropriate
to have criteria for the diagnosis of OH on clinic readings. However, ABPM is not
subject to the level of unreliability recognised with clinic BP measurement and the
value of such criteria is yet to be established for ABPM [53]. For the purposes of
space, we chose not to investigate the difference between SBP and DBP orthostatic
falls.

Although there was no significant difference in the use of antihypertensives between
those with and without OH, data was not collected on the number and type of
antihypertensives being taken by each patient. Controlling for the use of vasodilator
medications, which may antagonise the vasoconstrictor stimuli activated by
baroreceptors, would be useful in future studies.

Although carotid-femoral PWV measures the intrinsic stiffness of the aorta, there is a
component of muscular artery in the arterial tree which may be subject to neurogenic

influences, representing a potential confounder.

Conclusions

Aortic stiffness and central systolic BP are independently associated with ambulatory
orthostatic SBP fall in patients with CKD 3 and 4. Our results build on previous
research in this area and together appear to suggest that aortic stiffness may be an
independent risk factor for ambulatory orthostatic SBP fall in CKD patients, with
measures of central arterial pressures offering a more useful tool than peripheral

measures in assessing risk in this patient group. This has important implications for
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the high cardiovascular morbidity and mortality in CKD patients. The next step
would be a prospective study to explore the relationship between arterial stiffness and
incident orthostatic hypotension, as well as further research into the clinical

correlations of orthostatic hypotension in CKD patients.
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Tables and Figures

Table 1: Characteristics of the study population

All patients No Ambulatory Significan
(n=146) ambulatory orthostatic BP | ce level
orthostatic BP | fall* (n=23)
fall* (n=123)

Age (Years) 68.6+11.4 68.0+11.5 72.2+10.3 .103
Men (%) 75 76 74 .864
BMI (Kg/m?) 29.245.2 292+52 289+52 759
eGFR (mL/min/1.73 m?) 32411 31.7+10.8 33.5+12.2 472
Systolic BP Clinic 150+20 149.0* £ 194 | 159.0* £21.7 |.027
(mmHg)

Diastolic BP Clinic 81.6+12 81.2+12.0 83.7+10.6 364
(mmHg)

Mean Arterial pressure 104.8+ 13 104.0+ 13.3 109.0+11.1 .093
(mmHg)

24hr SBP lying (mmHg) | 114.8+16.0 111.3*+ 13.8 133.4%+ 14.1 <0.0001
24 hr SBP standing 125.0<13.9 124.8 + 14.3 126.1 £ 12.4 .682
(mmHg)

Heart Rate (beats/minute) | 70.3+£12.1 71.1+12.2 66.0+10.9 065
Smoking History (%) 59 59 61 .836
Total Cholesterol (mmol/l) | 4.4 £1.0 44+1.0 43+0.9 735
Diabetes Mellitus (%) 21 20 26 .538
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Use of antihypertensives 93 94 87 203
(%)

Cf-PWYV (m/s) 13.1+3.0 12.7* £2.6 15.2* + 3.8 00016
Cr-PWV (m/s) 11.14 11.2+1.8 11.0+1.7 .629
Central Systolic BP 137.6+20.8 135.7*%+ 20.2 147.5*+ 21.3 012
(mmHg)

Central Diastolic BP 82.7£12.0 82.5+12.4 83.5+10.5 708
(mmHg)

Aortic Augmentation 28.6£11.0 279+114 321+£7.9 .093

Index (%)

Values expressed as the mean + SD, or percentage

* 24 hour systolic blood pressure readings

* Statistical significance P-value <0.05
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Table 2: Changes in blood pressure with posture

Std.
Patient group N Mean Deviation
Mean 24h SBP no drop 123 +13.5 7.0
postural drop postural drop 23 -7.3 6.6
Mean 24h DBP no drop 123 + 8.7 5.8
postural drop postural drop 23 -0.1 5.4

28




Table 3: Binary logistic regression analysis

95% C.1.for

EXP(B)

Sig. Exp(B) | Lower | Upper
Age .620 985 929 1.045
Smoking history 745 1.003 984 1.023
Cholesterol .897 963 .543 1.707
BMI 712 1.021 916 1.137
eGFR 261 1.029 979 1.081
Anti-hypertensives 161 309 .060 1.598
Mean cfPWV .001 1.459 1.159 1.835
Diabetes 970 1.028 248 4.255
Central SBP 024 1.032 1.004 1.060
Gender .697 781 225 2.709
Constant .016 .000
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Table 4: Binary logistic regression analysis including baseline clinic SBP

95% C.1.for

EXP(B)

Sig. Exp(B) | Lower | Upper
Age 0.758 0.991 0.933 1.051
Smoking history 0.700 1.004 0.984 1.024
Cholesterol 0.839 1.063 0.589 1.918
BMI 0.461 1.044 0.931 1.171
eGFR 0.219 1.033 0.981 1.087
Anti-hypertensives 0.129 3.773 0.680 20.942
Mean cfPWV 0.001 1.508 1.189 1.911
Diabetes 0.707 0.756 0.176 3.248
Central SBP 0.036 1.131 1.008 1.269
Gender 0.838 1.141 0.323 4.035
Baseline clinic SBP 0.101 0.909 0.811 1.019
Constant 0.005 0.000
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Figure 1: Box and Whisker Plots of cf-PWYV and Central SBP in patients with

and without ambulatory orthostatic BP fall
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