
Hypertension Research (2019) 42:1552–1560
https://doi.org/10.1038/s41440-019-0267-x

ARTICLE

Detection of orthostatic hypotension with ambulatory blood
pressure monitoring in parkinson’s disease

Fabrizio Vallelonga1 ● Alberto Romagnolo2
● Aristide Merola3 ● Gabriele Sobrero1 ● Cristina Di Stefano1

●

Valeria Milazzo1
● Jacopo Burrello1

● Alessio Burrello4
● Maurizio Zibetti2 ● Alberto Milan1

● Franco Veglio1
●

Simona Maule1

Received: 15 December 2018 / Revised: 10 April 2019 / Accepted: 17 April 2019 / Published online: 22 May 2019
© The Japanese Society of Hypertension 2019

Abstract
We sought to test the accuracy of 24-hours ambulatory blood pressure (BP) monitoring (ABPM) for the detection of
orthostatic hypotension (OH) in Parkinson’s disease (PD). A total of 113 patients referred for autonomic testing between
January 2015 and June 2017 underwent ABPM and office BP measurements in supine and standing positions. The study
population consisted of 81 males and 32 females with PD duration of 6.5 ± 4.1 years and Hoehn and Yahr staging of 1
(13.3%), 1.5 (20.4%), 2 (27.4%), 2.5 (23.9%), 3 (13.3%), and 4 (1.8%). Motor fluctuations were present in 44% of patients.
The data from office BP recordings were compared to selected ABPM parameters, and the results showed an association
between OH and (a) ABPM-detected hypotensive episodes (Hypo-ep) and (b) ABPM-detected awakening hypotension
(Hypo-aw). Having 2 or more Hypo-ep episodes ≤15 mmHg (systolic) compared to average 24-h systolic BP
ðHypo-epΔ15=24 hÞ yielded 75% diagnostic accuracy for OH, while the presence of at least one Hypo-epΔ15=24 h within
90 min after getting up ðHypo-awΔ15=24 hÞ yielded 93% specificity for OH. A diagnostic accuracy of 87.6% was achieved
when including daytime and nighttime ABPM values, weighted BP variability, systolic and diastolic BP loads, nocturnal
dipping, and postprandial hypotension in a computerized prediction algorithm. In conclusion, our findings suggest that
selected ABPM parameters, such as the number of hypotensive episodes and the presence of awakening hypotension, may
be used to screen patients for OH, while using a computerized prediction algorithm that includes all ABPM parameters
provides the greatest diagnostic accuracy.
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Introduction

Orthostatic hypotension (OH) may affect up to 30% of
patients with Parkinson’s disease (PD) [1], potentially
resulting in dramatic complications, such as falls, fractures,
and head trauma, which lead to a significantly increased
mortality risk [2–4].

Current diagnostic criteria for OH rely on office blood
pressure (BP) measurements demonstrating a drop of at
least 20 mmHg (systolic) or 10 mmHg (diastolic) after 3
min of standing from a supine position [5]. Although
practical, this definition remains anchored to an “artificial”
assessment that only partially recapitulates the full com-
plexity of circadian BP fluctuations occurring during daily
living activities [6]. Moreover, these criteria have a limited
reproducibility of 79% in neurogenic OH and 67% in non-
neurogenic OH [7, 8], with a maximal level of error for BP
measurements carried out during the afternoon [9].
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Twenty-four hours ambulatory blood pressure monitor-
ing (ABPM) is a validated technique for the ambulatory
assessment of arterial blood pressure [10]. Although
superior to office blood pressure measurements in essential
arterial hypertension [11], the applicability of ABPM in
cardiovascular autonomic dysfunction [12] remains limited,
and critically, validated criteria for the ABPM detection of
OH are still lacking.

We sought to test selected ABPM parameters for the
detection of OH and to compare the ambulatory BP profile
of PD patients with symptomatic and asymptomatic OH.

Methods

Consecutive patients (n= 113) referred to the Autonomic
Unit of the Department of Medical Science, University
of Torino (Italy), between January 2015 and June 2017
were screened for the following inclusion/exclusion
criteria:

Inclusion criteria: Diagnosis of PD per the UK Brain
Bank criteria [13]; stable dosage of dopaminergic and
vasoactive medications (antihypotensive and/or anti-
hypertensive) for at least 4 weeks prior to inclusion in
the study.

Exclusion criteria: Chronic heart failure, chronic renal
failure, diabetes mellitus, amyloidosis, autoimmune dis-
orders, malignancies, or other secondary forms of auto-
nomic diseases, diabetes mellitus or diseases potentially
associated with autonomic dysfunction [14, 15]. Moderate
to severe cognitive impairment, defined as a score lower
than 24 in the Montreal Cognitive Assessment. Any atypi-
cal features lowering the diagnostic certainty of PD.

Clinical Evaluations

A bedside evaluation of supine and orthostatic BP and
ABPM recording were carried out as per the following
protocol.

Neurological evaluation

All patients underwent a standard movement disorders
neurological examination, including the staging of PD
severity as per the Hoehn and Yahr (H&Y) scale [16].

Office blood pressure measurement

Office BP evaluations were always carried out between 2
PM and 5 PM, at least 2 h after a meal, in a standardized
environment at a room temperature of 71–75° Fahrenheit.
The patients were maintained in a supine position for
10 min and then tilted to a 70-degree upright position for

3 min. BP values were collected in the supine position
(average of the last three BP stable measurements) and
every minute during the tilt position with an OMRON
automatic sphygmomanometer (HEM-9219T-E, Japan ©).
OH was defined as a systolic BP drop ≥20 mmHg or a
diastolic BP drop ≥10 mmHg within 3 min of orthostatic
test [5].

Ambulatory Blood Pressure Monitoring

Twenty-four hours ABPMs were performed with a portable
device (Spacelabs 90207, Spacelabs Inc., Redmond, WA,
USA ©) with appropriate cuff size placed on the non-
dominant arm as per the current guidelines [10]. BP
measurements were taken every 15 min during the daytime
and nighttime. Patients were asked to keep a diary of
occupational activities, sleep, and awake time, as well as the
time of meals.

Orthostatic hypotension questionnaire

A validated clinical questionnaire - the OH questionnaire
(OHQ) [17] – was used to assess OH symptom severity,
using the OHQ item 1 to distinguish between “sympto-
matic” (item 1 ≥ 1) and “asymptomatic” (item 1= 0) OH.

Outcome measures and definitions

We used normal reference thresholds for ABPM and
adhered to the definition of weighted BP variability and
dipping patterns proposed by the European Society
of Hypertension [10]. BP load was measured as the
percentage of BP values higher than normal limits during
daytime and nighttime (normal value < 30%). Post-
prandial hypotension (PPH) was defined as a drop in
systolic BP ≥ 20 mmHg within 120 min after the meal,
compared to the mean of the last three BP measurements
before the meal [18].

Study aims

Our primary aim was to test the diagnostic accuracy of
single ABPM-based hypotensive parameters, namely,
hypotensive episodes (Hypo-ep) and awakening hypoten-
sion (Hypo-aw), in detecting OH. We focused on recordings
obtained during the morning hours (between awakening
and lunch), which are the most problematic in terms of
orthostatic tolerance [19]. Additionally, we prioritized the
analysis of systolic BP over a combination of systolic and
diastolic BP values to limit the variability in criteria used for
the detection of relevant episodes.

For Hypo-ep, we tested the accuracy of the following
four criteria:
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Systolic BP ≤ 15 mmHg compared to the average
24-hours systolic BP ðHypo-epΔ15=24 hÞ
Systolic BP ≤ 20 mmHg compared to the average
24-hours systolic BP ðHypo-epΔ20=24 hÞ
Systolic BP ≤ 15 mmHg compared to the average daytime
systolic BP (Hypo-epΔ15=DT);
Systolic BP ≤ 20 mmHg compared to the average daytime
systolic BP (Hypo-epΔ20=DT).

For Hypo-aw, we tested the accuracy of the following
four criteria:

At least one Hypo-epΔ15=24 h occurring within 90 min
after getting up in the morning ðHypo-epΔ15=24 hÞ;
At least one Hypo-epΔ15=24 h occurring within 90 min
after getting up in the morning (Hypo-awΔ20=24 h);
At least one Hypo-epΔ15=DT occurring within 90 min after
getting up in the morning (Hypo-awΔ15=DT);
At least one Hypo-epΔ20=DT occurring within 90 min after
getting up in the morning (Hypo-awΔ20=DT).

As a secondary aim, we tested the additional diagnostic
value provided by a computerized decision algorithm for
predicting OH.

Statistical analysis

Statistical analysis was performed with SPSS (Statistical
Package for the Social Sciences – version 22 - © 2014
IBM). The normal distribution of continuous variables was
tested using the Shapiro–Wilk test. Continuous variables
were expressed as the mean ± standard deviation. Qualita-
tive variables were expressed as frequencies or percentage
values. Differences between two independent groups were
evaluated using Student’s t-test for continuous variables
with normal distribution and the Mann-Whitney test for
continuous variables with non-normal distribution; multiple
comparisons (between more than 2 groups) were evaluated
with the one-way ANOVA applying Bonferroni’s correc-
tion for multiple comparisons. Categorical variables were
compared using the chi-square test or Fisher’s exact test
according to the sampling number of analyzed groups.
Statistical significance was considered for p values < 0.05.

A prediction analysis was performed with MATLAB
R2017b and PYTHON 2.7 using a random forest classifi-
cation model for the prediction of clinical outcomes [20–22]
to analyze which ABPM parameters most accurately detect
OH. The model was based on the following logical steps:

a. Definition of latent variables.
b. Definition of outcome.
c. Automated creation of decision trees according to the

set rules.

d. Automated categorization of patients according to the
created decision trees.

e. Calculation of diagnostic accuracy of the model.

The algorithm created 10 different classification trees
with a maximum number of 8 splits for each tree. The
prediction (OH presence vs. OH absence) was based on the
decision of each tree of the forest: if at least 6 of 10 trees of
the forest predict the presence of OH, the patient will be
classified as OH (+). The accuracy of each variable was
estimated through a predictor histogram (Fig. 1). Then, a
random labeling method was used to validate the prediction
model. In this phase, the algorithm creates a new dataset
with randomly assigned outcomes. Then, the random forest
model predicts the diagnostic accuracy of the newly
assigned outcome. Since the resulting accuracy is expected
to be lower than the accuracy of the real dataset, the greater
the difference between accuracy on the real dataset vs. the
randomly assigned outcome, the greater the performance of
the model is.

Results

The study population consisted of 113 patients (81 males and
32 females), with an average age of 64.8 ± 10.2 years (range
34–84), and PD duration of 6.5 ± 4.1 years (range 1–18).
There were n= 15 patients (13.3%) with H&Y stage 1,
n= 23 (20.4%) with stage 1.5, n= 31 (27.4%) with stage 2,
n= 27 (23.9%) with stage 2.5, n= 15 (13.3%) with stage 3,
and n= 2 (1.8%) with stage 4. No patients met the clinical
criteria of H&Y stage 5. Motor fluctuations were present in
n= 50 patients (44%) and absent in n= 63 (66%). There
were 28% patients (n= 32) with arterial hypertension and
41% (n= 46) in treatment with vasoactive agents: 14%
received antihypertensive medication; 11% received anti-
hypotensive medication; and 15% received both anti-
hypertensive and antihypotensive medications. All patients
were on treatment with dopaminergic agents for PD, with a
levodopa equivalent daily dose (LEDD) of 693 ± 371mg. No
differences related to disease severity [Supplementary
Table 1] or vasoactive therapies [Supplementary Table 2]
were observed in ABPM outcomes.

OH+ patients (n= 53) showed an older age, a higher
prevalence of arterial hypertension, and more frequent
treatment with antihypotensive drugs than did OH- patients
(n= 60) [Table 1]. There were no differences in PD dura-
tion, disease severity, motor fluctuations, dopaminergic
therapies, and antihypertensive medications between the
two groups [Table 1].

Office BP measurements showed higher supine BP and
lower orthostatic BP in OH+ patients than in OH− patients
[Table 1]. Additionally, there were higher nighttime BP
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values, weighted BP variability, and prevalence of nocturnal
hypertension and reverse dipping in the former group
[Table 2]. Hypo-ep and Hypo-aw detected by ABPM (all
four definitions) were more prevalent in OH+ patients than
in OH- patients [Table 2], regardless of the symptomatic
status [Supplementary Table 3].

There was a strong association between OH (defined as
per office BP measurements) and Hypo-ep and Hypo-aw
(all four definitions) detected by ABPM [Table 3]. The
highest accuracy was found for ≥2 Hypo-epΔ15=24 h

(accuracy 75%, AUC 0.77); the highest specificity (98%)
was found for Hypo-awΔ20=DT [Table 3].

A prediction model showed 87.6% accuracy for the
diagnosis of OH when combining standard ABPM para-
meters (daytime and nighttime systolic BP, daytime and
nighttime mean BP, daytime and nighttime diastolic BP,
weighted BP variability, daytime and nighttime sisto-
diastolic BP loads) with Hypo-epΔ15=24 h, Hypo-awΔ15=24 h,
reverse dipping pattern, and PPH [Fig. 1 – Panel A]. Number
of Hypo-epΔ15=24 h and weighted-BPV showed the greatest
impact in the prediction model (see figure caption). The same
analysis was repeated using standard ABPM parameters
together with the other ABPM-based hypotensive parameters

under investigation (Hypo-epΔ20=24 h and Hypo-awΔ20=24 h

panel B, Hypo-epΔ15=DT and Hypo-awΔ15=DT panel C,
Hypo-epΔ20=DT and Hypo-awΔ20=DT panel D) with lower
diagnostic accuracy.

Discussion

We analyzed ABPM-based hypotensive parameters and
found that the number of Hypo-ep△15/24 h and/or the pre-
sence of Hypo-aw△15/24 h had the greatest utility in pre-
dicting OH. Specifically, having 2 or more episodes of
systolic BP drop ≥ 15 mmHg (compared to the average
24-hours ABPM systolic BP values - Hypo-ep△15/24 h)
identified OH with 75% accuracy, 62% sensitivity, and 87%
specificity. In addition, an awakening systolic BP drop ≥
15 mmHg (Hypo-aw△15/24 h) was associated with 93%
diagnostic specificity for OH. The employment of a
computerized decisional algorithm further improved the
diagnostic accuracy for OH to 87.6%.

These data were proven to be relevant when considering
the lack of validated ABPM definitions for both hypoten-
sion and awakening hypotension, as well as practical

Fig. 1 Prediction analysis with random forest method. A 10-tree ran-
dom forest was used to predict the presence of OH; four
different models were created using the following combinations of
ABPM parameters: Hypo-epΔ15=24 h and Hypo-awΔ15=24 h (panel A),
Hypo-epΔ20=24 h and Hypo-awΔ20=24 h (panel B), Hypo-epΔ15=DT and
Hypo-awΔ15=DT (panel C), or Hypo-epΔ20=DT and Hypo-awΔ20=DT

(panel D), along with standard ABPM parameters. For each model,
2 × 2 tables were used to report accuracy, estimated classification by
ABPM parameters, and clinical diagnosis as per in-office BP record-
ing. The histogram represents the normalized predictive performance
for each variable (blue: standard parameters; green: hypotensive

parameters under investigation). Each classification model was vali-
dated through a random-labeling method (see methods section); after
randomization of the outcome (presence or absence of OH), the
accuracy was 64.6–67.3%; the difference between the accuracy on the
randomly assigned outcome dataset and the accuracy on the real
dataset (19.9–20.3%) confirmed the reliability of the classification
analysis SBP: systolic blood pressure; DBP: diastolic blood pressure;
MBP: mean blood pressure; w-BPV: weighted blood pressure varia-
bility; RD: reverse dipping pattern; PPH: postprandial hypotension;
Hypo-ep: hypotensive episodes; Hypo-aw: awakening hypotension
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difficulties in performing prolonged orthostatic BP assess-
ment in routine clinical evaluations. Sitting-to-standing
BP testing has been proposed as an alternative to the con-
ventional laying-to-standing OH assessment [23], but the
concordance with standard BP recording remains sub-
optimal [24].

The critical importance of hypotension has been
demonstrated by the increased risk of adverse outcomes in
patients with coronary artery disease and currently relies on
office BP measurements < 110/70 mmHg (systolic/dia-
stolic) [25]. However, this cut-off is not applicable to
patients with cardiovascular dysautonomia, and more
importantly, validated criteria for the diagnosis of

hypotension in a real-life setting are lacking. Some authors
proposed using the average 24-hours BP, with a cut-off of
100/60 mmHg (systolic/diastolic) [26], or at least one epi-
sode of systolic BP < 100 mmHg [27]. Nonetheless, no
studies have tested the accuracy of ABPM for the diagnosis
of OH compared to the “conventional” laying-to-standing
orthostatic test.

A recent ABPM study proposed repeating a 5-minute
standing test four times during the 24-hours recording
period [28]. After applying the 20/10 mmHg BP drop cri-
teria (systolic/diastolic), the authors found high sensitivity
(82%) and specificity (100%) for the detection of OH with
ABPM compared to office BP measurements. Additionally,

Table 2 Ambulatory blood pressure monitoring data

Ambulatory Blood Pressure
Monitoring

OH+
(n= 53)

OH−
(n= 60)

p value

Standard parameters

Daytime SBP [mmHg] 120 ± 10.1 122 ± 11.4 0.43

Daytime MBP [mmHg] 89 ± 7.8 90 ± 8,5 0.26

Daytime DBP [mmHg] 72 ± 7.3 75 ± 7.7 0.07

Nighttime SBP [mmHg] 121 ± 14.3 111 ± 13.8 <0.01

Nighttime MBP [mmHg] 88 ± 10.8 80 ± 10.1 <0.01

Nighttime DBP [mmHg] 69 ± 10 64 ± 8.8 <0.01

Nocturnal hypertension
[n (%)]

30 (57) 19 (32) 0.01

Daytime heart rate [b/min] 74 ± 9.1 79 ± 8.9 <0.01

Nighttime heart rate [b/min] 65 ± 8.2 65 ± 9 0.87

Daytime SBP load [%] 21 ± 19.5 19 ± 21.7 0.70

Daytime DBP load [%] 15 ± 14.3 17 ± 19.8 0.47

Nighttime SBP load [%] 46 ± 34.3 24 ± 29.6 <0.01

Nighttime DBP load [%] 43 ± 33 25 ± 27.2 <0.01

Reverse dipping pattern
[n (%)]

24 (45) 12 (20) <0.01

High w-BPV [n (%)] 36 (68) 25 (42) 0.01

PPH [n (%)] 35 (66) 30 (50) 0.09

Hypotensive parameters under investigation

Hypo-ep △15/24h [n] 3.62 ± 3.8 0.80 ± 1.6 <0.01

Hypo-aw△15/24h [n (%)] 22 (42) 5 (8) <0.01

Hypo-ep △20/24h [n] 2.57 ± 3.5 0.40 ± 1.1 <0.01

Hypo-aw△20/24h [n (%)] 17 (32) 3 (5) <0.01

Hypo-ep △15/DT [n] 3.58 ± 3.5 1.23 ± 1.7 <0.01

Hypo-aw△15/DT [n (%)] 22 (42) 4 (7) <0.01

Hypo-ep △20/DT [n] 2.17 ± 2.5 0.58 ± 1.3 <0.01

Hypo-aw△20/DT [n (%)] 15 (28) 1 (2) <0.01

OH orthostatic hypotension, PD Parkinson’s disease, LEDD levodopa
equivalent daily dose, SBP systolic blood pressure, MBP mean blood
pressure, DBP diastolic blood pressure, w-BPV weighted blood
pressure variability, PPH post-prandial hypotension, Hypo-ep hypo-
tensive episode, Hypo-aw awakening hypotension

Table 1 Clinical and demographic characteristics and blood pressure
measurements at the orthostatic test

Clinical and Demographic Characteristics

OH+
(n= 53)

OH−
(n= 60)

p value

Age [years] 68 ± 8 62 ± 11 <0.01

Female sex [n (%)] 14 (26) 18 (30) 0.67

Weight [kg] 72 ± 12 71 ± 11 0.73

Height [m] 1.69 ± 0.1 1.69 ± 0.1 0.72

Body Mass Index [kg/m2] 25 ± 3.6 24.6 ± 3.1 0.48

PD duration [years] 7 ± 4 6 ± 4 0.21

Hoehn & Yahr stage 1 [n (%)] 6 (11) 9 (15) 0.90

Hoehn & Yahr stage 1.5 [n (%)] 10 (19) 13 (22) 0.51

Hoehn & Yahr stage 2 [n (%)] 15 (28) 16 (27) 0.82

Hoehn & Yahr stage 2.5 [n (%)] 11 (21) 16 (27) 0.63

Hoehn & Yahr stage 3 [n (%)] 10 (19) 5 (8) 0.12

Hoehn & Yahr stage 4 [n (%)] 1 (2) 1 (2) 0.91

Presence of motor fluctuations
[n (%)]

27 (51) 23 (38) 0.26

LEDD [mg] 756 ± 403 636 ± 333 0.10

Essential hypertension [n (%)] 20 (38) 12 (20) 0.04

Anti-hypertensive drugs [n (%)] 4 (8) 12 (20) 0.07

Anti-hypotensive drugs [n (%)] 13 (25) 0 (0) <0.01

Anti-hypotensive plus anti-
hypertensive drugs [n (%)]

16 (30) 1 (2) <0.01

Blood pressure measurement at the orthostatic test

SBP (supine) [mmHg] 139 ± 18 124 ± 12 <0.01

DBP (supine) [mmHg] 83 ± 8 76 ± 8 <0.01

SBP (orthostatism 1′) [mmHg] 111 ± 24 120 ± 15 0.02

DBP (orthostatism 1′) [mmHg] 71 ± 13 77 ± 9 <0.01

SBP (orthostatism 3′) [mmHg] 110 ± 20 120 ± 14 <0.01

DBP (orthostatism 3′) [mmHg] 71 ± 11 77 ± 8 <0.01

Heart rate (supine) [b/min] 73 ± 10 77 ± 12 0.09

Heart rate (orthostatism) [b/min] 82 ± 12 87 ± 14 0.06

OH orthostatic hypotension, PD Parkinson’s disease, LEDD levodopa
equivalent daily dose, SBP systolic blood pressure, DBP diastolic
blood pressure
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systolic measurements proved to be more sensitive than
diastolic measurements [28]. However, the application of
this protocol in clinical practice remains limited by two
factors. First, some patients may not be able to stand for a
long time or to perform BP self-measurements. Second, BP
values detected during a laying-to-standing test, although
conducted in the patient’s home environment, remain
somehow artificial and might not reflect BP fluctuations
occurring during the activities of daily living.

While the prognostic value of ABPM in arterial
hypertension is well known [29–31], the assessment
of OH continues to rely on simplistic bedside evaluations
[2]. Our findings showed that ABPM might provide addi-
tional insights into blood pressure alterations associated
with OH, including awakening hypotension, postprandial

hypotension, and nocturnal hypertension. Thus, we advo-
cate for the employment of ABPM, to provide additional
insights into aspects related to BP fluctuations that might be
insufficiently captured at the tilt table testing [6, 32, 33] and
to screen PD patients for OH in centers without access to
cardiovascular autonomic testing [12]. Additionally, ABPM
represents a valid tool to assist point of care in real-life
clinical decision making for patients with OH.

While cardiovascular dysautonomia has been tradition-
ally associated with atypical parkinsonism or advanced PD,
over 30% of patients enrolled in our study had a H&Y stage
lower than 2. This finding is in agreement with previous
reports suggesting that cardiovascular dysautonomia may
occur early in the course of PD [34] and possibly represents
a biomarker of clinical disability [35–39]. Importantly, no

Table 3 Diagnostic accuracy of ABPM-based hypotensive parameters in the prediction of orthostatic hypotension

Hypotensive episodes

Hypo-epΔ15=24 h Accuracy AUC Specificity Sensitivity PPV NPV

≥1 (95% C.I.) 69% (60–77) / 63% (50–75) 75% (62–86) 65% (56–72) 75% (64–83)

≥2 (95% C.I.) 75% (66–83) / 87% (75–94) 62% (48–75) 80% (68–89) 72% (65–79)

≥3 (95% C.I.) 72% (62–80) / 92% (82–97) 49% (35–63) 84% (68–93) 67% (61–73)

N. of episodes (95% C.I.) / 0.77 (0.68–0.86) / / / /

Hypo-epΔ20=24 h Accuracy AUC Specificity Sensitivity PPV NPV

≥1 (95% C.I.) 72% (62–80) / 82% (70–91) 60% (46–74) 74% (62–84) 70% (62–77)

≥2 (95% C.I.) 71% (62–79) / 93% (84–98) 45% (32–60) 86% (69–94) 66% (60–71)

≥3 (95% C.I.) 65% (56–74) / 93% (84–98) 34% (22–48) 82% (62–93) 62% (57–66)

N. of episodes (95% C.I.) / 0.73 (0.64–0.83) / / / /

Hypo-epΔ15=DT Accuracy AUC Specificity Sensitivity PPV NPV

≥1 (95% C.I.) 60% (51–69) / 42% (29–55) 81% (68–91) 55% (49–61) 71% (57–82)

≥2 (95% C.I.) 69% (60–77) / 73% (60–84) 64% (50–77) 68% (57–77) 70% (61–77)

≥3 (95% C.I.) 73% (63–81) / 87% (75–94) 57% (42–70) 79% (65–88) 69% (62–76)

N. of episodes (95% C.I.) / 0.73 (0.64–0.83) / / / /

Hypo-epΔ20=DT Accuracy AUC Specificity Sensitivity PPV NPV

≥1 (95% C.I.) 65% (56–74) / 67% (53–78) 64% (50–77) 63% (53–72) 68% (58–76)

≥2 (95% C.I.) 73% (63–81) / 92% (82–97) 51% (37–65) 84% (69–93) 68% (61–74)

≥3 (95% C.I.) 67% (58–76) / 95% (86–99) 36% (23–50) 86% (67–95) 63% (58–67)

N. of episodes (95% C.I.) / 0.71 (0.61–0.81) / / / /

Awakening hypotension

Hypo-awΔ15=24 h Accuracy AUC Specificity Sensitivity PPV NPV

Presence (95% C.I.) 69% (60–77) / 93% (84–98) 42% (28–56) 85% (67–94) 64% (58–69)

Hypo-awΔ15=24 h Accuracy AUC Specificity Sensitivity PPV NPV

Presence (95% C.I.) 65% (56–74) / 95% (86–99) 32% (20–46) 85% (64–95) 61% (57–66)

Hypo-awΔ15=DT Accuracy AUC Specificity Sensitivity PPV NPV

Presence (95% C.I.) 68% (59–77) / 92% (82–97) 42% (28–56) 81% (64–92) 64% (58–70)

Hypo-awΔ15=DT Accuracy AUC Specificity Sensitivity PPV NPV

Presence (95% C.I.) 65% (56–74) / 98% (91–100) 28% (17–42) 94% (67–99) 61% (57–65)

Hypo-ep hypotensive episode, Hypo-aw awakening hypotension, CI confidence intervals, AUC area under ROC curve, NPV negative predictive
value, PPV positive predictive value
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differences related to disease severity were detected in the
observed ABPM outcomes.

Among standard ABPM parameters, nocturnal BP
values, weighted-BPV, and reverse dipping differed
between patients with and without OH. OH is 2–3-fold
more frequent in reverse dippers than in dippers [40], and
increased nocturnal BP might lead to excessive diuresis
with consequent dehydration and awakening hypotension
[33]. Additionally, an increased BPV was previously
described in patients with OH [41] and orthostatic intoler-
ance [42]. While the present study was not designed to
evaluate the diagnostic accuracy of these parameters, we
can assume that high nocturnal BP values and 24-hours
weighted BPV are more likely to be associated with OH.
These data seem to be confirmed by the greater accuracy of
the random forest analysis, which takes into consideration
the additional contribution provided by conventional
ABPM-based parameters, such as nocturnal BP and BPV.

Proposed criteria for the diagnosis of Orthostatic
Hypotension through ABPM

We suggest introducing Hypo-epΔ15=24 h and Hypo-awΔ15=24 h

as new hypotensive parameters for the diagnosis of OH using
one of the following criteria:

● Two or more Hypo-epΔ15=24 h (accuracy 75%, positive
predictive value 80%).

● Presence of Hypo-aw△15/24 h (accuracy 69%, positive
predictive value 85%).

These criteria would be simply and promptly applicable
in clinical practice by observing the BP measurements
present in the ABPM report. Greater diagnostic accuracy
(87.6%) can be achieved using the random forest decisional
analysis, which uses a wide range of ABPM parameters
(daytime systolic BP, daytime diastolic BP, daytime mean
BP, nighttime systolic BP, nighttime diastolic BP, nighttime
mean BP, weighted-BPV, daytime systolic and diastolic BP
load, nighttime systolic and diastolic BP load, presence/
absence of reverse dipping pattern, presence/absence of
postprandial hypotension, number of Hypo-ep△15/24 h and
presence/absence of Hypo-aw△15/24 h) (online tool available
at the following link: https://github.com/ABurrello/OH-
detection-by-ABPM/archive/master.zip).

Perspectives

With the simple evaluation of Hypo-ep△15/24 h and Hypo-
aw△15/24 h, independently from the random forest algorithm,
our population was divided into 44% of patients (n= 50)
without OH and 31% (n= 35) with OH both during office
and ABPM evaluations, 9% (n= 10) with OH only at the

ambulatory evaluation, and 16% (n= 18) with OH only at
the office evaluation. Additional studies are needed to
clarify whether the hypotensive episodes detected with
ABPM, but not during orthostatic testing (9% of our cohort)
or office OH not associated with significant ABPM altera-
tions (16% of our cohort), should be considered false
negatives/positives or whether one of the two techniques is
superior to the other in the detection of OH. Different
mechanisms might be involved in the control of blood
pressure during tests of “functional capacity,” such as the
tilt table, compared to tests of “functional activity,” such as
the 24-hours ABPM. Another hypothesis is that ABPM
might be more sensitive than “conventional” autonomic
testing in capturing delayed-OH, a frequently under-
diagnosed yet disabling autonomic disorder. Given the need
for additional studies confirming and validating these
hypotheses, we hypothesize a wider spectrum of clinical
applications for ABPM within the field of cardiovascular
autonomic disorders.

Study Limitations

Some critical factors should be considered in the inter-
pretation of our findings. First, we enrolled patients
regardless of their treatment with vasoactive medications.
In fact, our aim was to provide a “real-life” assessment of
blood pressure fluctuations without excluding the sig-
nificant percentage of patients with cardiovascular dysau-
tonomia that usually receive treatment with antihypotensive
and antihypertensive medications. Second, we tested the
accuracy of several yet not unlimited ABPM cut-off values.
While adhering to BP cut-off criteria in line with common
clinical practice, we cannot exclude the possibility that
intermediate BP values (e.g., 18 mmHg) not included in our
analyses might provide more accurate results. Additionally,
we prioritized systolic BP over a combination of systolic
and diastolic BP values. This choice was supported by
previous findings demonstrating that systolic measure-
ments have higher sensitivity than diastolic measurements
in the detection of OH with ABPM [28]. Third, we could
not evaluate the association of ABPM parameters with
delayed OH, which is a frequently underdiagnosed yet
disabling condition. Future studies will need to clarify the
sensitivity of ABPM in detecting blood pressure changes
occurring over head-up tilt testing longer than 3 min.
Finally, while this study focused on correlations between
OH measured during the head-up tilt test and 24-hours
ABPM in an ecologically valid environment, a more
detailed characterization of autonomic dysfunction using
sudomotor testing and a clinical assessment of autonomic
symptoms with validated clinical scales would provide
additional insights into the pathophysiology of the
observed outcomes.

1558 F. Vallelonga et al.

https://github.com/ABurrello/OH-detection-by-ABPM/archive/master.zip
https://github.com/ABurrello/OH-detection-by-ABPM/archive/master.zip


Conclusions

Our data support the employment of ABPM in patients with
suspected dysautonomia and propose two specific para-
meters for the ambulatory screening of OH with ABPM: a)
number of hypotensive episodes, defined as a systolic BP
drop ≥ 15 mmHg, compared to the average 24-hours sys-
tolic BP; and b) recording of awakening hypotension,
defined as a systolic BP drop ≥ 15 mmHg within 90 min
after getting up in the morning compared to the average
24-hours systolic BP.
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