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Abstract
Objective: To assess frail older peoples’ tolerance to every-day
postural and prandial challenges.
Design: Prospective cohort study.
Subjects: Older persons, bed and chair confined, hospitalized
in long-term geriatric or hospice care, unfit to undergo customary
postural and prandial testing.
Methods: Blood pressure (BP) and heart rate (HR) were measured
with an automatic device in three situations: supine at 7 am; sitting
before lunch at 12 pm., and continuing sitting 30 minutes after
lunch. The patients’ alertness and symptoms were assessed at
7 am., 12.00 and 12.40. BP changes were calculated: supine to
sitting, and sitting before lunch to sitting after lunch. BP changes
were related to incident symptoms.
Results: The meal was discontinued in two patients when a
vasovagal reaction and dumping syndrome occurred. Sixty three
tests in 48 patients were completed. The average supine systolic BP
(SBP) was 121.2 ± 16.8 mmHg and the diastolic BP (DBP) 67.7 ±
10.5 mmHg. The average difference between supine SBP and sitting
before lunch SBP was 3.2 ±19.2 mmHg, the DBP difference was 4.7 ±
10.8 mmHg (p=0.0003). The average difference between SBP sitting
before lunch and SBP sitting after lunch was 0.4 ±12 mmHg, the DBP
difference was 0.7 ± 7.5 mmHg. Orthostatic hypotension (OH) and/or
postprandial hypotension (PPH) was present in 31/63 (47.6%) of tests:
all patients remained free of symptoms during testing and the mean
BP in all measurements was >60 mmHg.
Conclusions: A large proportion of severely frail older patients
tolerated every-day postural and prandial challenges, even when
asymptomatic OH and/or PPH occurred.
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Severely frail older persons tolerated habitual postural and
prandial challenges, even though asymptomatic orthostatic
hypotension (OH) and/or postprandial hypotension (PPH) were
present on many occasions.
It appears that routine screening of residents in palliative or skilled
nursing institutions for OH and PPH is unnecessary and avoidable.

Introduction
Orthostatic hypotension (OH) and postprandial hypotension
(PPH) are common disorders which accumulate with age. OH is
defined as a sustained reduction of either systolic blood pressure
(SBP) of at least 20 mmHg or diastolic blood pressure (DBP) of at
least 10 mmHg within 3 minutes of standing or passive head-up
tilt to at least 60ºC [1]. Some patients have ‘delayed OH’ that occurs
beyond 3 minutes of standing. The prevalence of OH may be as high
as 70% among residents in long-term geriatric care [1-4]. OH may
concur with dizziness, falls and frailty, and has been regarded as a
major cause of morbidity. In older persons OH has been considered
an omen of death [5], but adjusted for frailty this association has
not been found to be significant [6]. PPH is defined as a decrease
in SBP of at least 20 mmHg [7,8]. Nearly all older persons living in
nursing homes experience some postprandial decrease in BP. PPH,
like OH, is thought to be a major cause of morbidity in older people
[9]. The possibility of PPH should be considered when evaluating
syncope, falls and dizziness occurring within two hours after a meal.
Experts recommend for the diagnosing of PPH that the patient
have both postprandial symptoms and postprandial BP decrease.
It is good practice that symptomatic patients undergo ambulatory
BP monitoring with analysis of breakfast and lunch hemodynamics
[7]. Alternatively, precisely timed small numbers of measurements
may be valuable with monitoring the BP and symptoms for 2 hours
after a meal, since the nadir in BP can occur as late as 2 hours
postprandially [8].
There is a plea that BP measurements for diagnosing
hypotensive syndromes should be a component of comprehensive
geriatric assessment [10-12]. Yet, screening frail older people for
OH and PPH has not been systematically explored. In the present
study we assessed BP changes related to posture and meals in frail
older patients who were unfit to undergo customary postural and
prandial testing. The defining outcome of the study was postural
fitness under real life conditions rather than results of postural and
prandial ‘laboratory tests’. This we presume to be the significance
of our study.

Key Points

Methods

We assessed by simple, generally applicable means the postural
and prandial tolerance of patients hospitalized in long-term geriatric
or palliative care.

Study population
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The patient population comprised 50 older people, resident in
long-term geriatric or hospice care, who were severely frail, ADL
dependent, bed and chair confined, feeding orally, unfit to undergo
customary postural and prandial challenges, and typically unable to
comply with ambulatory 24 hour BP or beat-to-beat BP monitoring.
The CSHA Clinical Frailty Scale [13] was used to estimate frailty
severity, in which score 6 is the label for moderately frail persons
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needing help with both ADL and IADL and 7 indicates complete
dependence. The average CSFA in the study population was 6.6 ±
0.32. Excluded were patients not fully alert and those affected by an
intercurrent illness such as febrile state, diarrhea, severe acute pain,
exacerbation of dyspnea, and acute renal failure.

Measurements
The brachial BP and HR were measured at heart level with a
Spot Vital Signs® validated [13,14] automatic oscillometric device
(Welch Allyn Inc. Corporate, NY 13153-0220 USA). Supine BP
and HR were recorded by a nurse at bedside at 7 am.; for analysis,
measurements taken over the previous 10 days were used, including
the measurement on the test day. Sitting BP and HR before lunch at
12 am., were measured on test day by a physician after the patients
had been sitting in the dining room for 30-120 minutes. Three to
five measurements were acquired, scrutinized for artifacts in real
time, and discarded as appropriate. Sitting BP and HR after lunch,
in the dining room, at 12.40-13.00 am., were determined by the same
physician. The medians of 3-5 measurements - supine, sitting before
lunch and sitting after lunch-were chosen for analysis.
Patient alertness and incident symptoms were assessed shortly
before lunch and shortly after lunch. Incident symptoms were
recorded, including dizziness, fatigue, lightheadedness, visual
impairment, headache, chest pain, and pain in the shoulders or neck.
Shortly after lunch the patients were returned to their beds. Incident
symptoms during the subsequent two hours were followed by nurses.
The caloric content and composition of the food consumed on the
current lunch were calculated by a dietician.
Primary outcome measures of our study were the number of
tests discontinued and incident symptoms during tests. Secondary
outcome measures were incident OH (OH equivalent), incident PPH
(PPH equivalent), and mean BP <60 mmHg at any time during the
test. The differences between supine BP and sitting before lunch BP
were used to diagnose OH. A BP drop to a magnitude, which on
standard testing is diagnosed as OH [1], by the present protocol was
called ‘OH equivalent’. Differences between sitting before lunch SBP
and sitting after lunch SBP were used to diagnose PPH. We used the
label ‘PPH equivalent’ to indicate a BP drop that under standard
conditions [8] would be called PPH. The latter was correlated with the
caloric content of the lunch consumed.

hypertensive and 34 among them received BP lowering medications.
Twenty-two patients were diagnosed with type 2 diabetes mellitus,
17 with stable ischemic heart disease, 16 with stable congestive heart
failure, and 8 with advanced chronic renal failure (GFR <30 mL/
min). Thirty five patients went through the study once and 15 patients
underwent the protocol twice, 1-3 weeks apart. Sixty three patients
completed the test while in full alertness and free of symptoms.
In two instances the test was aborted when presyncope occurred
during the meal: the causes where other than OH and PPH. In
one patient, a 72 year old woman, the obvious cause was dumping
syndrome as a result of Roux-on-Y gastric bypass surgery for
morbid obesity that was complicated by sepsis and development
of pressure sores. After ingesting as little as 50 mL of soup the
patient became dizzy, pale, was sweating, and only found relief
ten minutes after being taken to bed. Another patient developed
a typical vasovagal reaction during the meal (nausea, bradycardia,
and hypotension); she was in hospice care having metastatic
carcinoma involvement of the gastric antrum. Two previous
syncopal episodes occurred under different circumstances. The
latter two cases were excluded from analysis.
The BP and HR measurements in 48 patients (63 tests carried
out) were evaluated. The average supine SBP was 121.2 ± 6.8 mmHg,
DBP 67.7 ± 10.5 mmHg, HR 80.8 ± 13.7 bpm. The average sitting
before lunch SBP was 118.2 ± 19.1 mmHg, DBP 62.5 ± 10 mmHg, HR
76.8 ± 12.8 bpm. The average sitting after lunch SBP was 117.2 ± 20.9
mmHg, DBP 61.5 ± 9.9 mmHg, HR 79.6 ± 13.9 bpm. The supine to
sitting SBP difference was 3.2 ± 9.2 mmHg, DBP difference 4.7 ± 10.8
mmHg (p 0.0003), and HR difference -3.8 ± 14 bpm. The sitting before
lunch to sitting after lunch SBP difference was 0.4 ± 12 mmHg, DBP
difference 0.7 ± 7.5 mmHg, HR difference -2.9 ± 11.5 bpm. The supine
to postprandial sitting differences were SBP 4.1 ± 19.9 mmHg, DBP
6.2 ± 10.3 mmHg (p 0.00001), HR -1 ± 14.8 bpm. Reproducibility of
test results was assessed in 15 patients, the interval between the pair of
tests being 7-21 days. No significant differences were found in either
parameter.

Results

In 31 of 63 completed tests (47.6%) the BP changes were consistent
with OH (equivalent) and/or PPH (equivalent) (Table 1). During the
tests all patients remained alert and free of symptoms, including
patients having low supine BP, hypertensives receiving two or more
antihypertensive medications, and patients with stage D heart failure.
A patient with advanced Parkinson’s disease and a paraplegic patient,
both thought to be at high risk of OH, had no significant BP drop
during the test. The mean BP in 63 tests were supine 85.5 ± 11 mmHg,
sitting before lunch 80.8 ± 10.8 mmHg, and sitting after lunch 80.0 ±
11.5 mmHg. In no instance were the mean BP less than 60 mmHg.
During a 2-16 months hospitalization, there were neither falls,
syncope, stroke, nor acute coronary events in the study population.

During a 4 month period, 50 consecutive patients fitting the
inclusion criteria were evaluated. Their average age was 79.4 ± 10 years,
with 22 males and 28 females. Seventeen patients had advanced stage
malignancy (12 in hospice status). The remainders were admitted for
treatment of pressure sores stages III and IV. Forty-one patients were

The lunch caloric content on study day was calculated in 20
patients: the average caloric content was 378 ± 166 Kcal and the
average carbohydrate content was 166 ± 92 Kcal. Correlations
between lunch caloric content and the BP change following lunch
were RR 0.123 for SBP and RR 0.127 for DBP

Statistical analysis
Paired Student’s test and Pearson’s correlation coefficient were
applied to compute statistical significance, as appropriate.

Table 1: Number of tests exhibiting OH and PPH (equivalents).
BP change

Supine to sitting before lunch

Sitting before lunch to sitting after lunch

SBP decrease by ≥ 20 mmHg

9

8

DBP decrease by ≥ 10 mmHg

16

4

A and/or B

23

8
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Discussion
The literature offers a plethora of data about OH and PPH,
in a variety of patient populations and under different clinical
circumstances. We did not aspire to expand on the epidemiology of
OH and PPH; rather we intended to observe whether OH and PPH
do encumber frail older people and hinder them in sharing common
social place and social activities. We found that a large proportion of
frail older people, living in skilled nursing or palliative care, are able
to withstand the postural and prandial challenges of daily life, even
though a degree of asymptomatic OH and/or PPH may be present.
Under probably similar conditions, Vaitkevicius found that only 2
among 113 patients became acutely symptomatic, while 36% had PPH
[15].
In interpreting this data, several questions arise. Were the
methods used in this study adequate to diagnose clinically significant
OH and PPH? Does a mean BP ≥ 60 mmHg (63/63 tests) indicate that
cerebral perfusion is adequate during OH and/or PPH, particularly
in frail older people? Could asymptomatic OH and PPH (31/63 tests)
impact on fall risk, cognition and life expectancy in frail older people?
Are data of this study in line with the prevailing knowledge? Finally,
can these observational figures impact on clinical practice?
An average of 3 office BP readings taken within 5 minutes of rest
before measurement, the patients seated with their back supported,
using proper cuff size, with no conversation during the rest period and
BP determinations is considered to be an adequate routine [16]. The
latter standard was adopted in our study. Three orthostatic tests are
widely used for the diagnosis of OH: the supine-to-standing, supineto-sitting and the head-up tilt test. Yet, the usual OH testing may be
inappropriate or inaccessible in older people in hospice or skilled
nursing care. Therefore we adopted a variant examination, with key
features resembling the standard protocol. So, 3-5 measurements
were taken at each posture; a longer than 30 minutes of sitting before
the second round of measurements assured that neither delayed OH
nor progressive OH is missed. Indeed, on tilt testing for 30 minutes
most cases of delayed OH in older patients were identified [17].
Based on the rate of BP drop and the degree of BP recovery, Cooke
described three distinct BP profiles: small drop-fast recovery; medium
drop - slow recovery; large drop non-recovery [18]. In our study, a
period longer than 30 minutes sitting before the second round of
measurements assured that progressive OH had not been missed.
The consequences of OH and PPH occurring in frail older persons
are controversial [19]. Residents in long-term geriatric care often have
a propensity to falls, but the causality of the association between OH
and falls has not been clearly demonstrated [20-23]. Numerous studies
have implicated hypotension in causing cognitive impairment [24,25]
but whether OH contributes to cognitive decline and dementia is
uncertain [24,26]. Moreover, OH does not influence mortality in frail
older persons [27]. In our study, a mild degree of asymptomatic OH
and/or PPH was present in 31/63 tests, apparently without negative
consequences during a hospitalization of 2-16 months since no falls,
syncope, stroke or acute coronary events occurred.
In general, a brachial mean BP ≥ 60 mmHg (63/63 tests in the
present study) is considered sufficient to provide an adequate cerebral
blood flow. However, under certain acute disorders the situation may
differ. So, cerebral blood flow autoregulation may be compromised
early after head injury or during an acute ischemic stroke and the
brain may remain unprotected against potentially harmful effects
of BP changes. Also, cerebral blood flow autoregulation may be
Volume 1 • Issue 1 • 1000104

compromised during sepsis, potentially resulting in brain damage
[28]. No patient in our study belonged to either category mentioned
above. As a rule, a mean BP ≥ 60 mmHg is a precondition of an
adequate cerebral blood flow, but research which established that
a mean BP ≥ 60 mmHg is protective against hypotensive damage
to the brain did not comprise subjects resembling our patient
population.

Limitations
Brief episodes of hypotension may go unobserved under the
method we used. Yet, any persistent, steady or incremental OH would
not been missed. Second, when PPH occurs in the sitting patient there
is no clear separation between a postural and a prandial trigger. This
issue, which is of theoretical interest, does not cause a difficulty in the
present study: two patients who experienced a decline of BP shortly
after the meal were diagnosed with vasovagal reaction and dumping
syndrome and not with PPH. We might have missed the diagnosis of
PPH when occurring later on after lunch, since recumbence does not
prevent PPH and a severe PPH may disguise an innocent nap after the
meal. There is ambiguity also concerning the safety of a mean BP ≥ 60
mmHg with regard to cerebral ischemia.
In observing that severely frail older people well tolerated the
postural and prandial challenges to which they had been habitually
exposed, the message could be that systematic screening residents for
OH and PPH might be unnecessary and avoidable. There is no proof
that increasing diagnostic rates of asymptomatic OH and PPH in
patients with severe frailty will improve the clinical outcomes [3,24].
On the other hand, when symptoms of low cerebral perfusion are
manifest an appropriately elaborate work-up should be implemented.
The routine of residents sitting and eating in the dining room is always
preferred to isolation and being bed-bound.

Conclusions
A large number of frail older people residing in skilled nursing
or palliative care tolerate every-day postural and prandial challenges,
even though asymptomatic OH and/or PPH may be present. Based on
observational data, we suggest that systematic screening residents in
palliative or skilled nursing care for OH and PPH is unnecessary and
should not be undertaken.
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