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Abstract
Special characteristics of blood pressure (BP) variability have been noted in older people. As some specific types of BP
variability related to hypertension or hypotension might be associated with higher mortality or geriatric syndromes, such as
dementia and frailty, doctors or medical providers should obtain precise knowledge about BP variations in older people and
closely monitor these changes in various situations. In this review article, the proposed mechanisms of BP variability in older
people and common and clinically important types of BP variability are explained and discussed using recent studies.

Keywords older people ● blood pressure variability ● mortality ● geriatric syndromes

Introduction

The prevalence of hypertension is increasing with aging.
The systolic blood pressure (SBP) of the general population
increases in a linear manner with aging, and diastolic BP
(DBP) is also increased until the individual reaches 50–60
years, but DBP is mainly decreased after middle age
because of increased aortic stiffness induced by aging and
atherosclerotic changes. Therefore, pulse pressure increases
with aging, and isolated systolic hypertension is common in
older populations. In addition, aging influences various
other physiological regulatory systems. Therefore, these
pathophysiological alterations may contribute to or are
associated with elevated BP in aging. The main pathophy-
siologic alterations induced by aging are increased arterial
stiffness (atherosclerotic changes), decreased baroreceptor
sensitivity, increased/reduced sympathetic nervous system
activity, decreased α- and β-adrenergic responsiveness,
decreased endothelial relaxing factor function, elevated
sodium sensitivity (decreased glomerular filtration rate),
low plasma renin activity (due to elevated salt sensitivity)
and insulin resistance [1]. These aging-induced alterations
cause short- and long-term BP variations in older indivi-
duals; additionally, some special situations, such as posture

changes or eating meals, also induced BP variations in this
population. We need to understand the implications of these
BP variations, particularly in older people, for the treatment
of hypertension in older patients in the clinic. The Japanese
guideline JSH2014 provides detail explanations of the
characteristics of patients with elderly hypertension
(Table 1) [2]. JSH2014 emphasizes the necessity of indi-
vidual treatment strategies for the older person with
hypertension because of the various characteristics of aged
people, including their BP variations. An understanding of
BP variations in older populations is very important for
those reasons. Therefore, we are discussing the implications
of BP variations in older populations in this review article.

Mechanisms of BP variations in older
persons

Aging promotes vascular remodeling and the progression of
atherosclerosis that are commonly observed in older
people [3]. Homma S et al. reported a physiological effect
of aging that corresponds to diffuse intimal thickening using
duplex ultrasonography of the carotid artery, particularly in
very old persons [3]. Older people without any risks of
atherosclerosis may present diffuse intimal thickening,
vascular hypertrophy and increasing systemic vascular
stiffness during aging. This vascular remodeling induced by
aging exponentially increases vascular resistance and the
hypersensitivity to vasoconstrictive responses, such as
activation of sympathetic nerve systems (SNS) [4]. Conse-
quently, BP is readily increased even by a low level
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stimulation of the SNS (Fig. 1). This hypersensitivity to the
vasoconstrictive response is thought to contribute to BP
variations in older persons. Thus, white coat hypertension,
the white coat effect on patients with hypertension and a
morning surge of BP are more common in older populations
than young and middle aged populations [4]. Another
important mechanism would be reduced responses of the
aorta and carotid arteries to baroreceptors caused by vas-
cular stiffness mediated by diffuse intimal thickening or
atherosclerosis in older persons [5]. As mentioned above,
decreased SNS activities and α-/β-adrenergic responsive-
ness are often both manifested in older people. These
changes are postulated to be main cause of orthostatic
hypotension or postprandial hypotension commonly
observed in older persons. In addition, a reduced glomerular
filtration rate (GFR) induced by aging-related nephro-
sclerosis or renal dysfunction of any other origin and higher
salt sensitivity in older people might result in abnormal BP
variations characterized by a high BP at night and a non-
dipping pattern in ambulatory BP monitoring (ABPM) [6].
Sleep disturbances were recently suggested to be a common
complication in older persons that increases BP during sleep
and the non-dipper BP pattern in older populations [7].
Nocturnal polyuria is also very common in older people and
is associated with hypertension [8]. Nocturnal polyuria is
predicted to be one cause of sleep disturbances. Therefore,
nocturnal polyuria may cause nocturnal hypertension or

result from salt-sensitive hypertension. Nevertheless, noc-
turnal polyuria is associated with hypertension in older
peoples [8].

Finally, the prevalence of chronic and paroxysmal atrial
fibrillation (AF) is increasing with aging [9]. Two-thirds of
patients with AF are aged over 75 years. AF is one of causes
of beat by beat BP variations. This change in BP char-
acterized by pauses defined as long intervals between beats
occurs in patients with AF and may result in syncope and
pre-syncope in older people.

Common types of BP variations in older
populations

Common types of BP variations in older populations and
the proposed underlying mechanisms are summarized in
JSH2104 (Table 1).

Diurnal BP variability

In older populations, some abnormal diurnal BP variations
are commonly observed. As stated above, the non-dipper
type BP variation is a characteristic of hypertension in
elderly individuals because of reduced renal function,
increased salt sensitivity and sleep disturbance [7]. The non-
dipping pattern of hypertension is strongly correlated with

Table 1 Precautions in the
diagnosis of hypertension in the
old population (JSH2014) [2]

Characteristics of hypertension in old peoples

● Increased fluctuation of blood pressure.

● Increase in systolic hypertension.

● Increase in white coat hypertension.

● Increase in orthostatic hypotension or postprandial blood pressure reduction.

● Increase in the non-dipper-type nighttime blood pressure.

● Increase in the incidence of patients with a morning surge.

● Decreases in the vital organ perfusion and reserve.

● Impairment of autoregulation of vital organ perfusion.

Comprehensive evaluation of the blood pressure level

● Blood pressure is repeatedly measured.

● Home or 24-h blood pressure measurement in concomitantly performed.

● Blood pressure in a standing position is measured before and after the start of drug therapy, after switching
the regimen, or at the appearance of dizziness (if systolic blood pressure decreases by 20 mmHg or more 3
min after standing up, a diagnosis of orthostatic hypotension is made).839

● Conditions for measurement should be considered (after meals, after taking drugs and so on).

● If symptoms of diet-associated blood pressure reduction (such as dizziness) are present, 24-h or
postprandial blood pressure measurement should be performed (if systolic blood pressure in a sitting position
decreases by 20 mmHg or more 1 h after meals, a diagnosis of postprandial blood pressure reduction in
made).839

This table is cited from reference [2] as a modified form
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cardiovascular events [10]. The main cause of the non-
dipping pattern of hypertension in older people is postulated
to be reduced renal function and increased salt sensitivity
[11]. Since >50% of older people aged ≥75 years will be
diagnosed with stage G3 or higher chronic kidney diseases
(CKD), according to the Japanese definition [12], the non-
dipping pattern of hypertension will be very common in
older people with hypertension. Regarding the relationship
between aging-induced sleep disturbances and the non-
dipper pattern of hypertension, melatonin may play an
important role in older patients with hypertension. The
secretion of melatonin from the pituitary gland generally
decreases during aging [13], and this reduced melatonin
level in the brain may be related to sleep disturbances in
older people. Thus, a melatonin receptor agonist is a useful
treatment for sleep disturbances [14]. The reduced systemic
melatonin level observed in aged people may influence the
non-dipper type of BP in elderly patients with hypertension.
As reported in the study by Obayashi et al., urinary mela-
tonin secretion is significantly decreased in elderly patients
with the non-dipper pattern of hypertension [15].

Another common diurnal BP variability observed in
older people is a morning surge in BP. A morning surge in
BP and morning hypertension are major causes of masked
hypertension. As the main cause of the morning surge in BP
is thought to be hyper-reactivity of the SNS [16], the
morning surge in BP commonly occurs in older people with
remodeled vascular walls that increase vascular resistance,
as described above. The morning surge in BP is closely
related to the occurrence of cardiovascular diseases (CVDs)
in older patients with hypertension [17, 18]. Two types of a
morning surge in BP have been identified: an elevated BP in
early morning and a high nocturnal BP (non-dipper pattern)
plus an exaggerated elevation in BP in the early morning.
As mentioned above, a high nocturnal BP is commonly
observed in older people, a morning surge in BP poses a

greater risk of CVD in these patients than in patients with
the dipper pattern of hypertension.

BP variabilities in daily activities

(a) Orthostatic hypotension

Orthostatic hypotension (OH) is a common disorder leading
to dizziness, falls, syncope, and even fatal cardiovascular
accidents in older people [19]. The incidence of syncope
increases with age and may cause physical injury and a
decrease in quality of life. OH is defined as an abnormal
decrease in BP upon standing (systolic BP of at least 20
mmHg or diastolic blood pressure of at least 10 mmHg
within 3 min of standing up [20]). The prevalence of OH
ranges from 4 to 33%, depending on the characteristics of
the population [21, 22]. In older people with diseases such
as diabetes and Parkinson’s disease, the prevalence was
reported to be 10–30% [23]. Poon et al. reported a pre-
valence of OH of 55% in the older veteran population with a
mean age of 82 years; this population includes many frail
people taking multiple medications for various diseases
[24]. These conditions cause baroreflex failure with the
resulting combination of OH, supine hypertension, and loss
of the diurnal BP variations [25]. The presence of OH is
also associated with various clinical conditions, e.g., stroke,
heart failure, coronary heart disease, and device implanta-
tion. Several epidemiological studies have reported sig-
nificant associations between OH and the risk of future
CVDs or mortality [26]. OH is a first symptom of an
underlying CVD. On the other hand, OH is also associated
with autonomic failure [27] Clinicians should determine
whether OH has a neurogenic etiology, i.e., due to a neu-
rological cause and not due to hypovolemia or venous
pooling [25].

OH occurs when the mechanisms regulating orthostatic
BP fail. During aging, the prevalence of OH increases
because of increased vascular stiffness, diminished barore-
flex sensitivity (BRS), and decreased β-adrenoreceptor-
mediated responses. In consequence, the normal response to
standing is reduced, resulting in an increased susceptibility
to OH. In addition, aging is associated with an increased
number of risk factors for OH, including acute illness, the
number of medications, some types of medications, hyper-
tension, diabetes, smoking, carotid artery stenosis/remo-
deling, and neurological diseases [26].

The practical goal is to improve standing BP to minimize
symptoms and improve standing time such that individuals
can perform orthostatic activities of daily living without
excessive supine hypertension [25]. Three basic methods to
treat chronic OH have been reported: mechanical man-
euvers, volume expanders, and pharmacological agents.
Mechanical maneuvers include elevation of the head while
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Fig. 1 Vascular remodeling induced by aging The thickness of the
vascular wall increases with age, which is known as ‘vascular remo-
deling.’ Vascular resistance is exponentially increased by remodeled
and hypertrophied blood vessels, and vasoconstrictive stimuli, such as
sympathetic nervous activation, may exaggerate the increase in vas-
cular resistance
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resting, wearing a lower body compression garment, and
exercises, such as calf-muscle flexing. Patients should be
taught to rise slowly and to remain as mobile as much as
possible. Volume expanders include a high-salt diet and
fluorocortisone acetate, which causes a uniform expansion
of plasma volume, although elevations in BP in supine and
sitting positions should be cautiously monitored. Several
pharmacologic agents are used either alone or in sequence
to treat OH [28].

Patients must understand what factors aggravate and
improve standing BP and. For instance, OH might be worse
immediately upon rising in the morning, after a meal, or on
a hot day. Patients must learn to recognize subtle symptoms
and obtain knowledge about techniques to improve OH,
such as a bolus or water, countermaneuvers, or venous
compression. The goal of OH treatment is to avoid the
severe effects of OH, including the risk of falls, and inform
the patients about the cause of their OH and management of
the cause [25].

(b) Postprandial hypotension

Postprandial hypotension (PPH) has been traditionally
defined as a decrease in systolic BP of >20 mmHg or a
decrease to 90 mmHg when the preprandial BP is 100
mmHg, within 2 h of a meal. PPH occurs commonly in
older people and represents a major cause of morbidity, as
reported in a recent systematic review [29]. Jansen et al.
were the first to reported that PPH may be an important
causative factor in elderly patients with unexplained syn-
cope [30]. The authors assessed older patients with syncope
who displayed PPH due to a failure to maintain systemic
vascular resistance, probably because of splanchnic blood
pooling without a compensatory increase in peripheral
vascular resistance [30]. Kohara et al. first clarified that PPH
is a potential independent risk factor for silent lacunae
stroke, as evaluated by MRI, and not via non-dipper
hypertension in older Japanese patients with hypertension
[31]. A higher prevalence of PPH is also observed in
patients with neurological diseases, such as Parkinson’s
disease, Alzheimer’s disease, multiple system atrophy, and
diabetes [32]. The pathophysiology of PPH remains poorly
defined, and diverse factors, including impairments in
sympathetic and baroreflex function, the release of vasodi-
latory peptides, such as insulin and somatostatin, the rate of
small intestinal nutrient delivery, gastric distension, and
splanchnic blood pooling, are predicted to be important
[29]. Carbohydrate intake is a more frequent contributor to
the occurrence of PPH than protein and lipid intake.
Although a detailed analysis of the prevalence of PPH in old
peoples is unavailable, PPH is postulated to be common in
older people, particularly in the very elderly. All physicians
and medical care-giving staff caring for older patients

should be aware of the hypotensive effects of various types
of food and should consider PPH in the evaluation of
syncope, falls, dizziness, and other cerebral ischemic
symptoms [33]. Regarding the prevention of PPH, more
frequent small meals rather than three regular sized meals
could reduce the occurrence of PPH. A reduction in car-
bohydrate intakes might also prevent PPH. Acarbose is an
effective treatment for preventing PPH in older patients
with diabetes [34].

BP variabilities in medical settings

(a) White coat hypertension

As mentioned, white coat hypertension (WCH) or the white
coat effect (WCE) on hypertension is more common in
older people [4]. The mechanisms of WCH/WCE are
mainly due to increased activation of the autonomic nervous
system [35] and mental stress [36]. As the aging-induced
vascular remodeling in older people exponentially increases
vascular resistance and hypersensitivity to the vasocon-
strictive response, such as activation of SNS [4], BP is
readily increased even by a low level stimulation of the
SNS, such as mental stress. Thus, WCH/WCE would be
common in older people. The impacts of WCH/WCE on the
onset of CVD are still controversial. Although WCH/WCE
was not thought to exert a substantial effect on the onset of
CVD for many years [2], a recent paper indicates that
WCH/WCE is an overt risk factor for CVD [37] and target
organ damage, such as microalbuminuria [38]. Home BP
self-measurements are very important for detecting and
monitoring WCH/WCE in older populations.

(b) Visit-to-visit variability in the outpatient clinic

Visit-to-visit office BP variability (VVV) in the outpatient
clinic is strongly correlated with CVD events and prognosis
in patients with hypertension [39]. According to a previous
report from our group, VVV in patients with hypertension
poses a risk of CVD events and CVD-induced death in a
Japanese population [40]. In older populations, VVV is
common because of various characteristics of BP responses,
including progressive arterial stiffness, hyper-
responsiveness to vasoconstrictive stimuli (Fig. 1),
increased/reduced sympathetic nervous system activity and
reduced renal function, as mentioned in this review.
Chronic kidney disease [41] and diabetes [42], which are
common complications in older populations, are risk factors
for VVV in patients with hypertension. A significant asso-
ciation of VVV with dementia (Alzheimer’s disease) or
cognitive decline has been observed in older people with
hypertension [43]. VVV may induce microvascular injuries
in the brain and dysregulated cerebral circulation;
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consequently, pathological changes in Alzheimer’s disease
(AD) will progress [43]. However, VVV exerted limited
effects on the onset of AD and VVV associated with cog-
nitive decline in a recent study [44]. A Japanese study
confirmed this result in very old subjects with an average
age of 83–84 years [45]. The prevention of cognitive
decline is very desirable in older populations. Thus, medical
providers should focus on VVV, particularly in older
patients with hypertension. Is VVV or diurnal BP variability
a stronger predictor of CVD in older populations?
Chowdhury recently reported that ambulatory diurnal BP
variability is associated with CVD-induced death, with
stronger effect than long-term VVV, in older people with
hypertension [46]. Greater daily variations in systolic BP
measured using home, self-monitored BP was strongly
associated with the future onset of all-cause dementia in the
study by Hisayama [47]. These findings indicate the
importance of home and ambulatory BP monitoring for
older people, along with office BP measurements in the
outpatient clinic. Finally, although VVV is associated with
CVD and some other complications of hypertension, clin-
ical BP control will be more important for preventing CVD
onset than VVV, based on the results of a post hoc analysis
in SPRINT [48]. Therefore, according to the guideline, BP
control is definitely important and medical providers care-
fully assess VVV in the outpatient clinic.

Perspectives and conclusions

As mentioned in this review article, several types of BP
variations lead to hypertension or hypotension, and these
BP variations are closely associated with the onset of CVDs
and their mortality in older populations. Therefore, doctors
or medical providers should obtain precise knowledge about
BP variations in older people and closely monitor them in
various situations. For the detection of BP variability and
prevention of its complications in daily life in older people,
BP measurements performed in the clinic in response to
postural changes as sitting, supine and standing and home
BP measurements (HBPM) recorded during various daily
activities not only at morning and nigh time but also after
eating meals are important. Furthermore, ambulatory BP
monitoring (ABPM) would be useful for detecting BP
variations during sleep. HBPM is recommended as a
necessary daily practice, and ABPM should be examined
once before starting medication and every time anti-
hypertensive drug dose is changed or added, whenever
possible. However, HBPM using an electric automated BP
measuring device in very elderly populations has not yet
been completely validated. This validation is definitely
necessary. For treatments of clinically important BP varia-
tions in older people, appropriate maneuvers and some

medications for their specific types of BP variations
described in this review should be considered. Finally, the
numbers of non-agenarians and centenarians are increasing
rapidly, particularly in Japan. Although hypertension is
commonly present in these very old generations, the
appropriate treatment strategy for hypertension in these
generations is still not fully established. According to our
epidemiological study of older people, including non-
agenarians and centenarians, known as the ‘SONIC
study’, the BP of these individuals is much lower than the
BP in octogenarians, and the average BP in centenarians
does not meet the criteria for hypertension [49]. SBP has
recently been shown to decrease in subjects aged >80 years,
and a low SBP was strongly correlated with higher mor-
tality and frailty rates in a non-randomized observation
study [50]. Thus, additional discussions and investigations
of the treatment BP levels and treatment strategies for very
old populations are needed.
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