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Abstract: In recent years, there has been interest in evaluating the morbidity and mortality risk of 

circadian, diurnal, or nocturnal blood pressure variation. Variation is a normative property of blood 

pressure, necessary for survival. Like many physiological functions, blood pressure undergoes  

allostasis, meaning that the body does not defend a particular blood pressure value, but rather blood 

pressure maintains bodily stability through continual change that is initiated by constantly fluctuat-

ing internal and external environmental stimuli. Because of its allostatic and adaptive properties, the 

blood pressure response to unusual situations like a visit to the clinic can lead to misdiagnosis of 

hypertension. However, blood pressure variation is mostly ignored when evaluating hypertension, 

which is an arbitrary dichotomy. Whether variation is indicative of pathology should be determined 

by assessing its appropriateness for the circumstance, which requires quantification of the sources 

and extent of normative blood pressure responses to everyday living. These responses will vary 

among populations due to evolutionary genetic differences. The inconsistency of reports regarding 

aspects of ambulatory blood pressure variation as cardiovascular risk factors likely results from the 

fact that the measures used do not reflect the actual nature of blood pressure allostasis. 

Keywords: Allostasis, blood pressure variability, ambulatory blood pressure, white coat hypertension, masked hypertension, 
human evolution. 

1. INTRODUCTION 

 Since the report of the first measurement of blood pres-
sure by Stephen Hales in 1733, its inherent variability has 
been well known [1, 2] but largely ignored [1, 3]. Practitio-
ners of cardiovascular medicine even today are largely at a 
loss regarding how to deal with the continuous variation of 
blood pressure clinically, primarily because, as George Pick-
ering noted early on, the entire medical focus on blood pres-
sure is differentiating a dichotomy of normalcy (normoten-
sion) and pathology (hypertension) [4]. 

 Blood pressure whether characterized as a continuously 
distributed measurement or as a dichotomized diagnosis, is a 
statistical risk factor for adverse cardiovascular related out-
comes [5, 6]. However, treating blood pressure as simple 
numbers that put people at risk misses its true nature. Blood 
pressure is a property of blood flow. When a bolus of blood 
is squeezed with force out of the rhythmically contracting 
left ventricle into the aorta, pulsatile waves of blood are pro-
duced. Pressure develops because the aortic walls and 
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smaller downstream arterial and capillary space resist the 
pulsatile flow. The numbers analyzed in risk assessment rep-
resent the maximum pressure of the ejecting force (systolic 
pressure) and the ambient pressure when there is no blood 
bolus being pushed into the aorta (diastolic pressure), which 
can be visualized as the maximum and minimum of a tracing 
of the arterial pressure pulse. Blood pressure, then, is an in-
dicator of two things: the strength of the contracting left ven-
tricle and the extent of the vascular resistance. It varies be-
cause the rate and strength of ventricular contractions and 
vascular resistance are not constant due to neural and hor-
monal inputs that are regulated by the brain to meet changing 
internal and external demands [7]. 

 Nikolai Korotkoff, a field surgeon during the Russo-
Japanese war discovered the auscultatory technique of blood 
pressure measurement by listening for blood flow in injured 
limbs using a stethoscope placed distal to Riva-Rocci’s re-
cently developed sphygmomanometer [8]. He reported on 
the sounds that bear his name to the Imperial Military Medi-
cal Academy in St. Petersburg, Russia in 1905 [8]. His in-
sight was that the appearance and disappearance of sound 
represented the blood pulse maxima and minima (systole and 
diastole) and corresponded to the pressure displayed on the 
mercury column when they happened. From his observation, 
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a reliable and reproducible means of ascertaining blood pres-
sure level and variation was educed. It wasn’t until 1939 that 
the American Heart Association and the Cardiac Society of 
Great Britan and Ireland officially recommended Korotkoff ’s 
method as the standard technique for arterial blood pressure 
measurement [9]. 

 Following the acceptance of the technique, a variety of 
observations regarding blood pressure variation both inside 
and outside the clinic was made. First, laboratory studies 
demonstrated that aspects of physiological habitus such as 
respiration, exercise, and posture and external environmental 
factors like experienced temperature all substantially influ-
enced blood pressure variability [1, 10]. There were also rare 
studies showing that there was substantial variation in “rest-
ing blood pressure” by setting and over time. One often cited 
is the 1940 report by Ayman and Goldshine [11] who trained 
hypertensive patients or their family members in how to take 
blood pressures at home. They found that these measure-
ments were substantially lower from those taken in the office 
by as much as 70/36 mmHg, a difference that persisted over 
6 months. Other contemporaneous studies suggested that a 
person’s psychological state could affect the reliability of 
resting ausculted blood pressure measurements [12, 13]. 
Data later emerged that pressure levels could be influenced 
by the familiarity between the person taking the pressure and 
the patient [14] as well as the gender of the person taking the 
pressure [15]. During this time, the variation in blood pres-
sure measurements related to the patient’s response to the 
circumstances was seen medically as something that con-
founded accurate clinical assessment and thus needed to be 
minimalized. 

 In the 1950’s, a controversy also arose regarding the 
definition of hypertension (high blood pressure) which came 
to be known as the Pickering-Platt debate. The dispute cen-
tered on whether there were inherited hypertensive and nor-
motensive genotypes (Platt position) or whether blood pres-
sure was a varying quantity between and within individuals 
such that hypertension per se was an arbitrary distributional 
cut point determined by the medical community that defined 
when treatment was necessary (Pickering position) [4, 16]. 
As data accumulated about CVD mortality, it became appar-
ent that hypertensive patients with the same level of pressure 
did not have the same outcomes, and so researchers like 
Maurice Sokolow wondered whether the difference in out-
come was related to the heretofore largely ignored blood 
pressure levels and variation measured outside the clinic [1]. 
Consequently, in the in the early 1960’s, the variability of 
arterial blood pressure began to be studied using ambulatory 
monitors that could take blood pressures during typical daily 
circumstances and conditions [3]. These studies emerged 
with the technical development of the Remler® ambulatory 
blood pressure recorder, which required that subjects manu-
ally inflate the cuff [17-19] and with the development of 
intra-arterial devices that measured pressure continuously 
[20]. The results of several studies showed the extensive 
situational variation of arterial pressure, convincingly dem-
onstrating that blood pressure was a continuously distributed 
and variable function [19-21], but also that office blood pres-
sure measurements were often unrepresentative of pressure 
outside that venue [4, 16]. 

 As automatic ambulatory blood pressure monitoring 
technology emerged in the late 1970’s and improved through 
the 2000’s, the effects of various typical behaviors on blood 
pressures were evaluated, first using intra-arterial devices 
and later using monitors that employed either auscultatory or 
oscillometric technology [1, 22]. These studies, mostly un-
dertaken by biobehavioral researchers, were designed to 
quantify the intraindividual variation in pressure associated 
with psychological, sociological, and environmental sources 
[3, 23]. Their purposes were to evaluate how the things that 
people do, think and experience as part of their typical life-
style relate to the development of sustained high blood pres-
sure and subsequent cardiovascular pathology and to assess 
how people adapt to the strains of everyday living [22]. The 
upshot of the results of these studies is that the extent of cir-
cadian arterial pressure variation and its relation to pathology 
are affected by both the mix and psychological appraisal of 
circumstances, activities and interpersonal relationships that 
are experienced during the course of a day, and also by the 
duration and frequency of the experience of these factors 
over a lifespan [3, 22]. 

 These studies, which focus on the external sources of 
blood pressure variation, are mostly ignored in the clinical 
assessment of blood pressure pathology. When circadian 
blood pressure variation is considered in a diagnostic proc-
ess, the focus is on either the difference between blood pres-
sure measured in the clinic and an average pressure outside 
the clinic or three derived measures from an ambulatory 
monitoring: 1) the difference between an average of pres-
sures taken while awake and those taken while sleeping, 2) 
statistical measures of variance of all or a portion of the 
pressures taken during a day and 3) the “average real vari-
ability” [4, 24-27]. None of these clinically used measures 
reflects the adaptive allostatic nature of blood pressure. The 
purpose of this brief overview is to critically examine how 
blood pressure variability is treated with regard to cardiovas-
cular pathology and health, and to introduce allostasis as a 
paradigm for understanding blood pressure variation and its 
diagnostic utility. 

2. HOMEOSTASIS, ALLOSTASIS, AND BLOOD 
PRESSURE VARIATION 

 Homeostasis as a model of physiological regulation has 
dominated the study of chronic metabolic diseases including 
cardiovascular disease for nearly a century. In this model, 
vital processes have one main objective: to preserve rela-
tively constant conditions in the internal body environment, 
which has been interpreted medically to mean that the pur-
pose of physiological regulation is to preserve internal pa-
rameters at a “setpoint” [8, 28]. The logical consequence of 
this interpretation is that when a measurement is not within a 
relatively narrow range around the setpoint, some internal 
mechanism must be broken which indicates disease; hence 
therapy will be designed to get the offending value back to 
the setpoint (i.e. a normal healthy state) [8]. There are many 
bodily processes that maintain homeostasis and fit this model 
reasonably well including core body temperature, water con-
tent, and various aspects of blood chemistry, including blood 
pH and ion balance [28]. 
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 However, there are also physiological processes that do 

not fit the model, and vary considerably [8]. Walter Cannon 

who coined the term “homeostasis”, also described the alarm 
reaction, better known as “fight or flight” that ensues from 

the fear, anger and anxiety responses to perceived threats. 

The physiological functions involved in this response, such 
as arterial blood pressure, change to meet the external envi-

ronmental demands, and because these demands themselves 

continuously vary, these functions do not really settle at a 
specific setpoint and are not maintained in the classic sense 

of homeostasis. Rather they continuously vary to keep the 

physiological system stable, adapting the body to unpredict-
able external stimuli [8]. 

 In 1988, Peter Sterling and Joseph Eyre [29] introduced 

the physiological concept of allostasis, which literally means 
“stability through change” to describe the behavior of fluctu-

ating physiological parameters that do not center on a single 

setpoint. The idea is that levels in these parameters fluctuate 
to adapt the individual to ever changing circumstances, so 

that there is a connection between external conditions and 

the body’s ability to meet the demands imposed by them, 
which is all regulated by the brain [3]. These measurable 

physiological systems anticipate demand and have a multi-

tude of stable states that occur as responses to continuously 
changing environmental strains, either real or perceived. In 

introducing the concept of allostasis, Sterling and Eyre [29] 

used arterial blood pressure as an exemplar, because of its 
inherent variability and its well-known relationships with 

external psychosocial factors. In fact, variation is what gives 

blood pressure its adaptive value, and is perhaps the single 
most important normative property of blood pressure, for 

without it humans could not survive [22].  

3. CURRENT EVALUATIONS OF BLOOD PRESSURE 

VARIABILITY 

3.1. The Inside Clinic-Outside Clinic Blood Pressure 

Difference 

 The medical evaluation of blood pressure mostly centers 
on seated blood pressure measurements that are made in the 

clinic or office, and there is a certain logic to that, particu-

larly seen from a historical perspective. However, under the 
principles of allostasis, the measurement in the office reflects 

only an adaptation to that circumstance. From the perspec-

tive of most patients, purposely going to a medical clinic is a 
major event in their lives, something that is a relatively rare 

occurrence [3]. The environment of the clinic, office, or hos-

pital is unique and different from every other place that they 
go. The whole purpose of the visit is to get an evaluation of 

their health, so there is likely trepidation on their part. One 

should expect that a blood pressure taken during the event 
(being in the clinic) would reflect the patient’s allostatic 

adaptive response to it, which is going to depend upon how 

that setting is perceived (fearfully or otherwise) [3]. How-
ever, for the typical clinician, adaptive variation is not part of 

the diagnostic equation. Rather, the interpretation of office 

blood pressure measurements follows a homeostatic para-
digm, in which the question to be answered is whether the 

patient is normotensive or hypertensive, and that assessment 

is based on whether measurements exceed a cut point (e.g. 
140/90) (Fig. 1). 

 There are also allostatic issues related to the measure-
ment itself. In describing the sphygmomanometric method of 
measurement he developed, Riva-Rocci noted that arterial 
occlusion is enough of a stimulus to initiate an increase in 
blood pressure [1]. Because the taking of an arterial blood 
pressure measurement is also a unique social interaction in-
volving the patient and a medical professional, there will 
also be allostatic variation initiated by the perceptions of the 
patient connected to that interaction. Even if an automatic 
device takes measurements when the patient is alone, that 
situation still requires an adaptive response [3]. 

 If the allostatic response to the atypical environment of 
the office exceeds the average response to all other daily 
environments (e.g. average ambulatory waking pressure), the 
patient is described as showing a white coat effect, but if that 
response leads to measurements that exceed 140/90 (hyper-
tension cut point) the patient is diagnosed with white coat 
hypertension [3]. It is well known that a blood pressure 
measurement can be profoundly increased by the perceptions 
of the patient, as was dramatically demonstrated by Mancia 
and colleagues [30] in their classic study in which intra-
arterial blood pressure measurements were continuously 
taken on one arm while a nurse or physician took an aus-
culted blood pressure from the other. The intra-arterial 
measurements showed that relative to the pressure prior to 
the ausculted measurement interaction with the physician, 
there was an increase of some 23/18 mmHg when the physi-
cian took the ausculted pressure. Further, the increase in 
pressure by the physician was about twice that when a nurse 
took the pressure. A study by Jhalani et al. [31] provides 
some answers regarding why there is this increase. They 
examined the acute effects of anxiety and expectancy on 
pressures measured in the clinic, and found that when as-

 

Fig. (1). The use of homeostasis as the paradigm for treating blood 

pressure. 
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sessed as a specific office related effect, anxiety had a sub-
stantial influence on increasing pressure in the office [3]. 
They assessed anxiety before, during, and after pressure was 
taken by the physician. They also demonstrated that there is 
also an increasing effect related to the patients' expectations 
that their measurements will be elevated. Their findings sug-
gest that prior experience can trigger anxiety regarding this 
peculiar environment of the office and the relationships 
within it, so that the blood pressure response is elevated, and 
that it will remain elevated because the patient expects it to be. 

 Masked hypertension as a diagnosis is just the opposite 
of white coat hypertension. In these patients, the allostatic 
adaptive response to the clinical environment is less than an 
average of the responses to all other events outside the clinic 
[3]. Rather than being made anxious, masked hypertensives 
may be calmed by the interpersonal interactions and setting. 
Interestingly, masked hypertension is often seen as emerging 
from behaviors that elevate pressure outside the clinic, such 
as alcohol consumption, smoking, or contraceptive use [32]. 

 A problem with the concepts of white coat and masked 
hypertension is that they rely on the allostatic blood pressure 
response to the unique environment of the clinic for a refer-
ent, as if it is a standardized reproducible condition. The of-
fice pressure hypertension Rubicon of 140/90 mmHg is 
treated as if it is an upper bound of the “homeostatic range” 
of a healthy steady state of normotension. But a more impor-
tant problem with diagnosing these conditions is the fact that 
in order to define them, it is necessary to also determine an 
upper bound of the homeostatic range for normotension 
based on the ambulatory pressures outside the clinic. Con-
sensus is that it must be less than 140/90 mmHg, and there is 
an emerging belief that the level should be 135/85 mmHg [6] 
intimating that a non-office healthy steady state has a differ-
ent upper bound than an office healthy steady state. It is as if 
office and ambulatory blood pressure are actually two dis-
tinct phenomenon, which they are not. They are simply two 
samples (one larger and one smaller) of the 100,000 or so 
measureable allostatically varying pressures during the day 
which differ due to circumstances and adaptive needs [3, 33]. 

 In drawing attention to the fact that office pressures are 
likely biased due to the medical setting, our research group, 

headed by Tom Pickering, in our seminal paper examining 

the prevalence of white coat hypertension provided a conser-
vative cut point for normal ambulatory blood pressure [34]. 

The division was necessary to make the point that office 

pressures lacked sensitivity for diagnosing hypertension. 
However, in hindsight, by using the cut point to make our 

argument, we inadvertently created the same dichotomy 

problem that Sir George Pickering criticized with respect to 
continuous blood pressure measurements some 25-30 years 

earlier [e.g. 4]. As a result of our paper, a vast literature has 

grown regarding white coat and masked hypertension that is 
based on arbitrary cut points that clouds the issue of high 

blood pressure and when to treat it. The recent ACC/AHA/ 

AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
guidelines in some ways actually clouds the issue further, 

because it creates new cut points and furthers the use of a 

homeostatic paradigm that does not adequately describe the 
nature of arterial pressure [6]. Stergiou and colleagues [35] 

have noted in their response to the guidelines, that average 

circadian ambulatory blood pressure over 24 hours should be 

used for the diagnosis of hypertension (high blood pressure). 
While better than the pressures measured in the unique situa-

tion of the clinic, this average masks circadian variation and 

the adaptive function of arterial pressure with respect to 
changing daily circumstances which is relevant with regard 

to determining pathology [33]. 

3.2. Derived Ambulatory Blood Pressure Variation  
Parameters 

 Recently [3], I evaluated the validity of the various 
means of expressing ambulatory pressure variation outside 
the clinic in light of the allostatic nature of blood pressure, 
and it is worth paraphrasing several of the main points of 
that discussion here. First, given that blood pressure changes 
to meet the demands of fluctuating of conditions, it would 
make sense that an assessment of the link between circadian 
variation and morbidity or mortality would incorporate a 
determination of the appropriateness of the pressure re-
sponses to the changing external and internal circumstances 
[36]. However, nearly every study that investigates blood 
pressure variation as a risk factor for cardiovascular events 
ignores the dynamic interplay between the demands an indi-
vidual faces during everyday life and blood pressure. In-
stead, studies of vascular risk focus on the event predictabil-
ity of dichotomous indicators such as the difference between 
an average of pressures taken while awake and those taken 
while sleeping (either “dipping”-the difference between av-
erage waking pressure and average sleep pressure, or the 
“morning surge”- the difference between various pressures 
prior to and just after morning awakening), statistical meas-
ures of variance of all or a portion of the pressures taken 
during a day, or a value defined from the cumulative differ-
ences of intermittent pressure measurements taken with a 
non-invasive ambulatory monitor over the course of one 24-
hour period [25-27, 37, 38]. These measures are examined 
only with regard to whether risk is related to either too much 
or too little variation. The inconsistent results from these 
studies, where some suggest variability is an important risk 
factor and others find little or no effect has spurred a contro-
versy as to whether blood pressure variation is important 
with regard to cardiovascular risk [26, 38, 39]. Before de-
termining whether this type of issue is resolvable, it is useful 
to examine what each indicator is measuring. Are these pa-
rameters meaningful measures of allostatic blood pressure 
variation? 

3.2.1. Dipping and the Morning Surge 

 Dipping and the morning surge are measures of blood 
pressure change between the state of waking and the state of 
sleep. Operationally, there is really no consistent characteri-
zation for either measure across studies, although with dip-
ping, a 10% decline, particularly for systolic pressure is a 
popular demarcation for normalcy and pathology, but there 
is no definitive reason why this value is a clinically relevant 
cut point [24, 26, 38]. The waking average that is used to 
determine dipping is based on blood pressure measurements 
that are varying non-randomly in tandem with the conditions 
experienced during the day of study. So depending upon 
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whether a person had a difficult day or an easy day, the wak-
ing average could be higher or lower. There are also ample 
data showing that excessive psychological stress during the 
day can carry over and increase pressure during sleep [40]. 
Thus, non-dipping may occur with a given monitoring sim-
ply because it was a stressful waking day. Another problem 
is that the dipping/non-dipping dichotomy assumes that all 
people experience only two contiguous periods in the day 
(waking and sleep) that correspond to day and night. This 
presumption is demonstrably false as there are plentiful data 
showing that waking-sleep patterns can change with age and 
differ by culture [41, 42]. These factors affect the circadian 
patterns of adaptive blood pressure responses in ways that 
confound the determination of who dips and who does not. 
Similarly, whatever pressure(s) chosen to define the post- 
awakening point and the low pre-awakening point in defin-
ing the morning surge are also allostatic adaptive responses 
to the circumstances, so that the magnitude of the difference 
between the points is likely a function of any number of fac-
tors affecting both sets of measurements. Aside from the 
obvious allostatic concerns, there may also be technical is-
sues relating to the measurements. For example, “sleep” 
pressures taken by a cuff occlusion method can also vary 
considerably due to the changing position of the cuff relative 
to the heart when a person rolls over or moves during sleep 
[1, 43]. 

 It is not surprising that waking-sleep transition measures 

vary in their effects on cardiovascular health across popula-
tions and have poor day-to-day reproducibility [24, 26, 39]. 

Patterns of behavior, stress, and sleep quality vary from day 

to day, and all these are factors are affected by cultural back-
ground and occupation [23]. While there may be theoretical 

reasons to believe that the transition in blood pressure be-

tween wakefulness and sleep ought to have health implica-
tions, the operationalization of the concepts using non-

invasive ambulatory measurements fail to embrace the al-

lostatic and adaptive nature of blood pressure, which makes 
it impossible to define what normative transitions ought to 

be. Without a clear definition of normalcy, there is no way to 

rationally employ these parameters for treatment purposes 
[3, 24]. 

3.2.2. Statistical Measures of Variance 

 Standard deviations (SD) or coefficients of variation 
(CV) are parameters that describe the spread of a normal 
distribution, nominally generated from random sampling. 
They are substantially affected by sample size, biased sam-
pling, and outlying measurements, such that if the distribu-
tion is not normal and the sample from which they are calcu-
lated is small and unrepresentative, these measures will not 
accurately describe the distributional dispersion [44]. Over 
the course of one 24-hour period, the pumping heart will 
generate 100,000 or more measureable arterial blood pres-
sures. Non-invasive ambulatory monitors sample perhaps 50 
of those (5/100ths of 1% of all those generated) which vary 
with non-randomly experienced conditions (pressures 
change to adapt the person to continuously changing circum-
stances). Because the sample of pressures from intermittent 
monitoring is small and biased it is highly unlikely that the 
SD or CV calculated from it will validly describe the cir-

cadian dispersion of blood pressure measurements. Further-
more, Parati et al. [2] some 25 years ago noted that these 
measures do not tell you anything about how single values, 
as collected, are actually distributed around the daily mean. 
Do the pressures spread out or is there perhaps a bimodal 
shape? Many odd distributions could provide the same calcu-
lated SD or CV. The bottom line is that these measures of 
dispersion do not provide any information about the pattern 
and extent of individual pressure responses, and because 
what needs to be evaluated is the appropriateness of al-
lostatic blood pressure changes, they are unsuitable for ex-
amining morbidity risk or determining treatment. Lastly, 
because of the various sampling issues, it is also not surpris-
ing that SD and CV measures as indicators of 24-hour blood 
pressure variation are also poorly reproducible over 24-hours 
[26, 39]. 

3.2.3. Average Real Variability 

 Finally, another measure, the “average real variability” 
(ARV24) has also been used to describe blood pressure 
variation. It is defined as the mean of the absolute differ-
ences of consecutive non-invasive ambulatory measurements 
[37]. Bearing in mind that each of the sequential blood pres-
sures is an adaptive response to the specific conditions when 
it is taken, the ARV24 can go up or down depending upon 
the variability or stability of conditions during the day. What 
this quantity really represents is a summary score of the dif-
ferences between blood pressure responses to some indeter-
minate number of sequential unknown stressors. Ultimately, 
the magnitude of this parameter depends solely upon the 
variability of the environments experienced and the lability 
of behavioral/emotional responses [22, 45]. Thus, someone 
who is monitored on a day where they are inactive, remain at 
home and are emotionally stable will have low ARV24, 
whereas one that performs multiple varying tasks, transitions 
through many daily microenvironments (goes to work, out to 
dinner, etc.) and experiences an array of emotions will have 
a high ARV24 [3]. Since the blood pressure changes are 
adaptive and are a normative response to the tribulations of 
everyday living, it is not clear from the studies that have 
used this parameter why high (or low) values of ARV24 
would be indicative of pathology or health. Ultimately, it is 
not surprising that in epidemiological evaluations, the effects 
of this measure on outcomes is small or inconclusive [26, 
38]. It most certainly does not evaluate the appropriateness 
of blood pressure variation associated with environmental 
change. 

 In sum, after assessing the nature of variation indicators 
that have been employed in large international and commu-
nity based morbidity and mortality risk studies, it is apparent 
that none of them assess the appropriateness of the allostatic 
changes in blood pressure. Thus, based on the analysis of 
these measures, it is unclear as to what the true role of al-
lostatic variation is with regard to cardiovascular pathology 
or clinical decision-making. 

4. EVALUATING ALLOSTATIC BLOOD PRESSURE 
VARIATION 

 Variation is perhaps the single most important normative 
property of blood pressure, but it is not clear what normal 
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allostatic blood pressure variation looks like. Non-medical 
researchers, who have employed ambulatory blood pressure 
monitors to evaluate the physiological effects of stress, and 
emotional and environmental change, have reported on aver-
age patterns of circadian blood pressure variation in a variety 
of population groups. Over the past three decades, a number 
of studies show that many psychological, social and behav-
ioral parameters contribute substantially to increasing ambu-
latory blood pressure variation. These effects have been 
summarized in a number of reviews [22, 23, 33, 36, 46]. In 
brief, mood changes, postural changes, location changes, and 
activity variation all induce allostatic blood pressure varia-
tion. These effects are further moderated by sodium intake 
[47]), seasonal (temperature) influences [48], alcohol con-
sumption, smoking, specific social interactions (such as with 
spouses) and among employed people, the appraisal of job 
strain [22, 33, 36, 46]. A given blood pressure is a response 
to all the factors that are present when the measurement oc-
curs, and research shows that the effects of the factors are 

additive [22]. Interestingly, most behavioral studies of cir-
cadian blood pressure variation were not undertaken to 
evaluate why blood pressure allostasis occurs. Rather, stud-
ies focused on either defining the sources of circadian pres-
sure variation, or evaluating whether people with specific 
attributes differed in their responses to similar lifestyle fac-
tors [3]. 

 Research designed to evaluate the allostasis of blood 
pressure takes two general forms. The first is one where each 
blood pressure measurement is assessed with regard to con-
current conditions and habitus that are reported in a diary 
(referred to as ecological momentary data) [49-54]. Using 
inferential statistical models, the proportion of variation as-
sociated with each reported circumstance is quantified, as is 
the number of mmHg the alternative levels of each (such as 
location-work or home) contribute to either increasing or 
decreasing the magnitude of the blood pressure measure-
ment. With this approach, the choice of diary reporting alter-

Fig. (2). A typical blood pressure diary for use in evaluating the sources of blood pressure variation during an ambulatory blood pressure 

monitoring (from reference [23]). 
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natives is key. The sources of variation chosen to be reported 
in the diary and the manner in which they are coded deter-
mine how allostatic changes in blood pressure get estimated 
[22, 23]. 

 Fig. 2 shows a standard diary that has been used in ambu-
latory studies. 

 Evaluation of ecological momentary blood pressure 
measurements has been conducted using standardized [41, 
49, 55] or the actual [50, 52, 56] measurements. The esti-
mated effects of various factors, while similar, do vary 
among studies, due in part to the statistical modeling as-
sumptions, but also because of the demographic, health 
status, and cultural diversity of the groups studied [22, 23]. 
Fig. 3 shows the additive allostatic effects of posture, loca-
tion and mood on the blood pressures of middle aged men in 
New York City. 

 The second utilizes a “natural experimental” approach 
[22, 23, 45, 57]. In brief, natural experiments are studies that 
have design elements that contrast naturally occurring pre-
dictable conditions that occur during a typical day [22]. This 
approach is most often used by anthropologists and human 
population biologists, and it has its roots in psychological 
and psychophysiological research designs where blood pres-
sure reactivity to specific stressful tasks are compared in a 
laboratory setting [56, 58, 59] In laboratory experiments, a 
baseline condition is established and then subjects undertake 
a series of standardized tasks designed to elicit a response. 
The difference between the baseline measurements and those 
taken during or after the tasks define the magnitude of blood 
pressure reactivity [22]. Because these experiments are con-
ducted under laboratory circumstances, many controls can be 
introduced in the procedures so that specific effects can be 
isolated, systematic measurements can be taken, and all the 
participants experience the exact same protocol. Control 
groups can also be included in the experiment. Moving this 
framework into real life and outside the laboratory requires a 
modification because it is not possible to establish a true 
baseline in real life. However, a “natural experiment” frames 
contrasts in which blood pressure can be evaluated as people 
move through differing daily conditions (such as their work 
and home environments) during the course of their everyday 
lives. For example, a person who resides in a suburb and 
travels to an urban workplace every day has a structured 
work environment where economic related activities occur 
and social interactions take place with non-relative co-
workers, and where an occupational hierarchy determines the 
nature of social relationships [22]. The features of this cir-
cumstance differ substantially with that of the home setting, 
where household tasks and leisure activities occur in a social 
milieu where interactions are largely with family members 
and neighbors [22]. The allostatic blood pressure response 
required to adapt to these relatively predictable conditions 
can be assessed by comparing the average blood pressure 
while in them with that during overnight sleep, or more spe-
cifically, while the person is quietly recumbent in a dark 
room acting as a pseudo-baseline. Fig. 4 shows a comparison 
of laboratory and natural experimental designs. Studies em-
ploying this approach have shown that the perceptions of 
how stressful daily microenvironments are perceived to be 

profoundly affect the patterns of circadian blood pressure 
variation (Fig. 5). 

 In assessing intra-individual blood pressure variability, it 
is important to recognize that the array of measurements 
collected will be related since they are determined from a 
single vascular system that has specific structural and func-
tional properties. That is, the average and dispersion of the 
sample of pressures measured over the course of 24-hours on 
the same person will be related [1]. Hence, people with 
lower 24-hour average blood pressure will tend to have a 
narrower range of blood pressures diurnally than those with 
higher average pressures. Pickering [1] has noted that this 
heteroscedasticity is probably related to underlying arterial 
structural differences such as stiffness and/or other func-
tional factors such as differences in vasoactive hormone re-
ceptor density or sensitivity [60]. When assessed within a 
given patient over time, an increase in daily pressure coupled 
with an increase in allostatic variation would suggest that 
there has been an increase in vascular resistance which needs 
to be treated. Simply lowering the pressure is not going to 
improve the underlying pathology. 

5. HUMAN POPULATION VARIATION AFFECTS 
BLOOD PRESSURE ALLOSTASIS 

 Biological evolution in our species over the past 100,000-

200,000 years driven by diet and climate has resulted in 

physiological variation between populations that can affect 

allostatic blood pressure responses [3, 22, 45, 61, 62]. These 

heritable differences likely arose from natural selection and 

are reflected in population differences in arterial blood pres-

sure responses to environmental factors such as and dietary 

salt and cold temperature. 

 Current evolutionary evidence suggests that all modern 

human populations are descended from tropical “heat 

adapted” ancestors in Africa, and it is also true that modern 

sub-Saharan African populations retain a physiology adapted 

to a mostly hot, wet environment [3, 22, 61-64] There are 

two relevant aspects of adaptation to heat in humans: the 

ability to 1) profusely sweat and 2) retain salt (sodium). The 

former is important because humans lose salt while sweat-

ing, and the latter is important because salt availability is 

limited in tropical ecosystems [61, 62, 64]. Young et al. [64] 

has reported that there is a geographic cline from the equator 

to the poles of “heat adapted” allelic variants from 5 func-

tional genetic sites that affect salt retention and blood vessel 

tone. They evaluated 53 geographically dispersed popula-

tions and found that native populations living within 10 de-

grees of the equator (hot, salt poor environments) had an 

average 74% “heat adapted” allelic variants, while those 

within 10 degrees of the arctic (cold, salt rich environments) 

had only 43% “heat adapted” variants. They hypothesized 

that the frequency of “heat adapted” alleles declined as our 

African ancestors colonized ecosystems that were cooler and 

salt rich and then rose again among groups that migrated 

from those areas back to more salt poor tropical climates [61, 

64]. They further argued that since the “heat adapted” alleles 

facilitate salt retention and excessive dietary salt intake can 

contribute to the development of hypertension, populations 
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Fig. (3). The additive effects of posture, location and mood on the allostatic blood pressure variation of middle aged working men (data from 

reference [49]). 

 

Fig. (4). Natural experimental research design used for evaluating circadian microenvironmental (work, home, sleep) blood pressure variation 

as contrasted with a laboratory reactivity research design (from reference [57]). 

 

����� ���	�
��
���

��	�

����

�������	�

��

��

�

�

�

�

�

�����
���	�

��
���

��	�

����
�������	�

����� ���	�
��
���

��	�

����

����������

�����
���	�

��
���

��	�

����

����������

����� ���	�
��
���

��	�

����

�������	�

��

��

��

�

�

�

�

�

��

��

��

��

��

�

�

�

�

�

��

��

��

�

�

�

�

�

����������	
����

����������
���� ��	��������
����

��	��������	
����

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

����������	
����	���	��������	�����	��	������

������� ����	� ��������	� ����	� ��������	�

���������	
����	��	�����	����������������	������

 ���
!����	�"

#���
!����	�"

����$
!�������%
��������"



Adaptive Value of Blood Pressure Variation Current Hypertension Reviews, 2019, Vol. 15, No. 2    101 

Fig. (5). Average hourly circadian systolic blood pressure variation among women employed outside the home as secretaries based upon 

whether they perceived greater stress at work or home on the day their blood pressures were monitored (from reference [72]). 

 

with an increased number of “heat adapted” alleles are more 

susceptible to developing hypertension, particularly if they 

have moved to salt rich environments or who have had an 

increase in salt in their diets [64]. These genetic findings 

may partially explain the higher prevalence of hypertension 

and cardiovascular morbidity among African-American 

populations, [22, 61]. What this means more broadly, how-

ever, is that allostatic blood pressure variation that is moder-

ated by salt intake may be different depending upon the evo-

lutionary history of the people being evaluated. 

 Many human populations also migrated to ecosystems 
characterized by temperate and freezing climates, and have 

survived there for millennia. When cold conditions are expe-

rienced in the unprotected human, there is a sympathetically 
driven constriction of peripheral arteries, particularly in the 

hands and feet that is designed to conserve core body tem-

perature, which, if left unchecked, will lead to tissue damage 
[62]. To minimize this injury, populations who migrated out 

of the warm African climate to more temperate and cold en-

vironments developed a peripheral cold induced vasodilatory 
(CIVD) response [65]. CIVD is a periodic release of the 

sympathetically driven arterial constriction in the append-

ages, which suffuses them with blood, rewarming the tissues 
to keep them functional [3, 62, 66]. However, those popula-

tions who remained in Africa did not develop this response 

since it was unnecessary in the tropical conditions [62]. Nu-
merous studies have found that African-Americans, whose 

ancestors journeyed to the colder climate environments of 

North America over the past 500 years, have a generally 

more intense vasoconstrictive response to peripheral cold 
stress, with either inadequate or no CIVD [62, 65]. The in-

creased cold pressor response is most often demonstrated in 

studies of hand or foot emersion in cold water. Interestingly, 
cold to the face also elicits the accentuated pressor response 

[67, 68]. Research has also shown that African-American 

subjects may have heightened myocardial and vasoconstric-
tive reactivity during passive exposure to temperatures from 

eight to ten degrees centigrade [69, 70]. Taken together, the 

findings from these cold stress studies suggest that the typi-
cal outside exposure of the face and hands during the winter 

may be sufficient to elicit enhanced vasoconstrictive re-

sponses from African-Americans. 

 Why this physiological response is important from the 

perspective of blood pressure allostasis is that the sympa-

thetically driven peripheral vasoconstriction induced by cold 

also increases arterial blood pressure [58]. Thus, it is possi-

ble that African Americans living in the temperate and freez-

ing climates of North America who experience a chronic 

cold stress through the winter months also suffer chronic 

vasoconstriction due the their enhanced cold pressor re-

sponse and inadequate CIVD, which in turn, increases pres-

sure during cold exposure and heightens the variability of 

their diurnal pressure [22, 62]. This possibility is supported 

by research showing that sympathetic hormone receptors 

among African-Americans may be more sensitive than those 

of European-Americans [70], and other data that show the 

day-night increases in blood pressure relative to changes in 

catecholamines is accentuated among African-Americans 
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compared to European-Americans, which intimates that 

blood pressure is more reactive to epinephrine among Afri-

can-Americans [60]. 

 Because of these evolutionary-based physiological dif-

ferences in salt and fluid retention and peripheral vascular 

responses to cold, it is likely that the allostatic blood pres-

sure responses of patients from different ethnic groups vary 

in different ways. The extent to which blood pressure may 

vary, or move to presumptively adaptive states in response to 

challenges may depend upon how natural selection has 

shaped physiology. Underlying physiological differences 

should be considered when evaluating allostatic blood pres-

sure variation in studies that examine ethnically diverse 

groups. 

DISCUSSION AND CONCLUSION 

 A cornerstone of medical diagnostic is the inductive logic 

of choosing alternatives to arrive at a conclusion. Given this 

framework, diagnostic decisions about continuously varying 

physiological phenomena are problematic as they do not 

readily lend themselves to bifurcation. Using a homeostatic 

paradigm, phenomena such as blood pressure are evaluated 

as either falling within or outside the upper or lower bounds 

of normal limits, so that if a measured value falls outside the 

proscribed limits, treatment is rendered. The idea is that the 

body is defending a setpoint value, and if it loses the ability 

to do that, treatment will be given to maintain that value. 

 Measurements taken in the clinic/office have been em-

ployed as a standardized means of determining the limits of 

blood pressure homeostasis, with 140/90 being considered 

the upper bound of normalcy, although recent guidelines 

have lowered that value, creating controversy. This cut point 

defines a clinical malady, hypertension which has been 

shown to be a statistical risk factor for cardiovascular mor-

tality. Because of this association, there is a fixation on low-

ering clinic blood pressure to a range below the cut point. 

Unfortunately, many clinical studies as well as the develop-

ment and use of ambulatory monitors have revealed that of-

fice measurements are not appropriate standardized values 

for defining the homeostatic limit for a variety of reasons 

[71]. 

 While this above description defines the current state of 
blood pressure management, in needs to be said that using 
homeostasis as the physiological paradigm for evaluating 
blood pressure is incorrect. Blood pressure is a property of 
blood flow which varies in an allostatic fashion and as such 
does not have a value that the body defends. If blood pres-
sure becomes too elevated for the circumstance in which it is 
measured, and circadian variation increases, it suggests that 
there is some other underlying flow related vascular issue, so 
that lowering the systemic pressure does not solve the actual 
problem with the patient. Since it is untreated, that actual 
underlying issue goes unchecked and will likely be the cause 
of later morbidity or mortality. 

 There is overwhelming evidence that the average level of 
the continuous pulsatile pressures that are generated by the 
contracting heart is related to the variability among them, as 

their values change to meet environmental demands. Infor-
mation regarding that variability can be used to evaluate pos-
sible sources of pathology, particularly if evaluated in a pa-
tient over time. 

 Indicators of variation that might be used for diagnostic 
purposes need to take account of the adaptive allostatic 
changes in pressure during the day. Those that have been 
used, (dipping, morning surge, SD or CV of the sample, and 
ARV24) ignore the allostatic variation of blood pressure 
entirely, which is probably why they lack reproducibility and 
are of limited value in predicting cardiovascular outcomes. 

 Allostasis is the paradigm to understand blood pressure, 
and because of that, there really needs to be a reconceptuali-
zation of hypertension. Rather than being a diagnosis of a 
pathological condition defined by a distributional cut point 
which requires lifelong perpetual remediation, hypertension 
should be a term reserved for a blood flow related problem 
that is defined by the appropriateness of circadian allostatic 
blood pressure variability and changes in the magnitude of 
the pressure pulse. Giving drugs to lower pressure would be 
a short term means of stabilizing the system while the actual 
pathology is determined and treated. Long term drug use to 
keep blood pressure low would only be necessary when the 
problem is unfixable and there is a need to protect target 
organs from damage that could result from perpetually high 
pressure. The determination of high pressure should be based 
on the patient, and not some arbitrary fixed number [4]. 

 In sum, a homeostatic framework with fixed cut points is 
inappropriate for evaluating blood pressure. Blood pressure 
is an allostatic property of blood flow, which means that 
determination of health needs to evaluate the appropriateness 
of the blood pressure variation and the characteristics of the 
system that is generating blood flow. 
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