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High blood pressure: An obscuring misnomer?
“For every complex problem there is an answer that is clear, simple, and wrong.”

H.L. Mencken

Introduction

High blood pressure (BP) has been identified as a major risk 
factor for cardiovascular (CV) diseases. Data from observa-
tional studies have indicated that the risk from coronary artery 
disease and stroke increases progressively from 115/75 mm Hg 
upward, and for every 20/10 mm Hg increase in BP, there is a 
doubling of mortality from both (1). Also, it has been convinc-
ingly shown that lowering high BP with any drug significantly 
reduces adverse events (2). This two-way association makes 
hypertension a type 2 biomarker, which is defined as a surro-
gate end point that is expected to predict clinical benefit (or 
harm or lack of benefit or harm) on the basis of epidemiological, 
therapeutic, pathophysiological, or other scientific evidence (3). 
However, targeting high BP may not be only clear and simple an-
swer to the hypertension (HT) problem, since BP as “the cause” 
for the complications of HT per se still needs more evidence.

Essentially, rather than being “a cause” by its nature, BP 
is “the result” of two interacting processes (4): the flow from 
the heart into the arteries and the resistance against this flow, 
which can be expressed in mean terms as follows:

Pressure = flow x resistance

Given that resistance is a localized anatomical element, 
which one of the other two physiologic elements exerts its ef-
fects on target organs and results in adverse events is ques-
tionable.

From a physiological standpoint, the flow-part, not the 
pressure-part, of this relationship seems to be more critical. 
The autoregulation systems of the target organs aim to keep 
the organ flow constant by changing vascular resistance via 
manipulating vascular diameters (5). While keeping organ flow 
constant in a certain pressure range, however, adjustment 
of vascular diameters also changes flow velocity and profile. 
Increased velocity increases shear stress, but after a certain 
threshold this may result in a tendency to turbulence and low 
shear stress in some vascular segments (Fig. 1). Hence, auto-
regulation preserves perfusion level in expense of disturbed 
flow-vascular wall relationship, which may culminate in arte-
riosclerosis and atherosclerosis (5). Furthermore, after struc-
tural adaptive response of the arteries to this disturbance oc-
curred, it may still not be eliminated and even may propagate 
itself. Although a detailed discussion of the effects of flow and 
its iterations on vascular wall is beyond the scope of this pa-
per, it needs to be stressed that accumulated bulk of evidence 
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from hypertension research, which is focused on pressure 
and its manipulation, may in fact be related with these flow-
related phenomena. A flow-related real causative factor may 
have been hiding for decades behind the perfect correlation 
between flow and pressure and the convenience of pressure 
measurement.

If a “flow-” rather than a “pressure-” based factor is the 
causative or major driving mediator of common “hyperten-
sive” complications, future approach to HT and its diagnosis, 
risk stratification, and treatment may take a different path. 
In this article, we are going to assess the evidence on hand 
to elucidate if HT and antihypertensive treatment exert most 
of their effects through flow rather than pressure. In this 
regard, we are going to examine the effects of high BP on 
CV outcomes in situations where (1) pressure changes sig-
nificantly while flow remains constant, (2) pressure does not 
change significantly compared to control, while flow may be 
the dominant changing factor and (3) other supporting obser-
vations (Table 1).

Pressure being the dominant changing factor

Evidence from hydrostatic pressure-related phenomena
The effects of hydrostatic pressure on CV system are gen-

erally overlooked, since we deliberately endeavor to eliminate 

its effects on our measurements by making these measure-
ments at level of the heart. However, according to Bernoulli’s 
principle hydrostatic pressure has to decrease or increase as 
the fluid vertically gains or loses potential energy, respectively 
(6). Therefore, in the upright position, arterial and venous dis-
tending pressures are ~40 mm Hg lower in head and ~90 mm 
Hg higher in lower extremity, whereas arteriovenous pressure 
gradient driving flow is not much affected because both arte-
rial and venous pressures change in the same direction and 
magnitude. This difference provides an excellent opportunity 
for studying differential effects of pressure and flow, as dis-
cussed below.

Differential effects of gravity on hydrostatic pressure vs. flow
Although comparing different organs may be subject to 

misjudgments because of their inherent structural differences 
and the dissimilarity of exposed pulsatile stress (7), intriguing 
observational evidence comes forth when one considers dif-
ferential effects of gravity on distending and perfusion pres-
sures: (1) one of the foremost targets of high BP, the brain, is 
the organ with the lowest BP in whole body, (2) target organ 
involvement in HT does not fit into craniocaudally-increasing 
pattern of hydrostatic pressure, (3) hypertensive complica-
tions tend to cluster in organs with higher flow, such as brain, 
heart, and kidneys, rather than the organs with vascular beds 
exposed to higher pressures. 

Positional changes in a gravitational field
Among organs targeted by HT, the brain is an outstanding 

example for studying differential effects of gravity on pres-
sure and flow, since its position changes continuously during 
the day with regard to hydrostatic reference point (i.e., the 
heart).

Humans spend about one-third of their whole day in su-
pine position for sleeping, which causes an approximately 40 
mm Hg increase in cerebral systolic and diastolic BPs, but 
no change in perfusion pressure. Yet, neither supine sleeping 
position nor sleeping duration seems to have any effect on 
hypertensive cerebrovascular damage. On the contrary, stud-
ies exploring circadian rhythmicity of CV events provide solid 
proof by consistently showing that supine hours showed not 
only lack of any evidence of increased CV event rate but also 
the lowest incidence in whole day (8–10). Also, the circadian 
rhythm of myocardial infarction shows a very similar pattern to 
circadian rhythm of stroke (11), which strongly argues against 
any genuine effect of hydrostatic pressure, since the heart is a 
gravity-independent organ in contrast to the brain.

Temporal coincidence of CV events with 24-h variation in 
BP, which shows a sharp rise near awakening and the highest 
value around midmorning (12), led some authors to speculate 
a direct effect of increased BP on vessels or atherosclerotic 
lesions (8–10). But in reality, it is the flow that increases under 
the sway of neurohormonal arousal, cerebral arterial pres-

Figure 1. Since autoregulation maintains the flow in a certain pressure 
range, but not other flow-related parameters (e.g., flow velocity, flow 
profile, and shear forces), flow, and wall stress may be mismatched 
after a critical threshold has exceeded (left panel). After a certain 
amount of decrease in luminal cross-sectional area (critical limit 
separates A from B), which may require a certain amount of structural 
change, faster flowing blood may create a tendency to turbulence and 
low shear stress at certain vascular segments, such as bifurcations, 
bends, and kinks (right panel, B). After protective changes to avoid hy-
perperfusion induced structural changes, flow-wall stress mismatch 
sustains in face of normalized or even reduced flow
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sure generally decreases upon waking up, as the magnitude 
of morning BP surge is generally less than the decrease in 
hydrostatic pressure (13). Lastly, sleeping duration has an in-
verse correlation with incidence of CV events, (14) although 
the mechanism is certainly more complex.

Absence of a gravitational field
Although being exposed to microgravity during long space 

travels causes many important changes in CV system, the 
most dominant effect is an approximately 40 mm Hg higher 
BP, which would have been resulted in a 16-times increase in 
stroke rates, but this has never been reported despite a total of 
nearly 128 person-years of manned spaceflight (15). This can 
be explained by the fact that perfusion pressure remains con-
stant as both arterial and venous pressures increase due to 
loss of gravity (16, 17). On the other hand, increased distending 
pressure results in filtration of vascular fluids into the brain 
parenchyma causing intracranial HT. Accordingly, radiological 
studies showed that astronauts show evidence of intracranial 
HT such as globe flattening, optic disc edema, but not lesions 
specific to arterial HT, such as white matter lesions or lacunar 
infarcts (18).

High BP in physiologic conditions

Exercise
Both healthy individuals and patients with cardiovascular 

disease exhibit systolic BPs over 180 mm Hg at peak exercise, 
which is definitely in the hypertensive range according to rest-
ing standards. However, this physiologic increase in BP dur-

ing exercise generally does not lead to acute adverse events 
(19). Although well-controlled longitudinal studies seeking 
hypertensive complications related to exercise are not taken 
in healthy individuals; professional athletes, who are usually 
exposed to exercise-induced BP increases, virtually never ex-
perience increased renal or cerebral hypertensive complica-
tions. Conversely, they enjoy a favorable CV risk profile, less 
incident HT, and longer life expectancy (20). The distinctive 
feature of physiological increase in BP during exercise is that 
the blood flow through target organs of HT is not increased 
out of proportion to demand, since blood flow is directed to 
working muscle.

Comparative physiology
Many mammals share similar BP values with humans, 

but the giraffe (Giraffa camelopardalis) is a unique mammal, 
which has an exceptionally high mean blood pressure of about 
250 mm Hg, as its head is 250–300 centimeters above its heart, 
and its heart must overcome this huge hydrostatic pressure 
difference. Interestingly, this extraordinarily high BP does not 
culminate in severe vascular lesions, nor does it lead to stroke, 
heart, or kidney failure, despite the fact that usual life expec-
tancy is about 20–25 years in the wild and even longer in zoos. 
Despite some anatomical differences, including thicker left 
ventricular and arterial walls, no signs of degenerative vas-
cular or cardiac lesions were found in older giraffes. Although 
not specifically addressed, it seems excessively high BP and 
resulting hypertrophic vascular remodeling do not culminate 
in accelerated vascular damage when flow or flow-related 
parameters of vital organs kept within normal ranges (21–23).

Table 1. Evidence supporting flow against pressure as the causative factor of common hypertensive complications

  Against pressure as the dominant factor For flow as the dominant factor

Pressure changes whereas organ flow is constant

Hydrostatic pressure

 Effects of gravity Involvement of the brain (the lowest pressure) Involvement of organs with higher flow

 Positional change No effect of HSP  Target organ flow is unchanged 

 No gravity No effect of HSP Target organ flow is unchanged

High BP in physiologic conditions 

 Exercise No effect of exercise induced BP increase Target organ flow is unchanged

 Comparative physiology No effect of HT in the giraffe Target organ flow is unchanged (?)

Pressure is constant whereas organ flow may be changing

Hemodynamic studies Vascular changes predating increase in BP Increased flow as the possible earliest finding

Residual risk Arbitrary definition of HT 

Resistant hypertension Natural BP > treated BP for the same level 

  Significant residual risk in treated HT 

  Resistance to treatment > achieved BP level  

Other  

Type of damage Less directly pressure-related complications Dominance of endothelial complications
BP - blood pressure; HSP - hydrostatic pressure; >, better or more important
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Taken together, abovementioned evidence support that 
when target organ flow is kept in physiologic limits, increased 
BP does not result in any increase in CV event rate. 

Pressure not being the dominant changing factor

Hemodynamic studies on HT
In the starting or preceding phase of essential HT, most 

invasive studies in younger individuals have demonstrated 
a near-normal systemic vascular resistance, but increased 
cardiac output compared with age-matched controls (24–29). 
Also, microvascular changes begin to appear in this hyperdy-
namic phase, even before BP exceeds the diagnostic thresh-
old for HT. Analysis of retinal microcirculation is a powerful 
tool in this regard, not only because it is the only place where 
vascular structure can be observed in vivo, but also it shows 
a strong association with the vascular status in other target 
organs (30–32). Several longitudinal studies have shown that 
signs of retinopathy can already be observed in young individ-
uals before the occurrence of HT (33–35). These observations 
suggest that for a given BP within normal or pre-hypertensive 
limits, only patients with increased flow develop clinical hy-
pertension and its consequences.

Chronic vasoconstriction in face of high BP (or perhaps 
high flow) to maintain normal blood flow induces hypertrophic 
remodeling of arteries, which results in reduction in luminal 
diameter and further increases in vascular resistance (36, 37). 
Indeed, age-related increases in BP in hypertensive subjects 
is associated with a progressive increase in vascular resis-
tance, which at the age of 50 may be almost twice the value 
seen at the age of 20 (24). As a result, cardiac output and spe-
cific organ flow decrease as vascular resistance increases 
in sustained HT, sometimes without any further change in BP 
(24, 36, 37). It should be underlined that despite the flow itself 
is decreased, flow-related wall stress still remains increased 
after structural changes takes place, as discussed above (5). 
In this manner, essential HT may have close similarities to pul-
monary HT from left-to-right shunts, in which initial insult is 
flow-related, and this insult continues to exert its effects even 
after flow itself decreases (37).

Residual risk 
Another testimony to BP not being the primary offender is 

the fact that for the same BP level, treated and naturally-oc-
curring BP have different prognostic meanings (38). Ironically, 
antihypertensive drug use seems to be a risk factor in HT, as it 
is accepted as a parameter in several risk assessment models 
(39–41). Despite achieving the same BP, why treatment always 
leaves a residual risk behind is explained by already occurred 
structural changes before intervention or an autoregulation 
system set to a higher BP range (42, 43). But these explana-
tions are far from being convincing, because residual risk is 
observed in a wide array of patients (1) with different base-

line HT levels and durations, (2) with different baseline risk 
levels, (3) with controlled HT for long durations and (4) taking 
different number and classes of drugs (38, 44). On the other 
hand, such a residual risk does not occur with lipid-lowering 
therapy (43).

Even the definition of HT contradicts with the explanation 
of residual risk. A steady gradient between BP levels and CV 
continues down to BPs that is well below the average for the 
population, which shows no separate subcategories such as 
with and without HT (1). Therefore, hypertension can be de-
fined pragmatically as the level of BP at which treatment is 
worthwhile. Moreover, it seems some comorbidities and ag-
ing may shift this “HT-threshold” upward, contrary to the ex-
pectation of lower BP target would provide greater benefit for 
higher-risk patients (45). This pragmatic definition is essen-
tially another reflection of residual risk, which indicates that 
residual risk is 100% at “HT-threshold”. However, explaining 
residual risk with already occurred damage or a shift in au-
toregulation range creates a curious paradox since its most 
extreme form (100% residual risk) is found in patients labeled 
as normal. 

Although complete elimination of residual risk may require 
targeting other parameters beyond mean office BP, such as 
central BP, BP variability, and 24-h ambulatory BP, an alternative 
explanation is the pathophysiologic difference between natu-
rally occurring and treated BP may be related with the other 
hemodynamic parameter, the flow. Reducing central reservoir 
pressure may influence specific organ flow parameters to a 
limited extent and may explain the residual risk left behind. 
This can also explain why ACEI/ARBs show BP-independent 
effects on renal outcomes as they target specific organ hemo-
dynamics besides their systemic antihypertensive effects (45).

Resistance to therapy
Some clinical trials (46–49) have identified a subgroup of 

patients who are at a high risk for subsequent adverse out-
comes, whose BP is less responsive to antihypertensive treat-
ment, and in whom further lowering of BP with additional 
drugs is not necessarily accompanied by an outcome reduc-
tion. For example, in a recent study, a 22% increase in stroke 
risk was observed in patients with stage-I HT for every ad-
ditional class of medication taken compared with those with 
untreated stage-I HT (46). Authors rightly entitled this study as 
“Is the blood pressure control for stroke prevention the cor-
rect goal?” A possible explanation is that despite additional 
BP-lowering agents, compensatory mechanisms maintaining 
critical organ flow may resist against lowering of BP, and at 
the same time, this critical flow level sustains the effects of a 
flow-related insulting factor. 

In conclusion, abovementioned indirect evidence suggest 
that in situations where BP differs little with comparator and 
CV events are still increased, the flow, or one of its iterations, 
may be the possible culprit. 

Aslanger et al.
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Other observations 
The usual type of hypertensive damage also gives clues 

about the real inciting mechanism. Blood vessels are exposed 
to two kinds of mechanical forces; namely shear stress and 
cyclic strain of the vascular wall, which is mainly determined 
by cyclic change of BP. Although not mutually exclusive, shear 
stress affects predominantly endothelial cells, whereas BP 
changes influence largely medial structures of the arterial wall 
(50). Many of major CV events related to HT are atheroscle-
rotic and thrombotic in nature rather than having a connection 
with the force exerted by BP on arterial wall. For example, HT 
usually does not cause bursting of arteries by high BP, as many 
patients and sometimes clinicians think, cerebral complica-
tions of HT are mostly ischemic due to atherosclerosis and ar-
teriolosclerosis rather than being hemorrhagic. Similarly, many 
of the antihypertensive trials, if not all, targeted to achieve a 
reduction in myocardial infarction (44, 45). Given that both ath-
erosclerosis and atherothrombosis are endothelium-related 
disorders with a well-known connection with flow-mediated 
hemodynamic forces (e.g., shear stress), it may be another in-
dication that flow or its iterations, rather than BP, are the risk 
factor for these CV events. 

Limitations, unresolved problems, and future directions
Our proposition that an association exists between flow-

mediated perturbations and vascular damage is not new. For 
many years, HT has been regarded as a risk factor for athero-
sclerotic CV disease more than being a disease on its own, 
which acknowledges that it uses intermediaries to cause its 
adverse effects. Moreover, close link between atherosclerotic 
events and flow-related phenomena is known for a long time. 
Nevertheless, our perception of HT has always been pressure-
based; the diagnosis, risk stratification and treatment targets 
are all in pressure domain (45). To our knowledge, a flow-related 
factor has never been proposed as the causative factor for HT 
complications. This perspective change may lead to important 
differences in understanding, definition, diagnosis, and treat-
ment of HT. A new flow-related-parameter-based definition; (1) 
may extend the definition of HT and recognize patients-at-risk 
in “pre-hypertensive” range earlier; (2) may fine-tune pressure-
based thresholds used for diagnosing, stratification of risk and 
defining treatment targets in HT, especially in patients with high 
risk and comorbidities; (3) may address residual risk, the Achil-
les’ heel of HT management, more accurately; (4) may lead to 
development of therapies targeting resistance or flow without 
changing BP. The development of such preventive approaches 
may differ organ to organ, and, more importantly, flow modula-
tion may go far beyond arterial system and venous manipula-
tions can be of value in this regard.

However, discrediting pressure as the dominant factor may 
not automatically elevate flow or its iterations to its place for 
all clinical scenarios. Some hypertensive complications can 
be directly attributed to pressure, such as left ventricular 

hypertrophy, vessel aneurysm formation, and rupture. Flow-
related factors may require pressure related changes in the 
first place for exerting their deleterious effects on the arteries. 
For example, a change in flow profile (from laminar to turbu-
lent) may require a certain degree of luminal narrowing due to 
structural remodeling arteries induced by pressure load (Fig. 
1). Also, pulse pressure may still have a specific risk by exert-
ing tensile stress on arteries, but it should be reevaluated with 
the studies designed to differentiate its effects from the ef-
fects of pulsatile flow. Most importantly, which of the flow-re-
lated parameters are responsible for CV effects and whether 
guiding treatment with manipulation of this parameter would 
be successful need to be clarified.

Conclusion

Although never specifically addressed, indirect evidence 
in hand supports that pressure per se may not be the caus-
ative factor for the majority of HT-associated complications 
and flow-based hemodynamic factors may be the principal 
mediator of HT-associated damage. This understanding may 
change the way we approach HT. Future risk prediction for 
specific outcomes might be scrutinized via examining flow 
profiles in the organs under investigation and possible modi-
fications of these parameters may significantly contribute to 
HT management. Most important of all, treatments targeting 
flow-related phenomena and their effects may go far beyond 
current understanding. These areas need to be explored with 
the light of this new perspective.
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