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Is gravitation your friend or foe?
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Gravitational forces are a prime reason
why an obese person feels too heavy and

experiences exercise intolerance. Moreover,
gravitation promotes obesity-associated dis-
ease. As a result of gravitational forces, excess
body mass imposes mechanical strain on
the musculoskeletal system. Over the years,
premature osteoarthritis may ensue. Restric-
tive ventilatory defects, obstructive sleep
apnea, gastroesophageal reflux disease and
other obesity-associated ailments all involve
gravitational forces. Could gravitation also
affect blood pressure regulation? A paper
published by Schoenenberger et al.1 in this
issue of Hypertension Research and previous
observations during long-term space flights
support this provocative hypothesis.
Obesity-associated hypertension is a major

health-care issue in many countries. Indeed,
obesity can cause or exacerbate arterial hyper-
tension. Given the steep increase in the
prevalence of obesity in recent decades, it
may be no surprise that approximately 25%
of the adult population is affected by arterial
hypertension and that the condition is increas-
ingly diagnosed in younger people.2 Among
hypertensive participants in the Framingham
Heart Study, the presence of obesity strongly
predicted lack of blood pressure control below
140/90mmHg.3 While obese hypertensive
patients are prescribed more antihyper-
tensive medications, their blood pressure
tends to be less well controlled compared
with normal-weight hypertensive patients.4

Thus, most patients with treatment-resistant
arterial hypertension are overweight or obese.5

Finally, metabolic and cardiovascular risks
associated with arterial hypertension and
obesity may add up. For example, obesity
and hypertension promote left ventricular

hypertrophy, which is an established marker
for cardiovascular organ damage.
Given the importance of obesity in the

pathogenesis and management of arterial

hypertension, the underlying mechanisms

deserve our attention. Obesity-associated

arterial hypertension is characterized by

sympathetic nervous system and renin–

angiotensin system activation. The neuro-

humoral activation tends to raise blood

pressure through increased sodium reten-

tion.6 To make matters worse, the systemic

availability of blood pressure-lowering natri-

uretic peptides is reduced in obesity.7 The

imbalance between sodium-conserving and

sodium-excreting mechanisms likely explains

volume expansion and increased cardiac

output, the typical hemodynamic abnorma-

lities in obesity-associated hypertension.8

However, the mechanisms triggering the

neurohumoral activation in human obesity

are not fully understood. Studies in geneti-

cally manipulated mice strongly suggest

that adipose tissue-derived leptin can

activate sympathetic efferent traffic through

the melanocortin pathway.6 Observations in

patients with genetic melanocortin-4 receptor

deficiency suggest a similar mechanism

in humans. Hyperinsulinemia, adiponectin

deficiency and low-grade systemic inflam-

mation may amplify the pressor response to

obesity. However, the idea that body mass

itself could elicit a pressor response received

little attention.
Schoenenberger et al.1 studied otherwise

healthy young to middle-aged men and
women with a normal blood pressure or
borderline hypertension and an average
body mass index of 30 kgm�2. The authors
examined the blood pressure at rest and
during exercise before and after 10 kg
weight loss through a hypocaloric dietary
intervention. To dissect out the individual
contribution of the change in body mass,

blood pressure measurements at rest and

during exercise were repeated while subjects

were wearing a 10-kg weight vest. Dietary

weight loss was associated with a substantial

reduction in blood pressure at rest and

during exercise. When baseline body weight

was restored through the weight vest, the

beneficial effect on resting blood pressure was

lost in part. Blood pressure during exercise

completely relapsed when subjects wore the

weight vest. Addition of weight also slightly

raised blood pressure before the weight loss

intervention.
A reduction in body mass is the only way

that most humans can reduce the gravita-

tional stress to the cardiovascular system. A

few escape the earth’s gravitational field

during space flights, such that the cardio-

vascular system is exposed to microgravity.

This condition is often referred to as weight-

lessness. The first days in space are character-

ized by volume redistribution toward the

head among many other physiological

and psychological adjustments. Most cardio-

vascular studies in space have been

conducted during this acute phase.

Hemodynamic investigations showed reduc-

tions in vascular resistance with compensa-

tory increases in cardiac output, both with

simulated microgravity during parabolic

flights and after several days in space.9 The

authors suggested that space traveling might

be healthy for the cardiovascular system. The

few subjects tested during long-term space

flights exhibited a similar response. Com-

pared with baseline measurements, blood

pressure decreased during several months

in space, while heart rate remained un-

changed.10 Remarkably, the spontaneous

respiratory rate also gradually decreased in

space.10 The reduction in blood pressure was

rapidly reversed following return to earth.
In addition to affecting blood pressure,

gravitational forces regulate cardiovascular
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structure, particularly left ventricular mass.
In obese patients, body weight reduction
through lifestyle interventions, medications
or bariatric surgery reduces left ventricular
mass. In this setting, the reduction is ther-
apeutically desired because excessive left ven-
tricular mass predisposes to heart failure and
cardiac dysrhythmias. However, loss of
ventricular mass secondary to reduced grav-
itation can also be maladaptive in that it
impairs the capacity to adjust to acute
hemodynamic challenges, such as standing.
Prolonged bed rest, which is an established
model to test influences of reduced gravity
on the human body, and spaceflight led to
reductions in the left ventricular mass.11

Similar changes are likely to occur in many
hospitalized patients. Therefore, too much
and too little gravitational challenges to the
cardiovascular system can have adverse
cardiovascular health effects.
It is tempting to speculate that nature

tuned the human cardiovascular system to
work best with a normal body mass in
the earth’s gravitational field. If so, does
the human body sense changes in mass or
gravitational forces to maintain optimal
mass and gravitational forces? The idea
that body weight can be sensed and that
this signal is fed into a loop regulating
body weight is not new.12 Weight-loaded
animals lose weight, while the removal
of the weight load elicits an opposite
response.13 Perhaps the leptin pathway is
not the sole feedback loop regulating
body weight. The rapid response to weight
loading in Schoenenberger’s study1 suggests
that the sympathetic nervous system could be
part of the efferent loop of such a feedback
mechanism. Yet, the mechanism sensing mass
or gravitational forces remains mysterious.
Vestibulo-sympathetic reflexes originating in
otolith organs could be involved. Indeed,

in experimental studies, vestibular nerve
stimulation elicited sympathetic activation
together with a pressor response.14 Another
possible explanation for the findings by
Schoenenberger et al.1 is that the added
weight, while being supported by the
bicycle saddle, nevertheless produced
additional muscle activity in the upper
body. Additional muscle activity may result
from stabilization of upper body posture
and increased respiratory work to overcome
thoracic cage compression by the weight
vest.
Overall, the literature suggests that when

you are obese, gravitation is your foe. Given
the important health-care implications of
obesity and the tight association with arterial
hypertension, the mechanisms underlying
the gravitationally induced blood pressure
increase should be studied in more detail.
Because we cannot send our patients into
space, weight loss remains the treatment
of choice to ameliorate obesity-associated
health issues. One way to escape excessive
gravitational forces for a little while is water
immersion, which allows obese patients to
engage in physical exercise while relieving the
musculoskeletal system. Perhaps the cardio-
vascular system is relieved as well through
this intervention.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

1 Schoenenberger AW, Schoenenberger-Berzins R, Suter
PM, Erne P. Effects of weight on blood pressure
at rest and during exercise. Hypertens Res 2013; 36:
1045–1050.

2 Wolf-Maier K, Cooper RS, Kramer H, Banegas JR,
Giampaoli S, Joffres MR, Poulter N, Primatesta P,
Stegmayr B, Thamm M. Hypertension treatment and
control in five European countries, Canada, and the
United States. Hypertension 2004; 43: 10–17.

3 Lloyd-Jones DM, Evans JC, Larson MG, O’Donnell CJ,

Roccella EJ, Levy D. Differential control of systolic and

diastolic blood pressure: factors associated with lack of

blood pressure control in the community. Hypertension

2000; 36: 594–599.
4 Bramlage P, Pittrow D, Wittchen HU, Kirch W, Boehler S,

Lehnert H, Hoefler M, Unger T, Sharma AM. Hyperten-

sion in overweight and obese primary care patients is

highly prevalent and poorly controlled. Am J Hypertens

2004; 17: 904–910.
5 Jordan J, Yumuk V, Schlaich M, Nilsson PM, Zahorska-

Markiewicz B, Grassi G, Schmieder RE, Engeli S,

Finer N. Joint statement of the European Association

for the Study of Obesity and the European Society

of Hypertension: obesity and difficult to treat

arterial hypertension. J Hypertens 2012; 30:

1047–1055.
6 Hall JE, da Silva AA, do Carmo JM, Dubinion J,

Hamza S, Munusamy S, Smith G, Stec DE. Obesity-

induced hypertension: role of sympathetic nervous

system, leptin, and melanocortins. J Biol Chem

2010; 285: 17271–17276.
7 Asferg CL, Nielsen SJ, Andersen UB, Linneberg A,

Moller DV, Hedley PL, Christiansen M, Goetze JP,

Esler M, Jeppesen JL. Relative atrial natriuretic peptide

deficiency and inadequate renin and angiotensin II

suppression in obese hypertensive men. Hypertension

2013; 62: 147–153.
8 Messerli FH, Christie B, DeCarvalho JG, Aristimuno GG,

Suarez DH, Dreslinski GR, Frohlich ED. Obesity and

essential hypertension. Hemodynamics, intravascular

volume, sodium excretion, and plasma renin activity.

Arch Intern Med. 1981; 141: 81–85.
9 Norsk P, Damgaard M, Petersen L, Gybel M, Pump B,

Gabrielsen A, Christensen NJ. Vasorelaxation in space.

Hypertension 2006; 47: 69–73.
10 Baevsky RM, Baranov VM, Funtova II, Diedrich A,

Pashenko AV, Chernikova AG, Drescher J, Jordan J,

Tank J. Autonomic cardiovascular and respiratory

control during prolonged spaceflights aboard the Inter-

national Space Station. J Appl Physiol 2007; 103:

156–161.
11 Perhonen MA, Franco F, Lane LD, Buckey JC,

Blomqvist CG, Zerwekh JE, Peshock RM,

Weatherall PT, Levine BD. Cardiac atrophy after bed

rest and spaceflight. J Appl Physiol 2001; 91:

645–653.
12 Cabanac M, Duclaux R, Spector NH. Sensory feedback

in regulation of body weight: is there a ponderostat?

Nature 1971; 229: 125–127.
13 Adams CS, Korytko AI, Blank JL. A novel mechanism

of body mass regulation. J Exp Biol 2001; 204:

1729–1734.
14 Voustianiouk A, Kaufmann H, Diedrich A, Raphan T,

Biaggioni I, Macdougall H, Ogorodnikov D, Cohen B.

Electrical activation of the human vestibulo-sympa-

thetic reflex. Exp Brain Res 2006; 171: 251–261.

Commentary

1038

Hypertension Research


	Is gravitation your friend or foe?
	References




