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1  | HYPERTENSION AND BODY FAT: AN 
INTRIC ATE REL ATIONSHIP

In addition to genetic and environmental factors known to play a role 
in the development of hypertension, body weight and obesity are 
highly correlated with hypertension; indeed, there is robust evidence 
that the prevalence of hypertension increases sharply with increas-
ing body weight.1-4 Importantly, obesity has been shown to shift the 
secretory profile of the adipose tissue, which in turn contributes to 
the dysregulation of blood pressure; these phenomena occur through 
both direct actions of circulating adipokines on the vasculature and 
indirect actions via other systems, including the renal, central, and 
peripheral nervous system. For instance, leptin, which is elevated in 
obesity, increases blood pressure through activation of central ner-
vous system pathways and enhancing the sympathetic nervous sys-
tem output. Increased expression of pro-inflammatory adipokines in 
obesity, such as tumor necrosis factor-α (TNF-α), promotes vascular 
dysfunction through alterations in endothelial function and thicken-
ing of the vascular smooth muscle layer. These events, in turn, lead 
to increased oxidative stress and stiffening of the vascular wall, pro-
moting changes in vessel reactivity. Other adipokines that have been 
shown to increase blood pressure include chemerin, which increases 
oxidative stress and impairs vasodilation, and visfatin, which stimu-
lates proliferation of smooth muscle cells.1

In a British study performed in 50 436 individuals, Han and col-
laborators have demonstrated that, compared with normotensive 
individuals, body fat is significantly higher and skeletal muscle mass 
significantly lower in any sub-category of hypertension: undetected, 

adequately controlled, inadequately controlled, and untreated hy-
pertension, both in men and women.5 Therefore, estimates of both 
body fat and skeletal muscle mass should be considered when an-
alyzing results from health surveys (also using validated anthropo-
metric prediction equations6,7 when actual measurements are not 
possible), rather than relying on body mass index (BMI), which does 
not discriminate between these two fundamental parameters.

2  | DIABETES AND SKELETAL MUSCLE: 
WHAT IS KNOWN?

Musculoskeletal disorders have been observed in diabetic patients, 
and abnormal changes in morphological properties in both slow and 
fast fibers have been reported as well.8 Skeletal muscle insulin re-
sistance is considered a core defect in type 2 diabetes, and hyperin-
sulinemia has been shown to be not only a compensatory response 
to insulin resistance but also a self- perpetuating cause of the defect 
in muscle insulin action.9-11 Additionally, reduced muscle mass may 
further aggravate metabolic impairment, since the skeletal muscle 
is the primary site of glucose uptake and deposition. Most recently, 
diabetes has been associated with reduced mitochondrial function 
in the skeletal muscle8 , whereas sarcopenia, defined as loss of lean 
muscle mass,12 has been identified as an actual chronic complication 
of diabetes mellitus.13 Equally important, a reduced muscular mass 
has been reported in subjects with metabolic syndrome,14,15 a clus-
ter of at least three out of five cardiovascular risk factors.16

Muscle loss represents a decrease in the mass of insulin-re-
sponsive target tissue. This phenomenon promotes insulin resis-
tance, metabolic syndrome, obesity, and hypertension.17 Seminal This Commentary refers to JCH-18-0324: “Associations of body fat and skeletal muscle 

with Hypertension”.
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clinical studies have shown that the skeletal muscle is a major 
site of insulin resistance in essential hypertension and that such 
defect is independent of muscle perfusion18; moreover, insulin 
triggers an abnormal muscle sympathetic activity in essential 
hypertension.19

Notably, exercise training has been proved to be the intervention 
that most comprehensively improves the diverse aspects of mito-
chondrial function, along with whole-body and skeletal muscle insu-
lin sensitivity.8,12,20,21

3  | HYPERTENSION AND SKELETAL 
MUSCLE:  RECENT E VIDENCE

Blood pressure is directly associated with body size22; however, 
total body mass contains two factors that have opposite biologi-
cal effects: adipose tissue and lean mass.5 Subjects with sarcopenia 
commonly experience functional impairment and physical disability, 
which may cause a reduction in muscle contraction-induced fac-
tors having anti-inflammatory effects, known as myokines23: the 
relative paucity of myokines in sarcopenia may increase the risk of 
cardiovascular disorders, including hypertension.24,25 Subjects with 
sarcopenic obesity have a greater risk of hypertension than simply 
obese or sarcopenic subjects.26 Sarcopenic obesity, defined by ap-
pendicular muscle mass/body weight, was found to be more closely 
associated with metabolic syndrome than either obesity or sarcope-
nia alone.24,27 Therefore, sarcopenia and obesity might act syner-
gistically on both metabolic and functional impairments. Indeed, a 
decreased muscle capacity has been observed in the spontaneously 
hypertensive rat.28 Moreover, low muscle mass has been recently 
associated with arterial stiffness and cognitive impairment29 and 
also with an increased cardiometabolic risk regardless of nutritional 
status.30

Exercise has been long documented to improve blood pressure, 
even in obese individuals in absence of weight loss.31,32 The modula-
tion of the adrenergic system has been shown to be a crucial mech-
anism underlying the beneficial effects of exercise in hypertensive 
patients.31,33-36 Another potential mechanism is the increase in skel-
etal muscle mass, which has been demonstrated to be modulated 
by myostatin, a fundamental negative regulator of muscle growth; 
interestingly, myostatin is upregulated in obesity and downregulated 
by exercise,37 and preclinical studies have shown that increased 
muscle mass can reduce blood pressure in obesity, as well as improve 
glucose tolerance and renoprotection, independent of changes in 
body weight and/or adiposity.38,39

4  | DIABETES AND BODY FAT: A LONG ‐
STANDING LIAISON

Obesity is the major risk factor for the development of pre-diabetes 
and type 2 diabetes. The National Health and Nutrition Examination 
Survey (NHANES) has verified that the BMI is positively associated 

with the prevalence of metabolic syndrome.40 Despite being widely 
used as a surrogate measure of obesity, BMI underestimates the 
prevalence of obesity, defined as an excess of body fat.41 Indeed, 
clinical studies have demonstrated that the actual body fat amount 
is playing an essential role in the development of insulin resistance 
and that maintaining normal body fat is significantly more relevant 
than BMI in preventing diabetes.41-43 Several epidemiological stud-
ies have confirmed that BMI alone may lack predictive value for type 
2 diabetes due to differences in muscle mass and fat mass (particu-
larly abnormal adiposity) for the same BMI value.41,44,45 A significant 
proportion of people with a normal BMI (18.5-24.9 kg/m2) has been 
shown to have pre-diabetes, undiagnosed diabetes, and hyperten-
sion.46,47 Moreover, the increase in body fat has been shown to 
represent an independent risk factor for new-onset diabetes after 
transplantation,48 a serious metabolic complication that can follow 
organ transplantation.49,50

5  | HYPERTENSION AND DIABETES 
MELLITUS:  THE ULTIMATE VICIOUS 
A SSOCIATION?

Epidemiological and pathological data indicate that diabetes repre-
sents an independent risk factor for cardiovascular disease.51-54 As 
incident diabetes is more frequent in hypertensive than normoten-
sive subjects,55 the incidence of hypertension is twofold higher in 
subjects with diabetes relative to aged-matched individuals without 
diabetes.56,57 Moreover, uncontrolled blood pressure is associated 
with a twofold increased risk of incident diabetes in treated hyper-
tensive patients,58 and the presence of hypertensive target organ 
damage increases the risk of diabetes independent of anti-hyperten-
sive treatment and metabolic profile.59 

Insulin has opposing vasodilator and vasoconstrictor actions (eg, 
simultaneously stimulating both production of nitric oxide and se-
cretion of endothelin-1) such that the net hemodynamic effect of 
insulin on blood pressure is minimal in healthy humans; for instance, 
intravenous insulin infusion significantly increases heart rate and 
cardiac output and decreases total peripheral resistance.35,60

A strong association between hypertension and sarcopenia has 
been proven in diabetic patients: in a Korean study, the prevalence 
of hypertension among elderly diabetic adults was 70.3%, and the 
risk of hypertension was fourfold higher in diabetic patients with 
obese sarcopenia relative to patients without.26 Intriguingly, the 
above-mentioned study by Han and colleagues5 also revealed that 
diabetic patients had higher body fat and lower muscle mass, calcu-
lated as percentage of body weight, than non-diabetic individuals, 
for any given hypertensive status, as such opening new fields of in-
vestigations in order to determine the exact molecular mechanisms 
underlying these findings.
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