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H ypertension is the most important cause of morbidity
and mortality worldwide, with 182 million disability-

adjusted life years and 10.4 million deaths annually.1 In the
Framingham population, the fraction of hypertension attribu-
table to excess fat was 56% in women and 73% in men.2

Approximately two thirds of US adults have become over-
weight and more than one third are obese.3 This epidemic
increasingly affects developing societies (including China).
The body mass index (BMI) has increased globally by 20% in
just 10 years, and elevated BMI is now the fourth leading
cause of morbidity and mortality.1

In this issue of the Journal of the American Heart Association
(JAHA), Zhang et al examine both the level of BMI and the
change in BMI in youngChinese adults who underwent repeated
measurements of BMI and blood pressure and who were
followed an average of 5.5 years.4 (Measures of central
adiposity were not obtained, but BMI is similar to those
measures in predicting hypertension.5) As expected, the level of
BMI was an important risk factor for incident hypertension.
However, individuals with a sharp increase in BMI had a relative
risk for new-onset hypertension that was many times the risk in
those with a low-stable trajectory. The crucial period for
incident hypertension associated with the sharply increasing
trajectorywas in those 20 to 30 years of age, a relationship that
was independent of achieved BMI level. Before 30 years of age,
the rate of increase in BMI was found to be a better predictor of
hypertension than BMI level.

The relationship between the sharply increasing trajectory in
BMI and new-onset hypertension persisted after adjustment for
baseline BMI, baseline systolic blood pressure, and other risk
factors: hazard ratio 12.3 (95% CIs 8.1 and 18.9). However, salt

consumption was not measured and is correlated with both
obesity and hypertension.6 Exercise reduces blood pressure
independently of reductions in bodyweight and is also a potential
confounder.7 Because of increased upper arm circumference
and a conical shape, accuratemeasurement of blood pressure in
obese individuals may be challenging.8 However, the high upper
and lower 95% confidence limits make it virtually impossible to
explain the results on the basis of unmeasured parameters.
Nonetheless, it would be valuable to repeat such a study with
measurements of salt consumption and exercise and to examine
these relationships in other populations.

Endothelial dysfunction and arterial stiffness precede
hypertension in animals and humans.9,10 However, arterial
stiffness has been shown to be reversible.11–13 This suggests
that there are mechanisms for adapting to stressors such as
obesity (Figure). Obesity promotes the activity of factors
(SOCS3 and PTP1B) that appear to counter the obesity-
induced increase in sympathetic tone. The obesity-induced
increase in leptin suppresses appetite through the arcuate
nucleus in the hypothalamus and may lead to weight loss.14
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Figure. Counterbalancing effects* on blood pressure fromSOCS3,
PTP1B, weight loss, and nitric oxide, adapted from Hall et al14 with
permission. Copyright ©2015, Wolters Kluwer Health, Inc. Obesity
and increased sympathetic activity both activate the RAAS, which
fosters hypertension. Nitric oxide mitigates the pro-hypertensive
effects of RAAS by reducing RAAS activation and by buffering the
angiotensin II-induced peripheral vasoconstriction. PTP1B indicates
protein tyrosine phosphatase 1B; RAAS, renin–angiotensin–aldos-
terone system; SOCS3, suppressor of cytokine signaling 3.16
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Another counterbalancing mechanism involves the renin–
angiotensin–aldosterone system, which is known to be acti-
vated in obesity.14–16 How the renin–angiotensin–aldosterone
system relates to endothelial dysfunction and hypertension has
been clarified.16 Renin–angiotensin–aldosterone system inhi-
bition can reverse arterial stiffness, and this takes place in a
manner that is partly independent of reductions in blood
pressure.11,12 A key regulator is nitric oxide (NO), which
modulates endothelial function.17 The bioavailability of NO
depends on (1) the CAT1 transporter (responsible for moving
extracellular L-arginine into the cell), (2) the intracellular
concentration of unsequestered L-arginine, and (3) the enzyme
endothelial NO synthase. The obesity-induced increase in leptin
fosters the bioavailability of NO,14 and there is evidence that NO
can reverse arterial stiffness and can enhance arterial elastic-
ity.13,18 Thus, one speculation in response to the observations
of Zhang et al is that accelerated obesity overwhelms 1 ormore
of these 4 counterbalancing mechanisms, which would more
effectively oppose new-onset hypertension when obesity
increases more gradually. It would be interesting to test this
hypothesis in studies of animals.

If verified, the findings of Zhang et al would have important
implications for prevention of hypertension. Lifestyle prac-
tices tend to be self-reinforcing, and intervention at younger
ages may minimize obesity later in life. In the best of
circumstances, reductions in body weight are 3 to 8 kg from
lifestyle interventions,19 3 to 7 kg from medications,20 and 20
to 45 kg from bariatric surgery19 with remission of hyperten-
sion in 75% of individuals.21 These reductions in body weight
are of course desirable, but less ambitious goals may be
worthwhile. For example, while the constituents of the Dietary
Approach to Stop Hypertension (DASH) diet may reduce blood
pressure, it has also been shown in adolescents that the
DASH diet retards the rate of increase in BMI over the long
term.22 Clinicians may sink into despair over attempts to
reduce body weight in their patients. However, favorable
effects on blood pressure may occur, even if the only impact
from interventions is to reduce the BMI’s rate of increase.
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