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Obesity and hypertension—the issue is more complex than we thought
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‘That which does not kill you, makes you
stronger’—Friedrich Nietzsche

Introduction

The relevance of both hypertension and obesity, as
important public health challenges, is increasing world-
wide. Compared with the year 2000, the number of
adults with hypertension is predicted to increase by
�60% to a total of 1.56 billion by the year 2025 [1]. The
growing prevalence of obesity is increasingly recognized
as one of the most important risk factors for the
development of hypertension. This epidemic of obesity
and obesity-related hypertension is paralleled by an
alarming increase in the incidence of diabetes mellitus
and chronic kidney disease.

This editorial examines the evidence linking obesity
with hypertension, reviews the mechanisms underlying
this link, and discusses its potential implications for
renal disease. Earlier studies attributed the link between
obesity and hypertension primarily to haemodynamic
factors. Recent evidence indicates that the association
is much more complex than initially thought.

Good weight and measure are heaven’s treasure

Excess body weight is the sixth most important risk
factor contributing to the overall burden of disease
worldwide [2]. More than 1 billion adults and 10% of
children are now classified as overweight or obese [2].
In the USA, obesity is set to overtake smoking in 2005
as the main preventable cause of illness and premature
death [3].

Obesity and in particular central obesity have been
consistently associated with hypertension and increased
cardiovascular risk. Based on population studies,
risk estimates indicate that at least two-thirds of the
prevalence of hypertension can be directly attributed to
obesity [4]. Apart from hypertension, abdominal
adiposity has also been implicated in the pathogenesis
of coronary artery disease, sleep apnoea, stroke and
congestive heart failure [2].

There is increasing evidence that obesity contributes
to the development as well as to the progression of
chronic kidney disease [5]. Obesity may cause glomer-
ular hyperfiltration, increased urinary albumin loss
and progressive loss of renal function caused by focal
segmental glomerulosclerosis [6,7]. In patients with
established renal disease, obesity accelerates progres-
sion [8,9]. The importance of obesity in causing renal
damage has recently been emphasized by population-
based studies in apparently healthy subjects. First,
multivariate analysis of the data of the PREVEND
study showed that the bodymass index is independently
associated with urinary albumin excretion and that
this relationship is closer in males than in females [5]
(Figure 1). The relationship between body mass
index and impairment of renal function is evident
even in subjects without overt obesity [10]. Secondly,
in the general population, obesity is associated with
an increased incidence of chronic kidney disease [11]
and end-stage renal failure [12].

Given the close link between obesity and cardio-
vascular disease, it has been suggested that current
trends in obesity might lead to a decline of the life
expectancy in the USA in the 21st century [13]. Similar
trends are likely to occur in other countries.

Still waters run deep

Obesity-related metabolic abnormalities and impair-
ment of cardiovascular function may be present even
at a young age, and progress asymptomatically for
decades before clinical manifestations set in. It is
conceivable that these early abnormalities found in
young obese subjects might facilitate the future
development of hypertension and atherosclerosis
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independently of other traditional risk factors. This
hypothesis is supported by recent findings which link
obesity to accelerated progression of coronary artery
calcification as a marker of atherosclerosis in appar-
ently healthy individuals with an otherwise favourable
cardiovascular risk profile [14].

The precise mechanisms linking obesity to hyper-
tension and increased cardiovascular risk are not fully
understood. However, neuroendocrine mechanisms
and, most recently, factors derived from adipose are
thought to play a major role [15,16]. Obesity might
lead to hypertension and cardiovascular disease by
activating the renin–angiotensin–aldosterone system,
by increasing sympathetic activity, by promoting
insulin resistance and leptin resistance, by increased
procoagulatory activity and by endothelial dysfunction.
Further mechanisms include increased renal sodium
reabsorption, causing a shift to the right of the
pressure–natriuresis relationship and resulting in
volume expansion [17]. Obstructive sleep apnoea may
importantly contribute to sympathetic activation in
obesity. Finally, obesity may increase cardiovascular
risk through subclinical inflammation.

Obesity-related hypertension is commonly associated
with further elements of the metabolic syndrome,
such as insulin resistance and glucose intolerance. In
particular, one should be aware that diabetes de novo
occurs in 2% of treated hypertensive patients per year
[18]. Furthermore, new onset diabetes increases the
cardiovascular risk. The adverse impact of newly
diagnosed diabetes is similar to that of known diabetes.
There are compelling arguments for the concept that
metabolic abnormalities associated with obesity not
only play an important role in pathogenesis of
cardiovascular disease, but also contribute to different
types of renal injury. Tubular injury, as the first
sign of renal damage in hypertension, is closely linked
to metabolic disturbances [19]. Kincaid-Smith [20]
recently proposed that obesity and the insulin resistance
syndrome play a major role in the genesis of renal
failure in hypertensive patients by what conventionally
had been labelled ‘hypertensive nephrosclerosis’.

It takes two to tango

Obesity is associated with an increased risk of
cardiovascular disease, but this requires that obesity is
combined with hypertension. In overweight and obese
subjects, the cardiovascular risk is not significantly
increased unless hypertension is present [21]. This
observation underscores the role of hypertension as
a mediator through which obesity may cause cardio-
vascular disease.

While obese subjects are prone to hypertension,
hypertensive subjects also appear to be prone to weight
gain. Both the Framingham and Tecumseh studies have
shown that future weight gain is significantly greater
in hypertensive patients than in normotensive subjects,
suggesting that even normal weight hypertensives are
at a high risk of developing obesity [22]. Therefore,
the relationship between obesity and hypertension
might be described as a ‘two-way street’ [22], implying
individual susceptibility to both conditions or common
environmental factors.

A chain is not stronger than its weakest link

It is clear that obesity-related hypertension is a multi-
factorial disorder. At this time, it is not possible to
identify one single mechanism as the dominant
aetiological factor. Genesis and evolution of obesity-
related co-morbidity presumably depend on several
genetic and environmental factors. It is likely that
obesity, hypertension and metabolic abnormalities
interact and potentiate their individual impact on
cardiovascular risk (Figure 2). In this context, renal
factors may have a decisive influence. The number of
nephrons is reduced in patients with primary hyper-
tension [23]. In these patients, obesity may confer
an increased risk of chronic kidney disease, especially
when additional factors, such as diabetes or lipid
abnormalities, are superimposed. Structural damage
of the kidneys may further increase blood pressure
and predispose to cardiovascular events.
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Fig. 1. Prevalence of microalbuminuria according to body mass
index in the PREVEND study (modified from [5]).
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Fig. 2. Potential mechanisms linking obesity, hypertension and
chronic kidney disease.
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It is tempting to speculate that the clinical course
and the prognosis of a given patient depend on the
weakest link in the chain comprising obesity, hyper-
tension and metabolic abnormalities. It is possible that
distinct subgroups of obese subjects are prone to an
early increase in blood pressure, an early onset of
diabetes or an early onset of chronic kidney disease.

Think globally, act globally

There is a clear need to develop a global strategy for
managing the increasing number of overweight and
obese subjects in the community. Obesity, as a major
contributor to global cardiovascular risk, requires
coherent management [2]. Effective long-term weight
loss necessitates persistent changes in dietary quality,
energy intake and physical activity [2]. Weight loss
is associated with a significant reduction of blood
pressure and has beneficial effects on the associated risk
factors.

Even modest reduction in body weight can cause
a meaningful reduction in the activity of the renin–
angiotensin–aldosterone systems in the circulation and
in adipose tissue which makes a major contribution
to the blood pressure decrease. Weight loss of 5%
is associated with the reduction of angiotensinogen
levels by �27%, renin by �43%, aldosterone by
�31%, angiotensin-converting enzyme activity by
�12% and angiotensinogen expression by �20% in
adipose tissue [24].

Furthermore, weight loss has been shown to improve
endothelial function [25], decrease sympathetic nerve
activity [26] and improve baroreflex function [26].
Animal studies indicate that weight loss decreases
proteinuria and might even reverse morphological signs
of renal damage [27]. This repair of renal injury is
independent of blood pressure control. Whether weight
loss, induced by either lifestyle changes or pharma-
cotherapy, is also associated with a reduced number of
cardiovascular events remains to be determined.

Every rule has its exception

Cardiovascular risk factors including obesity are more
prevalent in patients with end-stage renal disease than
in age-matched controls [28]. However, there is growing
evidence that the relationship between body mass
index, nutritional state and cardiovascular risk profile
might be different in renal patients compared with the
general population [29,30] (Figure 3). Obesity has been
shown paradoxically to enhance survival of patients
undergoing haemodialysis. This phenomenon is called
reverse epidemiology, risk factor reversal or altered risk
factor pattern [29].

Several mechanisms have been postulated as poten-
tial causes of or explanations for the phenomenon of
reverse epidemiology in patients undergoing haemo-
dialysis. These include the malnutrition inflammation
complex syndrome, alterations in circulating cytokines,

unique neurohormonal constellations, endotoxin–
lipoprotein interaction, reverse causality, survival bias
and time discrepancies among competitive risk factors
[29]. It is not clear whether these mechanisms are
specific for renal patients, as other conditions such
as congestive heart failure, advanced age and malig-
nancy are also associated with risk factor reversal.
Nevertheless, these findings raise the question of
whether obese patients undergoing haemodialysis
should be advised to lose weight.

Interestingly, reverse epidemiology is not observed
in patients treated with peritoneal dialysis. In this
group of patients, obesity is a significant risk factor
for death and technique failure [31].

Conclusions

Obesity is an independent risk factor for the develop-
ment and progression of hypertension, cardiovascular
disease and chronic kidney disease. There is growing
evidence that obesity and associated metabolic abnor-
malities may induce and accelerate renal complications
in essential hypertension. The clustering of obesity
and other features of the metabolic syndrome might
have important implications for prevention, particu-
larly with regard to whether interventions targeted at
visceral obesity would have beneficial effects on
cardiovascular and renal morbidity.

Obesity paradoxically appears to be a survival
factor in patients with end-stage kidney failure under-
going haemodialysis. The impact of weight changes
on prognosis in these patients is potentially of
relevance when devising future treatment strategies
for chronic renal failure and its cardiovascular
consequences.
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Fig. 3. Comparison between the effects of body mass index on
all-cause mortality in the general population and in maintenance
haemodialysis patients (modified from [29]).
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