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Hypertension and type 2 diabetes (T2D) are closely
associated with each other, but whether a direct causal effect
links the two conditions is unclear. A recent Mendelian
randomization (MR) analysis on over 300,000 subjects free
of cardiovascular disease has provided some evidence. While
T2D is causal for hypertension development, the same is not
proven for the reversed relationship. Further studies should
disentangle the complex network of molecular pathways
that link hypertension and T2D. Specific targets with
causal relevance to preventing the codevelopment of the
two conditions are needed, and hyperinsulinemia might be a
good candidate.
According to the World Health Organization, after obesity,
arterial hypertension and T2D are the two cardiovascular
risk factors most prevalent in the global population. This is
remarkable because both diseases are responsible for the
high number of cardiovascular events and deaths worldwide
[1]. In the last 30 years, the prevalence of hypertension has
decreased to one-fourth of the global population [2], but that
of diabetes has continued to increase from 4.7 to 8.5%, and
a projection for the future shows another dramatic incre-
ment [3]. Improving awareness, treatment, and control of
these diseases is a major goal of the global health system.

Despite their single roles as independent cardiovascular
risk factors, hypertension and T2D often coexist in the same
patient. This coexistence multiplies the patient’s risk of
experiencing major acute cardiovascular events and accel-
erates the development of chronic heart and kidney failure
[4]. Authors have analyzed the simultaneous presence of
hypertension and T2D in Western countries and in Japan. It
emerged that 20% of patients with hypertension had T2D
and 50% of patients with T2D had hypertension. Having

one of the two conditions increases the risk of developing
the other by 1.5–2.0 times [5]. However, which condition
develops first, increasing the risk of developing the other,
remains unclear.

Prospective studies have documented a potential reci-
procal relationship between hypertension and T2D in which
they elicit each other. Nondiabetic hypertensive patients
have a high prevalence of prediabetes [6], and the incidence
of T2D in the general population is high as baseline blood
pressure values are generally elevated [7]. A meta-analysis
of 30 prospective studies confirmed that each 20 mmHg
increment of systolic blood pressure increased the risk of
new-onset T2D by 77% [7]. Other studies analyzed risk
factors for developing T2D in patients with hypertension. In
these studies, fasting plasma glucose, body mass index, and
the class of antihypertensive drugs used were independent
determinants of T2D [8]. T2D can also be a risk factor for
developing hypertension. In the Multi-Ethnic Study of
Atherosclerosis, baseline T2D, high fasting glucose levels,
and high insulin levels were independent risk factors for
hypertension [9]. Although hypertension and T2D condi-
tions influence each other reciprocally, the nature of this
relationship remains to be defined.

Hypertension and T2D share several pathophysiological
mechanisms that justify their coexistence. Insulin resistance,
hyperinsulinemia, increased oxidative stress, and subclinical
chronic inflammation are the most studied mechanisms.
Hyperinsulinemia is induced by insulin resistance and pre-
dicts hypertension development in normotensive nondiabetic
patients [10]. Hyperinsulinemia causes arterial remodeling
and arterial stiffness, increases sympathetic nervous activity,
enhances the renin-angiotensin-aldosterone system, and
stimulates renal sodium reabsorption [11]. In addition,
excessive oxidative stress and inflammation are determinants
of endothelial dysfunction, impaired vascular reactivity,
increased peripheral vascular resistance, and abnormal
glucose and lipid metabolism. All mechanisms that lead to
increased levels of blood pressure and plasma glucose by
changing hemodynamic and glycolipid metabolism [12].
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However, these mechanisms have been documented in only
experimental and observational studies, limiting the rele-
vance of the causal effects. Unmeasured confounders,
selection bias, and reverse causation make the causal inter-
action between hypertension and T2D uncertain. Recently,
however, a mendelian randomization (MR) analysis by Sun
et al. contributed to providing an answer [13].

MR analysis comprises instrumental variables derived
from the genetic characterization of individuals by
genome-wide association studies (GWAS). The variable
is built by the variants of genes (single nucleotide
polymorphisms–SNPs) that are genetic determinants of the
exposure factor. Because of the random distribution of
genes at individual conception, sorting individuals by
genetic variables should eliminate confounders. In fact,
similar to a randomized controlled trial, in an MR analysis,
selection bias and risk of reverse causation are attenuated.
Pleiotropic bias is the risk of an instrumental variable
being associated with the outcome of interest via other
indirect pathways or with traits in linkage disequilibrium
with the exposure of interest. Several statistical methods
have been developed to account for pleiotropy in MR
analysis and were used in Sun’s work [14].

Sun et al. performed a bidirectional MR analysis
using hundreds of SNPs correlated to hypertension as an
instrumental variable to predict T2D and vice versa. They
used GWAS data from the UK Biobank, which comprises
genotypes of over 300,000 adults. The included subjects
were of both sexes, of European descent, and free of
cardiovascular diseases. They found that genetically pre-
disposed T2D was related to a 7% increased risk of
hypertension. T2D was associated with a 0.67 mmHg
increase in systolic blood pressure, but it did not affect
diastolic blood pressure. Conversely, genetically predis-
posed hypertension or elevated blood pressure levels were
not related to T2D. The authors detected significant
pleiotropy in the relationship between hypertension and
the development of T2D [13].

This analysis shows that diabetes is a causal factor for
developing hypertension but not vice versa. Therefore,
reducing hyperglycemia to prevent hypertension could be a
target, while reducing blood pressure to prevent T2D could
not. Nevertheless, the causal effect of T2D on the devel-
opment of hypertension is miniscule and, as such, not
clinically relevant. In both cases, developing T2D or
hypertension, as predicted by the genetic variants, does not
justify the strong association observed between the two
conditions per se. Different causal factors should be con-
sidered in the development of T2D in patients with hyper-
tension and vice versa. Hyperinsulinemia, abdominal
adiposity, inflammation, and the class of antihypertensive
drugs can be of more relevance than hypertension itself
in the development of T2D. On the other hand,

hyperinsulinemia, arterial stiffness, renal dysfunction, and
hyperglycemia can contribute to hypertension [8, 15].

In conclusion, the presence of T2D is a causal factor in
the development of hypertension. Although the effect is
miniscule, the result is robust and explains the development
of high blood pressure in patients with T2D. The evidence
is null when the relationship is reversed but, in both cases,
we are far from a full causal explanation. We should search
for more relevant factors in the complex network of
interconnected conditions associated with hypertension and
T2D. This complex network needs to be disentangled to
identify specific pathways, and MR analysis can provide
valid support for the identification of such pathways.
The aim of future studies should identify specific targets
with causal relevance to prevent the codevelopment of
hypertension and T2D. Hyperinsulinemia might be a good
candidate.
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