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Abstract

Over the past 5 years our understanding of the seminal role of hypertension (HTN) in the
pathogenesis of the cardiorenal metabolic syndrome (CRS) has evolved significantly (1). In the
United States, more than 50 million people have blood pressure (BP) at or above 120/80mmHg
(2). All components of the CRS, including the cardiovascular disease (CVVD) and chronic kidney
disease (CKD) components are inexorably linked to metabolic abnormalities and obesity (1-4).
Recent statistics show that the prevalence of CKD in US adults =30 years is estimated to rise from
the current 13.2% to 14.4% in 2020 and 16.7% in 2030 (3). One of the major drivers for all
components of the CRS, including CKD, is obesity (body mass index =30 kg/m?) which now
exceeds 30% in adults in the United States (4). Current estimates also show that many of those
with HTN and CRS show some degree of systemic and cardiovascular (CV) insulin resistance,
which supports a critical role in the pathogenesis of HTN and other components of the CRS (5,6).
Several pathophysiologic factors, in addition to insulin resistance, participate in the link between
HTN and CRS. These include inappropriate activation of the renin angiotensin aldosterone system
(RAAS), oxidative stress, enhanced sympathetic nervous system activation and systemic and CV
tissue inflammation. The goal of this review is to update recent literature with a focus more on the
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function of insulin resistance, obesity and RAAS-mediated oxidative stress on endothelial
dysfunction and the pathogenesis of HTN.
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PATHOPHYSIOLOGY

HTN, in the setting of obesity and the CRS, is partly due to an expanded plasma volume
resulting in an increase in cardiac output (5, 6). A second important factor in the
pathogenesis of HTN coupled with the CRS and obesity, is increased peripheral vascular
resistance (5, 6). Expanded plasma volume and hyperinsulinemia leads to increased renal
filtration which affects renal sodium handling and promotes renal dysfunction characterized
early by albuminuria (5, 6). The increase in vascular resistance impairs blood flow to
skeletal muscle tissue which leads to more insulin resistance and hyperinsulinemia, creating
a vicious cycle that promotes more volume expansion and renal hyperfiltration (7). In
obesity-related hypertension, the expanded intravascular blood volume and increased
peripheral vascular resistance, over time, lead to both concentric and eccentric left
ventricular hypertrophy and impaired cardiac diastolic relaxation (6-9).

The contribution of Renal Sodium Handling

One of the more salient features common to both HTN and other components of the CRS is
the impaired handling of sodium. Early studies showed a direct association between
increased insulin and sodium absorption through increased nephron sodium transporters.
This leads to a decrease in sodium excretion and thus an increased intravascular volume (6).
There is also increasing evidence that insulin resistance in CV tissues contributes to
impaired cardiac and vascular relaxation and increased CV stiffness (5, 6). More
contemporary studies have delved further into this topic elucidating the role that inflamed
adipose tissue (e.g. in visceral and perivascular fat) may play in HTN associated with the
CRS (10-13). This inflammation of adipose tissue likely contributes RAAS activation
related to increased proinflammatory adipokine secretion. The resulting systemic activation
reduced activation of nitric oxide (NO) synthase and increased destruction of NO with
resultant reductions in bioavailable NO in CV tissue (10-13).

The Role of the Renin-Angiotensin Aldosterone System

In states of insulin resistance such as obesity, an activated systemic RAAS is critical to the
pathogenesis of HTN and other components of the CRS (6). Increasingly, it is apparent that
expanded inflamed visceral and perivascular adipocyte tissue is key to driving RAAS
activation. Adipocyte production of angiotensinogen may contribute up to 30% of
circulating angiotensinogen (12). The notion that adipocyte production of angiotensinogen
contributes to an activated RAAS is strengthened by observations of angiotensinogen
knockout mice being immune to developing obesity, insulin resistance and HTN (14,15). In
other murine studies ablation of adipose-derived angiotensinogen, no obesity-related HTN
developed. However, some mice did go on to develop obesity (16). This evolving research
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underlines the important link between adipocyte-derived angiotensinogen and HTN,
particularly in the context of the CRS (17).

There is a burgeoning body of evidence indicating that adipocytes are an important source of
extra-adrenal-derived aldosterone (18). This concept is supported by the observation that
obese persons, especially females, have increased circulating levels of aldosterone (6).
Recent studies have shown that aldosterone-induced mineralocorticoid receptor (MR)
activation in vascular tissue can itself be an instigating factor in the promotion of vascular
stiffness by promotion of oxidative stress, inflammation, maladaptive immune modulation
and fibrosis (19,20). Therefore, this MR activation may be a therapeutic target to prevent the
evolution of vascular stiffness and HTN in diet-induced obesity.

Activation of the sympathetic nervous system (SNS)

Multiple studies have supported the role of sympathetic nervous system (SNS) activation in
obesity-related HTN. These studies have shown that there is amplified sympathetic milieu in
obese patients (21-24). One of the mechanisms responsible for SNS-induced increases in
blood pressure is via increases in the hormone leptin which may drive SNS activation (25).
Indeed leptin deficiency, in concert with diminished SNS activation, has been associated
with a propensity to postural hypotension (26). Chronically high levels of leptin have also
been shown to reduce natriuresis and lead to decreases in vascular bioavailable NO (27-29).
Thus, hyperinsulinemia, activation of the RAAS, the SNS, and hyperleptinemia may all act
in a positive feedback way to promote HTN associated with obesity, insulin resistance and
the CRS (30).

Activation of RAAS can also work in a positive feedback loop with an activated SNS as
indicated (Fig. 1 and Fig. 2). For example, increased renal sympathetic nerve traffic
promotes juxtaglomerular cell renin production and activated RAAS promotes SNS
activation. Activated RAAS effects on SNS activation include inhibition of norepinephrine
reuptake in the pre-synaptic sympathetic nerve terminals (31). Another contributor to
increased sympathetic tone in obese patients is sleep disordered breathing and obstructive
sleep apnea (OSA), both of which are seen in many patients with CRS (1, 3). Thus, the
RAAS and the SNS work in a positive feedback loop to increase HTN in patients with
obesity, insulin resistance and the other components of the CRS (32-35).

THE ROLE OF BLOCKING RAAS IN THE CRS

Accumulating evidence has shown the benefits of RAAS blockade in correcting many of the
maladaptive aspects of the CRS, especially in patients with insulin resistance and obesity. To
this point, multiple studies using ACE inhibitors and Angiotensin Il-receptor blockers
(ARBs) have shown their benefits in the treatment of HTN, congestive heart failure and
coronary artery disease, as well as prevention of CVD and CKD in Type Il diabetics (36,37).
The TROPHY study, where obese patients were randomized in a double blinded protocol to
groups receiving increasing doses of hydrochlorothiazide (12.5, 25 and 50mg) versus
lisinopril (10, 20 and 40mg) with a diastolic goal of <90 mmHg, showed some evidence of
greater reduction of blood pressure with lisinopril. The statistically significant results for
obese patients receiving lisinopril showed 60% had achieved the blood pressure goal
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compared to 43% taking HCTZ. Metabolically, it was also noted that the patients in the
HCTZ arm of the study had less optimal metabolic profiles, plasma glucose levels that were
significantly higher and reduced plasma potassium when compared with the lisinopril arm
(38). Another sub-analysis of patients with the metabolic syndrome in the Treat to Target
survey compared irbesartan by itself and in combination with hydrochlorothiazide. Findings
included significant reductions in blood pressure and metabolically, irbesartan was found to
alleviate the undesirable effects of the HCTZ in the combination group. Moreover, there
were also statistically significant improvements noted in other parameters of the CRS
including the waist circumference in both men and women (39). The concept that RAAS
inhibitors can improve the negative effects of the CRS was shown in a trial comparing
HCTZ monotherapy versus valsartan monotherapy versus a combination of the two in
patients with the metabolic syndrome. The significant results of this study showed an
increase in the A1C and triglycerides solely in the HCTZ only arm of the study. This once
again solidified the notion that the use of an RAAS antagonist was protective against the
insulin-resistance properties of the diuretic, when used concurrently (40).

The utility of direct renin inhibitors and mineralocorticoid receptor antagonists (MRA) in
treating HTN in CRS

A caveat needs to be made when considering the role of direct renin inhibitors and MRAs in
populations with obesity and the metabolic syndrome, as these components have yet to be
studied comprehensively. The ALTITUDE study which compared the addition of the renin
inhibitor (Aliskiren) versus placebo as an adjunct to an ACE inhibitor (ACE-I) or
angiotensin receptor blocker (ARB) definitively showed that there was no benefit to adding
Aliskiren to previously established therapy. In fact, the study even had to be stopped
prematurely due to greater cardiovascular events reported in the Aliskiren arm of the study
(41). There are future data expected on the role of direct renin inhibitors and their role in the
management of HTN in the CRS as a compendium both from the aforementioned
ALTITUDE study and the ASTRONAUT study (42). Thus, there is no evidence currently
showing the benefit of using combination RAAS blockade with ARBs, plus renin or ACE
inhibitors.

There is a growing body of evidence that MRA is efficacious in treating hypertensive
populations with obesity and the CRS (3-5). This approach appears to be especially
noteworthy in those patients with resistant HTN. There are studies currently being carried
out in this field. These studies are further bolstered by ongoing work which shows the direct
co-relation of targeting the endothelial MR to ameliorate its effect on vascular stiffness (43).

REVIEW OF THE MOST CURRENT GUIDELINES

The most recent antihypertensive guidelines which focus specifically on the subset of
patients with obesity and insulin resistance come from the 2013 European Society of
Hypertension (ESH) and the European Society for Cardiology (ESC). The mainstay of initial
treatment options continues to be lifestyle modification with a greater emphasis on weight
loss. The recommendation for initial pharmaceutical intervention is with either a RAAS
inhibitor or a calcium channel blocker as the CRS is considered a prediabetic state and some
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of the other readily available options tend to exacerbate insulin resistance in this subset of
patients with HTN (44).

Unfortunately, the recently published JNC 8 guidelines, also known as the 2014 Evidence-
Based Guideline for the Management of High Blood Pressure in Adults, made no particular
recommendations for HTN management in patients with obesity and CRS (45). This was in
comparison to the JNC 7 guidelines which had recommendations for patients with the CRS
which focused mainly on lifestyle modification, though no mention was made about
pharmaceutical interventions (46).

A similar trend is noted with the National Institute for Health and Care Excellence (NICE)
Hypertension guidelines from 2011, published in collaboration with the British
Hypertension Society as well as with the Canadian Hypertension Education Program
Recommendations. Both groups of guidelines tended to focus primarily on the concept of
lifestyle interventions while not making any comment about pharmaceutical interventions
with this subset of patients (47,48).

CONCLUSION

There are multiple factors linking HTN and the CRS. Currently, there is mounting evidence
showing that RAAS and SNS activation are interactive factors that promote HTN as well as
other components of the CRS. Agents which block the RAAS have been the mainstay of
management with most physicians who treat this subset of patients. Even with the advent of
new medications, most physicians continue to use these pharmaceutical classes due to their
safety profile and long term success.

However, the optimal pharmacological management of HTN in patients with obesity and the
CRS are yet to be definitively delineated. The majority of the HTN guidelines have tended to
overlook the pharmacologic management of this subgroup of patients with some focusing
only on lifestyle modification interventions while others have tended not to refer to them at
all. This clearly shows a dearth in information about HTN management in this population
and more research into the associated role of the RAAS and blockade of this system should
yield more definitive material regarding optimizing HTN treatment in this growing
population.
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Key Points

The seminal role of hypertension (HTN) in the pathogenesis of the
cardiorenal metabolic syndrome (CRS) has significantly evolved over
the past five years. The physiology of this is rooted in the concept that
hypertension in the setting of obesity and the CRS is partly due to the
excess body mass leading to an expanded plasma volume resulting in
an increase in cardiac output.

Impaired handling of sodium is another of the more salient features
common to both HTN and the CRS. A review of the literature which
portrays that in states of insulin resistance such as with obesity, an
activated systemic RAAS appears to play an important role in the
pathogenesis of HTN and other components of the CRS.

Evidence shows the benefits of RAAS blockade in correcting many of
the maladaptive aspects of the CRS, especially in patients with insulin
resistance and obesity.

Currently, there are inadequate guidelines for the optimal
pharmacological management of HTN in patients with obesity and the
CRS and the inherent need for them be more clearly delineated.
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Fig. 1.
Coordinated influence of obesity, insulin resistance, activation of the RAAS and the SNS in

the pathophysiology of hypertension in the CMS.

Adapted from Manrique C, Lastra G, Gardner M, et al. The Renin Angiotensin Aldosterone
System in Hypertension: Roles of Insulin Resistance and Oxidative Stress. Med Clin North
Am 2009;93(3):569-82; with permission.

Med Clin North Am. Author manuscript; available in PMC 2018 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Cabandugama et al.

Page 11

Endothelial Cell

{5
. AL
i Thr20n(E)

| *SedTIE

F,I
'F'»'r-— g %
= R
l ;\“t‘ rtj._.&'P @

_ﬂlr}-

P2

Inactye Achle

RO 3 Contraction Fe_-hupr./\ Contrach
ol
. i g m
) = = Relaxaton
1-05: .l‘,.ﬂe

y
.-f

Fig. 2.
(Upper inset) Vascular effects of insulin (INS) or insulin like growth factor (IGF)-1 and

Counter regulatory effects of AT1R and MR activation in endothelial cells. Insulin actions
on the blood vessel are partially mediated by increased production of NO through
phosphorylation and secondary activation of endothelial NO synthase (eNOS). AT1R
activation decreases the availability of NO by way of the induction of insulin resistance,
diminishing eNOS mRNA stability, and promoting NADPH oxidase-induced ROS
production. Mineralocorticoids also activate NAPDH oxidase with secondary O2—
production and consequent generation of peroxinitrite (ONOO-). Akt, PI3K/protein kinase
B; GRE, glucocorticoid response element; Gg, G_q subunit; IRS, insulin receptor substrate;
NOX2, catalytic subunit of NADPH oxidase; p22, p47, p40, and p67, subunits of NADPH
oxidase; PH, pleckstrin homology domain; PIP, phosphatidylinositol phosphate; PI1P2,
phosphatidylinositol bisphosphate; PIP3, phosphatidylinositol (3,4,5)-trisphosphate; ROK,
Rho kinase; SOD, superoxide dismutase. (Lower insef) Opposing effects of ANG Il and
aldosterone (Aldo) versus insulin/IGF-1 on VSMCs. Insulin and IGF-1 cause VSMC
relaxation, whereas ANG Il and mineralocorticoids cause contraction. MBS, myosin-bound
serine; MLC, myosin light chain; MLCK, MLC kinase; Na/Ca exch, Na_/Ca2_ exchanger.
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From Manrique C, Lastra G, Gardner M, et al. The Renin Angiotensin Aldosterone System
in Hypertension: Roles of Insulin Resistance and Oxidative Stress. Med Clin North Am
2009;93(3):569-82; with permission.
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