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Hypertension, Dyslipidemia, and Insulin
Resistance in Patients With Diabetes Mellitus
or the Cardiometabolic Syndrome: Benefits of

Vasodilating -Blockers

Prakash Deedwania, MD

Hypertension frequently coexists with diabetes
and the cardiometabolic syndrome. f-Blockers
have been a mainstay for controlling blood
pressure for nearly 4 decades. However, ff-blockers
are perceived to cause glucose and lipid
metabolism dysregulation, including
hypoglycemia masking, reduced glycemic control,
insulin resistance, and dyslipidemia. 1t should be
noted, however, that -blockers are diverse in
their effects on glucose and lipid metabolism.
Potential mechanisms that contribute to these
metabolic effects include hemodynamic
differences, anti-inflammatory and anti-oxidative
pathways, and/or weight changes. Traditional
B-blockers decrease cardiac output while
peripheral vascular resistance increases or
remains unchanged, which may result in glucose
and lipid abnormalities. In contrast, vasodilating
p-blockers reduce peripheral vascular resistance
but have little effect on cardiac output.
Vasodilating f-blockers may therefore result in
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less impact on insulin sensitivity and glycemic
control, a reduced new-onset diabetes risk, and
improved dyslipidemia compared with traditional
p-blockers. Because of these effects, vasodilating
p-blockers may represent a favorable option in
the treatment of high-risk patients with
hypertension. ] Clin Hypertens (Greenwich).
2011;13:52-59. ©2010 Wiley Periodicals, Inc.

ypertension frequently coexists with diabetes
and the cardiometabolic syndrome, condi-
tions that are characterized by metabolic abnor-
malities including hyperglycemia, insulin resistance
(IR), dyslipidemia, and abdominal obesity.'
Patients with diabetes are 2 to 4 times more likely
to develop cardiovascular (CV) disease compared
with patients without diabetes.” Similarly, patients
with the cardiometabolic syndrome have a 5- to
9-fold increased risk for diabetes and a 2- to 4-fold
increased risk for CV disease.>™ Analysis of the
Treating to New Targets (TNT) study revealed that
patients with the cardiometabolic syndrome and
coronary heart disease had a significantly higher
incidence of major CV events compared with
patients without the cardiometabolic syndrome.®
Blood pressure (BP) control is the most effective
means of reducing CV risk in patients with diabetes
and comorbid hypertension. The United Kingdom
Prospective Diabetes Study (UKPDS) demonstra-
ted that aggressive BP control in patients with
hypertension and diabetes resulted in clinically
meaningful reductions in the risk of diabetes-related
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Figure 1. Relationship between insulin resistance, dyslipidemia, and hypertension. CVD indicates cardiovascular
disease; LDL, low-density lipoprotein; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.

Reproduced with permission from Stump and colleagues.

deaths and complications and the progression of
diabetic retinopathy.” Various agents may be used
to control elevated BP, including angiotensin-con-
verting enzyme inhibitors, angiotensin receptor
blockers, o inhibitors, B-blockers, calcium channel
blockers, and thiazide diuretics.

Individual agents within the B-blocker class dif-
fer in terms of their effects on glucose and lipid
metabolism. From a metabolic standpoint, reduc-
tion in cardiac output by traditional B-blockers
decreases glucose delivery to peripheral tissues,
which may lead to detrimental effects on glucose
and lipid metabolism.® Vasodilating p-blockers
reduce peripheral vascular resistance and are associ-
ated with neutral effects on glucose and lipid pro-
files.” This review will discuss the pathophysiologic
relationship between IR, dyslipidemia, and hyper-
tension and the differences between traditional and
vasodilating B-blockers regarding their effects on
glucose and lipid metabolism.

PATHOPHYSIOLOGIC RELATIONSHIP
BETWEEN HYPERTENSION, IR, AND
DYSLIPIDEMIA

Insulin is a pleiotropic hormone that plays a pivotal
role in the development of hypertension, diabetes,
and the cardiometabolic syndrome. The main meta-
bolic actions of insulin are to stimulate glucose
uptake in skeletal muscle and heart and to suppress
the production of glucose and very low-density
lipoprotein (VLDL) in the liver.'® Under fasting
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conditions, insulin secretion is suppressed, leading to
increased glucose synthesis in the liver and kidneys
(gluconeogenesis) and increased conversion of gly-
cogen to glucose in the liver (glycogenolysis). After
eating, insulin is released from pancreatic B-cells
and inhibits gluconeogenesis and glycogenolysis.
Insulin stimulates the sympathetic nervous system
(SNS) to increase cardiac output and the delivery
and utilization of glucose in the peripheral tissues.

Insulin Resistance
IR denotes an impaired response to insulin in skele-
tal muscle, liver, adipose, and CV tissue. IR arises
as a result of various genetic, acquired, and envi-
ronmental factors, including the presence of obes-
ity, especially central obesity (Figure 1).'' Renin-
angiotensin-aldosterone system increased activation
may also contribute to the development of IR via
the stimulation of angiotensin II type 1 receptors,
which trigger increased production reactive oxygen
species (ROS) in adipocytes, skeletal muscle, and
CV tissue of obese individuals.'*'® Excess free fatty
acids (FFAs) may further exacerbate ROS genera-
tion."* The resulting increase in oxidative stress
induces a shift toward endothelial dysfunction and
atherogenesis'> (Figure 1).!! Additionally, inflam-
mation has been linked to IR development and dia-
betes pathogenesis.'*

The cellular consequences of IR are complex
and not entirely understood. IR is associated with
abnormalities in key components of insulin-signaling
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pathways, including phosphatase overexpression
and downregulation of protein kinase cascades."
Impaired insulin signaling may result in abnormali-
ties in the expression and action of various cyto-
kines, growth factors, and peptides.'® In addition,
impaired insulin signaling stimulates VLDL over-
production, which promotes the dyslipidemic pro-
file commonly observed in the insulin-resistant
state.’> IR may also result in impaired fibrinolysis,
which is characterized by elevated levels of fibrino-
gen and plasminogen activator inhibitor type 1 (an
inhibitor of fibrinolysis) and hypercoagulability.”'8
Impaired fibrinolysis may contribute to increased
thrombosis and CV event risk.'®

Systemic Consequences of IR

Dyslipidemia. Dyslipidemia is one of the most
common IR complications and is characterized by
elevated levels of low-density lipoprotein cholesterol
(LDL-C) and triglycerides and reduced high-density
lipoprotein cholesterol (HDL-C) levels."”” These
lipid abnormalities arise as a result of excess FFAs,
which trigger increased triglyceride production in
the liver.!” Hypertriglyceridemia reduces HDL-C
levels and promotes the formation of small, dense
LDL-C particles from VLDL, which are more ath-
erogenic than their larger, more buoyant counter-
parts because of an increased ability to cross the
endothelium and a susceptibility to oxidation.
Dyslipidemia results in a highly atherogenic profile
that increases CV disease risk."”

Hypertension. Various mechanisms have been
proposed to explain how IR contributes to hyperten-
sion development. Vasoconstriction may be exacer-
bated by reduced endothelium-derived nitrous/
nitric oxide (NO) production that occurs in the
insulin-resistant state. Activation of the SNS and
reabsorption of sodium by the kidney is also
increased in insulin-resistant patients.">** Oxidized
LDL-C accumulation in the arterial wall may result
in decreased arterial elasticity and increased periph-
eral vascular resistance.?! Increased oxidized LDL-C
production may be related to hypertension through
sympathetic activation and decreased endothelial-
dependent NO production.

Cardiometabolic Syndrome. Numerous effects rel-
ated to IR have been observed in patients with the
cardiometabolic syndrome, including hyperglycemia,
hyperinsulinemia, and dyslipidemia."” Oxidative
stress, which is increased in the cardiometabolic
syndrome, may contribute to alterations in adipose-
derived cytokine secretion such as adiponectin.**
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Low adiponectin levels decrease VLDL catabolism
and increase HDL-C catabolism, resulting in elevated
FFAs secretion from adipose tissue.** Proinflammato-
ry cytokines such as tumor necrosis factor o may also
contribute to the development of the cardiometabolic
syndrome by increasing plasminogen activator inhi-
bitor type 1 levels, which initiate and sustain the low
inflammatory states that characterize hypertension
and atherosclerosis progression.>*

Target Organ Damage. Hyperglycemia and the
compensatory hyperinsulinemia required to maintain
glucose homeostasis in insulin-resistant patients cause
target organ damage. Hyperglycemia increases ROS
production and advanced glycation end products.?®
Increased oxidative stress suppresses endothelium-
derived vasodilation by converting NO into perox-
ynitrite. In addition, advanced glycation end products
promote the development of inflaimmation and
induce vascular cell adhesion molecule production,
which enhances the interaction between the vascular
endothelium and circulating monocytes.** Endothe-
lial dysfunction, in the form of increased ROS
production and decreased NO bioavailability, may
contribute to the development of atherosclerosis.>’

EFFECT OF B-BLOCKERS ON IR AND
DYSLIPIDEMIA

B-Blockers are recommended among the first-line
treatments for hypertension in patients with compel-
ling indications, including heart failure, high coro-
nary disease risk, diabetes, and following myocardial
infarction." This recommendation is based on numer-
ous clinical studies that demonstrated B-blockers
lower elevated BP and reduce CV morbidity and
mortality in patients with heart failure and in patients
with a prior myocardial infarction.”® P-Blockers
reduce BP by inhibiting SNS activity*®; however, indi-
vidual agents within this class differ in terms of their
mechanism of action and physiologic effects. Tradi-
tional B-blockers include agents that inhibit both
B1- and B,-adrenergic receptors (eg, propranolol) or
agents that specifically inhibit B;-adrenergic receptors
(eg, atenolol and metoprolol). Traditional B-blockers
reduce BP via a reduction in cardiac output, whereas
peripheral vascular resistance is maintained or
increased.® Administration of traditional B-blockers
may be associated with unfavorable side effects (eg,
depression, fatigue, sexual dysfunction, and cold
extremities)>” and loss of glycemic control and dysli-
pidemia. In contrast, vasodilating B-blockers (nebivo-
lol, labetalol, and carvedilol) lower BP with a
reduction of peripheral vascular resistance but have
little or no effect on cardiac output.” Consequently,
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vasodilating B-blockers can increase peripheral blood
flow, which may result in improved tolerability and

metabolic profiles compared with traditional [-
blockers.?®

Traditional B-Blockers

Effects on Glucose and Lipid Metabolism. Tradi-
tional B-blockers may reduce insulin sensitivity,
lessen glycemic control, and increase the risk of
new-onset diabetes. For example, metoprolol
decreased insulin sensitivity by 14% from baseline
in 72 nondiabetic patients with hypertension after
12 weeks of treatment.”’ Additionally, metoprolol
was associated with increased triglyceride levels
and decreased HDL-C levels. In another study that
included 42 patients with hypertension, metoprolol
increased glycosylated hemoglobin (HbA;.) levels
by 5% from baseline after 6 months of treatment
(P=.04).>° This finding is clinically meaningful
because the Norfolk Cohort of the European Pro-
spective Investigation Into Cancer and Nutrition
(EPIC-Norfolk; n=10,232, of whom 243 had diabe-
tes) demonstrated that a 1% HbA;. increase was
associated with a 26% increase in mortality risk
(P<.02) when patients with diabetes or known
history of CV disease were excluded.

The International Verapamil-Trandolapril Study
(INVEST) of 22,576 patients with hypertension
and coronary artery disease demonstrated that
long-term therapy with atenolol was associated
with a 15% higher risk of new-onset diabetes
compared with verapamil.** In the Losartan Inter-
vention For Endpoint (LIFE) study, the risk of
developing diabetes was 25% higher among
patients with hypertension and left ventricular
hypertrophy who received atenolol-based therapy
compared with patients who received losartan-
based therapy (N=9193).>3 A substudy of the Ath-
erosclerosis Risk in Communities (ARIC) study
(3804 patients with hypertension; 6-year follow-up)
demonstrated that, compared with no medication,
patients receiving traditional B-blockers had a 28%
higher risk of developing diabetes.>*

Potential Mechanisms Contributing to the Metabolic
Effects of Traditional B-Blockers. Various mecha-
nisms have been proposed to explain the negative
effects of traditional B-blockers on glucose and lipid
metabolism. Traditional B-blockers produce unop-
posed oy-adrenergic receptor activity, which may
induce vasoconstriction, decrease skeletal blood flow,
and reduce insulin-stimulated peripheral glucose
uptake.*> Additionally, traditional B-blockers—
atenolol in particular—may not improve oxidative
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stress and NO production, which are involved in the
structural integrity and endothelial function of arter-
. 36 . Ll . .
ies.”® Traditional B-blockers may also inhibit insulin
secretion from pancreatic B-cells.>” Weight gain,
which has been reported in patients treated with
traditional B-blockers, is closely linked to reduced
insulin sensitivity.*®3

Vasodilating p-Blockers

Effects on Glucose and Lipid Metabolism. Evi-
dence suggests that nebivolol, a selective B;-blocker,
mediates vasodilation via the stimulation of endo-
thelium-derived NO release.*® In patients with
hypertension, nebivolol has been associated with
improvements in glycemic control and dyslipidemia.
Among 30 patients with hypertension and hyperlip-
idemia, atenolol 50 mg daily raised lipoprotein(a)
levels by 30% (P=.028 vs baseline) and triglyceride
levels by 19% after 24 weeks (P=.05 vs baseline),
whereas nebivolol 5 mg daily produced no signifi-
cant changes in either parameter.*! While insulin
level reduction by nebivolol was not significant
(10%), the Homeostasis Model Assessment
(HOMA) index was reduced by 20% (P=.05)."' In
another study among 72 patients with hyperten-
sion, nebivolol 5 mg daily significantly reduced
baseline insulin levels (P=.001) and the HOMA of
IR (HOMA-IR) (P=.003) compared with metopro-
lol 100 mg daily after 6 months of treatment.****
In 2838 patients with hypertension and diabetes,
nebivolol 2.5 mg, 5.0 mg, or 10 mg daily (mono-
therapy or as add-on therapy for 3 months) was
significantly associated with decreased fasting glu-
cose, HbA ., total cholesterol, LDL-C, and trigly-
ceride levels and increased HDL-C levels compared
with baseline (Table 1).*?

Labetalol, a nonselective B-blocker with oy-
adrenergic receptor-blocking activity, is effective in
the long-term management of mild, moderate, and
severe hypertension and during hypertensive emer-
gencies.** Although the effect of labetalol on glu-
cose and lipid metabolism in hypertension has not
been extensively studied, two small studies suggest
that labetalol treatment is associated with neutral
effects on glucose and lipid profiles.****¢

Carvedilol is a nonselective PB-blocker whose
vasodilating activity has been attributed to oy-
adrenergic receptor blockade.”® A number of recent
studies have reported that carvedilol exerts neutral
effects on glucose and lipid metabolism. The Glyce-
mic Effects in Diabetes Mellitus: Carvedilol-Meto-
prolol Comparison in Hypertensives (GEMINI)
study of 1235 patients with hypertension and
diabetes demonstrated that carvedilol 6.25 mg to
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Table I. Metabolic Parameters of Patients Treated With
Nebivolol (N=2838)

MeaN CHANGE

From
BaseLINE (SD) P VaLug

Fasting glucose, mg/dL —-13.1 (27.0) <.001
HbA,, % ~0.25 (0.59) <.001
Serum cholesterol, mg/dL

Total -16.3 (31.3) <.001

LDL —-13.3 (27.5) <.001

HDL 2.4 (18.0) <.001
Triglycerides, mg/dL —24.1 (75.4) <.001

Abbreviations: HbA;,, glycosylated hemoglobin;
HDL, high-density lipoprotein; LDL, low-density

lipoprotein; SD, standard deviation. Adapted with
43

permission from Schmidt and colleagues.

25 mg twice daily did not appreciably affect HbA;.
levels vs baseline (0.02%; P=.65), whereas meto-
prolol tartrate 50 mg to 200 mg twice daily signifi-
cantly increased HbA{. levels vs baseline (0.15%;
P<.001) after 35 weeks of treatment.*” Carvedilol
resulted in significant improvement in insulin sensi-
tivity (HOMA-IR) compared with metoprolol tar-
trate (=9.1% vs —2.0%; P=.004), as well as larger
decreases in total serum cholesterol levels and smal-
ler increases in triglyceride levels (P<.001; Table
10).*” Fewer patients discontinued treatment because
of deteriorating glycemic control with carvedilol
(0.6% vs 2.2% with metoprolol tartrate; P=.04).
Of note, in the GEMINI study, carvedilol-treated

patients did not experience weight gain from base-
line (0.17+0.19 kg; P=.36), whereas significant
weight gain from baseline occurred among meto-
prolol-treated patients (1.240.16 kg; P<.001).*
Carvedilol-treated patients were also more likely to
experience no weight change (44% vs 35%;
P=.005) and less likely to experience a weight gain
>7% (1.1% vs 4.5%; P=.006) compared with
metoprolol-treated patients.*®

Carvedilol was also associated with beneficial
effects on lipid parameters in 77 patients with the
cardiometabolic syndrome.*’ Atenolol- and doxazo-
sin-treated patients (50 mg and 2 mg daily, respec-
tively) experienced greater reductions in HDL-C
levels (—8.0% and —5.6%, respectively) compared
with carvedilol-treated patients (—0.1%; P<.035). In
a recently reported trial involving 568 patients with
hypertension and normal lipid profiles or mild dys-
lipidemia, patients treated with extended-release
metoprolol 50 mg to 200 mg daily had greater
increases from baseline in triglyceride levels
(10.39%) compared with patients treated with
extended-release carvedilol 20 mg to 80 mg daily
(2.65%; P=.014 between-treatment comparison)
after 6 months of treatment.’® Changes from base-
line in HDL-C levels were similar between the
treatment groups (—5.1% vs —4.4% for carvedilol;
P=.607). Subgroup analyses among patients with
higher CV risks such as low HDL-C levels, body
mass index >30 kg/m?, or the metabolic syndrome
showed improvements in triglyceride level changes
with extended-release carvedilol compared with

Table II. Metabolic Parameters of Patients Treated With Carvedilol or Metoprolol Tartrate in the GEMINI Study

CARVEDILOL (N=454)

DirrereNCE FroM

METOPROLOL (N=657)

DirrereNCE From

BETWEEN TREATMENTS"

DIFFERENCE, %

PARAMETER BASELINE, % BASELINE, % (95% CI) P VALUE
Mean ACR® ~14.0 2.5 -16.2 (=25.3 0 —=5.9) .003
Mean HOMA-IR® -9.1 2.0 —7.2 (-13.8 to —0.2) .004
Mean plasma glucose® 6.6 10.6 —4.0 (—8.7 t0 0.8) .10
Mean serum insulin® -19.4 —15.1 —4.2 (-16.7 t0 8.2) S1
Mean body weight 0.17 1.2 —1.0 (=1.4 to —0.6) <.001
Mean serum cholesterol®

Total -3.3 -0.4 -2.9 (4.6 to —1.2) .001

LDL -4.0 -2.7 —1.3 (-4.31 to 1.78) 40

HDL -5.5 -5.7 0.2 (—1.68 to 2.12) .83
Mean triglycerides” 2.2 13.2 -9.8 (-13.7 to —5.8) <.001

Abbreviations: ACR, urinary albumin/creatinine ratio; CI, confidence interval; GEMINI, Glycemic Effects in Diabetes Mellitus:
Carvedilol-Metoprolol Comparison in Hypertensives; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model
Assessment of Insulin Resistance ([fasting plasma insulin concentration (WU/mL) x fasting plasma glucose]/22.5); LDL,
low-density lipoprotein. “Treatment difference from metoprolol. "Geometric means based on exponentiation of the least-squares
means adjusted by the analysis model of natural log-transformed parameter. “Least-squares mean adjusted by the terms in the
analysis model. Adapted with permission from Bakris and colleagues.”’
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baseline to treatment end for (A) triglycerides and (B) high-density lipoprotein (HDL) in patient subgroups. BMI
indicates body mass index: Met Syn, metabolic syndrome. Confidence interval overall is 97.5%. Reprinted from

Fonarow and colleagues.ﬂ5

extended-release metoprolol (Figure 2A).°° Impro-
vements in insulin and C-peptide level changes
were also reported with extended-release carvedilol
compared with extended-release metoprolol. Com-
parable results from the overall population were
observed for HDL-C levels in the subgroup analy-
ses (Figure 2B).%°

Potential Mechanisms Contributing to the
Metabolic Effects of Vasodilating B-Blockers. Var-
ious mechanisms have been proposed to account
for the favorable effects of vasodilating B-blockers
on glucose and lipid metabolism, including o-
adrenergic receptor blockade and vasodilation, anti-
inflammatory activity, reduced oxidative stress, and
lack of weight gain. Carvedilol and labetalol pre-
vent norepinephrine binding to o;-adrenegric recep-
tors, which decreases peripheral vascular resistance
and increases peripheral blood flow and glucose
uptake.*®*® Carvedilol and nebivolol also promote
endothelial-dependent vasodilation via enhanced
NO synthesis.**!

Carvedilol possesses antioxidant properties,
including the ability to scavenge free oxygen radi-
cals, suppress free radical generation, and prevent
ferric ion-induced oxidation.”* The antioxidant
activity of carvedilol may also be related to
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stimulation of endothelial NO production or a
reduction in NO inactivation.’® Antioxidant activ-
ity is not limited to carvedilol, as nebivolol also
decreases oxidative stress via a reduction in ROS
generation and NO inactivation.’*

Vasodilating B-blockers have been shown to
reduce pro-inflammatory mediators. Nebivolol
administration to patients with hypertension and
dyslipidemia is associated with reduced levels of C-
reactive protein.*! Carvedilol administration to
patients with hypertension and diabetes is associ-
ated with reductions in C-reactive protein and
monocyte chemotactic protein-1.%2

Metabolic Effects of Vasodilating B-Blockers and
the CV Disease Management Guidelines. The
American Association of Clinical Endocrinologists
(AACE) guidelines recognize that B-blockers such
as carvedilol and nebivolol are suitable for the
treatment of diabetes because of their ability to
induce vasodilation and increase insulin sensitiv-
ity.>> The European Society of Hypertension/Euro-
pean Society of Cardiology (ESH/ESC) guidelines
note that vasodilating B-blockers have no apprecia-
ble effects on insulin sensitivity, lipid profiles, or
body weight and are less likely to result in
new-onset diabetes compared with traditional
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B-blockers.’® Although the National Institute for
Health and Clinical Excellence (NICE) guidelines no
longer recommend B-blockers as first-step therapy, it
is noted that clinical outcome data are derived
primarily from atenolol, and it is unclear whether the
conclusions can be generalized to all p-blockers.’”

CONCLUSIONS

Hypertension, diabetes, and the cardiometabolic
syndrome frequently coexist, exerting a cumulative
effect on CV disease risk. Although the pathophysi-
ologic relationship between these disease entities is
not entirely understood, IR and dyslipidemia
appear to play a pivotal role in their development.
Current guidelines recommend various agents such
as B-blockers to lower elevated BP and reduce the
risk of CV morbidity and mortality.

B-Blockers are among the most diverse class of
antihypertensive agents, differing in terms of their
mechanism of action and their effects on glucose
and lipid metabolism. Traditional B-blockers reduce
BP via a reduction in cardiac output but maintain
or increase peripheral vascular resistance. Further-
more, atenolol showed no improvement in endothe-
lial function through anti-oxidative activities or NO
production. These agents are associated with the
development of IR and dyslipidemia. In contrast,
vasodilating B-blockers reduce peripheral vascular
resistance, have little or no effect on cardiac output,
and improve endothelial function through anti-oxi-
dative properties and/or NO production. Vasodilat-
ing B-blockers do not adversely affect insulin
sensitivity, glycemic control, or lipid profiles. More-
over, use of vasodilating B-blockers may reduce the
risk of new-onset diabetes compared with tradi-
tional B-blockers. Because of the increased risk of
CV disease in high-risk patients with hypertension,
the beneficial metabolic effects of vasodilating -
blockers beyond BP control should be considered
when selecting antihypertensive therapy.
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