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Introduction
Hypertension (HTN) is present in more than 50% of patients with diabetes mellitus (DM)
and contributes significantly to both micro and macrovascular disease in DM (1-4) (Fig 1).
Indeed, the risk for cardiovascular disease (CVD) is four-fold higher in patients with both
DM and HTN as compared to the normotensive non-diabetic controls (4, 5). To this point, a
meta-analysis of 102 prospective studies involving 698,782 individuals found that DM is
responsible for approximately a two-fold increased risk for coronary heart disease, stroke
and deaths from cardiovascular cause, including heart failure, cardiac arrhythmia, sudden
death, hypertensive disease, and aortic aneurysms (6). These data suggest that about 10% of
vascular deaths in industrialized countries can be attributed to DM, and this burden will
further increase as the incidence of diabetes continues to rise (6). In the Framingham Heart
Study, DM was found to be associated with a 2-4 fold increased risk of myocardial
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infarction (MI), congestive heart failure, peripheral arterial disease, stroke, and death (7).
Furthermore, a more recent analysis of the Framingham data showed that the population
with HTN at the time of DM diagnosis had higher rates of mortality for all causes (32 versus
20 per 1000 person-years; P<0.001) and cardiovascular events (52 versus 31 per 1000
person-years; P<0.001) compared with normotensive subjects with DM, thus suggesting that
much of this excess risk is attributable to coexistent HTN (8).

The Burden
The National Health and Nutrition Examination Survey (NHANES) conducted from 2005
through 2008 estimated that HTN affects up to 65 million adults in the United States (9).
Importantly, only 50% of hypertensive individuals have their blood pressure (BP) under
control (10). The incidence of HTN is expected to increase further as the population ages
and the frequency of obesity increases (10, 11). In a cross-sectional analysis of data from the
Study to Help Improve Early evaluation and management of risk factors Leading to Diabetes
(SHIELD) comparing health outcomes between patients with DM, HTN and obesity relative
to those with DM alone, obese patients with both DM and HTN exhibited greater healthcare
resource utilization, higher incidence of depression, and lower quality of life (12). Another
retrospective study assessed economic trends in patients with newly treated HTN-only, DM-
only, and both newly treated HTN and DM for a period of time up to 24 months. Coexistent
HTN and DM were associated with higher costs and resource utilization (13). Furthermore,
the post-hoc analysis of CVD events found that the comorbid cohort had significantly more
MIs and acute ischemic events, further rising the cost of care (13).

Epidemiology
In non-diabetic individuals, the prevalence of HTN is higher in men as compared to women
until the age of 64 years when the gap closes and prevalence in females reaches that of
males (8). Interestingly, women with impaired glucose tolerance (IGT) and DM have a
higher incidence of HTN than men with equivalent impairment in glucose homeostasis (14).
Alarmingly, diabetic women also have higher relative risk for death from CVD than diabetic
men (15). The reason underlying the excess risk in diabetic women is still unclear. However,
the increased risk of HTN in women with abnormal glucose tolerance may partially explain
the high risk of CVD in this population.

The prevalence of HTN is different within various ethnic groups. In African-Americans, the
incidence of HTN is higher when compared with Caucasians between the age of 45 and 75
years after which it is same in both ethnicities (16). Several mechanisms have been proposed
to explain this finding, including higher rate of obesity, genetic predisposition, and
environmental factors (17). Defects in renal sodium handling have also been observed more
frequently in the African-American hypertensive populations, who have an increased
prevalence of HTN and DM, than in other ethnic groups, further contributing to increased
incidence of HTN (18). In contrast, a recent analysis of the NHANES 1999-2008 data
revealed that the Mexican-American populations, who have a high prevalence of DM, has a
lower risk of coexistent uncontrolled HTN and DM when compared with African-Americans
and Caucasian participants (19). Currently, limited data is available on the incidence of
coexistent HTN and DM among Asians in the United States.

There are several factors that contribute to increased coexistence of DM and HTN. The
frequency of obesity in children and adolescents in industrialized countries has skyrocketed
over the last several decades with an ominous parallel increment in the incidence of HTN
and DM (2, 20). The multicenter Treatment Options for DM in Adolescents and Youth
(TODAY) trial, which included 699 adolescents with DM aged 10–17 years, revealed that
the prevalence of HTN increased from 11.6% at baseline to 33.8% by the end of study.
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Contrary to the adult data, the incidence of HTN was significantly increased in males versus
females during the same period of time (21).

Pathophysiology: Converging pathways in coexisting DM and HTN
DM and HTN share several pathophysiologic mechanisms including: inappropriate
activation of the renin angiotensin aldosterone system (RAAS), oxidative stress secondary to
excessive production of reactive oxygen species (ROS), inflammation, impaired insulin-
mediated vasodilatation, increased sympathetic nervous system (SNS) activation,
dysfunctional innate and adaptive immune responses and abnormal renal handling of sodium
(2,3). Obesity and increased visceral adiposity are key pathogenic factors behind the
coexistence of both DM and HTN (3). Chronic low-grade inflammation and oxidative stress
in the adipose tissue lead to increased production of angiotensinogen (AGT) and angiotensin
II (Ang II) which consequent tissue RAAS activation (22, 23). Further, overexpression of
AGT in the white adipose tissue results in elevated BP (22). Hence, AGT and Ang II have
local as well as systemic effects on BP regulation (22,23). Ang II exerts many of its
detrimental effects via activation of the Ang II type 1 receptor (AT1R) (24). The activation
of AT1R in non-adrenal tissues results in multiple intracellular events, including production
of ROS, reduced insulin metabolic signaling, and proliferative and inflammatory vascular
responses resulting in endothelial dysfunction, insulin resistance and HTN (24). Thus, there
is often an activated RAAS in coexistent DM and HTN.

Increased aldosterone production and augmented signaling through the mineralocorticoid
receptor (MR) are also key events in the pathogenesis of HTN (25). Corticosteroids may
also contribute to CVD in DM patients via actions mediated in part through activation of the
MR (3). Adipose tissue is known to produce a lipid-soluble factor that stimulates
aldosterone production from the adrenal zona glomerulosa (26, 27). Complement-C1q TNF-
related protein 1 (CTRP1) is a novel adipokine that promotes aldosterone production in a
rodent model of obesity and insulin resistance (28). Aldosterone activation of the MR in the
renal distal tubule and collecting duct increases sodium retention leading to expansion of
plasma volume and increased BP. In addition, aldosterone exerts non-genomic actions also
likely through MR activation, which contribute to HTN by altering cellular redox state,
signaling and endothelial-mediated vascular relaxation (25, 27). Thus, adipose tissue
contributes to systemic elevations in BP, in part, through local production of components of
the RAAS

Role of oxidative stress
Increased oxidative stress is a key pathogenic factor in the development of insulin
resistance, DM and HTN (29). ROS can be produced in different vascular cell types,
including endothelial cells (ECs) and vascular smooth muscle cells (VSMCs) through
activation of xanthine oxidase (XO), nitric oxide (NO) synthase, the mitochondrial
respiratory chain, (30-33). In turn, ROS can lead to impaired endothelial function by direct
tissue injury, reduction of bioavailable NO, and impaired NO-mediated vasodilation (30).
One important additional source of ROS and endothelial dysfunction is endothelial nitric
oxide synthase (eNOS) uncoupling. Under conditions of decreased availability of
tetrahydrobiopterin (BH4, a cofactor in NO production) or the substrate L-arginine, eNOS
switches from this coupled state to an uncoupled state resulting in production of superoxide
(O2−) (31). Mitochondrial and XO mediated oxidative stress also contribute to this excess
generation of ROS in coexistent DM and HTN (3). XO is also expressed in vascular
endothelial and VSMC, and is another source of vascular oxidative stress, which generates
O2− by catalyzing hypoxanthine and xanthine to uric acid (32). A major source of ROS is
the membrane bound vascular-derived nicotinamide adenine dinucleotide phosphate-oxidase
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(NADPH), a protein enzyme composed of several subunits, including the membrane-bound
subunits p22phox and Nox2, the cytosolic regulatory subunits p47phox, p67phox, p40phox and
the small GTP-binding protein Rac1/Rac2 (34). Increased ROS production in turn results in
cell as well as tissue damage by activating inflammatory pathways such as the NF-kB.
Inflammation is characterized by increased activity of adhesion molecules, pro-
inflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), interleukin (IL) 1
and 6, as well as acute phase reactants such as C Reactive Protein and molecules that
promote fibrosis and remodeling, such as transforming growth factor beta (TGF-β) and
plasminogen activator inhibitor 1 (PAI-1) (35). Interestingly, mechanical stretch (a
characteristic phenomenon in HTN) can lead to membrane translocation and activation of
p47phox and Rac1, thus leading to NADPH oxidase activation (32). Ang II and aldosterone
can also directly activate NADPH oxidase and trigger oxidative stress (33).

Insulin resistance and hyperinsulinemia
Insulin resistance plays an important role in the development of both DM and HTN, as
demonstrated by the fact that approximately 50% of hypertensive patients manifest systemic
insulin resistance (3,36,37). Binding of insulin to its receptor (IR) triggers two major
pathways. A metabolic signaling pathway mediated by phosphatidylinositol 3-kinase
(PI3K), downstream protein kinase B signaling, ultimately results in translocation of glucose
transporter 4 (GLUT-4) to plasma membrane, thus resulting in increased insulin mediated
glucose transport in insulin sensitive tissues such as skeletal muscle (38). In addition,
signaling through the PI3K/Akt pathway results in phosphorylation/activation of endothelial
nitric oxide synthase (eNOS) and consequent NO production promotes endothelium
mediated vasodilation (40). Insulin also signals through growth/ proliferative signaling
pathway, which is mediated by mitogen-activated protein kinase (MAPK) (38,39). By
activating MAPK dependent signaling pathways, insulin stimulates secretion of
vasoconstrictor mediators, such as endothelin-1 (41,42), as well as increased expression of
PAI-1, vascular cell adhesion molecule-1 (43). In conditions of normal insulin sensitivity,
the balance between these vasoconstrictor and vasodilatory actions favors vasodilation). In
insulin resistant states there is often deficient insulin metabolic signaling in concert with
unchecked signaling through the growth pathway (1-3).

Maladaptive hyperinsulinemia/insulin resistance leads to abnormalities in vascular function,
vascular stiffness, hypertrophy, fibrosis and remodeling. (44). Hyperinsulinemia also results
in enhanced sympathetic output in humans through ventromedial hypothalamus mechanisms
(45,46). Additionally leptin, which is an adipokine produced in adipose tissue and is
increased in obese individuals, also increases sympathetic nerve activation likely through a
central nervous system effect involving leptin receptor activation (47). Indeed, there is
increasing evidence that increased afferent traffic from and efferent activity to the kidney
plays an important role in development of hypertension associated with obesity and insulin
resistance (3).

Importantly, insulin enhances sodium reabsorption in the diluting segment of the distal
nephron, in part through increased expression of sodium transporters like the epithelial
sodium channel (ENaC), with consequent decreases in sodium excretion (48).
Hyperinsulinemia-mediated sodium retention could potentially contribute to the genesis of
HTN via increased activation of sodium hydrogen exchanger activity in the proximal tubule
as well as through the effects on ENAC more distally. While this is an attractive hypothesis,
in an animal model of knockout of IR in the renal tubule epithelial cells, the absence of
insulin action resulted in impaired natriuretic responses and HTN, likely due to reduce NO
production (49). Because of these contradictory results, further studies are needed to clarify
the physiological role of insulin on renal sodium handling.
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Finally, sodium and uric acid are generally handled together; hence excess uric acid can
increase along with sodium retention, thereby contributing to hyperuricemia, which is
frequently seen in hypertensive patients (50). The propensity for increased uric acid levels is
increased with our westernized diets that are high in fructose (3) (Fig 1).

Treatment of HTN: rationale, strategies and challenges in HTN
Impact of BP control

High BP is a strong independent risk factor for CVD and chronic kidney disease (CKD), and
when HTN is associated with DM, the risk is increased even further (4,51). Although
controversy exists regarding the optimal target for BP reduction (3,51,52), it remains clear
that consistent control of BP in patients with DM is important for preventing and delaying
both micro and macro vascular complications (53,54). Early data from landmark trials such
as the United Kingdom Prospective Diabetes Study (UKPDS), Hypertension Optimal
Treatment (HOT), Systolic Hypertension in the Elderly (SHEP), and Systolic Hypertension
in Europe (Syst-Eur) showed that strict BP control was beneficial in hypertensive patients
with diabetes. In a nine-year follow up of the UKPDS cohort, patients with both HTN and
DM assigned to strict BP control (mean BP 144/82 mmHg) achieved a significant reduction
in risk for all of the end-points related to DM, including death related to DM, and micro-
vascular disease relative to patients who were treated conventionally (mean BP 154/87
mmHg) (54). The group allocated to tight BP control had a significant reduction in the risk
of heart failure, with an additional non-significant reduction in the risk of MI. However,
when all macro-vascular diseases were combined, including MI, sudden death, stroke, and
peripheral vascular disease, the group assigned to tight BP control still exhibited a
significant reduction in risk compared with the group assigned to less tight control (54).

The HOT study revealed that among the 1501 patients with DM at baseline, a stricter BP
control (mean BP 140/81) halved the risk of major cardiovascular events when compared to
the control group (mean BP 144/85) (55). The risk for stroke decreased significantly in
individuals who reached the lower target BP. In participants reaching diastolic BP <80 mm
Hg the risk was reduced roughly 30% relative to individuals who only reached a diastolic
BP less than 90 mm Hg. In addition, cardiovascular mortality was also significantly lower in
this group (diastolic BP less than 80 mm Hg) than in each of the other target groups. In
addition, a non-significant decline was seen in the risk for all (MI) in the group with stricter
BP control (55).

In the Syst-Eur trial, 492 patients (10.5%) had DM; after a two year follow up, the active
treatment with antihypertensive drugs reduced overall mortality by 55%, mortality from
cardiovascular causes by 76%, all cardiovascular events by 69%, fatal and nonfatal stroke by
73%, as well as all cardiac events by 63% (56). In the SHEP trial, DM patients randomized
to active treatment with antihypertensive medications, exhibited lower frequency of stroke,
nonfatal MI and fatal coronary heart disease (CHD), major coronary events, and all-cause
mortality relative to patients treated with placebo (57). The Appropriate Blood Pressure
Control in Diabetes (ABCD) trial demonstrated a significant decrease in all-cause stroke
with intensive (mean BP 133/78 mmHg) versus moderate antihypertensive therapy (mean
BP 139/86 mmHg) in patients with DM (58). This is important because of the increased risk
of both fatal and non-fatal stroke in patients with coexistent DM and HTN. In summary,
although specific targets are still controversial, control of HTN in the setting of DM is
strongly supported by current evidence showing the critical impact that BP has on CVD in
diabetic individuals (51,54, 58).
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BP targets
Clinical management guidelines derived from the widely accepted Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC 7) and the American Diabetes Association (ADA) have recommended
strict treatment of HTN in the setting of DM, aiming at values <130 mm Hg for systolic BP
and <80 mm Hg diastolic BP (53). Nonetheless, the additional beneficial effects of such
lower BP targets remain unproven (59,60). Hence, the recently revised ADA guidelines
suggest that the BP goal for people with DM and HTN should be <140/80 mmHg (61).

The majority of the guidelines for management of HTN are based on the landmark UKPDS
and HOT trials. However, the systolic BP achieved in the tight control arm in these trials
was between 140 to 150 mm Hg. Only the intensive BP control groups in the hypertensive
and normotensive ABCD studies reached the consensus JNC 7 goal of <130/80 mmHg.
Recently, the results of the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
BP study (59), showed that in patients with DM, targeting systolic BP to <120 mm Hg did
not reduce the rate of CV events (nonfatal MI and death from cardiovascular causes),
compared with subjects in whom the target was <140 mm Hg, except for fatal and non-fatal
strokes. As expected, adverse events that were attributed to BP medication were more
frequent in the intensive therapy group (59). Likewise, a post hoc analysis of the
International Verapamil SR-Trandolapril (INVEST) study concluded that reducing systolic
BP to <130 mm Hg in patients with DM and coronary artery disease was not associated with
improved CVD outcomes compared with conventional BP control (systolic BP of 130- 139
mmHg) (60).

In another post-hoc analysis of the Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial (ONTARGET) study, the relationship between BP and
overall cardiovascular risk followed a similar pattern in diabetic and non-diabetic patients.
With the exception of stroke, reducing systolic BP below 130 mm Hg did not result in
improvements in either fatal or nonfatal CVD outcomes (62). Furthermore, a recent meta-
analysis of 13 major trials done in patients with DM or IGT showed that below a systolic BP
of 130 mm Hg, there was only significant reduction in the rate of stroke, with no further
reduction in cardiac, renal or retinal outcomes; however there was an increased incidence of
major adverse events such as hyperkalemia, symptomatic hypotension, bradycardia, and
cardiac arrhythmias (63). An additional concern about very strict BP targets is the possible
deficiency in blood perfusion to the central nervous system in diabetic patients, who already
have microvascular disease and impaired cerebrovascular autoregulation (64).

Certainly, the optimal BP goal for diabetic patients should be individualized. Nevertheless,
available literature suggests that a maximal benefit of BP control in DM patient is attained
with systolic BP between 130-135 mmHg and diastolic BP of 80 to 85 mm Hg, except in
stoke prevention, where data suggests that further lowering BP may be beneficial.

Non-pharmacologic treatment: The role of therapeutic lifestyle intervention
Despite significant advances over the last several decades, the management of HTN is still
far from ideal, and about 50% of hypertensive patients are still not optimally controlled. The
reasons underlying these disappointing results appear to be multiple and include deficiencies
in current both non-pharmacologic and pharmacologic management strategies. One of these
issues, access to antihypertensive medications and BP control was studied in the cross-
sectional Reasons for Geographic And Racial Differences in Stroke (REGARDS) cohort
study (65). Although access to antihypertensive medications increased significantly from
66% in 2003 to 81% in 2007, this was not independently associated with improved BP
control. African-American ethnicity, male sex, low income, and medication non-adherence
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were significant predictors of inadequate BP control, suggesting that poor BP control is
multifactorial (65).

Non-pharmacological lifestyle interventions, which include dietary changes, low salt diet,
weight loss, increased physical activity on a regular basis, and alcohol restriction, have
shown to reduce BP in several controlled studies. Lifestyle changes including individualized
counseling aimed at reducing total intake of fat, intake of saturated fat and increasing intake
of fiber and physical activity result in significant improvements in BP and reduction in the
incidence of DM (66).

The Dietary Approach to Stop Hypertension (DASH) is a nutritional strategy promoted by
the United States National Heart, Lungs and Blood Institute (NHLBI) as a non-
pharmacologic intervention to prevent and control HTN. The DASH diet includes foods rich
in fruits, vegetables, whole grains, low-fat dairy products, and low in total fat and saturated
fat, cholesterol, refined grains, as well as sweets, and has been shown to provide beneficial
metabolic and cardiovascular effects in DM. Adherence to the DASH diet results in lower
systolic as well as diastolic BP, body weight, waist circumference, blood glucose levels and
A1C. It also has beneficial actions on lipid profile, and has shown to improve HDL
cholesterol levels and lowers LDL cholesterol (67, 68).

The beneficial effects of DASH diet are probably due to its effect on some cardiovascular
risk factors. After following the DASH diet for eight weeks, liver amino-transferase
enzymes, plasma fibrinogen levels, and high sensitivity C-reactive protein (hs-CRP) all were
reduced, suggesting that this type of diet can play an important role in reducing
inflammation in DM (69). In the Lifestyle Changes Through the Use of Delivered Meals and
Dietary Counseling in a Single-blind Study (STYLIST), the combination of dietary
counseling by dietitians and delivery of calorie-controlled meals was effective in reducing
body weight, BP and A1C, in patients with HTN and/or DM (70).

In addition, sodium intake per se has also been associated with CVD. Results from multiple
trials have shown that reduction of dietary sodium (from a daily intake of 200 mmol [4,600
mg] to 100 mmol [2,300 mg] of sodium per day) lowers BP and may also reduce long term
risk of cardiovascular events (71,72). However, results from a recent meta-analysis of seven
randomized controlled trials (RCT) failed to provide strong evidence that salt reduction
reduced all-cause mortality or CVD morbidity in normotensive or hypertensive individuals
(73). The interventions used in this meta-analysis were capable of reducing urinary sodium
excretion. Systolic and diastolic BPs were also reduced by an average of some 1 mm Hg in
normotensives and by an average of 2–4 mm Hg in persons with hypertension and those
with heart failure (73). However the methods of achieving salt reduction in the trials
included in the review were relatively modest in their impact on sodium excretion and on BP
levels, and would not be expected to have major impact on the burden of CVD. Sodium
restriction has not been tested in the diabetic population in controlled clinical trials.
However in a recent animal study the results are in favor of oxidative stress normalization as
the beneficial influence of dietary sodium deprivation on cardiovascular remodeling in the
model of insulin resistance in rats. Withdrawal of sodium from the fructose diet in these rats
showed prevention of CVD effects of high fructose consumption, including production of
superoxide anions/oxidative stress (74). In summary, the available literature suggests that
reduction of dietary salt lowers BP and may also reduce long term risk of CVD events in
hypertensive patients; however, the data in diabetic individuals are limited. Further, more
studies need to be conducted to determine if increasing dietary potassium, calcium and
magnesium may have beneficial effects on BP, CVD and metabolic control in patients with
coexistent DM and HTN.
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Finally, physical inactivity is a major underlying risk for CVD. In addition to changing the
dietary patterns, increased aerobic physical activity on a regular basis, (such as brisk
walking) is important in this population. Thirty to 45 minutes of brisk walking three to five
days a week has demonstrated to improve lipid profiles, BP, as well as insulin resistance
(75), and is currently recommended in most management guidelines (61). Increased physical
activity may decrease the rapidity of development of both CVD and CKD events in persons
with DM and HTN.

Pharmacological therapy
RAAS blockade

Use of Ang II converting enzyme inhibitors (ACEI) reduces the activity of Ang II, which
results in vasodilatation, decreased BP and improvement in the deleterious effects of Ang II
on cardiac, vascular and renal tissues (76,77). The Heart Outcomes Prevention Evaluation
(HOPE) study compared the effects of the ACE inhibitor ramipril versus placebo on
cardiovascular complications and showed 25% risk reduction in MI, stroke, or
cardiovascular death after a median follow-up period of 4.5 years (78). A subgroup of 3,577
diabetic patients was analyzed in the MICRO-HOPE study, and demonstrated similar
beneficial effects of ramipril on cardiovascular and all-cause mortality in patients with DM
(79).

In contrast to ACEI, Ang II receptor blockers (ARBs) do not increase the levels of
bradykinin, which can cause low patient adherence due to induction of cough. In a subset of
the Losartan Intervention For Endpoint reduction in hypertension study (LIFE) including
1195 type 2 diabetic patients, a significant reduction in cardiovascular morbidity and
mortality was reported in patients treated with losartan compared to individuals taking a β-
blocker (atenolol). Importantly, a relative risk reduction of 24% for primary composite
endpoint of cardiovascular morbidity and mortality (cardiovascular death, stroke, or MI) was
seen in patients treated with losartan compared to atenolol despite almost similar BP
reduction (80).

Intriguingly, in the Antihypertensive Long-Term Use Evaluation (VALUE) and the
Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J) trials, cardiac
morbidity and mortality were no different in patients treated with ARBs (valsartan and
candesartan respectively) relative to patients treated with the long acting calcium channel
blocker (CCB) amlodipine, although they did significantly reduce the incidence of DM
(81,82). Similarly, its a subgroup analysis of the ONTARGET trial in 6391 patients with
DM, telmisartan (ARB) and rampril (ACEI) had similar effects on cardiovascular morbidity
and mortality (83). However, in this study the patients who received combination therapy
with ACEI and ARB had an increased risk of adverse side effects including hypotension,
syncope, renal dysfunction, and hyperkalemia. Importantly, the combination-therapy group
had a significant increase in the relative risk of impairment of renal function (1.33,
P<0.001). Also the risk of hypotension was higher in combination group with relative risk of
2.75 (p<0.001). The numbers of patients who had an increase in the potassium level of more
than 5.5 mmol per liter were similar in the ramipril group (283 patients) and the telmisartan
group (287 patients), but the number was significantly higher in the combination-therapy
group (480 patients, P<0.001). Therefore, current literature does not recommend combined
treatment with ARB and ACEI.

In addition to cardiovascular protection, available literature demonstrates that RAAS
blockade provides renal protective effects. The Bergamo Nephrologic Diabetic
complications Trial (BENEDICT) and the Randomized Olmesartan and Diabetes
Microalbuminuria Prevention (ROADMAP) trials found that in patients with DM, HTN and
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normoalbuminuria (<30 mg/gm of creatinine), RAAS blockade with an ACEI and an ARB
respectively, delayed the onset of microalbuminuria (30-300 mg/gm) (84,85). Nevertheless,
in the diabetic retinopathy candersartan trial (DIRECT) RAAS blockade failed to show
prevention of microalbuminuria in normotensive patients with type 1 or type 2 DM (86).

Collectively, there is significant evidence to support RAAS blockade as the first line of
therapy for HTN in DM to prevent or delay microalbuminuria; however evidence to sustain
their use in normotensive diabetic patients (type 1 or 2) to prevent or delay the development
of microalbuminuria is lacking.

Finally, RAAS blockade also has potential benefits beyond BP lowering effects, including
improvements in insulin resistance, inflammation, oxidative stress and vascular function
(87). In large clinical trials, the Randomized Aldactone Evaluation Study (RALES) and
Eplerenone Post–Acute Myocardial Infarction Heart Failure Efficacy and Survival Study
(EPHESUS) trials, MR blockade showed improvement in cardiovascular morbidity and
mortality.

Improvement in endothelial dysfunction, decreased activation of matrix metalloproteinases,
improved ventricular remodeling along with improvements in tissue fibrosis, inflammation,
oxidative stress and insulin resistance have been postulated as the possible mechanisms
responsible for these actions (87,88).

Calcium channel blockers (CCBs)
CCBs are very effective and well-tolerated antihypertensive therapy and have been
extensively studied. In the ALLHAT study, treatment with amlodipine was associated with
similar rates of coronary mortality and nonfatal MI as treatment with ACEI (lisinopril) and
the diuretic chlorthalidone (77). However, the heart failure rate was higher in patients treated
with CCBs as compared to chlorthalidone, which could be in part due to lower BP attained
in the patients treated with the diuretic, or discontinuation of diuretic therapy in the CCB
group patients.

In diabetic hypertensive patients, some trials have demonstrated that ACEI significantly
reduced the risk of CVD compared with CCB (89,90) whereas another large-scale trial
showed no difference (91). As described earlier, in the VALUE the CASE-J trials, no
significant difference was seen in cardiac composite end points between ARBs and CCBs
(92,93). In the Irbesartan Diabetic Nephropathy Trial (IDNT), this ARB showed better renal
protection as compared to CCB , but failed to show any difference in reduction in CVD
between the two (94).

In the large diabetic subgroup (5137 patients) in the BP-lowering arm of the Anglo–
Scandinavian Cardiac Outcomes Trial (ASCOT), CCB (amlodipine) showed significant
reduction in total cardiovascular events as compared to beta-blocker (95).

Diuretics
Thiazide-type diuretics have been the basis of antihypertensive therapy for long time. In the
ALLHAT, the diuretic chlorthalidone was shown to be as effective as CCBs and ACEIs in
reducing cardiovascular morbidity and mortality (77). In the Very Elderly Trial (HYVET),
the thiazide-like diuretic indapamide reduced the rate of stroke, coronary heart disease, heart
failure and all-cause mortality in very old hypertensive patients (96).

Thiazide diuretics do have some significant negative metabolic effects, in particular
impaired glycemic control by impairment of insulin secretion and insulin sensitivity (97,98).
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They may also worsen insulin sensitivity and glucose tolerance by activation of the RAAS
and the SNS, which can be attenuated by addition of MR blocker (99).

In high doses, diuretics can result in hypokalemia, hypomagnesemia, and/or hyperuricemia,
all of which have been shown to worsen glucose control (97,98). Most of the adverse effects
of thiazides are dose-dependent; hence using it in low dose combined with other medications
will help avoid metabolic side effects.

Use of other agents like β-blockers remains controversial. There is some emerging evidence
that β-blockers may be associated with weight gain which may further worsen glucose
tolerance (97,100). However, in contrast to conventional β-blockers, nebivolol, a selective
blocker of β1 adrenergic receptor with NO-potentiating vasodilatory action has not been
associated with weight gain nor with worsened glucose tolerance (100).

β-blockers are generally not used as first line agents for hypertension in diabetic individuals,
however, they are certainly considered as add-on therapy in patients with coronary artery
disease and heart failure (61).

Incretin-based therapy and HTN: beyond glycemic control
A better understanding of the role of gut-derived hormones and their impact on carbohydrate
homeostasis has been reached over the last decade, which has led to the development of
incretin-based therapy. Glucagon like peptide 1 (GLP-1) and glucose dependent
insulinotropic peptide(GIP) have been extensively studied in these regards, and are known to
potentiate insulin secretion in a glucose-dependent manner, in response to presence of
nutrients in the gut (i.e: the incretin effect). In addition, incretin hormones slow gastric
emptying, thereby slowing the absorption of nutrients in the digestive tract, and suppressing
glucagon production in pancreatic alpha cells (101).

The incretin effect is typically blunted in the setting of DM, and is restored by GLP-1
analogs such as exenatide or liraglutide, as well as inhibitors of the enzyme dipeptidyl
peptidase 4 (DPP-4), which rapidly cleaves and inactivates GLP-1. In turn, reduced
degradation of GLP-1 by DPP-4 inhibitors results in an enhanced incretin effect. GLP-1
action derives from activation of a highly specific G-protein coupled receptor (GLP-1R),
which is expressed in several tissues, including pancreas, nervous system, kidney,
cardiovascular tissue and immune cells (102).

In the clinical setting, GLP-1 analogs and DPP-4 inhibitors have proven to be efficacious for
DM treatment as they contribute to improved beta cell function and glycemic control. In
addition, there is mounting interest in the impact of incretin-based therapy on the
cardiovascular and renal systems (103-111).

Both GLP-1 agonists and DPP-4 inhibitors have been shown to modulate BP, heart rate and
contractility. Knock out (KO) of GLP-1R in mice results in impaired myocardial
contractility and diastolic function (103). Acutely GLP-1 and DPP-4 inhibitors induce
increases in BP and heart rate in rodents (104,105).

In humans, however, the actions of GLP-1 on BP and heart rate are less clear and
experimental results have been more variable. Chronic treatment with GLP-1 analogs in type
2 diabetic patientss results in improvements in both systolic and diastolic BP without
affecting heart rate (104,106). Similarly, in a study by Mistry et al, treatment with the DPP-4
inhibitor sitagliptin produced a modest reduction in BP (107). In young Zucker obese rats,
treatment with linagliptin for eight weeks resulted in improved diastolic function, left
ventricular hypertrophy and fibrosis. These changes occurred in concert with significant
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improvements in BP, eNOS, and calcium handling in cardiomyocytes (108). In the
vasculature, DPP-4 inhibition also appears to affect endothelial function. Treatment for two-
weeks with sitagliptin improved endothelium-dependent relaxation in renal arteries, restored
renal blood flow, and reduced systolic BP in spontaneously hypertensive rats (SHR) (109).
In addition, treatment with GLP-1 reduced the size of MI (23.2% to 14.1% of area at risk) in
rat hearts (110).

Finally, the impact of incretin-based therapy on BP appears to be also related to activation of
GLP-1R in renal tissue, which results in decreased expression of the sodium-hydrogen
transporter type 3 (NH3) and leads to increased diuresis and sodium excretion in renal
proximal tubules (111). DPP-4 inhibition results in lower mean BP in young SHR treated
with sitagliptin for eight days, in concert with increased urinary flow and decreased NH3
expression and activity (112).

Combined pharmacologic therapy
Although treatment for HTN is often initiated with a single agent, typically a majority of
diabetic patients will require combination therapy to control their BP. In a randomized,
parallel-group, double-blind international trial comparing the once daily single-pill
combination of telmisartan 80 mg and amlodipine 10 mg (Telmisartan/Amlodipine) (T/A)
with once-daily amlodipine 10 mg (Amlodipine) (A) in patients with DM and HTN, T/A
provided prompt and greater BP decreases compared to A monotherapy, with the majority of
patients achieving the BP goal (< 140/90 mm Hg) (113).

The Avoiding Cardiovascular Events Through Combination Therapy in Patients Living
With Systolic Hypertension (ACCOMPLISH) trial, which included 6,946 patients with
diabetes, compared the outcome effects of the ACEI benazepril (20-40 mg/day) combined
with amlodipine (5-10mg/day) (B+A) or hydrochlorothiazide (12.5-25 mg/day). Benazepril
combined with amlodipine (B+A) was superior to the benazepril hydrochlorothiazide (B+H)
combination, as there was 20% reduction in the primary endpoint (CV death, stroke, MI,
revascularization, hospitalization for unstable angina or resuscitated cardiac arrest) in the (B
+A) arm compared with the (B+H) arm (p=0.0002) despite a similar drop in BP in both
groups. The mean value of BP after the treatment adjustments were 131.5/72.6 mm Hg in
the B+A arm and 132.7/73.7 mm Hg in the B+H arm (114). The study was stopped early
because of a difference in outcomes favoring amlodipine. The data from this study are
consistent with the ASCOT study (115), which also demonstrated the cardiovascular
benefits of the ACEI/CCB combination.

Fixed-dose combinations in a single tablet may increase compliance compared with
corresponding free-drug components given separately, as it simplifies treatment and thereby
can improve adherence on the part of the patients (116).

The escalation of double-drug treatment to triple-drug therapy may improve BP control in
the clinical practice. A subgroup analysis in African-Americans and non-African-Americans
with HTN, compared triple-combination treatment with olmesartan 40 mg, amlodipine 10
mg, and hydrochlorothiazide 25 mg with the component dual-combination treatments.
Triple-combination treatment resulted in significant and similar mean reductions in diastolic
and systolic BP relative to dual-combination treatment. Indeed a greater proportion of
participants on triple combination reached the target BP, when compared with dual-
combination treatments at the end of 12 weeks regardless of ethnicity (117). Because HTN
and DM generally require multiple antihypertensive agents to achieve a goal BP, triple-
combination therapy may represent an important treatment option to improve BP control in
this patient population.
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Perspectives
Telehealth

As can be inferred from previous sections, the treatment of HTN remains challenging and
demands constant reshaping. Currently newer strategies are being tried for optimal control
of HTN in diabetic patients, including the use of remote services like TeleHealth.
TeleHealth encompasses the use of medical information exchange remotely via electronic
communications to improve a patient's clinical health status. The use of TeleHealth for
transmission of education and advice to the patient on an ongoing basis with close
surveillance by nurses and or physicians improves clinical outcomes (118). A randomized
controlled trial conducted at the Iowa City VA Medical Center (ICVAMC), evaluated the
efficacy of nurse managed home Telehealth intervention to improve outcomes in veterans
with comorbid DM and HTN. Intervention subjects experienced a significant decrease in
systolic BP compared with the other groups at six months and this pattern was maintained at
12 months (118).

Renal Denervation
Activation of renal sympathetic nerves plays an important role in the pathogenesis of HTN
(119). Renal denervation (RDN) is a percutaneous catheter-based renal sympathetic
denervation procedure to disrupt renal afferent and efferent nerves using radiofrequency
ablation (120, 123, 124). In a multicenter, prospective, randomized trial (Symplicity HTN-2)
evaluating the role of RDN in patients with resistant HTN, office-based BP measurements in
the group assigned to the procedure (n=52) decreased by 32/12 mm hg (baseline of 178/96
mm Hg, p<0·0001). This reduction persisted after six months (120). However, the study did
not include ambulatory BP monitoring (ABPM) in the analysis, which has shown to be more
closely related to cardiovascular morbidity and mortality than office BP (121,122).

Another study of 50 patients investigated the effect of RDN on glucose homeostasis and BP
control in patients with resistant HTN. Systolic and diastolic BP, fasting glucose, insulin, C
peptide, hemoglobin A1c and insulin sensitivity were measured before, one and three
months after treatment. At one and three months, office BP was reduced by 28/10 mm Hg
(P<0.001) and 32/12 mm Hg (P<0.001) respectively in the treatment group, without changes
in concurrent antihypertensive treatment. Interestingly, there were also significant
improvements in fasting glucose, insulin, C-peptide levels and markers of insulin resistance
(123). In a recent multi-center study RDN demonstrated significant reductions in systolic
and diastolic BP, taken both in-office and through 24-hour ABPM (124). In-office systolic
and diastolic BP changes were significantly more pronounced than changes in 24-hour
continuous measurements. Furthermore, there was no effect on ABPM in pseudo-resistant
patients, whereas in-office BP was reduced to a similar extent. Thus, RDN may represent an
important and novel approach for selective reduction of renal sympathetic drive which
results in improvement in both insulin resistance and resistant HTN. Certainly this strategy
deserves additional clinical research.
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Key Points

1. Patients with hypertension and type 2 diabetes are at increased risk of
cardiovascular and chronic renal disease.

2. Factors involved in the pathogenesis of both hypertension and type 2 diabetes
include inappropriate activation of the renin angiotensin aldosterone system,
oxidative stress, inflammation, impaired insulin-mediated vasodilatation,
augmented sympathetic nervous system activation, altered innate and adaptive
immunity and abnormal sodium handling by the kidney.

3. Renin angiotensin aldosterone system blockade is a key therapeutic strategy in
the treatment of hypertension in type 2 diabetes.

4. Interesting emerging therapies include renal denervation and carotid body
denervation.
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Figure 1.
Systemic and metabolic factors that promote coexistent diabetes mellitus, hypertension,
cardiovascular, and chronic kidney disease. Adapted from Sowers JR. Recent Advances in
Hypertension. J Am Heart Assoc 2013;61: 943-947; with permission.
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